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The purpose of this study was to examine the impact of a ten-year technology 

training initiative on students’ outcome measured by GPA, number of discipline referrals, 

number of absences, state standardized test result, and promotion status in a large 

independent school district.  In addition, the research model was examined to investigate 

its use in future research. 

The subjects were 135 teachers and their 810 students selected randomly from the 

elementary, middle, and high schools in the school district.  Archived data was provided 

by the participating school district.   

The results of this study indicated that overall elementary school students’ 

number of discipline referrals was reduced as their teachers’ level of technology training 

increased.  Among high school students, there was an apparent trend that GPA was 

strongly associated with their teachers’ technology training level over the ten year period 

of time. 

Next, the data indicated that over the ten year period of time, the elementary 

school students’ number of discipline referrals was negatively associated with their



 

 

teachers’ number of years since their initial technology training.  Among high school 

students, however, there was a trend that the relationship between students’ GPA and 

teacher’s number of years since initial technology training was significant. 

Finally, the results concerning the impact of teacher’s number of years in the 

district and technology integration level were not consistent among the school levels.  

There was no trend of a significant relationship between elementary and middle school 

students’ outcome and teacher’s number of years in the district and technology 

integration level.  However, there was an apparent trend of high school students’ GPA in 

relation to their teachers’ technology training level, number of years since initial training, 

and technology integration level over the ten year period of time. 

Results from this study indicate that this research model is capable of examining 

the long-term effect of a teacher technology training initiative. Further research with an 

extensive data management design and larger sample size is recommended. 
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CHAPTER ONE 

Introduction 
 
 

Good teaching should foster a love of learning and provide a supportive learning 

environment for all students (Dewey, 1954; Goodlad, 1984; Goodlad, 1994; Ontario 

Ministry of Education, 1995; Wiske, Franz, & Breit, 2005).  National organizations such 

as International Society for Technology Education (2005) contend that technology is an 

important factor in providing this type of environment that facilitates quality teaching.  It 

is well-known how technology has changed society and education.  For example, the old 

tools of industrial arts programs have been replaced by the new tools of computer aided 

drafting (Wicklein, 1997).  Also technology has provided new methods of 

communication, especially through the Internet.  The economy has been changed from 

the “Industrial Age” into the “Information Age” and technology has transformed 

education as well (Gueldenzoph, Guidera, Whipple, Mertler, & Dutton, 1999).  There 

have been many studies on how to integrate technology into teaching and learning 

(Darling-Hammond, 1997; Sparks & Hirsch, 1997; Lever-Duffy, McDonald, & Mizell, 

2003; Wiske, 1998); however, what administrators, educators, and parents want to know 

is whether and how much technology use in the classroom has influenced students’ 

academic achievement, and in part whether the money and efforts invested in 

professional development related to integrating technology into the K-12 classroom have 

been beneficial to students (Sun Associates, n.d.; President’s Committee of Advisors on 

Science and Technology, 1997; Melmed, 1995).
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Factors Impacting Student Achievement 
 

 Student achievement is a result of complex and interconnected factors.  Multiple 

student, classroom, teacher, school, family, community, and cultural factors related to 

academic achievement have been identified by psychological, educational, and 

sociological research as related factors (Deschenes, Cuban, & Tyack, 2001; Marchant, 

Paulson, & Rothlisberg, 2001).  According to research, student achievement is positively 

correlated to the rigor of curriculum, teacher preparation, teacher experience, the 

availability of technology-assisted instruction, learning resources, and parent 

participation (Kliever, 2003; Dommitt, 2003; Altenbaugh, 1998; Hoge, Smit, & Crist, 

1997).   

Among these factors, effective and well-prepared teachers are the most important 

factors impacting students’ learning.  Thus, it is critical to provide teachers with 

sufficient skills to apply technology effectively and help students achieve at higher levels.  

However, few established studies, if any, have been conducted specifically on how 

teachers’ technology training has impacted students’ academic and other performance 

(Pollard & Pollard, 2004; Christensen, 2002).  Waxman, Connell, and Gray (2002) also 

pointed out a lack of quality, quantitative studies in the area of educational technology 

and the lack of empirical evidence that certain programs or approaches utilizing 

technology were effective.  In its 1997 Report to the President on the Use of Technology 

to strengthen K-12 Education in the United States, the President’s Committee of Advisors 

on Science and Technology (PCAST) (1997) called for rigorous, well-designed, and 

large-scale empirical studies to examine whether and how educational  technology was 

effective.  
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 Therefore, this study examines whether teachers’ technology training in a ten-year 

technology initiative had significant impact on K-12 students’ outcome.  Other factors 

impacting students’ academic performance such as school, family, culture, and 

community influence will be remedied through the statistical strategy of random 

sampling.  In this chapter, first, how national and state policies have influenced the 

availability and use of technologies in schools will be examined.  Then the effects of 

technology on teaching and learning, how to integrate technology into teaching and 

learning effectively and the importance of faculty development in technology will be 

discussed.  The effects of teacher training in technologies on students’ outcome will be 

explored as the research problems of this study. 

 
Impact of National and State Policies 

 
National and state policies have made a significant contribution to the integration 

of technology in schools, especially the availability of computers on campuses 

throughout the country.  E-Rate, enacted as part of the Telecommunications Act of 1996, 

was to ensure affordable telecommunications access for America's schools and libraries 

to the national information infrastructure (Cradler, n.d.).  

Title II, Part D of No Child Left Behind Act of 2001 (U.S. Department of 

Education, n.d.) was passed specifically to improve student academic achievement by 

implementing and supporting a comprehensive system that effectively uses technology in 

elementary and secondary school.   It redefined the federal role in K-12 education and set 

as a goal to close the achievement gap between disadvantaged and minority students and 

their peers.   
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At the state level, in Texas, for example, state policies and regulations were 

passed to support integration of technology in teaching and learning as well.  Texas 

House Bill 2128 was passed in September 1995, and enacted as the Public Utility 

Regulatory Act, to provide the funding to expand the Internet and coordinate 

telecommunications planning among public education, higher education, libraries, and 

medicine (Williams, 1998).  

Texas Long-Range Plan for Technology 1996-2010 (LRPT), proposed by the 

State Board of Education (SBOE) was adopted in November 1988 (Texas Education 

Agency, 2002).  It was passed to enhance students’ learning through technology.  Within 

LRPT, Technology Applications educator standards and certificates approved by the 

State Board for Educator Certification (SBEC) are used to ensure that all educators are 

technology literate. 

Policies have extended beyond the hardware and networking to include the 

integration of technology for teaching and learning.  Further studies and curriculum 

expectations have followed.  Chapter 126 of Texas Essential Knowledge and Skills 

(TEKS) was designed to include technology applications (Texas Education Agency, 

1998).  

National Educational Technology Standards (NETS) developed by the 

International Society for Technology in Education (2001a, 2004, 2005) for teachers, 

students, and administrators have been adopted by 48 states including Texas.  The 

standards require teachers, administrators, and students to master technologies to improve 

teaching and learning and increase productivity.  In summary, the national and state 

policies and curriculum standards have facilitated, urged, or required the technology 
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integration in K-12 schools.   Thus arises the question of how technology use affects 

teaching and learning. 

 
Effects of Technology on Teaching and Learning 

 
The rapid development in computer capabilities and purposes has inspired 

instructional changes on all levels to improve students’ ability to use, manage, and 

understand technology (Dugger & Satchwell, 1996; Garland, 1999).  Above all, 

technology has played an important role in creating a supportive learning community 

(Jonassen, 1995).  The promising future lies not only in technology itself, but in how 

people use it (Dugger & Satchwell, 1996).  To better prepare students to effectively and 

efficiently function in society, teachers have to incorporate technology instruction into 

their curriculum (Garland, 1999).  But it must be effectively done for maximum benefit. 

Historically, schools have been attracted to the promise and potential of new 

technology in the classroom (Bagley & Hunter, 1992; Green & Gilbert, 1995; Russell, 

1997; Singh & Means, 1995; Smisko, Givens, Levinson, Duffey, & Wyatt, 1996).  It is 

believed that 

technology can be used to enhance instruction and expand the limits of the 
existing curriculum.  As an information tool, it can be used to obtain, organize, 
manipulate, and communicate knowledge and information . . . .  By tapping into 
its power, students can expand their access to the world around them (Daniel, 
Kaufman, Meo, Naylor, & Whelihan, 1992, p. 29). 
 
 

Effective Teaching and Learning 

Research has demonstrated that effective use of educational technologies can have 

many positive effects on educational processes, outcomes, and student performance.  

Educational technology can facilitate students’ educational attainment and skills 



           6       

     

acquisition.  Children who often use interactive technologies can develop active learning 

and thinking skills (Southern Technology Council, 1997).   In particular, for decades 

some have asserted that technologies can promote more meaningful learning and 

understanding in science (Kuech & Lunetta, 2002).  

It is apparent that educational technology can make teaching and learning more 

exciting and interactive.  Research on schools and teaching has suggested for decades that 

student success and achievement are intricately associated with students’ interactions 

with effective teachers (Darling-Hammond, 1997; McCaleb, 1994; Lever-Duffy, 

McDonald, & Mizell, 2003).  One way to use technologies to enhance teaching and 

understanding as a means of promoting learning is to increase access to knowledge 

(National Research Council, 2000).  Teaching and learning are integrated with each 

other.  Therefore, technology use makes instruction more effective and will lead to better 

student performance (Brown, 2000; Green & Gilbert, 1995; Kozma & Johnston, 1991; 

Rocheleau, 1999).  

Research has indicated a positive relationship between faculty’s use of computers 

and students’ academic achievement (Toifel & Franklin, 1998).  The Apple Classrooms 

of Tomorrow (ACOT) (Apple Inc., 2003) Project was the first longitudinal research about 

changes resulting from the routine use of technology in teaching and learning.  Through 

25 years of research, Apple found that one of the most important contributions 

technology makes is that it improves student attendance records and facilitates decline in 

drop-out rates.  

Similar to the ACOT Project, the Computers Helping Instruction and Learning 

Development (CHILD) study undertaken in Florida was designed to improve students’ 
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problem solving and higher order thinking abilities (Wellburn, 1996).  Project CHILD 

was a computer-integrated instructional program for Grades K-5.  Results showed that 

participating students improved their standardized test scores across all grades, schools 

and subjects, especially those who had been in the program for more than a year. 

A 1994 Software Publisher’s Association study (National School Boards 

Association, 1995) echoed the findings of Project CHILD.  Both studies found that 

educational technology improved students’ achievement in all subject areas, across all 

levels of school.  The results applied to both regular and special-needs students. 

Technology made learning more student-centered and stimulated increased 

teacher/student interaction.  Similar to results of the ACOT Project, this study found that 

technology had positive effects on students’ attitudes and positive changes in learning 

environments evolved over time instead of occurring quickly.  Debard & Guidera (2000) 

contend that the development of instructional technology may help faculty to meet the 

principles of effective teaching with the prevalence of Internet and the emergence of 

online communication tools.  

 
Technology and Students’ Motivation 
 

To keep students motivated is the first step in preventing classroom behavior 

problems (Borich, 1992).  Motivation is used to describe what energizes or directs a 

learner’s attention, emotions, and activity.  Motivators are things that influence learners 

to choose one activity over another.  Motivators can be internal or external.  Internal 

motivators come from within the individual, such as the willingness to study, his personal 

interests, attitudes, needs, and aspirations.  External motivators come from the 

environment, such as the “social pressure to be tough in the eyes of one’s peers, 
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classroom rules, and family influence” (Borich, 1992, p. 344).  Once there is motivation 

for communication between instructors and students, the technology can be a facilitator.  

 For example, research conducted by Jones (2003) demonstrated that using a 

student-as-designer model of instruction with Web-based technology in high school was 

feasible.  Students “who designed web sites were more motivated than students in 

traditional classes and they learned a similar amount of subject matter” (p. 458).  Other 

positive outcomes provided by the learner-as-designer model of instruction included the 

opportunity for learning more about using computers, having a product showing their 

work, and offering the chance to work in groups. 

To summarize, technology can make teaching more effective with accurate and 

sufficient information that supports the curricula content as well as more efficient by 

reducing the time to design, develop, and deliver instruction.  In addition, technology can 

increase instructional appeal so that students are more likely to devote time and energy to 

the learning task and review what they learned later.  Instructional appeal is strongly 

associated with students’ attitudes toward information and their motivation to learn 

(Newby, Stepick, Lehman, & Russell, 2000).  Furthermore, a learning community with 

routine use of technology can motivate students to higher levels of achievements (Apple 

Inc., 2003) by decreasing absenteeism, lowering dropout rates, and motivating more 

students for further education.  Teachers with access to computers tend to apply student-

centered instructional strategies by focusing on discussion instead of lecture and 

emphasizing thinking skills.  Thus technology facilitates learner-centered, relevant, and 

meaningful learning environment (Apple Inc., 2003) and improves student learning.  
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Then, what are the conditions needed to integrate technology effectively into instruction?  

What role does professional development play in effective technology integration? 

 
Effective Technology Integration and Professional Development 

 
Research implications for effectively integrating technology into teaching and 

learning include (North Central Regional Educational Laboratory, 1999) 

• educational goals and a vision of learning with technology, 

• ongoing professional development, 

• structural changes in the school day, and 

• a robust technical infrastructure and technical support. 

Careful planning is essential to ensure that technology is integrated with the 

instructional program and has an impact on students.  Staff and community, districts and 

schools must develop a thoughtful technology plan, use technology funds wisely to 

purchase hardware and software, and provide workshops and continuous support for 

teachers to implement technology application (Bush, 2003).  However, more funds in 

schools are spent on equipment rather than on teachers’ professional development 

(Koszalka, Grabowski, & McCarthy, 2003). 

Other research findings also indicate that technology can impact student learning 

when students have easy access to the technology, and when teachers have ongoing 

training and use software that is compatible with the instructional goals and the teacher's 

assessment.  Moreover, teachers could use technology to help students construct meaning 

(Kulik, 1994; Butzin 2001; Mann, Shakeshaft, Becker, & Kottkamp, 1999).  

Computer tools also facilitate ongoing assessment and support feedback and 

collaborations with peers and other audiences.  New educational technologies help 
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teachers apply the elements of the Teaching for Understanding framework, which was 

developed by researchers at Harvard Graduate School of Education.  It is composed of 

five elements: generative curriculum topics, understanding goals, performances of 

understanding, ongoing assessment, and collaborative, reflective learning communities 

(Wiske, Franz, & Breit, 2005).  The framework can guide the meaningful integration of 

technology into teaching and promote learning by “making learning more generative, 

focused, active, reflective, and collaborative” (Wiske, 1998, p. 50). 

Even though technology offers the potential to enhance students learning, few 

American teachers have the necessary skills to integrate technology into their teaching 

(Johnson & Liu, 2000; Woodbridge, 2004).  Rother’s (2003) research concluded that 

teachers need more technology training to choose the appropriate technologies and 

instructional strategies.  Teachers have been the key to evaluating the impact of 

technology on students’ achievement (Archer, 1998).  But students will not be able to 

benefit from technology if their teachers are not familiar or comfortable with it.  The 

primary reason teachers do not apply technology in teaching is the lack of experience 

with technology (Wenglinsky, 1998; Rosen & Weil, 1995).  Therefore, teachers’ 

professional development in technology is critical for successful classroom integration 

(Woodbridge, 2004; Rother, 2003; Johnson & Liu, 2000; Pierson, 2001). 

There are many different types of technology that can be used to support and 

enhance learning, for example, tool-based applications, tutorials, and communication 

tools.  They can help deliver various kinds of subject related content and serve various 

instructional purposes.  Teachers have to consider how these educational technologies are 

different in terms of characteristics and functionalities (Becker, 1994).  Teachers cannot 
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be expected to learn how to use educational technology effectively in teaching after a 

one-time workshop.  Teachers with more experience and training are more likely to use 

technology in their classrooms.  They need sustained and in-depth assistance not only in 

the knowledge and skills of technology but also in their efforts to develop instructional 

strategies to meet educational goals.  Therefore, ongoing professional development and 

technical support is necessary to assist teachers to design and implement authentic and 

appealing instruction and learning activities (Sulla, 1999; North Central Regional 

Educational Laboratory, 1999). 

Recommendations in the National Plan for Improving Professional Development 

(Sparks & Hirsch, 1997) indicated that professional development had the power to 

change the culture of a school and inform educators of more effective methods of 

teaching.  With effective professional development, teachers can help all students reach 

the high levels of achievement they need to succeed.  To assist in efforts to create 

effective training, the National Staff Development Council (2002) has revised their 

professional standards, and suggested that today’s professional development must “. . . .  

push the boundaries of normative staff development practice” (Mizell, 2001, p. 19) to 

improve the quality and results of public education.  It is evident that professional 

development of educators is an important factor in the academic success of our students. 

To assist in the development of effective teacher training regarding technology 

integration, Congress created the Department of Education’s Preparing Tomorrow’s 

Teachers to Use Technology (PT3) grant program (U.S. Department of Education, 

2002b).  PT3 is built on the premise that educators must understand how to create and 

deliver high-quality, technology-infused lessons that engage students and improve 
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learning.  Other national and state policies and standards have made a great impact on 

educational technology as well.  Furthermore, national grants and projects such as PT3 

have had an incredible impact on promoting the integration of technology into teacher 

preparation (Cunningham, 2004).  It is essential to consider effects of technology on 

students and teachers related to professional development. 

 
Significance of the Study 

 
People across the nation are asking the same question regarding the value of 

instructional technology in schools and classrooms: “How do we know it is working?”  

The investment in educational technology has been difficult to measure concerning the 

complexity of technology integration and various teaching practice.  Although there have 

been many studies measuring the extent to which teachers are integrating technology into 

their classrooms through surveys, interviews, and observations (Barron, Kemker, 

Harmes, & Kalaydjian, 2003; Rother, 2003), little has been done measuring the impact of 

technology integration on students’ achievement, particularly examining long term 

impact. 

The quality of teaching should be measured by its impact on students--what they 

learn and the degree to which they are engaged in the process (Ontario Ministry of 

Education, 1995; Darling-Hammond, 1998b; Rice, 2003).  While educational research in 

general is often deemed as weak and inconclusive, studies of the impact of technology on 

student learning have been controversial as well.  In its 1997 Report to the President on 

the Use of Technology to Strengthen K-12 Education in the United States (PCAST, 

1997), the President’s Committee of Advisors on Science and Technology has called for 

rigorous, well-designed, and large-scale empirical studies to determine whether and how 
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technology-supported educational practices are effective in practice with special attention 

given to professional development.  

 The passage of the No Child Left Behind Act (U.S. Department of Education, 

n.d.) called for the secretary of education to “conduct a rigorous, independent, long-term 

evaluation of the impact of educational technology on student achievement using 

scientifically based research methods and control conditions” (Haertel & Means, 2003, p. 

3).  Rigorous studies are needed to evaluate the impact of technology on students 

learning.  

Despite the fact that the “impact of technology may be the most difficult to grasp 

among the many issues in teacher education” (Rogers, 1995, p.105), the U.S. Department 

of Education is attempting to conduct some rigorous and scientific studies of educational 

technology with a set of research grants to states (Trotter & Borja, 2004).  These grants 

are intended to apply proven strategies to promote more effective teaching and student 

achievement.  Hence it is important to evaluate the impact of long-term technology use 

on students.  This study examines a ten-year technology initiative of a school district and 

explores whether and how the technology use has increased student learning. 

The increasing use of computers for education has attracted great attention from 

researchers seeking to examine its impact on learning outcomes (Flinn & Gavatt, 1995; 

Liao, 1998).  Success of a technology initiative should be measured by its impact on 

student outcome, which is complex.  In order to attribute success or failure to the use of 

technology, the effect of technology on student performance would have to be 

specifically identifiable, and other variables controlled.  



           14       

     

There is insufficient research of the impact of technology on student achievement.  

Many educators can provide anecdotal evidence of technology’s impact on student 

achievement, but factual documentation is necessary to be more convincing (Christensen, 

2002).  Further research is needed to fully evaluate the impact of instructional technology 

on students’ learning and to explore research methods and criteria for evaluating the 

effectiveness of technology enhanced instruction (Pollard, & Pollard, 2004). 

 This study examines the participants of a ten-year technology initiative and their 

students in a large school district in central Texas.  With a strong scientific research 

design, this study investigates and provides evidence of the impact of technology use on 

students’ academic achievement and motivation in terms of number of discipline referrals 

and absences.  It provides insights for future technology policies and professional 

development.  

 Measurement and design have been the chief challenges of the researches on 

achievement, but factual documentation is necessary to be more convincing (Christensen, 

2002).  Further research is necessary in order to measure the impact of technology on 

student achievement (Rogers, 1995).  This study has a strong comprehensive, data-driven 

design with random sampling and large sample size (Trotter & Borja, 2004).  Although it 

is difficult to measure the complex matrix of student achievement, this study seeks to 

measure the students’ outcome not only in terms of their academic achievement, but their 

number of discipline referrals, number of absences, and promotion status.  Testing this 

research model for such a complex longevity study is also one of the purposes of the 

study. 
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Problem Statement 
 

 This study examines a ten-year technology initiative of professional development 

in a large school district in central Texas and its impact on students’ outcome measured 

by Grade Point Average (GPA), number of discipline referrals and absences, state 

standardized test result, and promotion status.  Also this study explores which school 

level benefited the most from technology integration, i.e., elementary, middle, or high 

school.  Another objective of this study was to examine the impact of teachers’ 

technology level on student performance over time.  The teacher’ technology training 

levels were based on the standards and policies from the school district.  Other possible 

teacher factors influencing students’ performance were examined as well.  In this study, 

teacher factors refer to technology training level, number of years since their initial 

training, number of years in the district, and technology integration level.  The students’ 

outcome will be measured by GPA, state standardized test result of the Texas Assessment 

of Academic Skills (TAAS) or the Texas Assessment of Knowledge and Skills (TAKS), 

number of discipline referrals and absences, and promotion status (See Table 1). 

 
Table 1 

 
Independent and Dependent Variables 

Variables Definition 
Computer for Teachers (CFT) training level 
Technology integration level  

Independent 
Variables 

Teacher 
Factors 

Number of years since initial CFT training in the district 
Covariate Teacher 

Factors 
Number of years in the district 

GPA  
State standardized test result 
Number of discipline referrals 
Number of absences 

Dependent 
Variables 

Students’ 
Outcome in 
Sampling 
Year 

Promotion status 
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Research Questions 
 

This study analyzed the impact of the ten-year technology initiative in a large 

school district.  The initiative was a technology training programming for the core course 

teachers in the district, and was called Computers for Teachers (CFT).  The core courses 

offered in the school district refer to mathematics, science, language arts, and social 

science.  The mission of CFT was to develop and implement a complete application of 

current technology in instructional and operational programs through professional 

development and technology access (Strayhorn, 1999a).  The purpose of this study was to 

examine its impact on students’ outcome such as academic achievement measured by 

GPA for middle and high school students, number of discipline referrals, number of 

absences, state standardized test result, and promotion status.  The impact of the CFT 

initiative was also investigated through data analyses of the results over the ten-year 

period of time in terms of students’ campus level, GPA for middle and high school 

students, number of discipline referrals, number of absences, state standardized test 

result, and promotion status. 

The research questions guiding this study are:  

1.  Is there a relationship between the Computer for Teachers (CFT) level of training and 
students’ outcome measured by GPA, number of discipline referrals, number of absences, 
state standardized test result, and promotion status? 
 
2.  Over the ten-year period of the CFT initiative, is there a trend of students' outcome 
measured by GPA, number of discipline referrals, number of absences, state standardized 
test result, and promotion status, in relation to teachers' highest CFT level of training? 
 
3.  Is there a relationship between teachers’ number of years since their initial CFT 
training and students’ outcome measured by GPA, number of discipline referrals, number 
of absences, state standardized test result, and promotion status? 
 
 



           17       

     

4.  Over the ten-year period of the CFT initiative, is there a trend of students' outcome 
measured by GPA, number of discipline referrals, number of absences, state standardized 
test result, and promotion status, in relation to teachers' number of years since their initial 
CFT training? 
 
5.  Is there a relationship between students’ outcome measured by GPA, number of 
discipline referrals, number of absences, state standardized test result, and promotion 
status; and teacher factors of teachers’ number of years in the district and their level of 
technology integration?   
 
6.  Over the ten-year period of the CFT initiative, is there a trend of students' outcome 
measured by GPA, number of discipline referrals, number of absences, state standardized 
test result, and promotion status in relation to teacher factors of teachers' number of years 
in the district and teachers' level of technology integration? 
 
 

Glossary of Terms 

GPA 

GPA refers to the combined grade point average of course work in the 
participating school district.  The grade point system differentiates among the levels by 
assigning more points for a grade earned in an advanced class. It generally ranges from 0-
13; however, a small percentage of students do participate in advanced programs that add 
additional points to their grade point designation so that it is possible to have ranking up 
to 18 points for high school students and 16 points for middle school students.  In this 
study, the student participant GPAs ranged from 0-17.2 for high school, and 0-16 for 
middle school (Killeen ISD, 2006). 
 
Instructional Technology 
  

Instructional technology refers to computer software application, file operations, 
and multimedia instructional equipments, internet-related technologies including e-mail, 
world wide web, newsgroups, ftp, etc.  Generally speaking, it refers to technologies 
applied in the educational settings (Roblyer, Edwards, & Havriluk, 1997). 

 
The Technology Initiative, Computers for Teachers (CFT) 
 

It refers to the ten year technology initiative of a central Texas school district.  As 
part of the ten-year initiative, its mission was to develop and implement a complete 
application of current technology in instructional and operational programs through 
professional development and technology access.  Its standards for networking, hardware 
and software allow the technology personnel to provide quality service to the end-user 
while increasing end-user productivity and competency (Strayhorn, 1999a). 
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Texas Assessment of Academic Skills (TAAS) 
 
  It is a statewide assessment program measuring the statewide curriculum in 
reading, mathematics, and writing at the exit level.  It was effective from 1992 to 2002.  
TAAS remained the graduation requirement for students who were enrolled in Grade 9 or 
higher on January 1, 2001 (Texas Education Agency, 2004a).  
 
Texas Assessment of Knowledge and Skills (TAKS) 
 

A statewide student assessment implemented as of Spring 2003 replacing TAAS.  
As mandated by the 76th Texas Legislature in 1999, it was administered beginning in the 
2002-2003 school year.  The TAKS measures the statewide curriculum in reading at 
Grades 3-9; in writing at Grades 4 and 7; in English Language Arts at Grades 10 and 11; 
in mathematics at Grades 3-11; in science at Grades 5,10, and 11; and social studies at 
Grades 8, 10, and 11.  The Spanish TAKS is administered at Grades 3 through 6. 
Satisfactory performance on the TAKS at Grade 11 is prerequisite to a high school 
diploma (Texas Education Agency, 2004b).
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CHAPTER TWO 
                                                                                               

Review of Related Literature 
 
 

Brief Summary of the Problem and Purpose 
 

This study analyzed the impact of a ten-year technology initiative in a large K-12 

school district on students’ achievement.  It intended to examine whether teachers’ 

technology training levels make a difference on their students’ outcome in terms of their 

academic performance measured by their GPA, state standardized test result, number of 

discipline referrals and absences, and promotion.  Also this study explored which grade 

level benefited the most from technology integration, i.e., elementary, middle, or high 

school.  

The teachers’ technology training levels were based on the standards and policies 

from the school district.  Other possible factors influencing students’ performance such as 

teacher factors and student factors were examined as well.  In this study, teacher factors 

refer to gender, ethnicity, age, technology training level, number of years since their 

initial training, number of years in the district, and technology integration level.  Student 

factors include gender, ethnicity, social economic status, military family background, 

grade level, number of teachers with technology training in the previous year, number of 

years in the district, and his/her performance in the previous year. 

In order to evaluate the impact of technology integration on students’ learning, a 

review of literature on the factors impacting students’ outcomes and the following effect 

of technology were conducted with an emphasis on:
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• teacher’s effective teaching, and how technology integration promotes 
learning and understanding in schools,  

 
• theoretical foundations of technology integration in education,  

• the process of technology integration into instruction,  

• teacher training or professional development, and factors influencing 
technology integration,  such as 
 

o influence of national and state policies and professional organizations 

o the significance of professional development   

o technological support, and  

• significance of this study and the importance of further research in analyzing 
the impact of long-term technology project on students’ outcome will be 
conducted. 

 
 

Factors Impacting Students’ Outcome 
 

The assessment of the technology initiative will be based on the impact of 

instructional technology on student performance.  Such an evaluation is complex.  In 

order to attribute success or failure to the use of technology, the effect of technology on 

student performance would have to be specifically identifiable, and other variables 

controlled.  

Student achievement is a result of complex, interconnected factors.  Multiple 

student, classroom, teacher, school, family, community, and cultural factors related to 

academic achievement have been identified by psychological, educational, and 

sociological research as related factors (Deschenes, Cuban, & Tyack, 2001; Marchant, 

Paulson, & Rothlisberg, 2001).  Student factors include IQ (Chen, Lee, & Stevenson, 

1996), prosocial behavior at the elementary level (Wentzel & Caldwell, 1997), learning 

disabilities, mental health difficulties such as anxiety or depression, and behavioral 
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difficulties such as hyperactivity and attention deficit disorders (Deschenes, Cuban, & 

Tyack, 2001).  Another factor relates to students’ beliefs about their abilities, i.e., their 

self-efficacy (Schunk, 1984).  Motivation is another significant student factor in 

academic achievement (Anderson & Keith, 1997; Kaplan, Peck, & Kaplan, 1997).  

Apparently, student tardiness and absences from school are also determinants in their 

academic performance (Altenbaugh, 1998).  According to research, student achievement 

is positively correlated to the rigor of curriculum, teacher preparation, teacher experience, 

the availability of technology-assisted instruction, learning resources, and parent 

participation (Kliever, 2003; Dommitt, 2003; Altenbaugh, 1998; Hoge, Smit, & Crist, 

1997).  

Many studies have been conducted examining the impact of family and school 

factors on students’ academic performance (Hilty, 1998; McEvoy & Welker, 2000; 

House, 1999; Luster & McAdoo, 1996; Organization for Economic Co-operation and 

Development, 2001).  Classroom, teacher, and school factors that impact student 

achievement also interact with the student, family, and social environment variables to 

influence students (Dommitt, 2003).  The most significant family factors impacting 

students’ performance are family involvement with school and family attitudes toward 

and beliefs about schooling (Altenbaugh, 1998; Beck & Murphy, 1996; Chen, Lee, & 

Stevenson, 1996; Eccles, Adler, & Kaczala, 1982; Henry, 2000; Luster & McAdoo, 

1996).  Other important factors include parent-teacher communication (Henry, 2000) and 

parental expectation of students’ academic performance (Hoge, Smit & Crist, 1997).  

Other factors not directly correlated with student performance include family cohesion, 
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family structure, discipline practices, parental supervision and monitoring, parental 

education, and parental skills (House, 1999; Luster & McAdoo, 1996).  

 School culture impacts how teachers, students, and administrators in the building 

feel about being there (Beck & Murphy, 1996).  Students are more likely to do well in a 

school culture with high academic expectations and a safe environment (McEvoy & 

Welker, 2000), positive administrative leadership, and adequate financial resources.  

Smaller classrooms and schools, teacher’s pedagogical skills, content knowledge, and 

training also contribute to improved students’ performance (Hilty, 1998).   

Among these factors, effective and well-prepared teachers are the most important 

factors impacting students’ learning.  According to the National Commission on 

Teaching and America’s Future (1996), outside the home environment, teachers are the 

most critical resource to help students succeed.  Effective teachers know the subject 

content, engage students in learning, and challenge them to greater achievements.  

"Students who have highly effective teachers three years in a row score as much as 50 

percentile points higher on achievement tests than those who have ineffective teachers for 

three years in a row," observes Darling-Hammond (1998b, p. 18). 

 Skilled teachers enhance learning by providing authentic instruction and 

meaningful assignments.  Such assignments involve essential concepts of a discipline, 

require higher-order thinking skills, are relevant to the “real world,” and encourage active 

learning through collaboration among students.  Research conducted by Apple Computer, 

Inc. in 2003 found that an active learning environment encouraged high levels of student 

involvement.  Students participating in the Apple Classrooms of Tomorrow (ACOT) 

project were urged to be responsible for their own learning and to work frequently in 
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groups.  The results revealed that with the greater control of their education provided by 

technology, students could become more motivated to explore and discover.  The 

effective use of technology could also help students to reach high levels of achievements 

both in school and throughout their lives (Apple Inc., 2003).  Then what is educational 

technology? 

 
Definition of Educational Technology 

 
Roblyer, Edwards, and Havriluk (1997) defined educational technology as the 

software, hardware, and pedagogical methods applied in educational settings.  Mostly 

educational technology refers to the computer-based system in schools.  Computer 

software or programs are sets of instructions that allow users to communicate with the 

hardware to accomplish certain goals.  There are basically two categories of software—

systems software and applications software.  Systems software makes the computer 

system perform its most basic functions such as starting up and reading disks.  

Applications programs are written to perform tasks such as word processing or drawing 

pictures.  Instructional programs are applications software.  Roblyer and his colleagues 

put instructional software into the following categories:  

• Drills-and-practice 

• Tutorial 

• Simulation 

• Instructional games 

• Problem-solving software 

Computer hardware includes all of the devices or equipment in the computer 

system such as the input system, the central processing unit, output devices, and internal 
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memory.  Only with good pedagogies can technology be used effectively.  Jonassen, 

Peck, and Wilson (1999) state that: 

• Technology is more than hardware.  Technology consists of the designs and the 
environments that engage learners.  Technology can also consist of any reliable 
technique or method for engaging learning, such as cognitive learning strategies 
and critical thinking skills. 
 

• Learning technologies can be any environment or definable set of activities that 
engage learners in active, constructive, intentional, authentic, and cooperative 
learning. 
 

• Technologies are not simply conveyors or communicators of meaning.  Nor 
should they prescribe and control all of the learner interactions. 
 

• Technologies support learning by fulfilling a learning need—when interactions 
with technologies are learner-initiated and learner-controlled, then these 
interactions are conceptually and intellectually engaging. 
 

• Technologies should function as intellectual tool kits that enable learners to build 
more meaningful personal interpretations of the world.  These tool kits must 
support the intellectual functions that are required by a course of study. 
 

• Learners and technologies should be intellectual partners in the learning process, 
where the cognitive responsibility for performing is distributed to the part of the 
partnership that does it the best, i.e., the learners (p. 13).  

 
 

Significance of Professional Development 
 

If teachers are key in effecting students’ outcomes and are central to integrating 

technology in instruction, then what is the role of professional development in teacher 

training in technology?  Various aspects of technology have been integrated in the 

schools and districts.  Human factors are more important than the technological ones in 

technology integration; thus, an investment in human resources is necessary.  Technology 

integration cannot occur without professional development.  Successful training keeps 

technology in the role of a tool to promote teaching and learning, and focuses on how 
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technology integration improves student achievements with the curriculum driving the 

technology, rather than the technology dictating the curriculum (Cradler, 1996). 

 
Models of Professional Development  
 

To choose technology training models, administrators have to consider both the 

strengths and weaknesses of each option.  It is impossible to find a universally applicable 

model.  The circumstances and individual needs of teachers should be considered for 

effective teacher training (Tumley, 2002).  Professional development can be selected 

from any of the following options (National Research Council, 2000; Benefits and 

Concerns of Different Models, n.d): 

• Courses for credit/graduate work 

• One-on-one mentoring 

• Workshops 

• Open labs 

• Informal groups 

• Outsourcing  

Professional development is the essential condition for technology integration. 

Lack of time and the difficulty of scheduling educators to be available at the same time is 

the major barrier to planned technology training.  In addition, faculty’s levels of expertise 

and interests vary.  Thus professional development has to be built on support and 

development with constructivist principles and must focus on work important to diverse 

faculty (North Central Regional Educational Laboratory, n.d.).  The research to evaluate 

the professional development project at George Washington University (Ludwig & 

Taymans, 2005) documented the evolution of a professional development strategy for 
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over three years.  Project staff and participants constructed knowledge and practice to 

infuse technology in teaching and learning by working first as individuals on their own 

knowledge development and then constructing multi-layered teams with representatives 

from university, school, and technology partners.  The results showed that progress was 

enhanced by collective participation with the focus of a particular problem.  High-quality 

professional learning experiences consist of well-organized activities and collective 

participation of educators, a content focus, and promote “coherence in professional 

development goals” (p. 357).  

 
Theoretical Foundations of Technology Integration in Education 

 
 The theoretical foundations of technology integration in teaching and learning 

process include behaviorism, system theory, cognitive theory, constructivism, and 

situated cognition.  Most techniques used to the design and use of educational technology 

have been based on one of these theories.  How each theory provides direction to the 

design, use, or effect of computers in education will be discussed (Simonson & 

Thompson, 1997).   

 
Behaviorism 
 

Skinner has advocated the use of computers in schools because they could be 

excellent teaching machines when programmed correctly (Simonson & Thompson, 

1997).  First and foremost, the behaviorist principle that all instruction should be 

designed to produce observable and measurable learning objectives has been the basis for 

computer based instruction.   Instruction should be designed to realize the clearly-stated 

objectives.  Furthermore, behaviorism advocates pre-assessing students so they can be 



                   27       

    

 

 

placed in an instructional sequence and achieve at a 90% level.  Then students continue 

participating in learning activities until they demonstrate their success in mastering the 

new information.  Computer can be ideal teaching machines for behaviorist educators 

(Simonson & Thompson, 1997).  

 
Systems Theory 
 

Generally, systems theory concerns the organization and structure of entire 

organisms.  In education, it was developed with the systems approach, which translated 

the principles of general systems theory into a procedure for the applied field of teaching.  

The system approach has the following bases (Simonson & Thompson, 1997, p. 39): 

• The systems approach applies to learning a method of logical problem solving 

similar to the scientific method. 

• Instruction designed using the systems approach is self-correcting and uses logical 

methods of decision making. 

• Instruction developed using the systems approaches applies rational procedures 

for designing instructional programs that ensure the attainment of specific 

behavioral objectives. 

• The systems approach incorporates ways of looking at complex organizational 

problems that take into account contingencies. 

The design of instructional technology can be guided by principles of system 

theory.  Instructional technology related to the systems approach is an integral component 

of the educational process.  Instructional technology can help develop logical problem 

solving approaches, and can also help achieve some specific behavioral objectives 

(Simonson & Thompson, 1997). 
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Cognitive Theory 
 

Traditionally behavioral psychologists ignore the cognitive changes that occur 

during instruction since they believe that mental changes are not observable or 

measurable, and are impossible to predict.  However, "Educational psychologists and 

learning theorists are moving away from the behaviorist approach and have advocated a 

closer look at the internal processes that occur in learners during instruction" (Simonson 

& Thompson, 1997, p. 41).   Cognitive theory emphasizes the conceptualization of 

students’ learning process.  It concentrates on the exploration of the way information is 

received, organized, retained, and used by the brain.  

Cognitive theory provided guiding principles for computer based instruction, 

which requires instructions to be organized and delivered to complement the learners’ 

cognitive structures and levels of sophistication.  Cognitive theorists are more concerned 

with the content of instruction, instead of the outcomes of instruction, which the 

behaviorist would focus on.  In the area of instructional technology, the cognitive theory 

can best be demonstrated with hypermedia, a computer-based instructional approach and 

a nonlinear and nonsequential tool used by cognitive scientists to examine how students 

interact with instruction during the process of learning (Simonson & Thompson, 1997). 

"The way students use hypermedia gives insights into the structure of thinking and how 

learning occurs" (Simonson & Thompson, 1997, p. 42). 

 
Constructivism and Situated Cognition  
 

Constructivism and situated cognition have been considered directly related to 

cognitive theory with interesting implications for the design and use of computer-based 

instruction.  Constructivism is based on the belief that meaning and understanding of the 

http://scholar.lib.vt.edu/ejournals/JCTE/v20n1/alston.html#Simonson#Simonson
http://scholar.lib.vt.edu/ejournals/JCTE/v20n1/alston.html#Simonson#Simonson
http://scholar.lib.vt.edu/ejournals/JCTE/v20n1/alston.html#Simonson#Simonson
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world are imposed by the person with the influence from his/her prior experience.  

Learners construct their own meaning from instructional activities.  Meaning is rooted in 

and indexed by experience.  Each experience with an idea and the environment of the 

idea becomes part of the meaning of that idea.  Constructivists emphasize situating 

cognitive experiences in authentic activities, which can be provided by computer based 

instruction (Simonson & Thompson, 1997). 

 Situated cognition, or situated learning, occurs when students work on authentic 

tasks in a real-world setting.  It does not occur when students are taught de-

contextualized knowledge and skills.  This implies that effective instruction should be 

based on authentic tasks that allow the students to construct a learning environment 

meaningful to them.  Students do not discover knowledge, but construct it in authentic 

environments (Simonson & Thompson, 1997; National Research Council, 2000). 

 Constructivist and situated cognition principles are making educators rethink 

computer-based learning.  For example, learner control and use of authentic information 

are critical to effectiveness.  The instruction has to be flexible and the learning experience 

has to be rich in content so that students can be stimulated to build knowledge. 

Furthermore, it is important to use multimedia such as video, graphics, and audio clips. 

Computer-based instruction should stimulate students with different sources and in 

different ways.  Hypermedia and interactive multimedia systems that use laser disks, 

compact disks, digital graphics, visuals and sound on a powerful computer platform will 

be the trend for educational computing systems (Simonson & Thompson, 1997; National 

Research Council, 2000). 

 

http://scholar.lib.vt.edu/ejournals/JCTE/v20n1/alston.html#Simonson#Simonson
http://scholar.lib.vt.edu/ejournals/JCTE/v20n1/alston.html#Simonson#Simonson
http://scholar.lib.vt.edu/ejournals/JCTE/v20n1/alston.html#Simonson#Simonson
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Effect of Technology Use on Teaching and Learning—Theory and Research 
 

The increasing use of computers for education has made it necessary for 

researchers to examine impact on learning outcomes (Flinn & Gavatt, 1995; Liao, 1998). 

It has been clear that computers and computer-related technologies can help facilitate 

major changes in the way teachers teach and students learn.  Computers can help teachers 

design student-centered activities and assist students in the production of authentic 

products (Simonson & Thompson, 1997).  

 
Effects on Teaching 
 

Teaching and learning are integrated with each other; therefore, technology use 

makes instruction more effective, which will lead to better student performance (Brown, 

2000; Green & Gilbert, 1995; Kozma & Johnston, 1991; Rocheleau, 1999).  Previous 

research has indicated a positive relationship between faculty’s use of computers and 

academic achievement (Toifel & Franklin, 1998).  

For example, instructional technology can help increase clarity of presentation by 

simplifying explanation and providing good visual examples (Htiva, et al., 2001).  With 

the prevalence of the Internet and the emergence of online communication tools, the new 

instructional technology may help teachers provide effective teaching (Debard & 

Guidera, 2000) by encouraging teacher-student contact, active learning, and timely 

feedback (Chickering & Reisser, 1996).  

Instructional technology in teaching and learning methods involves greater human 

interaction than traditional teaching methods.  The key instructional technology 

development is expected to be the Internet and, in particular, the Web.  The Web offers 

unparalleled opportunities for information dissemination at low cost.  Combined with 
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developments in methods of distance learning, the Internet is potentially very powerful 

for the information dissemination dimension of teaching and learning (Bourner & 

Flowers, 1997). 

 
Motivation 
 

Keeping students motivated is the first step in preventing classroom behavior 

problems.  Motivation is used to describe what energizes or directs a learner’s attention, 

emotions, and activity.  Motivators are things that influence learners to choose one 

activity over another.  Motivators can be internal or external.  Internal motivators come 

from within the individual, such as a tendency to study, his/her interests, attitudes, needs, 

and aspirations.  External motivators come from the environment (Borich, 1992).  The 

technology can be a facilitator for communication between instructors and students. 

Many teachers, parents, and educational researchers believe that appropriate use 

of the Internet can increase students’ motivation and achievement.  A study conducted by 

Jones (2003) examined the effects of a Web site design project on students’ motivation 

and achievement using an experimental design.  Tenth-grade biology students worked in 

two groups: one group was required to work on an ecology project by locating relevant 

information online and organizing and linking the web pages with the information; the 

other group received traditional lectures and labs.  Results of this study indicated that 

both groups showed similar achievement gains, but the students who designed web sites 

were more motivated. 

Students and instructors must be enabled and encouraged to establish a 

community of learners among themselves.  These communities can build a sense of 

comfort with questioning rather than knowing the answer and can develop a model of 
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creating new ideas that build on the contributions of individual members.  They can 

engender a sense of excitement about learning that is then transferred to the classroom, 

conferring a sense of ownership of new ideas as they apply to theory and practice.  Thus, 

through a learning community, students find or form groups that share interests (Riva, 

2001).  

Many studies have found that students learn as well or better when the materials 

to be learned are presented via computers (Kulik, 1994; Luyben, 1998; Woodrow, 

Mayer-Smith, & Pedretti, 2000; Teo & Wei, 2001).  For example, Woodrow, Mayer-

Smith, and Pedretti (2000) conducted a study to assess the effectiveness of Technology 

Enhanced Instruction (TEI).  The study was situated within a seven-year, field-based 

research program to integrate technology into secondary science.  Supported by both 

qualitative and quantitative data, the researchers concluded that learning with computer 

was more successful than learning without technologies and prepared students better for 

future education.  Compelling evidence, drawn from a number of disciplines and a 

variety of campuses, suggests that information technology can be a catalyst to enhance 

the learning experience (Green & Gilbert, 1995).  Among the processes considered to 

mediate computer-assisted learning are cognitive style, communication, motivation, 

visual learning, and academic achievement (Gonxalez & Birch, 2000).  

Other research concluded that technology can promote students’ learning with 

access to resources and effective instruction.  Moreover, technology can be used to help 

students construct meaning (Kulik, 1994; Butzin 2001; Mann, Shakeshaft, Becker, & 

Kottkamp, 1999).  For example, the comprehensive meta-analysis studies conducted by 

Kulik (1994) synthesized and analyzed the results of more than 97 of the computer-aided 
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studies.  He found out that students typically learn more and faster with computer-based 

instruction and had more positive attitudes.  Additionally, the availability of many online 

resources can make learning more generative for students by connecting schoolwork to 

real-world matters.  

New technologies “help students understand concepts, methods of reasoning, and 

effective ways of presenting their ideas in many subject areas”; simulations “enable 

students to ‘see’ and manipulate abstract concepts—such as density—and to model 

complex ideas like predator/prey relationships” (Wiske, 2004, p. 48).  Some educational 

software allows students to create and present their ideas with multimedia to enhance 

understanding, which is the primary goal of education.  Production tools such as word 

processing programs are expected to enhance the teaching and learning efficiency, which 

became the sign and cause of good teaching practice (Moran, 2003).  

The study conducted by Shimony, Russo, Ciaccio, Sanders, Rimpici, & Takvorian 

(2002) demonstrated the positive effects on academic achievement (English, math, and 

science), overall grade point average, as well as retention rate of the student population.  

The population was composed of over 6000 students in two middles schools in New York 

City, of which 54% or 13% were Black or Hispanic in each school.   The Med-Tech 

group consisted of all the Med-Tech students from both high schools from the classes of 

1994 to 1998.  The researchers used a New York Tech-Prep model focused on a specific 

technological area and integrated the necessary skills for success in that technology into 

an academic setting.  Members of the control group were chosen based on similar 

academic records with those in the Med-Tech cohort.  The academic performance for 

both the Med-Tech and the control group was followed for five years at both high 
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schools.  The results of the study indicated that students in the Med-Tech program 

achieved greater academic success than their counterparts in the control group. 

According to Wiske (1998), understanding is the ability to think and act flexibly 

with one’s knowledge.   The Teaching for Understanding framework developed by 

researchers at Harvard Graduate School of Education is composed of five elements: 

generative curriculum topics, understanding goals, performances of understanding, 

ongoing assessment, and collaborative, reflective learning communities (Wiske, Franz, & 

Breit, 2005).  The framework can guide the meaningful integration of technology into 

teaching and learning while technologies help teaching for understanding by “making 

learning more generative, focused, active, reflective, and collaborative in ways that are 

difficult to achieve with traditional school supplies” (Wiske, Franz, & Breit, 2005, p. 22).  

Teaching for understanding with technology improves the exploration, analysis, 

and improvement of teaching and learning.  Technologies can make curriculum more 

generative and understanding goals more visible, enrich learning activities to make them 

more like true performances of understanding, and provide opportunities to implement 

ongoing assessment and revisions.  While it is not easy to promote or evaluate students’ 

understanding, the prevalence of technology in schools seems a promising means of 

providing meaningful and interactive instruction (Wiske, Franz, & Breit, 2005). 

 
Active and Meaningful Learning  
 

Pedagogies are critical in making teaching and learning decisions with 

technology.  Only with good pedagogy can technologies be employed selectively and 

effectively to improve education (Perkins et al, 1995).  Computer-based technologies can 
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offer not only rich sources of information with easy access or productivity tools, but also 

can be powerful pedagogical tools (National Research Council, 2000).  

Raymond Nickerson (1999) provides five principles for fostering understanding 

and examines the ways in which technology can help educators to apply these principles.  

The principles include starting where the student is, promoting active processing and 

discovery, using appropriate representations and models, using simulations for better 

observation and deeper understanding of the complexity of the phenomena, and providing 

a supportive learning environment (Jonassen, Peck, & Wilson, 1999).  As teachers 

approach teaching with technology, these guiding principles can provide a strong 

foundation for creating a learning environment that enhances student understanding. 

 Understanding learning will help design and develop effective learning 

experiences (Newby et al, 2000).  Therefore, it is important to understand what learners 

know, what they do not know, and what misconceptions they have (Nickerson, 1999).  

Merrill (2002) notes that learning is promoted when learners’ existing knowledge is 

activated as a foundation for constructing new knowledge.  Thus, instructors should start 

where the students are when designing learning experiences with technologies to engage 

learners and stimulate their thinking.  The most effective learning occurs when learners 

are engaged in solving real-world problems.  Therefore, simulations and virtual reality 

situations created by computer technologies can be used for better observation and deeper 

understanding of complicated phenomena. 

 
Simulating Real-World Environments 
 

Since knowledge is anchored in and indexed by the context in which the actual 

learning occurs, information about the learning environment is part of the knowledge that 
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the learner constructs (Brown, Collins, & Duguid, 1989).  Learners in such environments 

better understand and transfer what they learn to new situations. Initial learning is 

important for transfer and transfer should be viewed as a dynamic and active process. 

Anchoring instruction, a kind of situated cognition (Jonassen, n.d.) in authentic contexts, 

makes learning more real and causes learning to happen by presenting students with real-

world problems (Jonassen, Peck, and Wilson, 1999).  Since information and 

communication technology can be used as a bridge between theoretical explorations and 

the real-world problems (Newby et al, 2000), it can facilitate successful transfer by 

engaging and motivating students in meaningful and authentic initial learning (National 

Research Council, 2000; Cognition & Technology Group at Vanderbilt, 1997).  

The Voyages of the Mimi, developed by Bank Street College of Education serves 

as a supporting example.  It was one of the earliest attempts to use video and computer 

technology to introduce students to real-life problems.  Students are engaged in a specific 

environment such as the ocean or an ancient city, solving problems in the context of 

learning about whales or Mayan culture of the Yucatan.  Another example of interactive 

and real-life problem-solving with technology is the Jasper Woodbury Problem Solving 

Series developed by Cognition and Technology Group at Vanderbilt (1997), with 

interactive video environments, presenting students with challenges requiring them to 

understand and apply important mathematical concepts.  Students who work with the 

series have shown gains in mathematical problem solving, communication abilities, and 

attitudes toward mathematics.  

The interactivity of these technology environments is a very important feature for 

learning.  Interactivity makes it easy for students to revisit specific parts of the 
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environments to explore them more deeply, to test ideas, and to receive feedback 

(National Research Council, 2000).  The research conducted by Cognition and 

Technology Group at Vanderbilts (1997) included students in nine states.  The students in 

experimental classes were provided opportunities to solve four real-life scenarios that 

involved the use of mathematics, social studies, science, and technology in three to four 

weeks throughout the year.   The students, which included special-education students, 

were able to successfully solve these contextualized problems because the problems are 

interesting and engaging, and students’ problem solving skills transfer positively to new 

problems.  Compared with the control classes, they achieved better complex problem 

solving skills and had more positive attitudes toward mathematics.  

 
Enhancing Active Processing and Discovery 

 
Technology can play an important role in learning by promoting active processing 

and discovery.  From a constructivist view, Jonassen, Peck, and Wilson provide an 

excellent framework to foster understanding by engaging learners in technology-rich, 

active, constructive, intentional, authentic, and cooperative learning.  They believe that 

technologies can support learning and be more effectively used to construct meaning, 

provided they are used as tools to extend human capabilities or as intellectual partners 

that help learners think and solve problems (Nickerson, 1999; Jonassen, Peck, and 

Wilson, 1999).  

Expert problem solvers construct richer, more integrated mental representations of 

problems.  Therefore, the key to problem solving is adequately representing the problem 

to be solved.  To teach for understanding, teachers should support learning with powerful 

representations (Perkins, 1993).  For decades, digital technologies have been used to 
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promote more meaningful learning when used to create appropriate representations and 

models (Nickerson, 1999).  Jonassen (2003) argued that technology tools could be used 

to represent problems and improve problem-solving performance by providing strong and 

dynamic models.  Good representations of the problems can even make the solutions 

transparent.  Furthermore, representing problems externally will decrease cognitive load 

in learners, especially with complex problems.  Dynamic models of problem 

representations enable learners to manipulate and examine various hypotheses.  

Advanced technologies support both interactive and dynamic capabilities that foster 

problem solving. 

Information technology can help learners increase clarity of presentation by 

simplifying explanation and providing good visual examples (Htiva, Barak, & Simhi, 

2001; Baylor & Ryu, 2003).  For example, in the study by Baylor and Ryu (2003), 

researchers found that an animated pedagogical software agent can be used to improve 

participants’ perceptions of personal characteristics.  Research conducted by Kueth and 

Lunetta (2002) in the science classroom examined interactions between learners, 

instructors, and technology tools in an introductory college physics course, which had 

been designed to engage students in investigation supported by computer tools.  It offered 

evidence that multiple representations can enhance their understanding.  The dynamic 

representations created by computer tools enabled students to negotiate meanings and to 

examine alternative explanations throughout the course, thus promoting understanding 

(Merrill, 2002; Kueth & Lunetta, 2002).  

 
 
 
 



                   39       

    

 

 

Building a Learner- and Community-Centered Environment 
 

Understanding is developed when new knowledge is represented and integrated 

into the learners’ world, i.e., in a learner-centered manner.  The rapid advances in 

computer capabilities and purposes have resulted in a shift from the teacher-directed to 

the learner-centered classroom (Garland & Wotton, 2001).  Characteristics of learner-

centeredness in Web-based education include providing access anywhere, anytime and 

keeping student engaged (Berbeeten, 2001).  

The National Research Council (2000) believes that learner- and community-

centered learning environments promote learning and understanding.  One key 

component in building and supporting these environments is communication.  

Technology provides various means to facilitate communication and support learning.  

The National Research Council’s analysis shows that online communication can be less 

intimidating and thus increase learners’ motivation.  Various technologies can be used to 

connect classrooms to community and provide a supportive environment with timely 

feedback, reflection, and revision (Nickerson, 1999; National Research Council, 2000).  

Many studies indicated that online learning could enhance communication skills 

and problem solving abilities (Brennan, 2000; Cho & Jonassen, 2002; Uribe, Klein, & 

Sullivan, 2003).  Communication skills development is essential in educational 

experience.  The case study of twelve distance learners at Mercer (Brennan, 2000) 

applied a quasi-experimental design with synchronous chat as the experimental condition.  

The synchronous chatting allowed the students to practice and enhance their 

communication skills and learn subject matter.  Both the students and the instructor 

considered chatting to be a valuable learning experience for the medium and the message.  
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The research suggested educators should practice online chatting in small groups, control 

the flow of conversation, force depth as well as breadth of the topic, and provide 

necessary support to students (Brennan, 2000).   

In a recent project implemented by Reinhart, Slowinski, and Anderson (2003) 

students participated in a collaborative project using a web-based conferencing system to 

discuss major issues related to the course of study.  The students were from three state 

universities and researchers developed techniques to facilitate collaboration between 

them through the web-based conferencing system.  The students were required to discuss 

key issues and develop a statement on them.  The findings of the study indicated 

authentic thematic discussions were needed to ensure individual accountability and 

participation and support the idea of situated learning.  These are key areas that address 

effectiveness in teaching for understanding. 

For online discussion to be effective for teaching for understanding, it is critical 

that learners be able to justify, support, and document their claims, which are referred to 

as argumentation.  Online problem solving often requires argumentation.  Argumentation 

is an essential kind of informal reasoning that is central to the intellectual ability involved 

in solving problems, making judgments and decisions, and formulating ideas and beliefs.  

Scaffolding argumentation consistently leads to the production of coherent arguments to 

justify solutions and actions, especially when solving ill-structured problems in online 

learning (Cho & Jonassen, 2002). 

A computer-mediated collaborative learning environment can promote learning 

(National Research Council, 2000).  Uribe, Klein, and Sullivan (2003) conducted a study 

to investigate the effect computer-mediated collaboration on solving ill-defined problems.  
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The participants worked through a web-based instructional program that taught them a 

four-step problem-solving process.  In a computer-mediated collaborative environment, 

they performed significantly better than did participants who worked alone.  The results 

showed that computer-mediated collaborative learning is a more effective strategy when 

teaching problem-solving skills than is individual learning.  The findings of their study 

were applicable to academic subjects where a high level of real-time interactivity and 

higher order cognitive skills may be required.  This collaboration supports teaching for 

understanding as technology tools are effectively applied. 

Technologies can be used as tools to obtain information, increase productivity, 

promote active processing and discovery, create appropriate representations, provide 

simulations, teach for knowledge transfer, and create a supportive, learner-centered 

learning environment.  Thus effective integration of technology in teaching promotes 

learning and understanding.  

 
Representation Using Computers--Visual Learning  
 

Bernier (2003) examined three types of content presentation: i.e., video 

documentary, computerized dictionary, and games within the interactive computer use at 

the Quebec Museum of Civilization.  The visitors’ viewpoint is considered for interface 

design since specific content display requires computer technologies to disseminate 

information in the museum.  The usability of interactive computers in exhibitions and 

concluded that the three types of content presentation--video documentary, computerized 

dictionary, and games were effective in providing: 

1. effortless knowledge, 

2. sorted navigational paths, 
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3. exhaustiveness of topics, 

4. combined audio and video media as first means, and 

5. quiz as a primary source of presentation (p. 245).  

According to the study conducted by Rosenthal (2001), computer graphics like 

colors are extremely important in promoting understanding because color characteristics 

are linked to mental attainments and bring about visual sensations that make apparent 

properties of physical objects or processes.  Cohen reported that colors can be identified 

with a range of properties as “ordinary color categories” which are best suited for 

lexicalized language.  

Colors presented by computer graphics are also important to link mental 

attainments and bring about visual sensations that make apparent properties of physical 

objects or processes (Bernier).  The experimental study conducted by Baylor and Ryu 

(2003) was to test the role of image and animation on learners’ perception of learning 

process.  The analysis consisted of two comparisons, i.e., comparing the 

presence/absence of the learning agent—image and comparing static versus animated 

agent images.  Seventy-five preservice teachers in this study developed an instructional 

plan for a case study of designing economics instruction.  The purpose of the instruction 

was to learn the concepts of supply and demand with the multiple intelligent mentors 

instructing collaboratively.  The results of the study indicated that animation was 

beneficial to be more person-like, engaging, credible, and instructor-like.  A strong 

positive effect was found for the presence of animation for instruction to be more 

instructor-like.  A presence of an image, either static or animated, facilitated the 
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credibility of the instruction.  Animation also made instruction more engaging and 

person-like.  However, animation may not be the single best implementation.     

In summary, research has indicated that computer technologies can be used to 

facilitate teachers teaching and students’ learning.  It can help teachers design student-

centered activities, produce clear and engaging instruction with interactive multimedia 

materials.  Also the technologies can assist students in authentic and active learning while 

increasing their motivation and problem-solving abilities.  Thus, how can teachers 

effectively integrate technology into teaching?  The follow section discusses the factors 

impacting technology integration. 

 
Factors Influencing Technology Integration 

 
The essential conditions for teachers to enhance learning with effective use of 

technology consist of a complex matrix.  Teachers use a combination of traditional and 

new approaches to facilitate learning of subject content with attention to individual needs, 

especially for new teachers.  Policy decisions supporting technology use affect the 

teachers’ ability to use technology effectively.  Therefore the matrix of the essential 

conditions for effective technology integration include shared vision and support from the 

leadership, administration, and community, teachers’ access to technologies, 

training/skills, technical assistance, and student-centered teaching.  Technology must 

become an integral part of their teaching practice (National Educational Technology 

Standards Project, 2004).  

Shared vision requires the support from the entire educational system—the 

university leaders, the professional education administration and faculty, university 

personnel, and teachers and school administrators.  School districts have to share a vision 



                   44       

    

 

 

for supporting teachers’ technology use in teaching and learning (National Educational 

Technology Standards Project, 2004). 

 
Supporting Teachers to Teach with Technology  
 

The quality of teaching should be measured by its impact on students--what they 

learn and the degree to which they are engaged in the process, to teach for students’ 

understanding.  Good teaching should foster a love of learning and provide a supportive 

learning environment for all students (Ontario Ministry of Education, 1995).  The 

integration of technology is one way to provide the tools for students’ advancement and 

success.  But often teachers do not know how to implement the integration or understand 

how to adapt technology use to their teaching and learning beliefs (Koszalka, Grabowski, 

& McCarthy, 2003).  Perkins (1993) suggests that teachers make learning a long-term 

and thinking-centered process.  Many teachers consider themselves as learners and enjoy 

exploring new methods of instruction.  The activity may be simple or complex, from 

processing a word file to designing instructional courseware curriculum (Reiser, 2002). 

One way to learn is through professional development, which can be in-service 

education, graduate work, or a combination of both.  Courses and integration generally 

coincide, and the teachers will use what they have learned.  Thus it is important for 

technology instructors to practice what they preach in their own classrooms (Grayle, 

2003). 

There are patterns in faculty computer use (Wang & Holthaus, 1998; Reigeluth, & 

Joseph, 2002).  A study conducted by Snoeyink & Ertmer (2001) involved 22 teachers 

and its results indicated faculty preferences for learning basic computer skills before 

integrating technology into the curricula, the importance of seeing purpose in using 
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computers in teaching, and having concrete and grade-specific ideas (Snoeyink & Ertmer, 

2001).   To integrate technology effectively into teaching, teachers must have more time 

to learn to use the technologies and must be provided with sufficient help (Simonson & 

Thompson, 1997; National Research Council, 2000).  

Teaching for understanding requires much more interactive and active learning 

than traditional teaching.  Generative topics consider learners’ interests and experience 

instead of simply following a textbook.  Understanding goals focus on key concepts and 

disciplined ways of thinking in addition to isolated facts and formulas.  Performances of 

understanding “engages learners in actively debating, constructing, producing, and 

presenting their understandings, not just listening to or reciting knowledge created by 

other people” (Wiske, Franz, & Breit, 2005, p.19).  Ongoing assessments involve learners 

in reviewing and revising their own work and peer’s work.  Thus students usually 

communicate and collaborate with one another.  Teaching for understanding with 

technologies is a complex process depending on coordinated support and sustained 

professional development (Wiske, Franz, & Breit, 2005, p.135).  It is necessary for 

teachers to inquire and collaborate within professional communities to explore successful 

practice of teaching for understanding with technologies. 

It is not easy for teachers to make effective educational use of new technologies. 

A quantitative study conducted by Reiser (2002) has addressed the many factors 

contributing to a teacher’s ability to integrate technology into the classroom, that is, 

support, time, learning, commitment, time, and access. 

There are patterns in faculty computer use (Wang & Holthaus, 1998; Bussey, 

Dormody, & VanLeeuwen, 2000; Gueldenzoph, et al, 1999; Rogers, 1995).  Research 



                   46       

    

 

 

results indicated faculty preferences for learning basic computer skills before integrating 

technology into the curricula, the importance of seeing purpose in using computers in 

teaching, and having concrete and grade-specific ideas (Snoeyink & Ertmer, 2001; Brand, 

1997).  

To integrate technology effectively into teaching, teachers must have more time to 

learn to use the technologies and must be provided with sufficient help (Simonson & 

Thompson, 1997).  Kinnaman (1990) pointed out that “You can spend money on the most 

exciting software and buy all the latest hardware, but the technology won’t stand a 

chance in your district unless you invest in support for the most important resource of 

all—teacher” (p. 24).  He believed that developing in-house expertise should be the first 

step to successfully integrate technology in schools, and “one-shot” approach as well as 

large group workshops should be avoided.  Also teachers should be given time to explore 

successful programs and collaborate with master teachers with technology 

implementation (Kinnaman, 1990).  

Apple Computers, Inc. sponsored a small national experiment providing both 

substantial funding and ongoing direction.  It involved participating school districts, 

colleges of education, and intermediate service units in shaping the goals, specifying the 

methodology, and determining the content of the program.  Formal training and planning 

sessions for this program were held during the year at centralized locations and ongoing 

online and offline communications among the participants took place.  The results of this 

experiment illustrated an innovative and constructive partnership between industry and 

schools for professional development to integrate technology into teaching and learning 

(Boe, 1989). 
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Brand (1997) reviewed research on training teachers for using technology and 

concluded that issues of flexible professional development opportunities, time, access, 

and continuous support make a difference in teachers’ ability to use hardware and 

software in their classes (Bussey, Dormody, & VanLeeuwen, 2000; Gueldenzoph, et al, 

1999; Rogers, 1995; Brand, 1997).   For example, in New Mexico, a random sample of 

169 secondary technology education and industrial arts teachers were selected to achieve 

a confidence interval of 95%.  A multivariate correlational design was used to determine 

the factors that predict the adoption of technology in education.  A questionnaire with 

Likert-type questions was used to examine the level of adoption of technology, 

perceptions of the attributes of technology, and the influence of change agents and 

opinions of leaders on adoption (Bussey, Dormody, & VanLeeuwen, 2000).   Factors 

predicting adoption of technology education were determined using stepwise multiple 

regression.  A factor was accepted if its probability level was less than .05.  Thus the best 

predictors in this study were selected as perceptions of the attributes of the technology, 

influence of change agents and opinion leaders on adoption, perception of how often 

optional program decisions are made, and years of teaching (Bussey, Dormody, & 

VanLeeuwen, 2000). 

Policy makers can be an important factor in the integration process by providing 

necessary support (National Research Council, 2000; Fulton & Honey, 2002).  A critical 

partnership is needed among teachers, administrators, students, parents, community, 

university, and the computer industry for technology integration.  For example, Project 

Zero, founded at the Harvard Graduate School of Education in 1967, helps create 

reflective and self-directed learning communities and encourages seeking deep 
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understanding within and across disciplines through annual summer institutes and 

research collaborations.  The project is designed for the development of new approaches 

to help individuals, groups, and institutions learn in optimal ways.  It involves a wide 

variety of ages, academic disciplines, and sites.  Its research has focused on school and 

museum communities, and its mission is to understand and enhance learning, thinking, 

and creativity at individual and institutional levels.  For example, one of the current 

research projects is the Artful Thinking program, which helps students develop thinking 

dispositions that support thoughtful learning with technology—in the arts, and across 

school subjects.  Currently in use by teachers in grade K-8, this program is a member of a 

growing international network of K-12 programs, linked by the theme “Visible 

Thinking.”  It focuses on experiencing and appreciating art, rather than making art 

(Project Zero, 2003).   

Some educational software applications have proven to be effective.  For 

example, third- and fourth graders can explore properties of shapes, reflection and 

rotation, symmetry, polygons, and more in two- and three-dimensional environments 

using Shape Up! (Rappoport & Sclafani, 1995).  A useful and interactive tool for 

teaching geometrical concepts and more, The Geometer's Sketchpad enables teachers to 

present concepts in an exciting and meaningful way for middle and high school students.  

However, there are insufficient good educational applications on the market.  Good 

educational software and teacher-supported tools, developed under effective learning 

principles, need the collaboration between teachers, learning experts, and software 

designers (National Research Council, 2000).  They must work together to ensure that 
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teachers are equipped with appropriate technology tools to support a learning 

environment that focuses on teaching for understanding. 

Meanwhile, teachers need time and support to learn, reflect, absorb, discover, and 

adapt practices (National Research Council, 2000; Koszalka, Grabowski, & McCarthy, 

2003).  Professional development, timely technical support, and sufficient planning are 

all essential.  It is widely agreed that even faculty perceptions of effectiveness (Bussey, 

Dormody, & VanLeeuwen, 2000; Gueldenzoph, et al, 1999), as measured by Roger’s 

(1995) innovation attributes, are significant to the effective use of technology by teachers.  

Rogers (1983, 1995) provided a theoretical framework to measure the 

effectiveness of technology.  He proposed that innovations that possess certain attributes 

are more likely to be adopted.  These attributes are relative advantage, compatibility, 

complexity, trialability, and observability.  The relative advantage of technology 

education refers to the degree to which it is perceived by teachers as being better than 

older instruction tools. The compatibility refers to the degree to which it is perceived as 

being consistent with the existing values, past experiences and needs of teachers.  

Complexity is the degree to which technology education is perceived by teachers as 

difficult to understand and use; trialability is the degree to which technology education 

may be experimented with before teachers make a decision to adopt it; and observability 

is the degree to which the results of an innovation are visible (Degennaro & Mak, 2002).  

Although instructional technology is gaining rapid acceptance in schools, many educators 

still need to be convinced of its value and receive quality training on how to use the new 

technology applications and devices in the classroom (Hope, 1996).   
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Degennaro and Mak (2002) found that Rogers’ model could be applied to 

examine the attributes of computer art that affect its diffusion process.  They conducted a 

survey among 82 fine art students who were interested in art creation and familiar with 

computers.  The survey was based on references from literature and discussion with fine 

art students.  A pretest was piloted with professional artists to refine the instrument.  

About 70% of them had taken one or more computer classes while 80 % had at least two 

years of experience with computers.  Most of the respondents (67%) considered 

themselves as aspiring fine artists.  Results indicate that the adoption of computer art can 

be improved by enhancing software usability and computer art aesthetics (Degennaro & 

Mak, 2002).   

During the previous decade, the average number of students per computer in 

public schools decreased from 125 to less than 5.4 in 1999-2000 (Sandholtz, Ringstaff, & 

Dwyer, 1997; Quality Education Data, 2001); the percentage of public schools that have 

Internet access has increased from 35% in 1995 to 99% in 2002, and the percentage of 

public classrooms connected to the Internet has risen from 3% in 1994 to 87% in 2001 

(Kleiner & Farris, 2002).  Nevertheless, access to technology still is an issue in schools. 

Through both quantitative and qualitative data analyses, research conducted by Garland 

and Wotton (2001) concluded that the digital divide between schools with access to new 

technologies and those without such opportunities is emerging as the leading equity issue 

in the United States.  It concerns not only the Internet connection but also the training of 

teachers in the instructional use of the Web and interactive software.  One workshop or 

one graduate course is not enough for teachers to teach with technology and promote 

learning and understanding (Doering, Hughes, & Huffman, 2003).  
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In summary, in order to teach for understanding with successful integration of 

technology, teachers need to have access to appropriate technology, commitment and 

time to learn existing and future technology, and support from and partnerships with 

software publishing industry, peers, learning experts, and education policy makers 

(National Research Council, 2000).  It is believed that if these work in tandem, a rich 

learning environment that promotes teaching for understanding can be achieved.  Then 

further essential research on the effects of such an environment can be carefully studied.  

Given the complexity of the nature of using technology in classrooms, further in-depth, 

longitudinal studies with stronger research designs such as random sampling and larger 

sample size will be needed (Comunale, Sexton, & Voss, 2002; Clark, & Wiebe, 2001; 

Gueldenzoph, et al, 1999) in order to further ascertain the impact of technology on 

achieving understanding in the classroom. 

 
Influence of National and State Policies on Technology Integration 

 
 National and state policies promoting technology integration have largely made 

technology, especially computers and Internet connections available in schools.  This 

section will review the influence of E-Rate, Title II of No Child Left Behind Act, and the 

related legislative initiative in the state of Texas.  The technology literacy standards from 

professional organizations such as the National Educational Technology Standards 

(International Society for Technology in Education, 2000) require administrators, teachers, 

and students to master the basic technology skills.  The National Educational Technology 

Standards for Students is designed to provide teachers, technology planners, teacher 

preparation institutions, and educational decision-makers with frameworks and standards to 

guide them in establishing enriched learning environments supported by technology.  It 
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describes what students should know and be able to do with technology.  Chapter 126 in 

Texas Essential Knowledge and Skills (TEKS) describes the teaching and learning of 

technology skills and the use of computers and other related electronic tools to ensure the 

integration of technology into the curriculum (Texas Education Agency, 2002)  

 
E-Rate  
 

E-Rate promoted telecommunication access for schools and libraries.  "Help is on 

the way for K-12 schools and libraries in the form of substantial discounts on 

telecommunications services, Internet access, and internal connections” (Cradler, n.d.).  

This resource is a result of the Telecommunications Act of 1996, and in particular, a 

section of that Act referred to as the Universal Service Fund (USF).  E-Rate provides 

discounts for advanced, affordable telecommunication services, Internet and internal 

connections to needy libraries and schools, ranging from 20 to 90 percent based on local 

poverty levels.  Over $10 billion in E-Rate discounts have made the Internet and new 

information technologies available to tens of thousands of schools and libraries in the first 

five years (Education and Library Networks Coalition, 2003).  E-rate discounts have made 

internet connections possible for many classrooms in many of the states, including Texas. 

For example, before the E-Rate program, only about 20 percent of Houston’s classrooms 

were wired to the Internet.  By September 2003, about 98 percent had been connected.  

With E-Rate savings, the computer ratio in the school district was lowered from 30 students 

per computer to a little more than four to one (National School Boards Association, 1993).  
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No Child Left Behind Act  
 

Title II, Part D of No Child Left Behind Act in 2002 was passed specifically to 

improve student academic achievement by implementing and supporting a 

comprehensive system that effectively uses technology in elementary and secondary 

school.  Based on four basic principles of stronger accountability for results, increased 

flexibility and local control, expanded options for parents, and an emphasis on teaching 

methods that have been proven to work, it provided increased federal funding to support 

educational reforms (U.S. Department of Education, n.d.).  

The purposes include:  

• establishing or expanding the initiative to increase access to technology;  

• assisting States and local agencies to acquire, develop, interconnect, implement, 

improve, and maintain an effective educational technology infrastructure to make 

technology available for teachers and students by assisting “every student in 

crossing the digital divide by ensuring that every student is technologically 

literate by the time the student finishes the eighth grade, regardless of the 

student’s race, ethnicity, gender, family income, geographic location, or 

disability” (Elementary & Secondary Education, n.d), especially the 

disadvantaged students;  

• promoting initiative to provide educators with the capacity to integrate technology 

effectively into their teaching aligned with state academic standards for students, 

by encouraging “the effective integration of technology resources and systems 

with teacher training and curriculum development to establish research-based 

instructional methods that can be widely implemented as best practices by State 
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educational agencies and local educational agencies” (Elementary & Secondary 

Education, n.d.), through such means as high-quality professional development 

programs; enhancing the ongoing professional development of educators with 

constant access to training and updated research in teaching and learning through 

electronic means;  

• supporting the development and application of electronic networks and other 

innovative methods such as distance learning;  

• supporting the evaluation of programs funded under this part, particularly 

regarding the impact on student academic achievement, and ensuring the 

accessibility of such evaluations through electronic means;  

• supporting local efforts to promote parent and family involvement in education 

and communication among students, parents, teachers, and administrators through 

technology (Elementary & Secondary Education, n.d.).  

Consequently, at least 99 percent of the nation’s more than 90,000 public schools 

were connected to the Internet by November 2004.  More than three fourths of the 

classrooms in the average school district have been online and the computer to student 

ratio is 1 to 4 (Mollison, 2004).   

 
Texas House Bill 2128  
 

Texas House Bill 2128 was passed in September 1995, and enacted as the Public 

Utility Regulatory Act, with three goals: 

• Allowing for a competitive telecommunications market, 

• Encouraging investment in the state, and 

• Providing a top telecommunications infrastructure in Texas. 
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It provided the funding to expand the Internet and coordinate telecommunications 

planning among public education, higher education, libraries, and medicine (Williams, 

1998).  

Texas Long-Range Plan for Technology  
 

Texas Long-Range Plan for Technology 1996-2010 (LRPT) was passed to 

enhance students’ learning through technology.  The original plan, proposed by the State 

Board of Education (SBOE), was adopted in November 1988.  It reflected the changes in 

the key areas of teaching and learning, educator preparation and development, 

administration and support services, infrastructure for technology, and their effect on 

students and education (Texas Education Agency, 2002).  It required certified teachers to 

be able to use technology to help students develop lifetime skills and habits of learning.  

Within LRPT, Technology Applications educator standards and certificates approved by 

the State Board for Educator Certification (SBEC) are used to help the state to ensure that 

all educators are technology literate, as specified in LRPT and reinforced by the 

Enhancing Education Through Technology, Title II, Part D. Educator preparation 

programs and alternative certification programs have been approved to help educators 

meet the technology standards and receive the new certificates. 

 
Texas Essential Knowledge and Skills 
 

Policies have extended beyond the hardware and networking to include the 

integration of technology for teaching and learning.  Chapter 126 of Texas Essential 

Knowledge and Skills (TEKS) describes what students should know and be able to do 

with technology.  The Technology Applications in TEKS are divided into four strands for 

all grade levels: foundations, information acquisition, work in solving problems, and 
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communication.  These technology literacy standards for students align with the 

requirements of Part D of the No Child Left Behind Act of 2001 to ensure the integration 

of technology into the curriculum (TEA, 2002).  Within TEKS, technology applications 

in the curricular area include the teaching and learning of technology skills and the use of 

computers and other related electronic tools.  This area focuses on the creating, accessing, 

manipulating, utilizing, communicating, and publishing of information during the 

learning process (Texas Education Agency, 1998).  

 
National Educational Technology Standards 

 
National Educational Technology Standards (NETS) developed by the 

International Society for Technology in Education (ISTE, 2001a) for teachers, students, 

and administrators have been adopted by 48 states (ISTE, 2004), including Texas.  The 

standards for students were designed to provide educators with frameworks and standards 

to establish enriched learning environments supported by technology.  The performance 

indicators are grouped in six categories: basic operations and concepts; social, ethical, 

and human issues; technology productivity and communication tools; technology 

research and problem-solving tools.  Accordingly, the NETS for Teachers focus on pre-

service teacher education, and define the fundamental concepts, knowledge, skills, and 

attitudes for applying technology in education.  All teacher candidates should meet these 

standards.  The standards also provide guidelines for teachers currently in the classroom.  

The standards for administrators require them to have a vision for integration of 

technology and create an environment and culture for the sake of it.  Administrators are 

also required to ensure that curricular design, instructional strategies, and learning 
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environments integrate technologies to improve teaching and learning and increase 

productivity (ISTE, 2001b). 

 
Effect of Technologies 

 
Research has indicated a positive relationship between faculty’s use of computers 

and students’ academic achievement (Toifel & Franklin, 1998).  The Apple Classrooms 

of Tomorrow Project (ACOT) (Apple Inc., 2003) was the first longitudinal research about 

changes resulting from the routine use of technology in teaching and learning.  It was 

designed to encourage instructional innovation with the potentials of computers to 

support learners’ thinking and learning, long-term projects, access to multiple resources, 

and cooperative learning.  From 1985 through 1997, researchers of ACOT Project found 

that students gained new learning experiences with higher level reasoning and that the 

project had a positive impact on student attitudes and promoted cooperative group work, 

especially with problem solving.  In problem solving, students are engaged in meaningful 

(i.e., active, constructive, intentional, authentic, and cooperative) learning where 

technology can be used as meaning-making tools by supporting information searching, 

modeling, decision-making, and designing (Jonassen, Howland, Moore, & Marra 2003).  

Through 25 years of research, Apple found that one of the most important contributions 

technology makes is that it improves student attendance records and facilitates decline in 

drop-out rates.  Compared with their non-ACOT peers, ACOT students’ absenteeism was 

approximately half of that of the rest of the school (Sandholtz, Ringstaff, & Dwyer, 

1997).  All of the students in the ACOT classroom graduated and 90 percent went on to 

college. 
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Similar to the ACOT Project, the Computers Helping Instruction and Learning 

Development (CHILD) study undertaken in Florida was designed to improve students’ 

problem solving and higher order thinking abilities (Wellburn, 1996).  Project CHILD 

was a computer-integrated instructional program for Grades K-5.  More than 1400 

students participated in this five-year study, which began in 1987.  Their teachers 

received technology training and were encouraged to establish a cooperative learning 

environment with other teachers in the project.  In Project CHILD, classrooms became 

learning stations for one of three subject areas: reading, mathematics, and language arts.   

A typical classroom was equipped with a computer station with three to six computers, a 

teacher station with three to six computers, a teacher station for small-group instruction, 

stations for hands-on activities, and stations for textbook-based and written work.  A 

collection of computer software was correlated with thematic units for each subject area 

supported by technology.  The students’ daily routine included self-paced interactions in 

a learning environment.  Results showed that participating students, especially those who 

had been in the program for more than a year, improved their standardized test scores 

across all grades, schools and subjects. 

Debard & Guidera (2000) contend that the development of instructional 

technology, with the prevalence of Internet and the emergence of online communication 

tools, may help faculty to meet the principles of effective teaching.  Based on a review of 

fifty years of research on how teachers teach and how students learn, seven principles of 

effective teaching were proposed by Chickering and Reisser (1996): 

1. Encourages student-faculty contact 

2. Encourages cooperation among students 
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3. Encourages active learning 

4. Provides prompt feedback 

5. Emphasizes timely completion of assignment  

6. Communicates high expectation 

7. Respects diverse talents and ways of knowing 

Among the seven principles, cooperation among students can be enhanced through 

electronic communication media.  For example, this communication medium does not 

require in-person meetings at set times that may interfere with other commitments and 

responsibilities (Anderson, 1996).  This benefits individuals with physical difficulties, 

and saves travel time for students so that they can devote more time to the learning 

process.  In order to create successful learning environments, educators have to 

understand how communication and interaction, which are two key features of the 

learning process, can be changed by computers (Riva, 2001).   

Another important principle to enhance effective teaching is to provide prompt 

feedback because “students need to perform the skills to be developed through learning 

and receive constructive suggestion for improvement so that they can fully develop these 

skills” (Debard & Guidera, 2000, p. 222).  The skills can be facilitated by asynchronous 

communication.  While feedback is a central component in most models of 

communication and instruction, theoretical development of the instructional feedback 

construct has been lagging and the effectiveness of feedback interventions has been 

mixed.  Feedback Intervention Theory (FIT) is an effort to re-examine the assumption 

that feedback always improves learning and to investigate the form of feedback that is 

most effective and the conditions under which such efficacy can be expected.  The central 
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role of feedback in learning and in communication performance implies that greater 

attention should be given to its mediating impact on instruction.  Consistent with FIT, 

feedback is most likely to benefit students when it is adapted to specific learning tasks 

(King & Behnke, 1999).  The efficacy of instructional feedback relies upon complex 

interactions between cognitive processing demands and the timing and content of the 

feedback (Smith & Ragan, 1993, p. 100). 

 
Communication 
  

There are two kinds of communication reflected in use of technology—

asynchronous and synchronous communication.  Synchronous communication occurs 

when the two or more parties involved communicate at the same time, or live.  

Asynchronous Communication, also called Computer-Mediated Communication, 

does not exchange information concurrently.  It includes a variety of related media such 

as e-mail, list serves, and topic-specific bulletin boards, all integrated with the World 

Wide Web to create access to people and information.  The communication mediums 

mentioned above are both familiar and readily available to most students and faculty 

(Debard & Guidera, 2000).  Given its time and place independence, asynchronous 

communication has the potential to enhance effective learning by improving student-

teacher interaction.  Electronic communication provides contact with the teacher beyond 

the limitations of class periods, office hours, and distance from campus.  Participating in 

asynchronous communication extends teachers’ impact on students by sharing ideas, 

discussion questions, and providing prompt feedback beyond time and physical limits.  

Thus students can be stimulated or motivated toward achieving higher academic goals 

(Coker, Marsh, Pick, Rusjan, & Thistlton, 1998).  Looi’s analysis (1998) of interactive 
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learning environments for promoting inquiry learning concluded learners were forced to 

actively engage in articulating theories and principles for better understanding.  They 

acquired not only knowledge but also the methodology that can be used in problem 

solving and prediction making.  The communicative environments provided by 

technologies enabled learners to construct common understanding of ideas in 

collaborative ways.  For example, Multi-User Dimensions or Domains (MUDS) and 

MUD Object-oriented (MOO) are collaborative learning environments which promote 

the constructivist approach of learning.  They allowed multi-learners to log onto a shared 

environment online to communicate, discuss, explore, create, and modify projects 

together.  They were not restricted to text-based objects, and could experience and 

manipulate projects in the multimedia rich environments, which was open-ended and 

supported different models of learning.  On a MOO, learners could collaborate to define, 

elaborate, and work on their own inquiry projects and research.  

Asynchronous communication can be adapted to meet the seven principles of 

effective teaching.  In so doing, teachers are not only able to share knowledge with the 

students, but also to gain the reflective practice that is vital to critical thinking, which is 

more student-centered.  Participation as a part of asynchronous communication will 

extend the time commitment on the part of the teachers, but will also extend their impact 

on the students.  The Internet can be used as a meeting place for students, teachers and 

parents, where they can share their ideas, questions, answers, or differences (Coker, et al., 

1998).  The use of Internet can stimulate the students toward greater competition and 

toward achieving higher goals (Coker, et al., 1998).   
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Asynchronous communication through the use of e-mail, course web pages, 

listserv, and topic-specific bulletin boards can be adapted in such a way as to not only 

meet the seven principles of effective teaching, such as timely feedback and student-

teacher contact, but also to enhance student outcomes.  However, without sensitive 

adaptation, such computer technology can actually detract from the educational process 

(Debard & Guidera, 2000).  The students may spend too much time because of personal 

or technical problems rather than focusing on learning activities.  Smith, Gerfuson, and 

Caris (2002) concluded that web-based classes had a profoundly different communication 

style than face-to-face classes.  Thus asynchronous communication requires equality 

between students and instructors, greater explicitness of written instructions, greater 

workloads for instructors and deeper thinking in discussions.  They proposed two 

competing systems—isolation effects versus community effects (Smith, Gerfuson, & 

Caris, 2002). 

Synchronous computer mediated communication has special features which 

distinguish it from other forms of communication.  According to Newhagen (1996) these 

include multimediality, hypertextuality, synchronicity, and interactivity.  There is a 

technical reason for these differences.  Communication with a keyboard and computer 

screen takes longer than normal face-to-face communication.  Students and instructors 

must be enabled and encouraged to establish a community of learners among themselves. 

These communities can build a sense of comfort with questioning rather than knowing 

the answer and can develop a model of creating new ideas that build on the contributions 

of individual members.  They can engender a sense of excStudents’ Outcomeent about 

learning that is then transferred to the classroom, conferring a sense of ownership of new 



                   63       

    

 

 

ideas as they apply to theory and practice.  Thus, through a learning community, students 

find or form groups that share interests (Riva, 2001).  

Significance of the Study 

Traditionally people who invested in educational technology wanted concrete 

evidence that their money was well-spent and could bring about the desired improvement 

measured by student achievement, student attitudes (toward learning), dropout rate, and 

learning time (Roblyer, Castine, & King, 1988).  Twenty years ago, A Nation at Risk 

(National Commission on Excellence in Education, 1983) recommended computer 

science as one of the five “new basics” to be included in high school graduation 

requirements.  Since then, American schools have made dramatic improvements in their 

technological capacity in terms of infrastructure, professional development and technical 

support (Dickard, 2003).  K-12 educators have also made great strides in their readiness 

and ability to use technology to redefine the boundaries of the school building and the 

school day, to improve the quality and accessibility of the administrative data that 

informs their work, and most importantly, to foster the learning of core content and the 

development of students’ skills as communicators, researchers, and critical consumers of 

an ever-expanding world of information.  However, policymakers, practitioners and the 

public all recognize that much remains to be done in each of these areas.  

According to the educational technology experts in America, early studies of 

technologies were focused on the impact of particular technology or software on student 

achievement and student motivation.  With the prevalence of computers and the Internet 

both on- and off-campus, researchers extended their efforts to investigate the role of 

technology in the educational setting, especially its impact on teachers and the learning 
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process (Pollard & Pollard 2004).  During the last decade, the studies investigating the 

computer as a teaching delivery medium have been expanded to examine technology as 

“a transformational tool and an integral part of the learning environment” (Fouts, 2000,  

p. 9).  

One of the comprehensive meta-analysis studies (Kulik, 1994) summarized more 

than 97 of the computer-based studies conducted in the 1980s, showing that students 

typically learn more and faster and have more positive attitudes in courses involving 

computer-based instruction.  Thus the results supported the use of computers as a means 

to improve student achievement.  Schacter’s analysis (2001) of a number of large-scale 

studies of educational technology concluded that students in technology-rich 

environments experienced positive effects on achievement and that the use of computers 

and collaborative technologies in teaching promoted higher-order thinking. 

A comprehensive quantitative analysis of recent research on the effects of 

teaching and learning with technology conducted by Waxman, Connell, and Gray (2002) 

concluded that the positive effect of teaching and learning with technology on student 

outcomes was modest.  The researchers pointed out that there was a lack of quality in 

referred quantitative studies in this area, and implied the serious problem of the lack of 

empirical evidence that certain programs or approaches using technology are effective. 

The U.S. Department of Education has been rallying educators and researchers to 

marshal evidence that shows that students benefits from a high-tech environment.  A 

paper commissioned by the U. S. Department of Education titled “A retrospective on 

twenty years of education technology policy” (Culp, Honey, & Mandinach, 2003) 

examined twenty years of key policy reports.  “The call for research on the impact of 
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educational technology on schools and teaching and learning activities is a final constant 

theme found over the past twenty years of reports” (p. 15). 

This mandate for research on the effects of technology on teaching and learning is 

clearly confirmed in the National Educational Technology Plan (U.S. Department of 

Education, 2000), “There is a pressing need for a high quality, long-term national agenda 

for collecting, analyzing, and disseminating information on the use and effectiveness of 

technology in education” (p. 44).  Moreover, one of the five goals outlined in the national 

plan is to provide “research and evaluation activities that will improve the next 

generation of technology application for teaching and learning” (p. 4). 

This study is designed to examine the impact of a technology training program in 

a large K-12 school district.  This district offers continuous training and campus 

technologists provide technology support to teachers in order to promote positive 

students outcome with technology.  The technology initiative lasted for over ten years 

beginning in Fall 2002, so it is time to examine its impact on the students’ outcome 

measured by academic achievements, i.e., GPA and state test result, number of discipline 

referrals, number of absences, and promotion status. 
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CHAPTER THREE 

Research Methodology 

This chapter reviews the research questions, describes the research design of the 

study, and introduces the context of the research and the technology initiative in the 

school district that some of the participants have experienced.  A description of the 

participants is provided along with the data collection procedures and data analysis.  The 

technology initiative in this study is referenced as Computer for Teachers (CFT).  It was a 

ten year initiative beginning in Fall 1992 of the central Texas school district involved in 

this study.  Its mission was to improve teachers’ instruction by exploring technologies to 

ensure students’ success (Killeen ISD, 1992) with continuous professional development.  

This study explored the relationship between the teachers with various technology 

training experiences and their students’ outcome.  As described in Table 1 in Chapter 1, 

the students’ outcome were measured by Grade Point Average (GPA), number of 

discipline referrals, number of absences, state standardized test result from the Texas 

Assessment of Academic Skills (TAAS) or Texas Assessment of Knowledge and Skills 

(TAKS), and promotion status.  The selected teachers in the study were grouped into 

three categories—those without technology training named Level 0, those with varying 

training experiences categorized as Level 1 and Level 2 (see Table 2 for description).  

 
Statement of Problems and Research Questions 

 
The integration of instructional technologies in K-12 schools is inevitable, but the 

measurement of its impact on students’ achievement is only beginning to be shaped
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(Trotter & Borja, 2004).  This study was designed to explore the impact of a ten-year 

technology initiative on students’ outcome in a large school district in central Texas via 

teachers factors of CFT training level, number of years since initial CFT training, number 

of years in the district, and technology integration level.  The research questions guiding 

this study are (see Table 1 in Chapter 1 for definitions of teacher factors and students’ 

outcome):  

1.  Is there a relationship between the Computer for Teachers (CFT) level of training and 
students’ outcome measured by GPA, number of discipline referrals, number of absences, 
state standardized test result, and promotion status? 
 
2.  Over the ten-year period of the CFT initiative, is there a trend of students' outcome 
measured by GPA, number of discipline referrals, number of absences, state standardized 
test result, and promotion status, in relation to teachers' highest CFT level of training? 
 
3. Is there a relationship between teachers’ number of years since their initial CFT 
training and students’ outcome measured by GPA, number of discipline referrals, number 
of absences, state standardized test result, and promotion status? 
 
4. Over the ten-year period of the CFT initiative, is there a trend of students' outcome 
measured by GPA, number of discipline referrals, number of absences, state standardized 
test result, and promotion status, in relation to teachers' number of years since their initial 
CFT training? 
 
5. Is there a relationship between students’ outcome measured by GPA, number of 
discipline referrals, number of absences, state standardized test result, and promotion 
status; and teacher factors of teachers’ number of years in the district and their level of 
technology integration?   
 
6.  Over the ten-year period of the CFT initiative, is there a trend of students' outcome 
measured by GPA, number of discipline referrals, number of absences, state standardized 
test result, and promotion status in relation to teacher factors of teachers' number of years 
in the district and teachers' level of technology integration? 
 
 

Research Design 

This study was considered as a comprehensive observational data-driven 

quantitative study since the researcher did not manipulate any independent variables (Kirk, 
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1995).  The independent variables were teacher factors, which included their highest CFT 

technology training level at the time of the sample for the study, number of years since 

their initial technology training, number of years in the district, and technology integration 

level.  The dependent variables included students' academic performance in terms of GPA, 

state standardized test (TAAS or TAKS) result, number of discipline referrals, number of 

absences, and promotion status.  A descriptive analysis approach was used (Kirk, 1995).   

GPA was the combined grade points average of students’ course work.  It ranges from 0-18 

for high school students, and 0-16 for middle school students (Killeen ISD, 2006). 

 
Table 2 

 
Description of CFT Training Levels of Teacher Participants (Killeen ISD, 1992) 

Training Levels Definition 
Level 0 

 

Teachers who did not participate in any technology training sessions 
provided by the school district at the time of the sample year during the 
ten-year initiative. 
 

Level 1 Teachers who participated in the 40 hours of initial technology training 
including basic skills, database, spreadsheet, telecommunications, 
ethics, and multimedia applications. 
 

Level 2 Teachers who participated in at least 16 additional hours of training 
beyond the initial 40 hours (See Level 1), including strategies to 
integrate technology into curriculum, additional technology tools and 
hypermedia applications for the classroom, and video conferencing.  
The training focused on technology training to guide school 
improvement (Sagor, 2000) and provided opportunities for the 
innovative application of technology to specific classroom needs 
designed to improve student achievement. 
 

 
 

Sample 
 

This section describes the context and the participants of the study. 
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Context 

 The school district in this study is a K-12 educational system located in 

central Texas.  The mission of the district is to ensure students’ success at their next 

endeavor in a global marketplace by providing individualized educational experiences 

which combine dedicated parental involvement, integrated community resources, applied 

current technology and the unique aspirations of each student (Killeen ISD, n.d.). 

 
Table 3 

 
Demographic Information of the School District (Texas Education Agency, 2005) 

School Years 94-95 95-96 96-97 98-99 99-00 01-02 02-03 
Number of Schools 37 40 39 43 43 44 45 
Number of Teachers 1,629 1,728 1,856 1,859 1,927 2,028 2,196 
Accountability 
Ratings 

A A A A R R A 

Attendance Rate 95.8 95.9 96.0 96.2 96.1 96.1 96.1 
Economically 
Disadvantaged 

48.3 48.8 48.2 51.0 50.4 76.2 59.5 

Students Enrollment 27,394 27,892 28,414 28,533 29,298 30,536 31,192
African 
American 

37 37 38 39 40 41 41 

Hispanic 15 16 16 17 17 18 18 

White 43 42 41 40 38 37 36 

Student 
Ethnicity 
(%) 

Other 5 5 5 5 
* 

5 5 
* 

5 

Note: R stands for Recognized; A stands for Academically Acceptable.   
*  indicates > or < 100% due to rounding. 
 

The school district has approximately 2000 teachers and about 30,000 students (See 

Table 3).  For example, it served 28,533 students during 1998-1999, less than a 1-percent 

decrease from the enrollment of 28,725 during 1997-1998.  The school district has two high 

schools, two ninth grade centers, eight middle schools, 25 elementary schools, and two 

alternative schools.  With the exception of the slight decline in 1998-1999, the district's 
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student enrollment has grown at a rate of 2 to 3 percent each school year and 25 percent 

since 1990.  For example, there were over 31,000 students enrolled in 2002-2003 school 

year (Killeen Daily Herald, 2005).  

As a sample of diversity of the district in 1997-1998, 41 percent of the students in 

the district are Anglo, 17 percent are Hispanic, 38 percent are African-American, and 5 

percent are classified as Other.  Fifty-one percent of its students were economically 

disadvantaged.  While student performance is slightly below the state and regional 

averages, the district had no low-performing school in the prior four years and the district 

made improvements as measured by the Texas Assessment of Academic Skills (TAAS).  In 

1994-1995, 2.7 percent of schools in the district were rated exemplary or recognized, 

compared to 20.2 percent of schools statewide.  In 1998-1999, 42.5 percent of the schools 

in the district and 43.4 percent of schools statewide were rated exemplary or recognized 

(Strayhorn, 1999b). 

The technology initiative of this school district in this study was a ten-year 

technology training program designed to develop and implement a complete application 

of current instructional and operational technology programs.  It began in 1992, and by 

May 1999, approximately 75 percent or 1,400 out of 1,900 teachers at that time had 

completed the minimum technology training requirement and had access to at least one 

computer in their classrooms.  

The goals of the CFT initiative included developing and implementing a complete 

application of current technology in instructional and operational programs through 

professional development and technology access.  Its standards for networking, hardware 
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and software allowed the technology personnel to provide quality service to the end-user 

while increasing end-user productivity and competency. 

The training objective for teachers was to give them access to “innovative teaching 

strategies and to allow for more effective preparation for teaching, including curriculum 

and lesson planning and to provide more effective student record keeping” (Killeen ISD, 

1992, p. 1).  Teachers who finished technology Level 1 were provided 40 hours of training 

including basic skills, database, spreadsheet, telecommunications, ethics, and multimedia 

applications.  Level 2 training included at least 16 additional hours of training with 

strategies to integrate technology into curriculum, technology tools and hypermedia 

applications for the classroom, and video conferencing.  Level 2 training also provided 

opportunities for the innovative application of technology to specific classroom needs 

designed to improve student achievement.  The levels are also described in Table 2. 

The student to computer ratio in this school district in 1999 was 3.7 to 1.  A media 

center is centrally located with evening and weekend hours.  There are computer labs on 

every campus with a campus technologist to assist teachers in using technology in the 

classroom.  An instructional specialist assigned to each campus is a master teacher who 

manages professional development and curriculum and helps new teachers with their 

technology needs on campus.  The ongoing technology training was provided annually by 

the district.  For example, the professional development department of this school district 

offered over one hundred different workshops for all employees in the summer and many 

other workshops throughout the year (Strayhorn, 1999a). 
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Participants 
 

The participants of this study will consist of a stratified random sample among 

approximately 20,000 students and 2,000 teachers in the central Texas independent school 

district in Year 2 (94-95), Year 4 (96-97), Year 7 (99-00), and Year 10 (02-03) over the ten 

years of the district’s technology initiative (i.e., from 1993 to 2003).  The participants were 

selected for the following reasons: 

• Teachers were selected randomly from each of the three categories: without 

training, with training Level 1 and Level 2.  Their students were selected randomly 

as well.  Randomization was used to control moderator variables other than the 

independent variables (Kirk, 1995). 

• To ensure that student records of the year prior to the sampling year existed as a 

baseline for comparison and to eliminate threats to the internal validity of the 

research (Kirk, 1995), students were selected from grades 2, 3, 4, and 5 in 

elementary schools, grades 7 and 8 in middle schools, and grades 10, 11, and 12 in 

high schools. 

Data Gathering Procedures 
 

This was an observational study because the researchers did not manipulate any 

independent variables.  Even though the study involved participants over a ten year 

period, the participants were different populations; therefore, this was not a longitudinal 

cohort study (Kirk, 1995).  The subjects were the teachers and their students randomly 

selected in each sampling year, beginning from the end of the second year of the 

technology training, i.e., 1994-1995.  The sample years are 1994-1995, 1996-1997, 1999-

2000, and 2002-2003.  The sampled teachers were selected from those who taught core 
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courses in mathematics, science, social science, or English/language arts.  The teachers 

were randomly selected from one of the three categories: with CFT training Level 0, 

Level 1, and Level 2 (See Table 2).   

To evaluate students’ outcome at the same school level, three levels were 

designated—elementary, middle, and high school.  Teachers whose students were in 

grades 1 through 5 in elementary schools, grades 8 and 9 in middle schools, and grades 

11 and 12 in high schools were selected.  Five teachers were randomly selected for each 

school level at each training level for each sample year.  Then six students were randomly 

selected for each selected teacher.  This study measured the performance of 135 teachers 

and 810 students (See Table 4 and Table 5). 

In sample year 1994-1995, there were only two CFT training levels for teachers 

since the technology initiative had just started.  Therefore, five teachers were selected at 

CFT training Level 0 and Level 1 in elementary, middle, and high schools.  Thus a total 

of 30 teachers were selected in sample year 1994-1995.  Similarly, 30 teachers were 

selected in sample year 1996-1997 at CFT training Level 0 and Level 1.   

In sample year 1999-2000, the elementary school teachers were categorized at 

CFT training Level 0, Level 1, and Level 2.  Thus 15 elementary school teachers were 

selected.  There were only two CFT levels (Level 0 and Level 1) among the middle and 

high school teachers in sample year 1999-2000 since the CFT training was focused 

primarily on elementary school teachers; therefore, ten teachers were selected for each 

campus level, making a total of 35 teachers being selected for the study. 

In sample year 2002-2003, all elementary school teachers were trained in CFT 

initiative and categorized in two groups according to their CFT training levels: Level 1 
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and Level 2.  Therefore 10 elementary school teachers were selected.  Middle school and 

high school teachers were categorized in three CFT training levels: Level 0, Level 1, and 

Level 2.  Thus 30 middle school and high school teachers were selected, making a total of 

40 teachers selected in sample year 2002-2003 (See Table 4). 

 
Table 4 

 
Number of Teachers Selected by Sample Year 

 
Campus 
Level 

CFT 
Level 

94-95 
Y2 

96-97 
Y4 

99-00 
Y7 

02-03 
Y10 

L0 5 5 5 0 
L1 5 5 5 5 

Elementary 
School 

L2 0 0 5 5 
L0 5 5 5 5 
L1 5 5 5 5 

Middle 
School 

L2 0 0 0 5 
L0 5 5 5 5 
L1 5 5 5 5 

High 
School 

L2 0 0 0 5 
Subtotal  30 30 35 40 
Grand Total  135    

Note: Samples were taken from Year 2, 4, 7, and 10 of the ten year initiative.   
L0 stands for CFT Level 0; L1, Level 1; and L2, Level 2.  

 

The students’ performance under the teachers with technology training were 

compared with those students under teachers without training in Year 2 (1994-95), Year 4 

(1996-1997), Year 7 (1999-2000), and Year 10 (2002-2003).  The required data for each 

teacher and their students was retrieved by the school district in the study.  A random 

selection was used for both groups.  Since the district in this study provided more 

students than the research design required, the researcher did a random sampling of six 

students per teacher among the students provided.  Consequently six students for each of 

the five teachers in each group were selected, which led to 30 students in each group.  
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Thus, in each sampling year, 30 students were sampled from elementary, middle, and 

high school in each teacher category (See Table 5).   

 
Sampling Process 
 

To sample students in Year 10 (2002-2003) in the elementary schools, first, five 

teachers were selected randomly from each of the two CFT training levels: Level 1 and 

Level 2.  Then six students were selected from each teacher chosen so that 30 students 

were chosen for each of the two CFT training levels with the exception of elementary 

school teachers.  Elementary school teachers were all trained in CFT initiative and 

categorized in two groups according to their CFT training levels: Level 1 and Level 2.  

Thus 30 students were selected from teachers at CFT training Level 1 and another 30 

from teachers at CFT Level 2.  The total number of students selected from the elementary 

schools was 60.  Similarly, five middle school teachers and five high school teachers 

were selected randomly from each of the three CFT training level, i.e., Level 0, Level 1, 

and Level 2, and then six students were selected for each of the selected teachers, totaling 

180 students.  Thus a total of 240 students were selected in sample year 2002-2003 (See 

Table 5). 

In sample year 1999-2000, the same procedures were implemented to randomly 

sample teachers and students.  Elementary teachers selected in 1999-2000 had three CFT 

training levels—Level 0, Level 1 and Level 2.  Five teachers were randomly selected for 

each level; then six students were randomly selected for each teacher.  Thus 90 

elementary school students were selected.  The middle school and high school teachers 

were categorized into two CFT training levels—Level 0 and Level 1.  A similar process 

of random selection was done to select five teachers with six students each.  Therefore, 
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60 middle school and 60 high school students were selected.  The total number of 

students selected in sample year 1999-2000 was 210. 

The sampling procedure in Year 4 (96-97) was slightly different because there 

were only two levels of trained teachers because Level 2 training had not started.  Five 

teachers were selected randomly from each of two CFT training levels: Level 0 and Level 

1 in elementary, middle, and high schools, with six students randomly selected from each 

teacher.  Thus the total number of students chosen was 180 (See Table 5). 

 
Table 5 

  
Number of Students Selected by Sample Year 

 
Campus Level CFT 

Level 
94-95 

Y2 
96-97 

Y4 
99-00 

Y7 
02-03 
Y10 

L0 30 30 30 0 
L1 30 30 30 30 

Elementary School 

L2 0 0 30 30 
L0 30 30 30 30 

L1 30 30 30 30 

Middle School 

L2 0 0 0 30 
L0 30 30 30 30 
L1 30 30 30 30 

High School 

L2 0  0 30 
Subtotal  180 180 210 240 
Grand Total  810    
Note: Samples were taken from Year 2, 4, 7, and 10 of the ten year initiative.   
L0 stands for CFT Level 0; L1, Level 1; and L2, Level 2.  

 

In Year 2 (94-95), teachers were placed into two categories: CFT training Level 0 

and Level 1, which reflected the beginning stage of the ten year initiative.  Five teachers 

were selected randomly from each category in elementary, middle, and high schools; then 
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six students were randomly selected from each teacher so that the total number of 

students chosen was 180.  A grand total of 810 students were selected for this study. 

Teacher factors were coded as  

• CFT training level (Levels 0, 1, and 2; see Table 2 for description), 

• number of years since initial CFT training,  

• number of years in the district up to the sampling time, and  
level of technology integration (Levels 1-5; see Table 6 for description). 

 
 

Table 6 
 

Description of Teachers’ Technology Integration Levels (Maness, 2006) 

Integration 
Level 

Definition 

Level 1 Refers to professional educators who do not used computer-centric 
technology for instructional purposes.  

Level 2 Refers to professional educators who have learned the basic technology (See 
Table 2 in Chapter 1 for description of 40 hours of CFT training).  He or she 
can use some technology tools personally and has begun the use of those 
technology tools in the classroom for the students.  The use of technology is 
teacher-centered, i.e., for the students. 

Level 3 

 

Refers to professional educators in early stages of adoption who have started 
using technology for professional and instructional purposes.  Frequently 
personal use is also significantly increased.  He/she chooses to use a variety 
of technology resources to improve teaching and learning.  The use of 
technology is primarily teacher-centered, but students do use the technology, 
i.e., with the students. 

Level 4 Refers to professional educators who actively refine lesson designs to engage 
students as they extend and/or enrich learning opportunities, products and 
outcomes.  Student expectations and products most often relate to the higher 
levels of Bloom’s Taxonomy (Bloom, 1984).  The use of technology is 
student-centered, i.e., by the students. 

Level 5 Refers to professional educators who have exhibited sufficient competency 
with both content and the technology that provides engaging student work 
and have reached the level of automaticity (Papert, 1993).  The educator is 
comfortable providing a greater variety of student options and creating a 
more differentiated instruction.  This teacher assumes the role of facilitator, 
collaborator, and co-learner.  The use of technology is student-centered and 
becomes synergistic (the learning result if greater than the sum of the parts).  
The use of technology is for students’ learning to learn, i.e., by the students. 
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Teacher factors of CFT training level, number of years in since initial CFT 

training, and technology integration level were independent variable; teachers’ number of 

years in the district was a covariate to see if and how much it would correlate with 

students’ outcome in terms of their academic performance measured by GPA, number of 

discipline referrals, number of absences, state standardized test result, and promotion 

status.  Then in each sample year and on each campus level, students’ outcome under the 

teachers with CFT training with those without training was analyzed.   

 The elementary school students’ did not have GPA.  The dependent variables 

were coded as students’ GPA for middle school and high school students, number of 

discipline referrals, number of absences, state standardized test result, and promotion 

status.  The study intended to investigate if students who had teachers with technology 

training had better performance.  Random sampling was used to control moderator 

variables to some extent.  However, to ensure the availability of the previous year’s 

records for the students, stratified sampling was used to select students in the elementary, 

middle, and high schools from the second year.  Namely, teachers were randomly 

selected from grades 2, 3, 4, 5, 6 in elementary schools, grades 8 and 9 in middle schools, 

and grades 11 and12 in high schools.  This strategy made the data consistent. 

Procedure 

Data Analysis 

Archived data were collected through a collaborative process with the school 

district.  Approval was given by the superintendent of the school district.  The researcher 

attempted to develop more sophisticated descriptions and more powerful explanations 

with statistical data analysis strategies. 



                   79       

    

 

 

The methodology of this study was designed to answer the research questions 

through both observational and quantitative approaches.  The first research question of 

whether there is a significant difference between the students’ outcome of the teachers 

with technology training and those of the teachers without training was tested.  GPA was 

tested using T-test, analysis of variance (ANOVA), and Wilcoxon/Kruskal-Wallis tests 

according to the distribution of data.  Normal distributions are a family of distributions 

that have the same general shape.  They are symmetric with data more concentrated in the 

middle than in the tails.  Normal distributions are sometimes described as bell shaped 

(Levin & Fox, 2004).  When data is distributed normally, T-test is used to analyze the 

variance for two treatment groups, and ANOVA for analysis of variance for more than 

three treatment groups in a complete randomized design.  When data distribution is not 

normal, Wilcoxon test is used to analyze the variance between two groups of participant, 

and Kruskal-Wallis test used to analyze the variances among three groups of participants 

(Kirk, 1995). 

Students’ number of discipline referrals and absences, state standardized test 

result, and promotion status were tested using logistic regression.  Logistic regression fits 

nominal dependent variable to a linear model of independent variable, which has to be a 

nominal value as well (SAS Institute Inc., 2000).  The second research question which 

examines the trend of the relationship between teachers’ technology training level and 

student outcome over the period of ten years was observed through graphs. 

The third research question of whether teacher’ number of years since their initial 

CFT training were related with students’ outcome of GPA, number of discipline referrals 

and absences, state standardized test result, and promotion status was tested using 
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correlation tests (SAS Institute Inc., 2000).  Since the distribution of teacher’ number of 

years were not normal, Spearman tests were conducted (Kirk, 1995).  To examine the 

relationship between teachers’ number of years since their initial CFT training and 

students’ outcome of GPA, number of discipline referrals and absences, state 

standardized test result, and promotion status, correlation tests were used.  The 

correlation coefficients and p-value were recorded for analysis.  The fourth research 

question which checks the trend of the relationship between teachers’ number of years 

since their initial CFT training and students’ outcome were observed via tables. 

The fifth research question which examines whether there is a relationship 

between students’ outcome of GPA, number of discipline referrals and absences, state 

standardized test result, and promotion status and teachers’ number of years in the district 

and technology integration level was tested using the analysis of covariance, which is 

often referred to by its acronym ANCOVA.   ANCOVA is the combination of the 

analysis of variance and the concepts and procedures of linear correlation and regression.  

It is capable of examining several experimental conditions independently, in isolation 

from each other, and removing the systematic biases among the samples (Vassar College, 

2006).  Since there are many factors attributing to students’ outcome (Kliever, 2003; 

Dommitt, 2003; Altenbaugh, 1998), this research design analyzing the impact of 

teachers’ technology training cannot be the only experimental effect (Kirk, 1995).  In this 

question, the covariance is teachers’ number of years in the district; and the independent 

variable is their technology integration level.  The p-values for the whole model and 

covariate were recorded for analysis.  The sixth research question which investigates the 

trend of students’ outcome of GPA, number of discipline referrals and absences, state 
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standardized test result, and promotion status and teachers’ number of years in the district 

and technology integration level was observed via tables.
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CHAPTER FOUR 
 

Data Analysis 
 
 

Introduction 
 

 The purpose of this study was to detail the data analysis on the effect of teachers’ 

CFT training on their students’ outcome measured by GPA, state standardized test result, 

the number of discipline referrals, number of absences, and promotion status.  Also in 

each sample year, the effects on students on different school levels, i.e., elementary, 

middle, and high school levels, were examined.  Whether students’ outcome was affected 

by teacher factors of their number of years since initial CFT training, number of years in 

the school district, and technology integration level was investigated.  Chapter One 

argues the significance of the study and presents the research questions.  Chapter Two 

overviews the historical research on the effects of instructional technology on students.  

Chapter Three describes the design of the study including the research questions, 

dependent and independent variables, background information of the school district, 

introduction of the participants, data collection procedures, and statistical analyses.  This 

chapter reviews the data processing, the participants, and the research questions, 

presenting analysis of the archived data provided by the school district for each research 

question.   

Data Processing 

The original data provided by the school district was a result of random selection 

of the student and teacher population for each sample year.  Data with student 
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information was organized by sample years and school levels.  Teachers’ information 

was originally organized by sample years by the school district, and regrouped according 

to their CFT training level and sample year. 

Since there were different numbers of teachers in each group, it was necessary to 

randomly select an equal number of teachers respectively, according to the design of the 

study.  A random sampling was conducted to both the teacher and student participants to 

make sure five teachers were selected at each technology level at elementary, middle 

school, and high school level, and six students for each teacher randomly selected in 

respective sample years.   

Because the school district provided for some teacher participants more than six 

students, which was required by the design of the study, a random selection was 

conducted by the researcher in order to choose six students from those provided by the 

district for each teacher in Table 4 in Chapter 3.  Consequently six students for each of 

the five teachers in each group were selected, which led to 30 students in each group (See 

Table 5 in Chapter 3). 

 
Participants 

 
The participants of this study consisted of a stratified random sample among 

approximately 20,000 students and 2,000 teachers in the central Texas independent school 

district in Year 2 (94-95), Year 4 (96-97), Year 7 (99-00), and Year 10 (02-03) over the ten 

year period of the district’s technology initiative (i.e., from 1993 to 2003).  Randomization 

was used to control moderator variables such as student factors and teacher factors other 

than teachers’ technology level.  In each sample year, on each campus level of elementary, 

middle, and high school, five teachers were selected from each of the three categories: 
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without CFT training, i.e., Level 0, with CFT training Level 1 and Level 2 as described in 

Table 6 in Chapter 3.  Six students were selected randomly from each of the chosen 

teacher.  Thus each group had 30 students in it (See Table 4 and Table 5 in Chapter 3).   

 
Data Analysis for Research Questions 

 
 In this study, the alpha level of 0.05 was used throughout the statistical analysis, 

which means the chance is below five percent to reject the null hypothesis when the null 

hypothesis is true.  In other words, when alpha level is set to 0.05 and p-value is less than 

it, the chance is greater than 95% to say that there is a statistically significant difference 

or relationship.  Furthermore, 0.05 is also a conventional type I error rate set by 

academia.  Type I error refers to the mistake of rejecting the null hypothesis when it is 

true (Kirk, 1995). 

 Data analysis will be discussed for each research question.  Within the sections 

for the first, third, and fifth research question, discussion will be presented for each 

sample year in the sequence of sample year 2002-2003, 1999-2000, 1996-1997, and 

1994-1995.  For each sample year, data was analyzed for elementary, middle, and high 

school students.  The second, fourth, and sixth research question were designed to 

investigate the trend of CFT initiative’s impact on students’ outcome (See Table 1 in 

Chapter 1 for description) over the ten-year period of time; thus the discussion will be 

done to examine the impact on students’ GPA, number of discipline referrals, number of 

absences, state standardized test result, and promotion status in the order of elementary, 

middle, and high school. 
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Research Question One 
 

Research Question 1 was designed to see in each sample year, i.e., 2002-2003, 

1999-2000, 1996-1997, and 1994-1995, whether there was a relationship between the 

Computer for Teachers (CFT) level of training and students’ outcome measured by GPA, 

number of discipline referrals, number of absences, result of state standardized tests 

which include writing, reading, and mathematics components, and promotion status on 

each campus level, i.e., elementary school, middle school, and high school. 

 
Sample year 2002-2003.  Sixty elementary school students were selected, with 30 

for each group of teachers at CFT training level of 1 or 2.  Since the students in 

elementary school did not have GPA, the researcher could not measure the effect of 

teachers’ CFT training on students’ GPA.  The distribution of the number of elementary 

school students’ disciplinary referrals was not normal; therefore, a Wilcoxon test was 

conducted.  Table 7 shows the mean scores of students’ number of discipline referrals.  

The chi square was 1.346 with degree of freedom of 1, and the p-value was 0.246.  The 

result showed that there was no statistically significant relationship between elementary 

school students’ number of discipline referrals and their teachers’ CFT training levels.  

 
Table 7 

 
Wilcoxon Test of Elementary School Students’ Discipline Referrals in  

Relation to Teachers’ CFT Level in Sample Year 2002-2003 
 

CFT Level Student
Count

Score Sum Score Mean 

1 30 978.500 32.617 
2 30 851.500 28.383 
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Since the number of students’ absences was not distributed normally, a Wilcoxon 

test was conducted.  Table 8 shows the mean scores of students’ number of absences.  

The chi square was 0.008 with degree of freedom of 1, and the p-value was 0.927.  The 

result indicated for elementary school students in sample year 2002-2003, the difference 

between students’ number of absences with teachers at different technology levels was 

not statistically significant. 

 
Table 8 

 
Wilcoxon Test of Elementary School Students’ Absences in Relation to 

 Teachers’ CFT Level in Sample Year 2002-2003 
 

CFT 
Level 

Student
Count

Score Sum Score Mean 

1 30 920.500 30.683 
2 30 909.500 30.317 

 

All selected elementary school students were promoted in sample year 2002-

2003, thus the researcher could not evaluate the relationship between teachers CFT level 

of training and elementary school students’ promotion status in sample year 2002-2003.  

Because the state standardized test information was not available for elementary school 

students in sample year 2002-2003, the researcher could not evaluate the relationship 

between teacher’s CFT level of training and elementary school students’ result of state 

standardized tests, i.e., writing, reading, and mathematics components, in sample year 

2002-2003. 

Ninety middle school students were selected, with 30 for each group of teachers at 

CFT training level of 0, 1, or 2.  Since the GPA of middle school students was distributed 

normally, an ANOVA was conducted (See Table 9).  The degree of freedom for CFT 
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levels, ν1 = 2, degree of freedom for students’ GPA ν2 = 87, and F.05, 2, 87  > 3.07 (Kirk, 

1995).  Table 9 shows that F = 2.389 < F.05, 2, 87.   

 The p-value was 0.098, and greater than the alpha level, which was set at 0.05 in 

this study.  Therefore, for high school students in sample year 2002-2003, there was no 

statistically significant relationship between the GPA of students and their teachers’ CFT 

levels of training.  The mean GPA for students whose teachers were at CFT Level 0 was 

8.843 out of 16; that of those whose teachers were at CFT Level 1 was 7.375; and that of 

those whose teachers were at CFT Level 2 was 8.871. 

Equal variance was established on the students’ GPA.  The p-values of O'Brien, 

Brown-Forsythe, and Levene tests in Table 10 were 0.337, 0.304, and 0.297 respectively.  

They were all greater than alpha level, which was set as 0.05.  Thus students’ GPA had 

equal variance and the ANOVA was a valid test (Kirk, 1995). 

 
Table 9 

 
Analysis of Variance for Middle School Students’ GPA in Relation to  

Teachers’ CFT Level in 2002-2003 
 
Source DF Sum of Squares Mean Square F Ratio Prob > F
Tech Train Level 2 43.990 21.995 2.389 0.098
Error 87 800.871 9.205  
C. Total 89 844.860  
 

 
Table10 

 
Tests for Equal Variances for Middle School Students’ GPA in 2002-2003 

 
Test F Ratio Degree of Freedom 

for Numerator
Degree of Freedom 

for Denominator 
Prob > F

O'Brien[.5] 1.101 2 87 0.337
Brown-Forsythe 1.208 2 87 0.304
Levene 1.230 2 87 0.297
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Since the number of middle school students’ discipline referrals was not 

distributed normally, a Kruskal-Wallis test was conducted.  Table 11 shows the mean 

scores of students’ number of discipline referrals.  The chi square was 2.332 with degree 

of freedom of 2, and the p-value was 0.312.  The result indicated for middle school 

students in sample year 2002-2003, there was no statistically significant relationship 

between the students’ number of discipline referrals and their teachers’ CFT levels of 

training. 

Since the middle school students’ number of absences was not distributed 

normally, a Kruskal-Wallis test was conducted.  The chi square was 3.212 with degree of 

freedom of 2, and the p-value was 0.201, and greater alpha level, which was set as 0.05.  

The result indicated for middle school students in sample year 2002-2003, there was no 

statistically significant relationship between the students’ number of absences and their 

teachers’ CFT levels of training.  Table 12 shows the mean scores of students’ number of 

absences. 

Because the state standardized test information was not available for middle 

school students in sample year 2002-2003, the researcher could not evaluate the 

relationship between teacher’s CFT level of training and middle school students’ result of 

state standardized tests, i.e., writing, reading, and mathematics components, in sample 

year 2002-2003. 

Logistic regression was conducted to see if there was a statistically significant 

relationship between middle school students’ promotion status and their teachers’ CFT 

training levels in sample year 2002-2003.  The p-value for the whole model was 0.242 

and greater than the alpha level (p < 0.05), which indicates that the model is not good 
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(See Table 13).  The p values of chi squares were 0.946 and 0.933, and greater than the 

alpha level (See Table 14).  Thus the results indicated that there was no statistically 

significant relation between middle school students’ promotion status and their teachers’ 

CFT level of training. 

 
Table 11 

 
Kruskal-Wallis Test of Middle School Students’ Discipline Referrals in  

Relation to Teachers’ CFT Level in 2002-2003 
 

Level Number of 
Students

Score Sum Score Mean 

0 30 1441.50 48.050 
1 30 1449.50 48.317 
2 30 1204.00 40.133 

 
 

Table 12 
 

Kruskal-Wallis Test of Middle School Students’ Absences in Relation to 
 Teachers’ CFT Level in 2002-2003 

 
Level Number of 

Students
Score Sum Score Mean 

0 30 1164.00 38.800 
1 30 1502.50 50.083 
2 30 1428.50 47.617 

 
 

Table 13 
 

Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and  
Middle School Students’ Promotion in 2002-2003 

 
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 1.421 2 2.841 0.242
Full 11.732
Reduced 13.153
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Table 14 
 

Parameter Estimates for Teachers’ CFT Level and Middle School Students’  
Promotion in 2002-2003 

 
Term   Estimate Std Error ChiSquare Prob>ChiSq
Intercept  Unstable -6.403 44.803 0.02 0.886
techLevel[0]  Unstable 3.035 44.807 0.00 0.946
techLevel[1]  Unstable 3.764 44.805 0.01 0.933
Note: For log odds of 0/1 

 

Ninety high school students were selected, with 30 for each group of teachers at 

CFT training level of 0, 1, or 2.  Since the GPA of high school students in sample year 

2002-2003 was not distributed normally, a Kruskal-Wallis test was conducted.  The chi 

square was 12.018 with degree of freedom of 2, and the p-value of chi square was 0.003, 

and less than the alpha level, which was set as 0.05.  Thus the result showed that for high 

school students in sample year 2002-2003, there was a statistically significant relation 

between middle school students’ GPA and their teachers’ CFT level of training.   Table 

15 shows the mean scores of high school students’ GPA in sample year 2002-2003. 

 
Table 15 

 
Kruskal-Wallis Test of High School Students’ GPA in Relation to  

Teachers’ CFT Level in 2002-2003 
 

Level Number of 
Students

Score Sum Score 
Mean 

0 30 1125.00 37.500 
1 30 1378.00 45.933 
2 30 1592.00 53.067 

 

Since the high school students’ number of discipline referrals was not distributed 

normally, a Kruskal-Wallis test was conducted.  Table 16 shows the mean scores of 

students’ number of discipline referrals.  The chi square was 0.646 with degree of 
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freedom of 2.  The p-value of chi square was 0.724, and greater than the alpha level, 

which was set as 0.05.  The result indicated for high school students in sample year 2002-

2003, there was no statistically significant relation between middle school students’ 

number of discipline referrals and their teachers’ CFT level of training.  Table 16 shows 

the mean scores of high school students’ number of discipline referrals at different CFT 

levels in sample year 2002-2003. 

 
Table 16 

 
Kruskal-Wallis Test of High School Students’ Discipline Referrals 

 in Relation to Teachers’ CFT Level in 2002-2003 
 

Level Number of
Students

Score 
Sum

Score Mean 

0 30 1389.00 46.300 
1 30 1275.50 42.517 
2 30 1430.50 47.683 

 
 

Since the high school students’ number of absences was not available, the 

relationship between students’ number of absences and their teachers’ CFT level of 

training was not evaluated.   Similarly, because the state test information was not 

available for middle school students in sample year 2002-2003, the relationship between 

students’ result of state standardized tests and their teachers’ CFT level of training was 

not evaluated. 

All selected high school students were promoted in sample year 2002-2003; 

therefore, the relationship between students’ promotion status and their teachers’ CFT 

level of training was not evaluated.  The relationship between teachers’ CFT training 

level and students’ outcome in sample year 2002-2003 was summarized in Table 17. 
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Table 17 
 

Summary of Relation between Teachers’ CFT Level and Students’ Outcome 
 in Sample Year 2002-2003 

 
Campus 
Level 

Students’ 
Outcome 

Distribution 
Parametric--
Y or N 

Test p-value 

GPA Not available ---- ---- 
Discipline 
Referrals 

N Wilcoxon 0.246 

Absences 
Rate 

N Wilcoxon 0.927 

State Test 
Result 

Not available ---- ---- 

Elementary 
School 
 

Promotion All passed ---- ---- 
GPA Y T-test 0.098 
Discipline 
Referrals 

N Kruskal-
Wallis 

0.312 

Absences 
Rate 

N Kruskal-
Wallis 

0.201 

State Test 
Result 

Not available ----  

Middle 
School 
 

Promotion N Logistic 
regression 

0.2415 

GPA N 
 

Kruskal-
Wallis 

0.003* 

Discipline 
Referrals 

N Kruskal-
Wallis 

0.724 

Absences  Not available ---- ---- 

State Test 
Result 

Not available ----- ---- 

High 
School 

Promotion All passed ---- ---- 
Note: * indicates a statistically significant relationship at p < 0.05. 

 
 

Sample year 1999-2000.  Ninety elementary school students were selected, with 

30 for each group of teachers at CFT training level of 0, 1, or 2.  Since the students in 

elementary schools did not have a GPA, the researcher could not measure the effect of 

teachers’ CFT training on students’ GPA.  Because the elementary school students’ 
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number of discipline referrals was not distributed normally, a Kruskal-Wallis test was 

conducted.  Table 18 shows the mean scores of elementary school students’ number of 

discipline referrals at different CFT levels in sample year 1999-2000.  The chi square was 

4.605 with degree of freedom of 2.  The p-value of chi square was 0.100, and greater than 

the alpha level (p < 0.05).  The result indicates that for elementary school students in 

sample year 1999-2000, there was no statistically significant relationship between 

students’ number of discipline referrals and teachers’ CFT training level.   

 
Table 18 

 
Kruskal-Wallis Test of Elementary School Students’ Discipline Referrals  

in Relation to Teachers’ CFT Level in 1999-2000 
 
 

CFT Level Count Score Sum Score Mean 
0 30 1463.00 48.767 
1 30 1194.50 39.817 
2 30 1437.50 47.917 

 

Since the elementary school students’ number of absences was not distributed 

normally, a Kruskal-Wallis test was conducted.  Table 19 shows the score mean of 

elementary school students’ number of absences at different CFT levels in sample year 

1999-2000.  The chi square was 2.474 with degree of freedom of 2.  The p-value of chi 

square was 0.290, and greater than the alpha level, which was set as 0.05.  The result 

indicated for middle school students in sample year 1999-2000, there was no statistically 

significant relationship between students’ number of absences and teachers’ CFT training 

level.   
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The state test information was not available for elementary school students in 

sample year 1999-2000.  Thus the relationship between the selected elementary school 

students’ result and their teachers’ CFT levels of training was not evaluated. 

Logistic regression was conducted to see if there was a statistically significant 

relation between elementary school students’ promotion status and their teachers’ CFT 

training levels in sample year 1999-2000.  The p-value for the whole model was 0.330 

and greater than the alpha level (p < 0.05), which indicates that the model is not good 

(See Table 20).  The result of running the model indicated that there was no statistically 

significant relationship between elementary school students’ promotion status and their 

teachers’ CFT training level because the p values of chi square were 0.988 and 0.988 

respectively, and greater than the designated alpha level (See Table 21). 

 
Table 19 

 
Kruskal-Wallis Test of Elementary School Students’ Absences in Relation to 

 Teachers’ CFT Level in 1999-2000 
 

CFT Level Count Score Sum Score Mean 
0 30 1447.50 48.250 
1 30 1198.00 39.933 
2 30 1449.50 48.317 

 
 

Table 20 
 

Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and  
Elementary School Students’ Promotion in 1999-2000 

 
Model -LogLikelihood Degree of 

Freedom
ChiSquare Prob>ChiSq

Difference 1.109 2 2.219 0.330
Full 4.384
Reduced 5.494
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Table 21 
 

Parameter Estimates for Teachers’ CFT Level and Elementary School Students’ 
Promotion in 1999-2000 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -11.257 172.226 0.00 0.948
techLevel[0] -3.945 272.314 0.00 0.988
techLevel[1] -3.945 272.314 0.00 0.988
Note: For log odds of 0/1 

 

Sixty middle school students were selected, with 30 for each group of teachers at 

CFT training level of 0 or 1.  The distribution of the middle school students’ GPA in 

sample year 1999-2000 was normal; therefore, a t-test was conducted.  Table 22 displays 

the analysis of variance for the test.   The degree of freedom was 58 and t ratio 0.431.  

The mean GPA of students with teachers at CFT Level 0 was 8.424; and that of students 

with teachers at CFT Level 1 was 8.718, both out of a maximum of 16. 

The p-value was 0.668, and greater than the alpha level (p < 0.05).  The result 

shows that there was no statistically significant relationship between the middle school 

students’ GPA and their teachers’ CFT training level. 

Table 22 
 

Analysis of Variance for Middle School Students’ GPA in Relation to  
Teachers’ CFT Level in 1999-2000 

 
Source Degree of 

Freedom 
Sum of Squares Mean Square F Ratio Prob > F

techLevel 1 1.294 1.294 0.185 0.668
Error 58 404.935 6.981  
C. Total 59 406.229  
Note: Assuming equal variances 

 

Since the middle school students’ number of absences was not distributed 

normally, a Wilcoxon test was conducted.  Table 23 shows the mean scores of students’ 
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number of discipline referrals.  The chi square was 2.209 with degree of freedom of 1.  

The p-value of chi square was 0.137, and greater than the alpha level, which was set as 

0.05.  The result indicated for the high school students in sample year 1999-2000, there 

was no statistically significant relationship between the high school students’ number of 

discipline referrals and their teachers’ CFT training level. 

Table 23 
  
Wilcoxon Test of Middle School Students’ Number of Discipline Referrals  

in Relation to Teachers’ CFT Level in 1999-2000 
 

Level Number of 
Students

Score Sum Score Mean 

0 30 822.00 27.400 
1 30 1008.00 33.600 

 

Since the middle school students’ number of absences was not distributed 

normally, a Wilcoxon test was conducted.  Table 24 shows the mean scores of students’ 

number of absences.  The chi square was 0.420 with degree of freedom of 1.  The p-value 

of chi square was 0.517, and greater than the alpha level.  The result of the test indicated 

for middle school students in sample year 1999-2000, there was no statistically 

significant relationship between the middle school students’ number of absences and their 

teachers’ CFT training level. 

Table 24 
 

Wilcoxon Test of Middle School Students’ Number of Absences  
in Relation to Teachers’ CFT Level in 1999-2000 

 
Level Number of Students Score Sum Score Mean 
0 30 958.000 31.933 
1 30 872.000 29.067 
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Because the state test information was not available for middle school students in 

sample year 1999-2000, the relationship between students’ state standardized tests’ result 

and their teachers’ CFT levels of training was not evaluated. 

Logistic regression was conducted to see if there was a statistically significant 

relationship between middle school students’ promotion status and their teachers’ CFT 

training levels in sample year 1999-2000.  The p-value for the whole model was 0.236 

and greater than the alpha level (p < 0.05), which indicates that the model is not good 

(See Table 25).  The result of running the model indicated that there was no statistically 

significant relationship between middle school students’ promotion status and their 

teachers’ CFT training levels because the p value of chi square was 0.961 and greater 

than alpha level, which was set as 0.05 (See Table 26). 

 
Table 25 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and  

Middle School Students’ Promotion in 1999-2000 
 

 
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 0.701 1 1.403 0.236
Full 4.384
Reduced 5.085

 
 

Table 26 
 

Parameter Estimates for Teachers’ CFT Level and Middle School Students’  
Promotion in 1999-2000 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -8.785 110.798 0.01 0.937
techLevel99M[0] 5.418 110.798 0.00 0.961
Note: For log odds of 0/1 
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Sixty high school students were selected, with 30 for each group of teachers at 

CFT training level of 0 or 1.  The GPA of the selected high school students in sample 

1999-2000 was distributed normally; therefore, a t-test was conducted.  The mean GPA 

of students with teachers at CFT Level 0 was 7.946; and that of students with teachers at 

CFT Level 1 was 9.125, both out of a maximum of 18.  The analysis of variance 

presented in Table 27 indicates that the relationship between students’ GPA and their 

teachers’ CFT training levels was not statistically significant because p-value was 0.201 

and greater than the alpha level (p < 0.05).  

 
Table 27 

 
Analysis of Variance for High School Students’ GPA in Relation to Teachers’  

CFT Level in 1999-2000 
 

Source Degree of 
Freedom 

Sum of Squares Mean Square F Ratio Prob > F

techLevel 1 20.833 20.833 1.671 0.201
Error 58 723.053 12.466  
C. Total 59 743.887  
Note: Assuming equal variance. 

 

Since the number of high school students’ discipline referrals was not distributed 

normally, a Wilcoxon test was conducted.  Table 18 shows the mean score of high school 

the number of discipline referrals of students with teachers at different CFT levels in 

sample year 1999-2000.  The chi square was 1.527 with degree of freedom of 1.  The p-

value of chi square was 0.217, and greater than the alpha level (p < 0.05).  The result 

indicates for high school students in sample year 1999-2000, there was no statistically 

significant relationship between the students’ number of discipline referrals and their 

teachers’ CFT training level. 
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Because the middle school students’ number of absences was not distributed 

normally, a Wilcoxon test was conducted.  Table 29 shows the mean score of students’ 

number of absences.  The chi square was 6.000 with degree of freedom of 1.  The p-value 

of chi square was 0.014, and greater than the designated alpha level.  The result indicated 

for middle school students in sample year 1999-2000, the difference between students’ 

number of absences with teachers on different technology levels was not statistically 

significant.  

 
Table 28 

 
Wilcoxon Test of High School Students’ Number of Discipline Referrals  

in Relation to Teachers’ CFT Level in 1999-2000 
 

Level Count Score Sum Score Mean 
0 30 993.000 33.100 
1 30 837.000 27.900 

 
 

Table 29 
 

Wilcoxon Test of High School Students’ Number of Absences 
 in Relation to Teachers’ CFT Level in 1999-2000 

 
Level Count Score Sum Score Mean 
0 30 1080.00 36.000 
1 30 750.000 25.000 

 

Because the state test information was not available for high school students in 

sample year 1999-2000, the relationship between students’ state standardized tests’ result 

and their teachers’ CFT levels of training was not evaluated.  Since all selected high 

school students were promoted in sample year 1999-2000, the relationship between 

students’ promotion status and their teachers’ CFT levels of training was not evaluated.  
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The relationship between teachers’ CFT training level and students’ outcome in sample 

year 1999-2000 is summarized in Table 30. 

 
Table 30 

 
Summary of Relationship between Teachers’ CFT Level and Students’  

Outcome in 1999-2000 
 

Campus 
Level 

Students’ Outcome Distribution 
Normal--Y or N 

Test p-
value 

GPA Not available ----- ---- 
Discipline Referrals N Kruskal-Wallis 0.100 
Absences  N Kruskal-Wallis 0.290 
State Test Result 
 

Over 50% 
missing 

----- --- 

Elementary 
School 
 

Promotion N Logistic 
Regression 

0.988 

GPA Y T-test 0.668 
Discipline Referrals N Wilcoxon 0.137 

Absences N Wilcoxon 0.517 

State Test Result 
 

Over 50% 
missing 

---- 
 

---- 
 

Middle 
School 
 

Promotion N Logistic 
Regression 

0.961 

GPA Y T-test 0.201 
Discipline Referrals N Wilcoxon 0.217 

Absences N Wilcoxon 0.014
* 

Writing 
 

over 50% 
missing 

---- --- 

Reading over 50% 
missing 

---- ---- 

State 
Test 
Result 

Mathematics over 50% 
missing 

---- ---- 

High 
School 

Promotion All passed ---- ---- 
Note: * indicates a statistically significant relationship at p < 0.05.  

 
 

Sample year 1996-1997.  Sixty elementary school students were selected, with 30 

for each group of teachers at CFT training level of 0 or 1.  Since the students in 
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elementary school did not have a GPA, the researcher could not measure the effect of 

teachers’ CFT training on students’ GPA.   

Because the distribution of the number of elementary students’ discipline referrals 

was not normal for sample year 1996-1997, a Wilcoxon Test was conducted.  Table 31 

displays the mean score of the elementary school students’ number of discipline referrals.  

The chi square was 0.230 with degree of freedom of 1.  The p-value of chi square was 

0.632, and greater than the alpha level.  The result of the analysis showed that there was 

no significant difference between the number of students’ discipline referrals and their 

teachers’ CFT training levels in sample year 1996-1997. 

 
Table 31 

 
Wilcoxon Test of Elementary School Students’ Number of Discipline  

Referrals in Relation to Teachers’ CFT Level in 1996-1997 
 

Level Number of 
Students

Score Sum Score Mean 

0 30 942.500 31.417 
1 30 887.500 29.583 

 

The distribution of elementary students’ number of absences was not normal in 

sample year 1996-1997; therefore, a Wilcoxon Test was conducted.  Table 32 displays 

the mean score of students’ number of absences.  The chi square was 10.638 with degree 

of freedom of 1.  The p-value of chi square was 0.425, and greater than the alpha level. 

The result indicates that there was no statistically significant relationship between the 

elementary school students’ number of absences and their teachers’ CFT training levels 

in sample year 1996-1997 (See Table 32). 
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Table 32 

 
Wilcoxon Test of Elementary School Students’ Number of Absences 

 in Relation to Teachers’ CFT Level in 1996-1997 
 

Level Number of 
Students

Score Sum Score Mean 

0 30 875.000 29.167 
1 30 955.000 31.833 

 

Because only 10 of 60 selected elementary students had reported state 

standardized writing test result, the relationship between students’ result on state 

standardized writing test and their teachers’ CFT levels of training was not evaluated.   

Logistic regression was conducted to see if the selected elementary school 

students’ result of state reading test was related to their teachers’ CFT training levels.  

The p-value for the whole model was 0.137 and greater than the alpha level ( p < 0.05), 

which indicates that the model is not good (See Table 33).  Because the p value of chi 

square was 0.164, and greater than the designated alpha level (at p < 0.05), the result 

indicates that there was no statistically significant relationship between the elementary 

school students’ result on state reading test and their teachers’ CFT training levels in 

sample year 1996-1997 (See Table 34). 

 
Table 33 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and Elementary 

School Students’ State Reading Test  in 1996-1997 
 

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 1.107 1 2.215 0.137
Full 22.055
Reduced 23.163
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Table 34 
 

Parameter Estimates for Teachers’ CFT Level and Elementary School Students’ State 
Reading Test in 1996-1997 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -1.650 0.431 14.62 0.0001
9697techLevel[0] 0.601 0.431 1.94 0.164
Note: For log odds of 0/1 

 

Logistic regression was conducted to see if the selected elementary school 

students’ result of state mathematics test result was related to their teachers’ CFT training 

levels.  The p-value for the whole model was 0.312 and greater than the alpha level (p < 

0.05), which indicated that the model was not good (See Table 35).  Because the p value 

of chi square was 0.325, and less than the alpha level (p < 0.05), the result indicated that 

there was no statistically significant relationship between the elementary school students’ 

result of state mathematics test result and their teachers’ CFT training levels in sample 

year 1996-1997 (See Table 36). 

All selected elementary school students were promoted in sample year 1996-

1997.  Therefore, the relationship between students’ promotion status and their teachers’ 

CFT levels of training could not be evaluated. 

 
Table 35 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and Elementary 

School Students’ State Standardized Mathematics Test in 1996-1997 
 

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 0.512 1 1.024 0.312
Full 24.508
Reduced 25.020
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Table 36 
 

Parameter Estimates for Teachers’ CFT Level and Elementary School Students’  
State Standardized Mathematics Test in 1996-1997 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -1.472 0.380 15.04 0.0001
9697techLevel[0] 0.374 0.380 0.97 0.325
Note: For log odds of 0/1 

 

Sixty middle school students were selected, with 30 for each group of teachers at 

CFT training level of 0 or 1 in sample year 1996-1997.  The distribution of the selected 

middle school students’ GPA was normal; therefore, a t-test was conducted.  The mean 

GPA of students with teachers at CFT Level 0 was 11.856; and that of students with 

teachers at CFT Level 1 was 10.886, both out of a maximum of 16. 

According to the analysis of variance in Table 37, the p-value, 0.233 is greater 

than alpha level (at p < 0.05).  Thus there was no statistically significant relationship 

between the teachers’ CFT training level and students’ GPA in sample year 1996-1997. 

 
Table 37 

 
Analysis of Variance for Middle School Students’ GPA in Relation to  

Teachers’ CFT Level in 1996-1997 
 

Source DF Sum of Squares Mean Square F Ratio Prob > F
techLevel 1 14.194 14.194 1.453 0.233
Error 58 566.437 9.766  
C. Total 59 580.632  
Note: Assuming equal variance. 

 

The distribution of the number of discipline referrals for middle school students in 

sample year 1996-1997 was not normal; therefore, a Wilcoxon test with unequal 

variances was conducted.  Table 38 displays the mean score of students’ number of 

discipline referrals.  The chi square was 1.547 with degree of freedom of 1.  The p-value 
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of chi square was 0.214, and greater than the alpha level (p < 0.05).  The result of 

analysis indicated that there was no statistically significant relationship between the 

teachers’ CFT training level and middle school students’ number of discipline referrals in 

sample year 1996-1997.  

For middle school students selected in sample year 1996-1997, the distribution of 

the number of absences was not normal.  Therefore, a Wilcoxon test with unequal 

variances was conducted.   Table 39 displays the mean score of students’ number of 

absences.  Chi square was 0.471 with degree of freedom of 1.  The p-value of chi square 

was 0.492 and greater than the alpha level (p < 0.05).  The result indicated that teachers’ 

CFT training level was not statistically significant in relation to students’ number of 

absences.  

 
Table 38 

 
Wilcoxon Test of Middle School Students’ Number of Discipline Referrals  

in Relation to Teachers’ CFT Level in 1996-1997 
 

Level Number of 
Students

Score Sum Score Mean 

0 30 842.000 28.067 
1 30 988.000 32.933 

 
 

Table 39 
 

Wilcoxon Test of Middle School Students’ Number of Absences  
in Relation to Teachers’ CFT Level in 1996-1997 

 
CFT Level Number of 

Students
Score Sum Score Mean 

0 30 960.500 32.017 
1 30 869.500 28.983 
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Only 10 out of the 60 selected students had records for state standardized writing 

tests.  Therefore, the relationship between students’ result of state standardized writing 

tests and their teachers’ CFT levels of training could not be evaluated. 

Logistic regression was conducted to see if the selected middle school students’ 

result of state standardized reading test was related to their teachers’ CFT training levels.  

The p-value for the whole model was 0.106 and greater than the alpha level (p < 0.05), 

which indicated that the model was not good (See Table 40).  Because the p value of chi 

square was 0.155, and less than the alpha level (p < 0.05), the result indicated that there 

was no statistically significant relationship between the middle school students’ result of 

state reading test and their teachers’ CFT training levels in sample year 1996-1997 (See 

Table 41). 

 
Table 40 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and  

Middle School Students’ State Reading Test in 1996-1997 
 

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 1.3072 1 2.614 0.106
Full 17.529
Reduced 18.836

 
 

Table 41 
 

Parameter Estimates for Teachers’ CFT Level and Middle School Students’  
State Standardized Reading Test in 1996-1997 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -2.373 0.566 17.56 <.0001
9697techLevel[0] -0.804 0.566 2.02 0.155
Note: For log odds of 0/1 
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Logistic regression was conducted to see if the selected middle students’ result of 

state mathematics test was related to their teachers’ CFT training levels.  The p-value for 

the whole model was 0.018 and less than the alpha level (p < 0.05), which indicated that 

the model was good (See Table 42).  Because the p value of chi square was 0.054, and 

greater than the alpha level (p < 0.05), the result indicated that there was no statistically 

significant relationship between the middle school students’ result of state reading test 

and their teachers’ CFT training levels in sample year 1996-1997 (See Table 43). 

 
Table 42 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and  

Middle School Students’ State Standardized Mathematics Test in 1996-1997 
 

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 2.763 1 5.527 0.018*
Full 21.194
Reduced 23.958
Note: * indicates a statistically significant relationship. 

 
 

Table 43 
 

Parameter Estimates for Teachers’ CFT Level and Middle School Students’  
State Standardized Mathematics Test in 1996-1997 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -2.028 0.551 13.51 0.0002
9697techLevel[0] -1.063 0.551 3.71 0.054

 
 

Logistic regression was conducted to see if the selected middle students’ 

promotion status was related to their teachers’ CFT training levels.  The p-value for the 

whole model was 0.236 and greater than the alpha level (p < 0.05), which indicated that 

the model was not good (See Table 33).  Because the p value of chi square was 0.961, 

and greater than the alpha level (p < 0.05), the result indicated that there was no 
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statistically significant relationship between the middle school students’ promotion status 

and their teachers’ CFT training levels in sample year 1996-1997 (See Table 45). 

 
Table 44 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and  

Middle School Students’ Promotion Status in 1996-1997 
 

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 0.701 1 1.403 0.236
Full 4.384
Reduced 5.085

 
 

Table 45 
 

Parameter Estimates for Teachers’ CFT Level and Middle School Students’  
Promotion Status in 1996-1997 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -8.785 110.798 0.01 0.937
9697techLevel[0] -5.418 110.798 0.00 0.961
Note: For log odds of 0/1 

 

Sixty high school students were selected, with 30 for each group of teachers at 

CFT training level of 0 or 1.  The distribution of GPA for high school students selected in 

sample year 1996-1997 was normal; therefore, a t-test was conducted.  According to 

analysis of variance (See Table 46), the p-value, 0.0019 was less than the alpha level (p < 

0.05); therefore, the difference between GPA of students with teachers of different 

technology levels was significant.  Thus there was a statistically significant relationship 

between teachers’ CFT training level and students GPA in sample year 1996-1997.  The 

mean GPA for students with teachers at CFT Level 0 was 7.125, and that of those with 

teachers at CFT Level 1 was 9.744, both out of a maximum of 18. 
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Table 46 
 

Analysis of Variance for High School Students’ GPA in Relation to Teachers’  
CFT Level in 1996-1997 

 
Source DF Sum of Squares Mean Square F Ratio Prob > F
techLevel 1 102.90077 102.901 10.5340 0.002*
Error 58 566.57191 9.768  
C. Total 59 669.47268  
Note: Standard Error uses a pooled estimate of error variance.   
* indicates a statistically significant relationship at p < 0.05. 

 

The number of discipline referrals for high school students in sample year 1996-

1997 was not available.  Thus the relationship between students’ number of discipline 

referrals and their teachers’ CFT levels of training was not evaluated. 

The distribution of students’ number of absences was not normal; therefore, a 

Wilcoxon test was conducted.  Table 47 displays the mean score of students’ number of 

absences.  The chi square was 2.225 with degree of freedom of 1.  The p value of Chi 

Square was 0.136, and greater than the alpha level (p < 0.05).  Thus the result indicted 

that there was no statistically significant relationship between the high school students’ 

number of absences and their teachers’ CFT training levels in sample year 1996-1997. 

 
Table 47 

 
Wilcoxon Test of High School Students’ Number of Absences in Relation  

to Teachers’ CFT Level in 1996-1997 
 

Level Number of 
Students

Score Sum Score Mean 

0 30 814.500 27.1500 
1 30 1015.50 33.8500 

 
 
Logistic regression was conducted to see if the selected high school students’ 

results of state writing test was related to their teachers’ CFT training levels.  The p-value 
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for the whole model was 0.203 and greater than the alpha level (p < 0.05), which 

indicated that the model was not good (See Table 48).  Because the p value of chi square 

was 0.961, and greater than the alpha level, which was set at 0.05, the result indicated 

that there was no statistically significant relationship between the high school students’ 

results of state writing tests and their teachers’ CFT training levels in sample year 1996-

1997 (See Table 49). 

Table 48 
 

Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and High  
School Students’ Result of State Standardized Writing Test in 1996-1997 

 
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 0.810 1 1.621 0.203
Full 16.241
Reduced 17.052

 
 

Table 49 
 

Parameter Estimates for Teachers’ CFT Level and High School Students’  
Result of Standardized Writing Test in 1996-1997 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -1.641 0.576 8.11 0.004
9697techLevel[0] 0.660 0.576 1.31 0.252
Note: For log odds of 0/1 

 

Logistic regression was conducted to see if the selected high students’ result of 

state standardized reading test was related to their teachers’ CFT training levels.  The p-

value for the whole model was 0.106, and greater than the alpha level (p < 0.05), which 

indicated that the model was not good (See Table 50).  Because the p value of chi square 

was 0.155, and greater than the alpha level (p < 0.05), the result indicated that there was 

no statistically significant relationship between the high school students’ result of state 
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reading tests and their teachers’ CFT training levels in sample year 1996-1997 (See Table 

51). 

 
Table 50 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and High  

School Students’ Result of Standardized Reading Test in 1996-1997 
 

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 1.307 1 2.614 0.106
Full 17.529
Reduced 18.836

 
 

Table 51 
 

Parameter Estimates for Teachers’ CFT Level and High School Students’ 
 Result of Standardized Reading Test in 1996-1997 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -2.373 0.566 17.56 <.0001
9697techLevel[0] -0.804 0.566 2.02 0.155
Note: For log odds of 0/1 

 

Logistic regression was conducted to see if the selected high school students’ 

result of state mathematics test was related to their teachers’ CFT training levels.  The p-

value for the whole model was 0.194, and greater than the alpha level (p < 0.05), which 

indicated that the model was not good (See Table 52).  Because the p value of chi square 

was 0.199, and greater than the alpha level (p < 0.05), the result indicated that there was 

no statistically significant relationship between the high school students’ result of state 

standardized mathematics tests and their teachers’ CFT training levels in sample year 

1996-1997 (See Table 53). 

All selected high school students were promoted in sample year 1996-1997.   

Therefore, the relationship between students’ promotion status and their teachers’ CFT 
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levels of training was not evaluated.  The relationship between teachers’ CFT training 

level and students’ outcome in sample year 1996-1997 is summarized in Table 54. 

 
Table 52 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and High 

 School Students’ Result of Standardized Mathematics Test in 1996-1997 
 

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 0.845 1 1.690 0.194
Full 28.855
Reduced 29.700

 
 

Table 53 
 

Parameter Estimates for Teachers’ CFT Level and High School Students’  
Result of Standardized Mathematics Test in 1996-1997 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept 0.014 0.326 0.00 0.964
9697techLevel[0] 0.420 0.326 1.65 0.199
Note: For log odds of 0/1 

 

Sample Year 1994-1995.  Sixty elementary school students were selected, with 30 

for each group of teachers at CFT training level of 0 or 1.  Since the students in 

elementary school did not have a GPA, the researcher could not measure the effect of 

teachers’ CFT training on students’ GPA.   

The distribution of the number of discipline referrals for elementary school 

students in sample year 1994-1995 was not normal.  Therefore, a Wilcoxon test was 

conducted.  Table 55 displays the mean score of students’ number of discipline referrals.  

The chi square was 0.002 with degree of freedom of 1.  The p-value of chi square was 

0.968, and greater than the alpha level (p < 0.05).  The result of analysis indicated that 
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this factor was not statistically significant in relation to the elementary school students’ 

number of discipline referrals in sample year 1994-1995. 

 
Table 54 

 
Analyses of Relationship between Teachers’ CFT Level and Students’ Outcome in Sample 

year 1996-1997 
 

Campus 
Level 

Students’ Outcome Normal 
Distribution? 
-Y or N 

Test p-value 

GPA Not available -----  
Discipline Referrals N Wilcoxon 0.632 
Absences  N Wilcoxon 0.425 

Writing Over 50% 
missing 

---- ---- 

Reading N Logistic 
Regression  

0.164 

State 
Test 
Result 

Mathematics N Logistic 
Regression  

0.325 

Elementary 
School 
 

Promotion All passed ---- ---- 
GPA Y T-test 0.233 
Discipline Referrals N Wilcoxon 0.214 
Absences N Wilcoxon 0.492 

Write Not available ---- ---- 
Read 
 

N Logistic 
Regression 

0.156 
State Test 
Result 

Mathematics N Logistic 
Regression 

0.054 

Middle 
School 
 

Promotion N Logistic 
Regression 

0.961 

GPA Normal T-test 0.002* 
Discipline Referrals Not available ---- --- 
Absences N Wilcoxon 0.136 

Writing N Logistic 
Regression  

0.252 

Reading N Logistic 
Regression  

0.155 

State 
Test 
Result 

Mathematics N Logistic 
Regression  

0.199 

High School 

Promotion All passed ----- ---- 

Note: * indicates a statistically significant relationship at p < 0.05.  
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Table 55 
 

Wilcoxon Test of Elementary School Students’ Number of Discipline Referrals in 
Relation to Teachers’ CFT Level in 1994-1995 

 
Level Count Score Sum Score Mean 
0 30 913.000 30.4333 
1 30 917.000 30.5667 

 

The distribution of students’ number of absences was not available.  Therefore, 

the relationship between the elementary school students’ number of absences and their 

teachers’ CFT training levels in sample year 1994-1995 was not evaluated. 

Over 50% of the selected elementary school students did not have reported state 

writing test; therefore, the relationship between elementary school students’ result of state 

standardized writing test and their teachers’ CFT levels of training was not evaluated.   

Logistic regression was conducted to see if students’ result of state reading test 

was related to their teachers’ CFT training levels.  The p-value for the whole model was 

0.137 and greater than the alpha level (p < 0.05), which indicated that the model was not 

good (See Table 56).  Because the p value of chi square was 0.1641, and greater than the 

alpha level (p < 0.05), the result indicated that there was no statistically significant 

relationship between the elementary school students’ result of state standardized reading 

tests and their teachers’ CFT training levels in sample year 1994-1995 (See Table 57). 

 
Table 56 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and Elementary 

School Students’ Result of Standardized Reading Test in 1994-1995 
 

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 1.1078 1 2.215 0.137
Full 22.055
Reduced 23.163
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Logistic regression was conducted to see if students’ result of state mathematics 

test was related to their teachers’ CFT training levels in sample year 1994-1995.  The p-

value for the whole model was 0.312 and greater than the alpha level (p < 0.05), which 

indicated that the model was not good (See Table 58).  Because the p value of chi square 

was 0.325, and greater than the alpha level (p < 0.05), the result indicated that there was 

no statistically significant relationship between the elementary school students’ result of 

state standardized mathematics test and their teachers’ CFT training level (See Table 59). 

 
Table 57 

 
Parameter Estimates for Teachers’ CFT Level and Elementary School Students’  

Result of Standardized Reading Test in 1994-1995 
 

Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -1.650 0.431 14.62 0.0001
9697techLevel[0] 0.600 0.431 1.94 0.164
Note: For log odds of 0/1 

 
 

Table 58 
 

Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and Elementary 
School Students’ Result of Standardized Mathematics Test in 1994-1995 

 
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 0.511 1 1.023 0.312
Full 24.508
Reduced 25.020

 
 

Table 59 
 

Parameter Estimates for Teachers’ CFT Level and Elementary School Students’  
Result of Standardized Mathematics Test in 1994-1995 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -1.472 0.380 15.04 0.0001
9697techLevel[0] 0.374s 0.380 0.97 0.325
Note: For log odds of 0/1 
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All selected elementary school students were promoted.  Therefore, the 

relationship between elementary students’ promotion status and their teachers’ CFT 

training level was not examined. 

In sample year 1994-1995, sixty middle school students were selected, with 30 for 

each group of teachers at CFT training level of 0 or 1.  The distribution of the selected 

middle school students’ GPA was normal; therefore, a t-test was conducted.  Using the 

analysis of variance for the test (See Table 60), the p-value, 0.019, was less than the alpha 

level (p < 0.05), which indicated that the difference between GPA of students with 

teachers of different technology levels was significant.  Thus there was a statistically 

significant relationship between middle school students’ GPA and their teachers’ CFT 

training level in sample year 1994-1995.  The mean GPA of students with teachers of 

CFT Level 0 was 7.245; and that of students with teachers at CFT Level 1 was 8.711, 

both out of a maximum of 16. 

 
Table 60 

 
Analysis of Variance for Middle School Students’ GPA in Relation to  

Teachers’ CFT Level in 1999-2000 
 

Source DF Sum of Squares Mean Square F Ratio Prob > F
techLevel 1 32.22503 32.2250 5.7991 0.019*
Error 58 322.29972 5.5569  
C. Total 59 354.52475  
Note: * indicates a statistically significant relationship at p < 0.05. 

 

The distribution of students’ number of discipline referrals was not normal; 

therefore, a Wilcoxon test was conducted.  Table 61 shows the mean scores of students’ 

number of discipline referrals.  The chi square was 8.214 with degree of freedom of 1.  

The p-value of chi square was 0.004, was less than alpha (p < 0.05).  The result indicted 
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that there was a statistically significant relationship between the middle school students’ 

number of discipline referrals and their teachers’ CFT training levels in sample year 

1994-1995. 

 
Table 61 

 
Wilcoxon Test of Middle School Students’ Number of Discipline Referrals 

 in Relation to Teachers’ CFT Level in 1994-1995 
 

Level Count Score Sum Score Mean 
0 30 1101.500 36.717 
1 30 728.500 24.283 

 
 

The distribution of students’ number of absences was not available.  Therefore, 

the relationship between the elementary school students’ number of absences and their 

teachers’ CFT training levels in sample year 1994-1995 was not examined. 

Because the state standardized writing test information was not available for the 

selected middle school students in sample year 1994-1995, the relationship between 

students’ result of state standardized writing test and their teachers’ CFT levels of 

training was not evaluated. 

The relationship between the selected middle school students’ result of the state 

reading tests in 1994-1995 and their teachers’ CFT training level was analyzed using 

logistic regression.  The p-value for the whole model was 0.272 and greater than the 

alpha level (p < 0.05), which indicated that the model was not good (See Table 62).  The 

result of running the model are presented in Table 63 and indicate that there was no 

statistically significant relationship between the middle school students’ result of the state 

reading test and their teachers’ CFT training level because the p value of chi square was 

0.276 and greater than the designated alpha level (p < 0.05).    
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Table 62 
 

Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and Middle School 
Students’ Result of Standardized Reading Test in 1994-1995 

 
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 0.603 1 1.206 0.272
Full 37.588
Reduced 38.191

 
 

Table 63 
 

Parameter Estimates for Teachers’ CFT Level and Middle School Students’ Result of 
Standardized Reading Test in 1994-1995 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -0.709 0.278 6.49 0.011
9495techLevel[0] -0.303 0.278 1.19 0.276
Note: For log odds of 0/1 

 

The relationship between the selected middle school students’ result of the state 

standardized mathematics test in 1994-1995 and their teachers’ CFT training levels was 

analyzed using logistic regression.  The p-value for the whole model was 0.612 and 

greater than the alpha level (p < 0.05), which indicated that the model was not good (See 

Table 64).    The results of running the model are presented in Table 65 and indicate that 

there was no statistically significant relation between middle students’ result of the state 

mathematics test and their teachers’ CFT training levels because the p value of chi square 

was 0.613 and greater than the designated alpha level (p < 0.05).   

Logistic regression was conducted to see if there was a statistically significant 

relation between middle school students’ promotion status and their teachers’ CFT 

training levels in sample year 1994-1995.  The p-value for the whole model was 0.092 

and greater than the alpha level (p < 0.05), which indicated that the model was not good 
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(See Table 66).  The results of running the model are presented in Table 67 and indicate 

that there was no statistically significant relation between middle students’ promotion 

status and their teachers’ CFT training levels because the p value of chi square was 0.958 

and greater than the designated alpha level (p < 0.05).   

 
Table 64 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and Middle School 

Students’ Result of Standardized Mathematics Test in 1994-1995 
 

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 0.128 1 0.256 0.612
Full 34.353
Reduced 34.481

 
 

Table 65 
 

Parameter Estimates for Teachers’ CFT Level and Middle School Students’  
Result of State Standardized Mathematics Test in 1994-1995 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept 0.996 0.294 11.44 0.0007
9495techLevel[0] -0.148 0.294 0.26 0.613
Note: For log odds of 0/1 

 
 

Table 66 
 

Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and  
Middle School Students’ Promotion Status in 1994-1995 

 
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 1.420 1 2.841 0.092
Full 7.347
Reduced 8.768
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Table 67 
 

Parameter Estimates for Teachers’ CFT Level and Middle School Students’  
Promotion Status in 1994-1995 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -8.420 110.797 0.01 0.939
9697techLevel[0] 5.781 110.797 0.00 0.958
Note: For log odds of 0/1 

 

Sixty high school students were selected, with 30 for each group of teachers at 

CFT training level of 0 or 1.  The distribution of the selected high school students’ GPA 

was normal; therefore, a t-test was conducted.  Since the p-value was 0.958 and less than 

alpha (p < 0.05), according to the analysis of variance, there was no statistically 

significant relationship between the high school students’ GPA and their teachers’ CFT 

training level in sample year 1994-1995 (See Table 68).  The mean GPA for students 

with teachers at CFT Level 0 was 7.688; and that of those with teachers at CFT Level 1 

was 7.651, both out of a maximum of 18. 

 
Table 68 

 
Analysis of Variance for High School Students’ GPA in Relation to  

Teachers’ CFT Level in 1994-1995 
 

Source DF Sum of Squares Mean Square F Ratio Prob > F
techLevel 1 0.021 0.021 0.003 0.958
Error 58 425.739 7.340  
C. Total 59 425.760  
Note: Assuming equal variance 

 

Numbers of discipline referrals and absences for high school students in 1994-

1995 were not available because the school district did not start recording such 

information for high school students until 1996-1997.  Therefore, the relationships 

between students’ number of discipline referrals and absences and their teachers’ CFT 
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levels of training were not evaluated.  Over 50% of the selected students did not have the 

reported scores for state standardized reading and writing tests.  Therefore, the 

relationship between students’ results of state standardized tests of writing and reading 

and their teachers’ CFT levels of training was not evaluated.   

Logistic regression was conducted to see if there was a statistically significant 

relation between high school students’ results of state standardized mathematics test and 

their teachers’ CFT training levels in sample year 1994-1995.  The p-value for the whole 

model was 0.044 and less than the alpha level (p < 0.05), which indicated that the model 

was good (See Table 69).  The results of running the model are presented in Table 70 and 

indicate that there was no statistically significant relationship between high school 

students’ results of state standardized mathematics test and their teachers’ CFT training 

levels because the p value of chi square was 0.050 and equal to the alpha level (p < 0.05).   

 
Table 69 

 
Whole Model Test of Nominal Logistic Fit for Teachers’ CFT Level and High  

School Students’ Result of Standardized Mathematics Test in 1994-1995 
 

Model -Log Likelihood DF Chi Square Prob>ChiSq
Difference 2.038 1 4.077 0.044*
Full 22.914
Reduced 24.953
Note: * indicates a statistically significant relationship at p < 0.05. 

 
 

Table 70 
 

Parameter Estimates for Teachers’ CFT Level and High School Students’  
Result of Standardized Mathematics Test in 1994-1995 

 
Term Estimate Std Error ChiSquare Prob>ChiSq
Intercept -3.978e-16 0.353 0.00 1.000
9495techLevel[0] -0.693 0.353 3.84 0.050
Note: For log odds of 0/1.   



                             

    

122

 

All selected high school students were promoted in sample year 1994-1995.  Thus 

the relationship between students’ promotion status and their teachers’ CFT levels of 

training was not evaluated.  The relationship between teachers’ CFT training level and 

students’ outcome in sample year 1994-1995 is summarized in Table 71. 

 
Table 71 

 
Summary of Analyses of Impact of Teachers’ CFT Level on Students’ Outcome 

 in Sample Year 1994-1995 
 

Campus 
Level 

Students’ Outcome Normal 
Distribution? 
--Y or N 

Test p-value 

GPA ---- ---- ---- 
Discipline Referrals N Wilcoxon 0.968 
Absences  Not available— ---- ---- 

Write Over 50% missing ---- ---- 
Read N Logistic 

Regression 
0.164 

State 
Test 
Result 

Mathematics N Logistic 
Regression 

0.325 

Elementary 
School 
 

Promotion Y Logistic 
Regression 

1.000 

GPA Y T-test 0.019* 
Discipline Referrals N Wilcoxon 0.004* 

Absences  Not available ---- ---- 
Write Over 50% missing ---- ---- State 

Test 
Result Read N Logistic 

Regression 
0.276 

 Mathematics N Logistic 
Regression 

0.612 

Middle 
School 
 

Promotion N Logistic 
Regression 

0.092 

GPA Y T-test 0.958 
Discipline Referrals Not available ---- ---- 
Absences  Not available ---- ---- 

Write Over 50% missing ---- ---- 
Read Over 50% missing  ---- ---- 

State 
Test 
Result 

Mathematics Not available ---- 0.050 

High School 

Promotion All passed ---- ---- 

Note: * indicates a statistically significant relationship at p < 0.05. 
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Research Question Two 
 
 The second research question  was designed to see if there was a trend of 

students’ outcome measured by GPA, result of state standardized writing, reading, and 

mathematics tests, number of discipline referrals, number of absences, and promotion 

status in relation to teachers’ CFT training level during the ten-year period of the CFT 

initiative.  It was analyzed by observing graphs for the data in all four sample years for 

elementary, middle, and high school students.  Within each section findings for 

elementary, middle, and high school students, students’ outcome will be presented in the 

order of GPA, number of discipline referrals, number of absences, state standardized test 

result, and promotion status.  Trends were only examined when at least three sample 

years of outcome data were available. 

Elementary school students.  Two hundred twenty-seven (270) elementary school 

students were randomly selected, with 30 for each group of teachers at CFT training level 

of 0, 1, or 2.  Thus 90 students were selected for teachers at CFT Level 0, 120 for 

teachers at CFT Level 1, and 60 for teachers at CFT Level 2 (See Table 5 in Chapter 3 for 

description).  Figure 1 compares the mean of each group of elementary students’ number 

of discipline referrals in relation to their teachers’ highest CFT training level over the ten 

year period of the Computer for Teachers technology initiative.   Students with teachers 

without CFT training had the highest number of discipline referrals compared with those 

whose teachers had CFT Level 1 and Level 2 trainings.  There was little difference 

between students with teachers at CFT Level 1 and Level 2.  The trend indicates that the 

higher the CFT training level for teachers, the fewer number of discipline referrals for 

students.  However, the students’ number of discipline referrals of teachers at CFT Level 
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2 was only available in two sample years, i.e., 1999-2000 and 2002-2003.  Thus caution 

needs to be taken to interpret the trend. 

 

 
Figure 1.  Mean of each group of 30 elementary school students’ number of discipline 
referrals in relation to teachers’ CFT training level in each sample year. 

 

Figure 2 compares the mean of elementary students’ number of absences in 

relation to their teachers’ highest CFT training levels over the ten year period of the CFT 

technology initiative.   Students with teachers at CFT training Level 2 had the highest 

mean number of absences compared with those whose teachers had Level 0 and Level 1 

trainings.  Students with teachers at CFT training Level 1 had the lowest mean number of 

discipline referrals compared with those with Level 0 and Level 2 teachers.  Overall, 

there was only a small difference among the three levels.  Furthermore, the students’ 

number of absences of teachers at CFT Level 2 was only available in sample years, i.e., 

1999-2000 and 2002-2003.  Thus caution needs to be taken to interpret the trend.  

Overall, there was no apparent trend reflected in the data. 
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The state standardized writing test information for the selected elementary school 

students was not available.  Only some of the students in two sample years, i.e., 1994-

1995 and 1996-1997 had state standardized reading test information available.  Similarly, 

 

 
Figure 2.  Mean of each group of 30 elementary school students’ number of absences in 
relation to teachers’ CFT training level in each sample year. 

 

only some of the students in two sample years, i.e., 1994-1995 and 1996-1997 had state 

standardized mathematics test information available.  Therefore, the researcher could not 

examine the trend of elementary school students’ result of state standardized test in 

relation to their teachers’ highest CFT training levels over the ten year period of the CFT 

technology initiative. 

Figure 3 compares the number of elementary school students who were promoted 

in each group of 30 students whose teachers had CFT training level 0, 1, or 2 training in 

relation to their teachers’ CFT training levels.  Students of teachers at CFT training Level 
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school district showed almost every student was promoted to the next level; thus no 

difference among the students of teachers at various CFT training levels was expected. 

 

 
Figure 3.  Mean of number of promoted elementary school students in each group of 30 
students in relation to teachers’ CFT level in each sample year. 
 

Middle school students.  Two hundred twenty-seven (270) elementary school 

students were randomly selected, with 30 for each group of teachers at CFT training level 

of 0, 1, or 2.  Thus 120 students were selected for teachers at CFT Level 0, 120 for 

teachers at CFT Level 1, and 30 for teachers at CFT Level 2 (See Table 5 in Chapter 3).  

Figure 4 compares the mean of middle school students’ GPA (See Glossary of Terms in 

Chapter 1 for description) in relation to their teachers’ highest CFT training levels.  

While there was a slight decline in means of GPA with the increase of CFT level, 

students of teachers at each CFT training level had similar GPA.  Thus no trend was 

observed in middle school students’ GPA in relation to their teachers’ highest training 

levels over the ten year period of the CFT technology initiative. 
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Figure 4.  Mean of each group of middle school students’ GPA in relation to teachers’ 
CFT training level. 

 
 
Figure 5 compares the mean of middle school students’ number of discipline 

referrals in relation to their teachers’ highest CFT training levels.  Students of teachers at 

CFT Level 0 and 1 had almost the same number of discipline referrals.  Those with 

teachers at CFT Level 2 had the most number of discipline referrals.  However, only 

teachers in sample year 2002-2003 had CFT Level 2 training, i.e., only one group of 30 

students of teachers at CFT Level 2 had GPA information.  Thus caution need to be taken 

when interpreting the results.  Thus no trend was observed for middle school students’ 

number of discipline referrals in relation to their teachers’ highest CFT training levels. 

Figure 6 compares the mean of middle school students’ number of absences in 

relation to their teachers’ highest CFT training levels.  Students of teachers at CFT 

training Level 0 and 1 had almost the same number of absences, i.e., 33.3 and 34.6 
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Figure 5.  Mean of number of discipline referrals of middle school students’ GPA in 
relation to teachers’ CFT training level. 

 

absences, i.e., 47.6.  Thus it appears that the relationship between students’ number of 

absences and teachers’ CFT training level was not consistent.  However, only teachers in 

sample year 2002-2003 had CFT training Level 2 training, i.e., only one group of 30 

students of teachers at CFT Level 2 were included.  Thus caution need to be taken when 

interpreting the results.   

 Information for the middle school students taking the state standardized writing 

test was not available in any of the four sample years.  Information of students taking the 

state standardized reading tests was only available in two sample years, i.e., 1994-1995 

and 1996-1997.  Information for students taking the state standardized mathematics tests 

was only available in two sample years, i.e., 1994-1995 and 1996-1997.  Thus the 

researcher could not examine the trend for the relationship between the middle school 

students’ result of state standardized test in relation to their teachers’ highest CFT 

training levels over the ten year period of the CFT technology initiative. 
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Figure 6.  Mean of number of absences of middle school students in relation to teachers’ 
CFT training level. 
 
 

Figure 7 compares the number of the middle school students who were promoted 

in relation to their teachers’ CFT training level.  Students of teachers at CFT training 

Level 2 had the highest result.  Those of teachers at CFT Level 0 and 1 had almost the 

same result.  However, only teachers in sample year 2002-2003 had CFT Level 2 

training, i.e., only one group of 30 students of teachers at CFT Level 2 had promotion 

status.  Caution need to be taken when interpreting the results.  Thus no trend was 

observed for middle school students’ promotion status in relation to their teachers’ 

highest CFT training levels. 

High school students.  Two hundred twenty-seven (270) high school students 

were randomly selected, with 30 for each group of teachers at CFT training level of 0, 1, 

or 2.  Thus 120 students were selected for teachers at CFT Level 0, 120 for teachers at 
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Figure 7.  Mean of number of middle school students who were promoted in relation to 
teachers’ CFT training level. 

 
 

compares the mean of high school students’ GPA in relation to their teachers’ highest 

CFT training levels.  The GPA information for high school students of teachers at CFT 

Level 2 was limited, thus it was not examined for the trend.  Overall there was a trend 

that students of teachers at CFT Level 0 had a lower mean GPA than students’ of teachers 

at CFT Level 1. 

 High school students’ number of discipline referrals was only available for two 

sample years, i.e., 2002-2003 and 1999-2000.  Thus the researcher could not examine the 

trend of high school students’ number of discipline referrals in relation to their teachers’ 
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Figure 8.  Mean of high school students’ GPA in relation to teachers’ CFT level. 
 

of high school students’ number of absences in relation to their teachers’ CFT training 

level over the ten year period of the CFT technology initiative. 

The selected high school students’ result of state standardized mathematics tests 

was only available in sample year 1994-1995 and 1996-1997.  The result of high school 

students’ state standardized writing and reading tests information was only available for 

students in sample year 1996-1997.  Therefore, the researcher could not check the trend 

of high school students’ state standardized test result in relation to their teachers’ CFT 

training level over the ten year period of the CFT technology initiative. 

All high students were promoted.  Thus the researcher could not check the trend 

of high school students’ promotion status in relation to their teachers’ CFT training level 

over the ten year period of the CFT technology initiative. 
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Research Question Three 
 

Research question 3 was designed to see if there was a relationship between 

teachers’ number of years since their initial CFT training and student outcome based on 

GPA, number of discipline referrals, number of absences, state standardized test result, 

and promotion status.  The teachers’ number of years since their initial CFT training was 

a continuous numeric variable.  Thus correlation tests were conducted in this section to 

examine the relationship between the number of years since teachers’ initial CFT training 

and students’ outcome measured by GPA, number of reported discipline referrals, 

number of absences, state standardized test result, and promotion status for elementary, 

middle, and high school students in each sample year.   

 
Sample year 2002-2003.  For elementary school students, since they did not have 

a GPA, the researcher could not measure the effect of the number of years since teachers’ 

initial CFT training on students’ GPA.  Because neither the distribution of students’ 

number of discipline referrals nor teachers’ number of years since their initial CFT 

training was normal, a Spearman test was conducted.  Since ρ = -0.341, the result 

indicated that students’ number of discipline referrals decreased when their teachers’ 

number of years since their initial training increased.  Furthermore, p value was 0.008, 

and less than the alpha level (p < 0.05).  Therefore, there was a statistically significant 

relationship between teachers’ number of years since their initial CFT training and their 

students’ number of discipline referrals. 

Since neither the distribution of students’ number of absences nor teachers’ 

number of years since their initial CFT training was normal, a Spearman test was 

conducted.  Because ρ = -0.151, the result indicated that students’ number of absences 
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decreased when their teachers’ number of years since their initial training increased.  

Furthermore, p value was 0.250, and greater than the alpha level (p < 0.05).  Therefore, 

there was no statistically significant relationship between teachers’ number of years since 

their initial CFT training and their students’ number of absences. 

The state test information was not available for elementary school students in 

sample year 2002-2003.  All selected elementary school students were promoted.  

Therefore the relationship between students’ state standardized tests’ results and 

promotion status and their teachers’ number of years since initial CFT training was not 

evaluated. 

For middle school students, although the distribution of their GPA was normal, 

teachers’ number of years since their initial CFT training was not.  Therefore, a Spearman 

test was conducted (Kirk, 1995).  Because ρ = -0.105, the result indicated that students’ 

number of discipline referrals decreased when their teachers’ number of years since their 

initial training increased.  Furthermore, p value was 0.326, and greater than the alpha 

level (p < 0.05).  Therefore, there was no statistically significant relationship between the 

middle school teachers’ number of years since their initial CFT training and their 

students’ GPA. 

Since the distribution of neither students’ number of discipline referrals nor 

teachers’ number of years since their initial CFT training was normal, a Spearman test 

was conducted.  Because ρ = -0.140, the result indicated that students’ number of 

discipline referrals decreased when their teachers’ number of years since their initial 

training increased.  Furthermore, p value was 0.190, and greater than the alpha level, 

which was set at 0.05.  Therefore, there was no statistically significant relationship 
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between teachers’ number of years since their initial CFT training and their students’ 

number of discipline referrals. 

Due to the fact that the distribution of neither students’ number of absences nor 

teachers’ number of years since their initial CFT training was normal, a Spearman test 

was conducted.  Because ρ = 0.334, the result indicated that students’ number of absences 

increased when their teachers’ number of years since their initial training increased.  

Furthermore, p value was 0.001, and less than the alpha level (p < 0.05).  Therefore, there 

was a statistically significant relationship between teachers’ number of years since their 

initial CFT training and their students’ number of absences. 

The state test information was not available for middle school students in sample 

year 2002-2003.  Therefore the relationship between students’ state standardized tests’ 

results and their teachers’ number of years since initial CFT training was not evaluated. 

Since the distribution of neither students’ promotion status nor teachers’ number 

of years since their initial CFT training was normal, a Spearman test was conducted.  

Because ρ = 0.030, the result indicated that students’ promotion status slightly increased 

when their teachers’ number of years since their initial training increased.  Furthermore, p 

value was 0.783, and greater than the alpha level (p < 0.05).  Therefore, there was no 

statistically significant relationship between the selected middle school teachers’ number 

of years since their initial CFT training and their students’ promotion status in sample 

year 2002-2003. 

For high school students, the distribution of neither their GPA nor teachers’ 

number of years since their initial CFT training was normal; therefore, a Spearman test 

was conducted.  Because ρ = 0.531, the result indicated that students’ GPA increased 
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when their teachers’ number of years since their initial training increased.  Furthermore, p 

value was less than 0.0001, and less than the alpha level (p < 0.05).  Therefore, there was 

a statistically significant relationship between the selected high school teachers’ number 

of years since their initial CFT training and their students’ GPA in sample year 2002-

2003. 

Since the distribution of neither the high students’ number of discipline referrals 

nor teachers’ number of years since their initial CFT training was normal, a Spearman 

test was conducted.  Because ρ = 0.086, the result indicated that students’ number of 

discipline referrals slightly increased when their teachers’ number of years since their 

initial training increased.  Furthermore, p value was 0.422, and greater than the alpha 

level (p < 0.05).  Therefore, there was no statistically significant relationship between the 

high school teachers’ number of years since their initial CFT training and their students’ 

number of discipline referrals. 

Because all selected high school students did not have absences records in sample 

year 2002-2003, the relationship between the number of students’ absences and their 

teachers’ number of years since initial CFT training was not evaluated.  The state test 

information was not available for high school students in sample year 2002-2003; thus 

the relationship between high school students’ state standardized tests’ results and their 

teachers’ number of years since initial training was not evaluated. 

All selected high school students were promoted in sample year 2002-2003.  Thus 

the relationship between students’ promotion status and their teachers’ number of years 

since initial training was not evaluated.  The relationship between teachers’ number of 
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years since their initial CFT training and students’ outcome in sample year 2002-2003 is 

summarized in Table 72. 

 
Table 72 

 
Analyses of Relationship between Teachers’ Number of Years since Initial Training  

and Students’ Outcome in Sample Year 2002-2003 
 

Campus 
Level 

Students’ 
Outcome 

ρ p value 

GPA Not available ----- 
Discipline 
Referrals 

-0.341 0.008* 

Absences  -0.151 0.250 
State Test Result Not available ----- 

Elementary 
School 
 

Promotion All passed. ---- 
GPA -0.105 0.326 
Discipline 
Referrals 

-0.140 0.190 

Absences  0.334 0.001* 
State Test Result Not available ---- 

Middle 
School 
 

Promotion 0.030 0.783 
GPA 0.531 <0.0001* 
Discipline 
Referrals 

0.086 0.422 

Absences  Not  available ---- 

State Test Result Not available ----- 

High School 

Promotion All passed ------ 

  Note: * indicates a statistically significant relationship at p < 0.05.  
Sample year 1999-2000.   

For elementary school students, they did not have a GPA, thus the researcher 

could not measure the relationship between teachers’ number of years since their CFT 

training and students’ GPA.  Since the distributions of students’ number of discipline 

referrals and teachers’ number of years since their initial CFT training were not normal, a 

Spearman test was conducted.  Because ρ = -0.172, the result indicated that students’ 
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number of discipline referrals decreased when their teachers’ number of years since their 

initial training increased.  Furthermore, p value was 0.105, and greater than the alpha 

level (p < 0.05).  Therefore, there was no statistically significant relationship between the 

elementary school teachers’ number of years since their initial CFT training and their 

students’ number of discipline referrals. 

The distribution of students’ number of absences and teachers’ number of years 

since their initial CFT training were not normal; therefore, a Spearman test was 

conducted.  Because ρ = -0.084, the result indicated that students’ number of absences 

decreased when their teachers’ number of years since their initial training increased.  

Furthermore, p value was 0.432, and greater than the alpha level (p < 0.05).  Therefore, 

there was no statistically significant relationship between teachers’ number of years since 

their initial CFT training and their students’ number of absences. 

The state test information was not available for over 50% of the selected 

elementary school students in sample year 1999-2000.  Thus the relationship between 

students’ state standardized tests’ result and their teachers’ number of years since initial 

CFT training was not evaluated.   

Since the distributions of students’ promotion status and teachers’ number of 

years since their initial CFT training were not normal, a Spearman test was conducted.  

Because ρ = -0.050, the result indicated that students’ promotion status slightly decreased 

when their teachers’ number of years since their initial training increased.  Furthermore, p 

value was 0.637, and greater than the alpha level (p < 0.05).  Therefore, there was no 

statistically significant relationship between the elementary school teachers’ number of 
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years since their initial CFT training and their students’ promotion status in sample year 

1999-2000. 

For the middle school students, even though the distribution of their GPA was 

normal, the distribution of teachers’ number of years since their initial CFT training was 

not; therefore, a Spearman test was conducted.  Because ρ = 0.019, the result indicated 

that students’ GPA slightly increased when their teachers’ number of years since their 

initial training increased.  Furthermore, p value was 0.887, and greater than the alpha 

level (p < 0.05).  Therefore, there was no statistically significant relationship between the 

middle school teachers’ number of years since their initial CFT training and their 

students’ GPA in sample year 1999-2000. 

Since the distributions of the middle school students’ number of discipline 

referrals and teachers’ number of years since their initial CFT training were not normal, a 

Spearman test was conducted.  Because ρ = 0.115, the result indicated that students’ 

number of discipline referrals increased when their teachers’ number of years since their 

initial training increased.  Furthermore, p value was 0.383, and greater than the alpha 

level (p < 0.05).  Therefore, there was no statistically significant relationship between the 

middle school teachers’ number of years since their initial CFT training and their 

students’ number of discipline referrals in sample year 1999-2000. 

Because the distributions of students’ number of absences and teachers’ number 

of years since their initial CFT training were not normal, a Spearman test was conducted.  

Since ρ = -0.062, the result indicated that students’ number of absences decreased when 

their teachers’ number of years since their initial training increased.  Furthermore, p value 

was 0.637, and greater than the alpha level (p < 0.05).  Therefore, there was no 
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statistically significant relationship between the middle school teachers’ number of years 

since their initial CFT training and their students’ number of absences in sample year 

1999-2000. 

The state test information was not available for over 50% of the selected middle 

school students in sample year 1999-2000.  Therefore the relationship between the 

middle school students’ state standardized tests’ results and their teachers’ number of 

years since initial CFT training was not evaluated. 

 Since the distributions of the middle school students’ promotion status and 

teachers’ number of years since their initial CFT training were not normal, a Spearman 

test was conducted.  Because ρ = 0.121, the result indicated that students’ promotion 

status slightly increased when their teachers’ number of years since their initial training 

increased.  Furthermore, p value was 0.356, and greater than the alpha level (p < 0.05).  

Therefore, there was no statistically significant relationship between the selected 

elementary school teachers’ number of years since their initial CFT training and their 

students’ promotion status in sample year 1999-2000. 

For the high school students, even though the distribution of their GPA was 

normal, the distribution of teachers’ number of years since their initial CFT training was 

nonparametric; therefore, a Spearman test was conducted.  Because ρ = 0.245, the result 

indicated that students’ GPA increased when their teachers’ number of years since their 

initial training increased.  Furthermore, p value was 0.059, and greater than the alpha 

level (p < 0.05).  Therefore, there was no statistically significant relationship between the 

high school teachers’ number of years since their initial CFT training and their students’ 

GPA in sample year 1999-2000. 
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Since the distributions of the high school students’ number of discipline referrals 

and teachers’ number of years since their initial CFT training were not normal, a 

Spearman test was conducted.  Because ρ = -0.156, the result indicated that students’ 

number of discipline referrals decreased when their teachers’ number of years since their 

initial training increased.  Furthermore, p value was 0.234, and greater than the alpha 

level (p < 0.05).  Therefore, there was no statistically significant relationship between the 

high school teachers’ number of years since their initial CFT training and their students’ 

number of discipline referrals in sample year 1999-2000. 

Since the distributions of students’ number of absences and teachers’ number of 

years since their initial CFT training were not normal, a Spearman test was conducted.  

Because ρ = -0.236, the result indicated that students’ number of absences decreased 

when their teachers’ number of years since their initial training increased.  Furthermore, p 

value was 0.070, and greater than the alpha level (p < 0.05).  Therefore, there was no 

statistically significant relationship between the high school teachers’ number of years 

since their initial CFT training and their students’ number of absences in sample year 

1999-2000. 

Because the state test information was not available for over 50% of the selected 

high school students in sample year 1999-2000, the relationship between the results of 

students’ state standardized tests and their teachers’ number of years since initial CFT 

training was not evaluated.  All selected high school students were promoted in sample 

year 1999-2000; thus the relationship between students’ promotion status and their 

teachers’ number of years since initial CFT training was not evaluated.  The relationship 
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between teachers’ number of years since their initial CFT training and students’ outcome 

in sample year 1999-2000 is summarized in Table 73.  

 
Table 73 

 
Analyses of Relationship between Teachers’ Number of Years since Initial  

CFT Training and Students’ Outcome in Sample Year 1999-2000 
 

Campus 
Level 

Students’ 
Outcome 

ρ p value 

GPA Not 
available 

----- 

Discipline 
Referrals 

-0.1719 0.105 

Absences  -0.05 0.432 
State Test 
Result 

Over 50% 
missing 

----- 

Elementary 
School 
 

Promotion -0504 0.6372 
GPA 0.0187 0.887 
Discipline 
Referrals 

0.1146 0.383 

Absences  -0.0621 0.637 
State Test 
Result 

Over 50% 
missing 

----- 

Middle 
School 
 

Promotion 0.1213 0.356 
GPA 0.2454 0.059 
Discipline 
Referrals 

-0.1562 0.234 

Absences  -0.2359 0.070 
State Test 
Result 

Over 50% 
missing 

----- 

High School 

Promotion All passed ------ 
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Sample year 1996-1997.  For the elementary school students, they did not have a 

GPA.  Therefore the researcher could not measure the relationship between the 

elementary school teachers’ number of years since initial CFT training and students’ 

GPA.   

Since the distributions of the elementary school students’ number of discipline 

referrals and teachers’ number of years since their initial CFT training were not normal, a 

Spearman test was conducted.  Because ρ = 0.032, the result indicated that students’ 

number of discipline referrals slightly increased when their teachers’ number of years 

since their initial CFT training increased.  Furthermore, p value was 0.808, and greater 

than the alpha level (p < 0.05).  Therefore, there was no statistically significant 

relationship between the elementary school teachers’ number of years since their initial 

CFT training and their students’ number of discipline referrals in sample year 1996-1997. 

The distributions of the elementary students’ number of absences and teachers’ 

number of years since their initial CFT training were not normal; therefore, a Spearman 

test was conducted.  Because ρ = -0.006, the result indicated that students’ number of 

absences decreased when their teachers’ number of years since their initial CFT training 

increased.  Furthermore, p value was 0.960, and greater than the alpha level (p < 0.05).  

Therefore, there was no statistically significant relationship between teachers’ number of 

years since their initial CFT training and their students’ number of absences in sample 

year 1996-1997. 

Because over 50% of the selected elementary school students did not have records 

for taking the state writing tests, the relationship between students’ results of state 

standardized writing test and their teachers’ number of years since initial training was not 
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evaluated.  Since the distributions of students’ results of state standardized reading tests 

and teachers’ number of years since their initial CFT training were not normal, a 

Spearman test was conducted.  Because ρ = 0.278, the result indicated that students’ 

results of reading tests increased when their teachers’ number of years since their initial 

training increased.  Furthermore, p value was 0.056, and greater than the alpha level (p < 

0.05).  Therefore, there was no statistically significant relationship between the 

elementary school teachers’ number of years since their initial CFT training and their 

students’ results of state standardized writing test in sample year 1996-1997.   

  Since the distributions of students’ results of state standardized mathematics test 

and teachers’ number of years since their initial CFT training were not normal, a 

Spearman test was conducted.  Because ρ = 0.157, the result indicated that students’ 

results of mathematics test increased when their teachers’ number of years since their 

initial training increased.  Furthermore, p value was 0.276, and greater than the alpha 

level (p < 0.05).  Therefore, there was no statistically significant relationship between the 

elementary school teachers’ number of years since their initial CFT training and their 

students’ results of state standardized mathematics test in sample year 1996-1997.  

All the selected elementary school students were promoted.  Therefore, the 

relationship between the elementary school teachers’ number of years since their initial 

CFT training and their students’ promotion status in sample year 1996-1997 was not 

evaluated.   

For middle school students, even though the distributions of their GPA was 

normal, the distribution of teachers’ number of years since their initial CFT training was 

not; therefore, a Spearman test was conducted.  Because ρ = -0.131, the result indicated 
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that students’ GPA decreased when their teachers’ number of years since their initial 

training increased.  Furthermore, p value was 0.317, and greater than the alpha level (p < 

0.05).  Therefore, there was no statistically significant relationship between the middle 

school teachers’ number of years since their initial CFT training and their students’ GPA 

in sample year 1996-1997. 

Since the distributions of students’ number of discipline referrals and teachers’ 

number of years since their initial CFT training were not normal, a Spearman test was 

conducted.  Because ρ = 0.193, the result indicated that students’ number of discipline 

referrals increased when their teachers’ number of years since their initial training 

increased.  Furthermore, p value was 0.140, and greater than the alpha level (p < 0.05).  

Therefore, there was no statistically significant relationship between the middle school 

teachers’ number of years since their initial CFT training and their students’ number of 

discipline referrals. 

The distributions of the middle school students’ number of absences and teachers’ 

number of years since their initial CFT training were not normal.  Therefore, a Spearman 

test was conducted.  Because ρ = -0.059, the result indicated that students’ number of 

absences decreased when their teachers’ number of years since their initial training 

increased.  Furthermore, p value was 0.657, and greater than the alpha level (p < 0.05).  

Therefore, there was no statistically significant relationship between teachers’ number of 

years since their initial CFT training and their students’ number of absences. 

Because the majority of the selected middle school students did not take the state 

writing test, the relationship between students’ state standardized writing tests’ results 

and their teachers’ number of years since initial CFT training was not evaluated.  Since 
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the distribution of neither students’ results of state standardized reading tests nor 

teachers’ number of years since their initial CFT training was normal, a Spearman test 

was conducted.  Because ρ = -0.236, the result indicated that students’ results of reading 

tests decreased when their teachers’ number of years since their initial training increased.  

However, p value was 0.086, and greater than the alpha level (p < 0.05).  Therefore, there 

was no statistically significant relationship between the middle teachers’ number of years 

since their initial CFT training and their students’ results of state standardized reading 

test. 

Since the distributions of the middle students’ results of state standardized 

mathematics test and teachers’ number of years since their initial CFT training were not 

normal, a Spearman test was conducted.  Because ρ = -0.372, the result indicated that 

students’ results of state standardized mathematics test decreased when their teachers’ 

number of years since their initial CFT training increased.  Furthermore, p value was 

0.007, and less than the alpha level (p < 0.05).  Therefore, there was a statistically 

significant relationship between teachers’ number of years since their initial CFT training 

and their students’ results of state standardized mathematics test in sample year 1996-

1997.   

Since the distributions of the middle school students’ promotion status and 

teachers’ number of years since their initial CFT training were not normal, a Spearman 

test was conducted.  Because ρ = -0.097, the result indicated that students’ promotion 

status slightly decreased when their teachers’ number of years since their initial training 

increased.  Furthermore, p value was 0.459, and greater than the alpha level (p < 0.05).  

Therefore, there was no statistically significant relationship between the selected middle 
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school teachers’ number of years since their initial CFT training and their students’ 

promotion status in sample year 1996-1997. 

For high school students, even though the distribution of their GPA was normal, 

the distribution of teachers’ number of years since their initial CFT training was not; 

therefore, a Spearman test was conducted.  Because ρ = 0.409, the result indicated that 

students’ GPA increased when their teachers’ number of years since their initial training 

increased.  Furthermore, p value was 0.001, and less than the alpha level (p < 0.05).  

Therefore, there was a statistically significant relationship between the selected middle 

school teachers’ number of years since their initial CFT training and their students’ GPA 

in sample year 1996-1997. 

The high school students’ number of discipline referrals was not available in 

sample year 1996-1997.  Thus the relationship between the high school students’ number 

of discipline referrals and their teachers’ number of years since initial CFT training was 

not evaluated. 

Because the distributions of students’ number of absences and teachers’ number 

of years since their initial CFT training were not normal, a Spearman test was conducted.  

Since ρ = 0.171, the result indicated that students’ number of absences increased when 

their teachers’ number of years since their initial training increased.  Furthermore, p value 

was 0.191, and greater than the alpha level (p < 0.05).  Therefore, there was no 

statistically significant relationship between the high school teachers’ number of years 

since their initial CFT training and their students’ number of absences in sample year 

1996-1997. 



                             

    

147

 

Since the distribution of neither students’ results of state standardized writing 

tests nor teachers’ number of years since their initial CFT training was normal, a 

Spearman test was conducted.  Because ρ = 0.242, the result indicated that students’ 

results of writing test increased when their teachers’ number of years since their initial 

CFT training increased.  However, p value was 0.175, and greater than the alpha level (p 

< 0.05).  Therefore, there was no statistically significant relationship between the high 

school teachers’ number of years since their initial CFT training and their students’ 

results of state standardized writing test in sample year 1996-1997.   

The distributions of students’ results of state standardized reading tests and 

teachers’ number of years since their initial CFT training were not normal.  Therefore, a 

Spearman test was conducted.  Because ρ = 0.113, the result indicated that students’ 

results of reading tests increased when their teachers’ number of years since their initial 

CFT training increased.  However, p value was 0.494, and greater than the alpha level (p 

< 0.05).  Therefore, there was no statistically significant relationship between teachers’ 

number of years since their initial CFT training and their students’ results of state 

standardized reading test in sample year 1996-1997. 

Since the distributions of students’ results of state standardized mathematics test 

and teachers’ number of years since their initial CFT training were not normal, a 

Spearman test was conducted.  Because ρ = 0.169, the result indicated that students’ 

results of state standardized mathematics test decreased when their teachers’ number of 

years since their initial CFT training increased.  Furthermore, p value was 0.280, and 

greater the alpha level (p < 0.05).  Therefore, there was no statistically significant 
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relationship between teachers’ number of years since their initial CFT training and their 

students’ results of state standardized mathematics test in sample year 1996-1997.   

All the selected high school students were promoted.  Therefore, the relationship 

between students’ promotion status and their teachers’ number of years since initial CFT 

training was not evaluated in sample year 1996-1997.  The relationship between teachers’ 

number of years since their initial CFT training and students’ outcome in sample year 

1996-1997 is summarized in Table 74. 

 
Table 74 

 
Analyses of Relationship between Teachers’ Number of Years since Initial CFT Training 

and Students’ Outcome in Sample Year 1996-1997 
 

Campus 
Level 

Students’ Outcome ρ p value 

GPA Not available ----- 
Discipline Referrals 0.032 0.808 
Absences  -0.007 0.96 

Write Over 50% missing ---- 
Read 0.278 0.056 

State 
Test 
Result Mathematics 0.157 0.276 

Elementary 
School 
 

Promotion All passed ---- 
GPA -0.131 0.317 
Discipline Referrals 0.193 0.14 
Absences  -0.059 0.657 

Writing Not available ----- 
Reading -0.236 0.086 

State 
Test 
Result Mathematics -0.372 0.007* 

Middle 
School 
 

Promotion -0.097 0.459 
GPA 0.409 0.001* 
Discipline Referrals Not available ---- 
Absences  0.1713 0.191 

Writing 0.2417 0.175 
Reading 0.1128 0.494 

State 
Test 
Result Mathematics 0.1686 0.280 

High School 

Promotion All passed ---- 
Note: * indicates a statistically significant relationship at p < 0.05.  
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Sample year 1994-1995.  For elementary school students, the researcher could not 

measure relationship between teachers’ number of years since initial CFT training and 

students’ GPA because they do not have a GPA.  Since the distributions of the 

elementary school students’ number of discipline referrals and teachers’ number of years 

since their initial CFT training were not normal, a Spearman test was conducted.  

Because ρ = 0.084, the result indicated that students’ number of discipline referrals 

slightly increased when their teachers’ number of years since their initial CFT training 

increased.  Furthermore, p value was 0.524, and greater than the alpha level (p < 0.05).  

Therefore, there was no statistically significant relationship between the elementary 

school teachers’ number of years since their initial CFT training and their students’ 

number of discipline referrals in sample year 1994-1995. 

Neither the distribution of the elementary school students’ number of absences 

nor that of teachers’ number of years since their initial CFT training was normal; thus a 

Spearman test was conducted.  Because ρ = -0.059, the result indicated that students’ 

number of absences decreased when their teachers’ number of years since their initial 

CFT training increased.  Furthermore, p value was 0.657, and greater than the alpha level 

(p < 0.05).  Therefore, there was no statistically significant relationship between the 

elementary school teachers’ number of years since their initial CFT training and their 

students’ number of absences in sample year 1994-1995. 

The selected elementary school students’ information for state standardized 

writing tests was not available in sample year 1994-1995.  Therefore, the relationship 

between the results of students’ state standardized writing test and their teachers’ number 

of years since initial CFT training was not evaluated.  Over 50% of the students’ reading 
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and mathematics scores for state standardized tests were not reported; therefore, the 

relationship between the results of the elementary school students’ state standardized 

reading and mathematics tests and their teachers’ number of years since initial CFT 

training was not evaluated in sample year 1994-1995. 

Since the distribution of neither students’ promotion status nor teachers’ number 

of years since their initial CFT training was normal, a Spearman test was conducted.  

Because ρ = -0.053, the result indicated that students’ promotion status slightly decreased 

when their teachers’ number of years since their initial CFT training increased.  

Furthermore, p value was 0.690, and greater than the alpha level (p < 0.05).  Therefore, 

there was no statistically significant relationship between the elementary school teachers’ 

number of years since their initial CFT training and their students’ promotion status in 

sample year 1994-1995. 

For middle school students, even though the distribution of their GPA was 

normal, the distribution of their teachers’ number of years since their initial CFT training 

was; therefore, a Spearman test was conducted.  Because ρ = 0.290, the result indicated 

that the students’ GPA increased when their teachers’ number of years since their initial 

CFT training increased.  Furthermore, p value was 0.025, and less than the alpha level (p 

> 0.05).  Therefore, there was a statistically significant relationship between the selected 

middle school teachers’ number of years since their initial CFT training and their 

students’ GPA in sample year 1994-1995. 

Since the distributions of the middle school students’ number of discipline 

referrals and teachers’ number of years since their initial CFT training were not normal, a 

Spearman test was conducted.  Because ρ = -0.373, the result indicated that students’ 
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number of discipline referrals decreased when their teachers’ number of years since their 

initial CFT training increased.  Furthermore, p value was 0.003, and less than the alpha 

level (p < 0.05).  Therefore, there was a statistically significant relationship between the 

middle school teachers’ number of years since their initial CFT training and their 

students’ number of discipline referrals in sample year 1994-1995. 

The selected middle students’ number of absences was not available.  Therefore, 

the relationship between the result of students’ number of absences and their teachers’ 

number of years since initial CFT training in sample year 1994-1995 was not evaluated. 

Over 50% of the students’ results of state standardized writing tests was not 

reported; therefore, the relationship between the results of the middle school students’ 

state standardized writing test and their teachers’ number of years since initial CFT 

training in sample year 1994-1995 was not evaluated.     

Since the distributions of the middle school students’ results of state standardized 

reading test and teachers’ number of years since their initial CFT training were not 

normal, a Spearman test was conducted.  Because ρ = -0.141, the result indicated that 

students’ results of reading tests decreased when their teachers’ number of years since 

their initial CFT training increased.  However, p value was 0.281, and greater than the 

alpha level (p < 0.05).  Therefore, there was no statistically significant relationship 

between the middle school teachers’ number of years since their initial CFT training and 

their students’ results of state standardized reading test in sample year 1994-1995. 

The distributions of the middle students’ results of state standardized mathematics 

test and teachers’ number of years since their initial CFT training were not normal; thus, 

a Spearman test was conducted.  Because ρ = -0.066, the result indicated that students’ 
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results of mathematics test decreased when their teachers’ number of years since their 

initial CFT training increased.  Furthermore, p value was 0.620, and greater than the 

alpha level (p < 0.05).  Therefore, there was no statistically significant relationship 

between the middle school teachers’ number of years since their initial CFT training and 

their students’ results of state standardized mathematics test in sample year 1994-1995. 

Since the distributions of the middle students’ promotion status and teachers’ 

number of years since their initial CFT training were not normal, a Spearman test was 

conducted.  Because ρ = 0.186, the result indicated that students’ promotion status 

slightly increased when their teachers’ number of years since their initial CFT training 

increased.  Furthermore, p value was 0.156, and greater than the alpha level (p < 0.05).  

Therefore, there was no statistically significant relationship between the selected middle 

school teachers’ number of years since their initial CFT training and their students’ 

promotion status in sample year 1994-1995. 

For high school students, even though the distribution of their GPA was normal, 

the distribution of teachers’ number of years since their initial CFT training was not; 

therefore, a Spearman test was conducted (Kirk, 1995).  Because ρ = 0.068, the result 

indicated that students’ GPA decreased when their teachers’ number of years since their 

initial CFT training increased.  Furthermore, p value was 0.605, and greater than the 

alpha level (p < 0.05).  Therefore, there was no statistically significant relationship 

between the selected high school teachers’ number of years since their initial CFT 

training and their students’ GPA in sample year 1994-1995. 

The selected high school students’ number of discipline referrals was not 

available.  Therefore the relationship between the high school students’ number of 
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discipline referrals and their teachers’ number of years since initial CFT training in in 

sample year 1994-1995 was not evaluated. 

The selected high school students’ number of absences was not available.  

Therefore the relationship between the students’ number of absences and their teachers’ 

number of years since initial CFT training in sample year 1994-1995 was not evaluated. 

Over 50% of the selected students’ results of state standardized writing and 

reading tests were not available.  Therefore, the relationship between the students’ results 

of state standardized writing and reading tests and their teachers’ number of years since 

initial CFT training in sample year 1994-1995 was not evaluated.     

The distributions of students’ state standardized mathematics test results and 

teachers’ number of years since their initial CFT training were not normal.  Therefore, a 

Spearman test was conducted (Kirk, 1995).  Because ρ = -0.215, the result indicated that 

students’ results of state standardized mathematics test decreased when their teachers’ 

number of years since their initial CFT training increased.  However, p value was 0.207, 

and greater than the alpha level (p < 0.05).  Therefore, there was no statistically 

significant relationship between the high school teachers’ number of years since their 

initial CFT training and their students’ results of state standardized mathematics test in 

sample year 1994-1995. 

All selected high school students were promoted in sample year 1994-1995, thus 

the relationship between the high school students’ promotion status and their teachers’ 

number of years since initial CFT training was not evaluated.  The relationship between 

teachers’ number of years since their initial CFT training and students’ outcome in 

sample year 1994-1995 is summarized in Table 75. 
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Table 75 
 

Analyses of Relationship between Teachers’ Number of Years since Initial CFT  
Training and Students’ Outcome in Sample Year 1994-1995 

 
Campus Level Students’ Outcome ρ p value 

GPA Not 
available 

----- 

Discipline Referrals 0.084 0.524 
Absences  Not 

available 
---- 

Writing ---- ---- 
Reading Over 50% 

missing 
---- 

State 
Test 
Result 

Mathematics Over 50% 
missing 

---- 

Elementary 
School 
 

Promotion All passed ---- 

GPA 0.290 0.025* 
Discipline Referrals -0.373 0.003* 
Absences Not 

available 
---- 

Writing Over 50% 
missing 

----- 

Reading -0.1414 0.281 

State 
Test 
Result 

Mathematics -0.066 0.620 

Middle School 
 

Promotion 0.186 0.156 

GPA 0.068 0.605 
Discipline Referrals Not 

available 
---- 

Absences Not 
available 

---- 

Writing Over 50% 
missing 

---- 

Reading Over 50% 
missing 

---- 

State 
Test 
Result 

Mathematics -0.215 0.207 

High School 

Promotion All passed --- 
Note: * indicates a statistically significant relationship at p < 0.05.  
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Research Question Four 

The fourth research question was designed to see over the ten-year period of the 

CFT initiative, if there was a trend of students' outcome measured by GPA, number of 

discipline referrals, number of absences, result of state standardized test of writing, 

reading, and mathematics, and promotion status in relation to  teachers' number of years 

since their initial CFT training.  In investigating trends, if data are available for less than 

three sample years, no trend could be examined.  Analysis of the data will be presented 

for elementary, middle, and high school students.   

 
Elementary school students.  Two hundred twenty-seven (270) elementary school 

students were randomly selected, with 30 for each group of teachers at CFT training level 

of 0, 1, or 2.  Thus 90 students were selected for teachers at CFT Level 0, 120 for 

teachers at CFT Level 1, and 60 for teachers at CFT Level 2 (See Table 5 in Chapter 3 for 

description).   

The elementary school students’ do not have a GPA.  Thus the relationship 

between their GPA and their teachers’ number of years since initial CFT training was not 

examined.  The correlation coefficients between teachers’ number of years since their 

initial CFT training and elementary school students’ number of discipline referrals and 

absences are summarized in Table 76.  The only statistically significant relationship 

found was between the elementary school students’ number of discipline referrals and 

their teachers’ number of years since initial CFT training in sample year 2002-2003.  

Thus there was no apparent trend in the relationship between the elementary school 

students’ number of discipline referrals and absences and their teachers’ number of years 

since initial CFT training over the ten year period of CFT initiative. 
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The promotion status and state tests information was only evaluated in sample 

year 1996-1997 because all elementary school students were promoted in three sample 

years, i.e., 1994-1995, 1999-2000, and 2002-2003.  Therefore, the trend in the 

relationship between teachers’ number of years since their initial CFT training and 

students’ result of state standardized test as well as promotion status was not examined. 

 
Table 76 

 
Summary of Relationship between Teachers’ Number of Years since Initial CFT Training 

and Elementary School Student’s Number of Discipline Referrals and Absences 
 

Sample Year ρ  of Number 
of Discipline 
Referrals 

p-value of 
Number of 
Discipline 
Referrals 

ρ of Number 
of Absences 

p-value of 
Number of 
Absences 

2002-2003 -0.341 0.008* -0.151 0.25 
1999-2000 -0.172 0.105 -0.05 0.432 
1996-1997 0.032 0.808 -0.007 0.96 
1994-1995 0.084 0.524 Not 

available 
---- 

Note: * indicates a statistically significant relationship at p < 0.05.  
 
 

Middle school students.  Two hundred twenty-seven (270) middle school students 

were randomly selected, with 30 for each group of teachers at CFT training level of 0, 1, 

or 2.  Thus 120 students were selected for teachers at CFT Level 0, 120 for teachers at 

CFT Level 1, and 30 for teachers at CFT Level 2 (See Table 5 in Chapter 3 for 

description).  The state standardized reading and mathematics information was only 

available for students in two sample years, i.e., 1994-1995 and 1996-1997.  The state 

standardized writing tests information was not available.  Thus the researcher could not 

examine the trend in the relationship between the middle school teachers’ number of 

years since initial CFT training and their students’ state standardized test result.  Table 77 
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summarizes the relationship between teachers’ number of years since their initial CFT 

training and students’ GPA, number of discipline referrals and absences, and promotion 

status.  Even though there were statistically significant relationships between the middle 

school students’ GPA with teachers’ number of years since initial CFT training in 1994-

1995, students’ number of discipline referrals in 1994-1995, and number of absences in 

2002-2003, no trend was observed in the relationship between the middle school 

teachers’ number of years since initial CFT training and their students’ GPA, number of 

discipline referrals and absences, and promotion status. 

 
Table 77 

 
Summary of Relationship between Teachers’ Number of Years since Initial CFT Training 

and Middle School Students’ GPA, Number of Discipline Referral and Absences,  
and Promotion Status 

 
Sample 
Year 

ρ  of 
GPA 

p-vale 
of 
GPA 

ρ  of 
Number of 
Discipline 
Referrals 

p-value of 
Number of 
Discipline 
Referrals 

ρ of 
Number 
of 
Absences 

p-value of 
Number 
of 
Absences 

ρ  of 
Promotion 
status 

p-value of 
promotion 
status 

2002-
2003 

-0.105 0.326 -0.14 0.19 0.334 0.001* 0.03 0.783 

1999-
2000 

0.019 0.887 0.115 0.383 -0.062 0.637 0.121 0.356 

1996-
1997 

-0.131 0.371 0.193 0.14 -0.059 0.657 -0.098 0.459 

1994-
1995 

0.29 0.025* -0.373 0.003* Not 
available 

---- 0.186 0.156 

Note: * indicates a statistically significant relationship at p < 0.05.  
 
 

High school students.  Two hundred twenty-seven (270) high school students 

were randomly selected, with 30 for each group of teachers at CFT training level of 0, 1, 

or 2.  Thus 120 students were selected for teachers at CFT Level 0, 120 for teachers at 

CFT Level 1, and 30 for teachers at CFT Level 2 (See Table 5 in Chapter 3 for 

description).   
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The relationship between teachers’ number of years since initial CFT training and 

the high school students’ number of discipline referrals was evaluated only for two 

sample years, i.e., in 1999-2000 and 2002-2003 because of limited data.  The relationship 

between teachers’ number of years since initial CFT training and the high school 

students’ number of absences was evaluated only for two sample years, i.e., in 1999-2000 

and 1996-1997 because of limited data.  The state standardized tests information was 

only available in sample year 1996-1997.  All high school students were promoted.  Thus 

no trends between high school teachers’ number of years and their students’ number of 

discipline referrals and absences, state standardized test result, and promotion status were 

examined. 

The relationship between teachers’ number of years and the high school students’ 

GPA is summarized in Table 78.  There are two significant results in two sample years, 

i.e., 1996-1997 and 2002-2003, and the one in sample year 1999-2000 was very close to 

the alpha level (p < 0.05).  Thus there appeared to be a trend in the relationship between 

teachers’ number of years and the high school students’ GPA over the ten year period of 

CFT initiative. 

 
Table 78 

 
Summary of Relationship between Teachers’ Number of Years since  

Initial CFT Training and High School Students’ GPA 
 

Sample Year ρ  of GPA p-vale of GPA 

2002-2003 0.531 <0.0001** 
1999-2000 0.245 0.059 
1996-1997 0.409 0.001* 
1994-1995 0.068 0.605 

Note: * indicates a statistically significant relationship at p < 0.05. 
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Research Question Five 

Research Question 5 was designed to see if there was any statistically significant 

relationship between student outcome measured by GPA, number of discipline referrals, 

number of absences, state standardized test result, and promotion status; and teachers’ 

number of years in the district and technology integration level.  Analysis of covariance 

(ANCOVA) was used to analyze the impact of teachers’ number of years in the district 

and level of technology integration on students’ outcome.  ANCOVA combines 

regression analysis with analysis of variance.  The procedure involves a covariate which 

represents a source of variation that has not been controlled in the experiment and is 

believed to affect the dependent variable (Kirk, 1995).  The covariate in this research 

question was teachers’ number of years in the district and their integration level was the 

independent variable.  Here teachers’ number of years in the district was treated as a 

continuous variable because its range was unknown.  The teachers’ technology 

integration level was a categorical variable ranging from 1-5.   

 
Sample year 2002-2003.  For elementary school students, the relationship 

between their GPA and teachers’ number of years in the district and technology 

integration level could not be examined since they do not have a GPA. 

The relationship between the students’ number of discipline referrals and their 

teachers’ number of years in the district and technology integration level was evaluated 

using ANCOVA.  The p-value for the whole model was 0.015 (See Table 79), and less 

than the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ number of 

years in the district and technology integration level was a good model.  Furthermore, the 

p-value of the elementary teachers’ number of years in the district was 0.357; the p-value 
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of elementary teachers’ technology integration level was 0.013 (See Table 80).  

Therefore, the teachers’ technology integration level affected students’ number of 

discipline referrals appreciably, i.e., there was a statistically significant relationship 

between the elementary school students’ number of discipline referrals and teachers’ 

technology integration level.  There was no statistically significant relationship between 

the elementary school students’ number of discipline referrals and teachers’ number of 

years in the district. 

 
Table 79 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Discipline Referrals  
in 2002-2003 

 
Source Degree 

of 
Freedom

Sum of Squares Mean Square F Ratio 

Model 2 26.564 13.282 4.517 
Error 57 167.619 2.941 Prob > F 
C. Total 59 194.183 0.015* 
Note: * indicates a statistically significant relationship at p < 0.05. 

 
 

Table 80 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Elementary School Students’ Discipline Referrals  

in 2002-2003 
 

Term 
  

Estimate Std Error t Ratio Prob>|t| 

Intercept 3.449 0.901 3.83 0.0003 
Years in 
District 

-0.021 0.022 -0.93 0.357 

Integration 
Level 

-0.637 0.248 -2.57 0.013* 

Note: * indicates a statistically significant relationship at p < 0.05. 
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The p-value for the whole model with teachers’ number of years in the district and 

their integration level was 0.823 (See Table 81), and greater than the alpha level (p < 

0.05), which indicated that ANCOVA with teachers’ number of years in the district and 

technology integration level was not a good model.  Furthermore, the p-value of 

elementary teachers’ number of years in the district was 0.862; the p-value of elementary 

teachers’ technology integration level was 0.589 (See Table 82).  Therefore, the teachers’ 

number of years in the district and technology integration level did not affect elementary 

students’ number of absences appreciably in sample year 2002-2003. 

 
Table 81 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Absences in 2002-2003 
 

Source Degree of 
Freedom

Sum of Squares Mean Square F Ratio

Model 2 1.169 0.585 0.195
Error 57 170.764 2.300 Prob > F
C. Total 59 171.933  0.823

 
 

Table 82 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Elementary School Students’ Absences in 2002-2003 

 
Term Estimate Std Error t Ratio Prob>|t| 
Intercept 
 

1.284 0.909 1.41 0.163 

Years in 
District 

-0.043 0.250 -0.18 0.862 

Integration 
Level 

-0.012 0.022 -0.54 0.589 

 

 The result of elementary students’ state standardized tests was not available in 

sample year 2002-2003.  All of them were promoted to the next level.  Thus the 
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researcher could not investigate the relationships between the elementary school teachers’ 

number of years in the district and technology integration level; and their students’ state 

standardized test result and promotion status in sample year 2002-2003.  

For middle school students, their GPA was examined to see if it was appreciably 

affected by the teachers’ number of years in the district and technology integration level 

using ANCOVA.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was 0.192 (See Table 83), and greater than alpha level 

(p < 0.05), which indicated that ANCOVA with teachers’ number of years in the district 

and technology integration level was not a good model.  Furthermore, the p-value of 

middle school teachers’ number of years in the district was 0.075; and the p-value of 

middle school teachers’ technology integration level was 0.404 (See Table 84).  

Therefore, the teachers’ number of years in the district and technology integration level 

did not affect middle school students’ GPA appreciably in sample year 2002-2003, i.e., 

there was no statistically significant relationship between the middle school students’ 

GPA and teachers’ number of years in the district and technology integration level. 

 
Table 83 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ GPA in 2002-2003 
 

Source Degree 
of 

Freedom

Sum of Squares Mean Square F Ratio 

Model 2 31.478 15.7391 1.684 
Error 87 813.382 9.3492 Prob > F 
C. Total 89 844.860 0.192 
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Table 84 
 

Parameter Estimates of Relationship between Teachers’ Number of Years  
in the District, Technology Integration Level and Middle School Students’  

GPA in 2002-2003 
 

Term 
  

Estimate Std Error t Ratio Prob>|t| 

Intercept 8.106 1.018 7.96 <.0001 
Integration 
Level 

0.364 0.434 0.84 0.405 

Years in 
District 

-0.087 0.048 -1.80 0.075 

 

ANCOVA was conducted to see if the middle school students’ number of 

discipline referrals was appreciably affected by the teachers’ number of years in the 

district and technology integration level.  The p-value for the whole model with teachers’ 

number of years in the district and their integration level was 0.393 (See Table 85), and 

greater than the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ 

number of years in the district and technology integration level was not a good model.  

Furthermore, the p-value of elementary teachers’ number of years in the district was 

0.306; and the p-value of middle school teachers’ technology integration level was 0.938 

(See Table 86).  Both p-values were greater than the alpha level (p < 0.05).  Therefore, 

the teachers’ number of years in the district and technology integration level did not 

affect appreciably the middle school students’ number of discipline referrals in sample 

year 2002-2003, i.e., there was no statistically significant relationship between the middle 

school students’ number of discipline referrals and teachers’ number of years in the 

district and technology integration level. 
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Table 85 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’ 

Discipline Referrals in 2002-2003 
 

Source Degree of 
Freedom

Sum of Squares Mean Square F Ratio

Model 2 11.816 5.908 0.944
Error 87 544.673 6.261 Prob > F
C. Total 89 556.489  0.393

 
 

Table 86 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’ Discipline Referrals in 2002-

2003 
 

Term 
  

Estimate Std Error t Ratio Prob>|t| 

Intercept 1.897 0.833 2.28 0.025 
Integration 
Level 

-0.028 0.356 -0.08 0.938 

Years in 
District 

-0.041 0.0396 -1.03 0.306 

 

ANCOVA was conducted to see if the middle school students’ number of 

absences was appreciably affected by the teachers’ number of years in the district and 

technology integration level.  The p-value for the whole model with teachers’ number of 

years in the district and their integration level was 0.015 (See Table 87), and less than the 

alpha level (p < 0.05).  Thus ANCOVA with teachers’ number of years in the district and 

technology integration level was a good model.  However, the p-value of middle 

teachers’ number of years in the district was 0.408; the p-value of middle teachers’ 

technology integration level was 0.089 (See Table 88), and both were greater than the 

alpha level (p < 0.05).  Therefore, the teachers’ number of years in the district and 
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technology integration level did not affect appreciably the middle school students’ 

number of absences, i.e., there was no statistically significant relationship between the 

middle school students’ number of absences and teachers’ number of years in the district 

and technology integration level in sample year 2002-2003. 

 
Table 87 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ Absences in 2002-2003 
 

Source Degree of 
Freedom

Sum of 
Squares

Mean Square F Ratio

Model 2 86.849 43.424 4.383
Error 87 862.050 9.908 Prob > F
C. Total 89 948.900 0.015*
Note: * indicates a statistically significant relationship at p < 0.05. 

 
 

Table 88 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ Absences in 2002-2003 
 

Term 
  

Estimate Std Error t Ratio Prob>|t| 

Intercept 0.640 1.048 0.61 0.5431 
Integration Level 0.770 0.448 1.72 0.089 
Years in District 0.041 0.050 0.83 0.408 

 

The result of middle students’ state standardized tests was not available in sample 

year 2002-2003.  Thus the researcher could not investigate the relationship between the 

middle school teachers’ number of years in the district and technology integration and 

their students’ state standardized test result in sample year 2002-2003.  

ANCOVA was conducted to see if the middle school students’ promotion status 

was appreciably affected by teachers’ number of years in the district and technology 
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integration level.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was 0.779 (See Table 89), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of the middle school teachers’ number of years in the district was 0.726; the p-value of 

middle school teachers’ technology integration level was 0.791 (See Table 90), both were 

greater than the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the 

district and technology integration level did not affect the middle school students’ 

promotion status appreciably, i.e., there was no statistically significant relationship 

between the elementary school students’ promotion status and their teachers’ number of 

years in the district and technology integration level in sample year 2002-2003. 

Table 89 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’ Promotion Status  

in 2002-2003 
 

Source DF Sum of Squares Mean Square F Ratio 
Model 2 0.017 0.008 0.251 
Error 87 2.883 0.033 Prob > F 
C. Total 89 2.900 0.779 

 
 

Table 90 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Middle School Students’  

Promotion Status in 2002-2003 
 

Term 
  

Estimat
e

Std Error t Ratio Prob>|t| 

Intercept 0.940 0.061 15.50 <.0001 
Integration Level 0.007 0.0259 0.27 0.791 
Years in District 0.001 0.003 0.35 0.726 
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For high school students, ANCOVA was conducted to see if their GPA was 

appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was less than 0.0001 (See Table 91), and less than the 

alpha level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in 

the district and technology integration level was a good model.  Furthermore, the p-value 

of high school teachers’ number of years in the district was 0.001; the p-value of high 

school teachers’ technology integration level was 0.007 (See Table 92); both were less 

than the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the district 

and technology integration level did affect the high school students’ GPA appreciably, 

i.e., there was a statistically significant relationship between the high school students’ 

GPA and both teachers’ number of years in the district and technology integration level 

in sample year 2002-2003. 

 
Table 91 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ GPA in 2002-2003 
 

Source DF Sum of Squares Mean Square F Ratio 
Model 2 127.966 63.983 10.298 

Error 87 540.572 6.213 Prob > F 
C. Total 89 668.538 <.0001* 
Note: * indicates a statistically significant relationship. 

 
 
 ANCOVA was conducted to see if the high school students’ number of discipline 

referrals was appreciably affected by their teachers’ number of years in the district and 

technology integration level.  The p-value for the whole model with teachers’ number of 
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Table 92 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ GPA in 2002-2003 
 

Term 
  

Estimate Std Error t Ratio Prob>|t| 

Intercept -2.962 1.036 -2.86 0.005 
Years in District 0.269 0.077 3.50 0.001* 
Integration Level 1.020 0.366 2.79 0.007* 
Note: * indicates a statistically significant relationship. 

 
 

years in the district and their integration level was 0.060 (See Table 93), and greater than 

the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ number of years 

in the district and technology integration level was not a good model.  Furthermore, the 

p-value of high school teachers’ number of years in the district was 0.798, and greater 

than the alpha level (p < 0.05).  The p-value of high school teachers’ technology 

integration level was 0.019 (See Table 94), and less than the alpha level (p < 0.05).  

Therefore, the teachers’ number of years in the district did not affect appreciably the high 

school students’ number of discipline referrals in sample year 2002-2003, but the 

teachers’ technology integration level did.  Thus was no statistically significant 

relationship between the high school students’ number of discipline referrals and 

teachers’ number of years in the district; but there was a statistically significant 

relationship between students’ number of discipline referrals and teachers’ technology 

integration level in sample year 2002-2003. 

 The results of the high school students’ state standardized tests were not available 

in sample year 2002-2003.  All of them were promoted to the next level.  Thus the 

researcher could not examine the relationship between high school students’ state 

standardized test result and promotion status and their teachers’ number of years in the 
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Table 93 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and High School Students’ Discipline Referrals in 2002-

2003 
  

Source DF Sum of Squares Mean Square F Ratio 
Model 2 133.526 66.763 2.911 
Error 87 1995.096 22.932 Prob > F 
C. Total 89 2128.622 0.060 

 
 

Table 94 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High Students’ Discipline Referrals in 2002-2003 
 

Term 
  

Estimate Std Error t Ratio Prob>|t| 

Intercept -0.620 1.991 -0.31 0.756 
Years in 
District 

0.0378 0.147 0.26 0.798 

Integration 
Level 

1.682 0.703 2.39 0.019* 

Note: * indicates a statistically significant relationship at p < 0.05. 
 

district and technology integration level.  Table 95 summarizes the ANOVA model with 

the teachers’ number of years in the district and their integration level in relation to 

students’ outcome in sample year 2002-2003. 

Sample year 1999-2000.  For elementary school students, the relationship 

between their GPA and teachers’ number of years in the district and technology 

integration level could not be examined since they do not have a GPA. 

ANCOVA was conducted to see if their number of discipline referrals was appreciably 

affected by their teachers’ number of years in the district and technology integration 

level.  The p-value for the whole model with teachers’ number of years in the 

Table 95 



                             

    

170

 

 
Analyses of Relationship between Teachers’ Number of Years in District and Technology 

Integration Level and Students’ Outcome in Sample year 2002-2003 
 

Campus 
Level 

Students’ Outcome p-value for 
the Model 

p-value for 
Number of 
Years in the 
District 

p-value for 
Integration 
Level 

GPA ---- ---- ----- 
Discipline Referrals 0.015* 0.357 0.013* 
Absences  0.823 0.862 0.589 

Writing Not 
available 

---- ---- 

Reading Not 
available 

---- ---- 

State 
Test 
Result 

Mathematics Not 
available 

---- ---- 

Elementary 
School 
 

Promotion All passed ---- ---- 

GPA 0.192 0.075 0.405 
Discipline Referrals 0.393 0.306 0.938 
Absences 0.015* 0.408 0.089 

Writing Not 
available 

---- 
 

---- 

Reading Not 
available 

---- ---- 

State 
Test 
Result 

Mathematics Not 
available 

---- ---- 

Middle 
School 
 

Promotion 0.779 0.726 0.791 
GPA <0.001* 0.001* 0.007* 
Discipline Referrals 0.0597 0.798 0.019* 

Absences Not 
available 

---- ---- 

Writing Not 
available 

---- ---- 

Reading Not 
available 

---- ---- 

State 
Test 
Result 

Mathematics Not 
available 

---- ---- 

High 
School 

Promotion All passed ---- --- 

Note: * indicates a statistically significant relationship at p < 0.05.  
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district and their integration level was 0.252 (See Table 96), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of elementary school teachers’ number of years in the district was 0.098; the p-value of 

elementary school teachers’ technology integration level was 0.373 (See Table 97), both 

were greater than the alpha level (p < 0.05).  Therefore, the teachers’ number of years in 

the district and technology integration level did not affect the elementary school students’ 

number of discipline referrals appreciably in sample year 1999-2000. 

 
Table 96 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Discipline Referrals 
 in 1999-2000 

 
Source DF Sum of Squares Mean Square F Ratio 
Model 2 8.720 4.360 1.400 
Error 87 270.880 3.114 Prob > F 
C. Total 89 279.600 0.252 

 
 

Table 97 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Discipline Referrals 
 in 1999-2000 

 
Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.477 0.820 0.58 0.562 
Integration 
Level 

0.294 0.328 0.90 0.373 

Years in 
District 

-0.059 0.035 -1.67 0.098 

 

ANCOVA was conducted to see if the elementary school students’ number of 

absences was appreciably affected by their teachers’ number of years in the district and 
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technology integration level.  The p-value for the whole model with teachers’ number of 

years in the district and their integration level was 0.594 (See Table 98), and greater than 

the alpha level (p < 0.05).  Thus ANCOVA with teachers’ number of years in the district 

and technology integration level was not a good model.  Furthermore, the p-value of 

elementary school teachers’ number of years in the district was 0.375; the p-value of their 

technology integration level was 0.381 (See Table 99), and greater than the alpha level (p 

< 0.05).  Therefore, the teachers’ number of years in the district and technology 

integration level did not affect the elementary school students’ number of absences 

appreciably in sample year 1999-2000. 

 
Table 98 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Absences in 1999-2000 
 

Source DF Sum of Squares Mean Square F Ratio 
Model 2 8.351 4.175 0.5237 
Error 87 693.748 7.974 Prob > F 
C. Total 89 702.100 0.594 

 
 

Table 99 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Elementary School Students’ Absences in 1999-2000 

 
Term Estimate Std Error t Ratio Prob>|t| 
Intercept 1.069 1.311 0.82 0.417 
Integration 
Level 

0.462 0.525 0.88 0.381 

Years in 
District 

-0.050 0.056 -0.89 0.375 

 

The results of elementary students’ state standardized tests were not available in 

sample year 1999-2000.  Thus relationship between their state standardized test result and 
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teachers’ number of years in the district and technology integration level could not be 

examined. 

ANCOVA was conducted to see if the elementary school students’ promotion 

status was appreciably affected by their teachers’ number of years in the district and 

technology integration level.  The p-value for the whole model with teachers’ number of 

years in the district and their integration level was 0.899 (See Table 100), and greater 

than the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ number of 

years in the district and technology integration level was not a good model.  Furthermore, 

the p-value of elementary school teachers’ number of years in the district was 0.728; the 

p-value of their technology integration level was 0.664 (See Table 101), and greater than 

the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the district and 

technology integration level did not affect the elementary school students’ promotion 

status appreciably in sample year 1999-2000. 

 
Table 100 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Promotion Status in 
1999-2000 

 
Source DF Sum of Squares Mean Square F Ratio 
Model 2 0.002 0.001 0.107 
Error 87 0.986 0.011 Prob > F 
C. Total 89 0.988 0.899 

 
 
 For middle school students, ANCOVA was conducted to see if their GPA was 

appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was 0.015 (See Table 102), and less than the alpha 
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Table 101 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Promotion Status in 
1999-2000 

 
Term Estimate Std Error t Ratio Prob>|t| 
Intercept 1.004 0.049 20.30 <.0001 
Integration 
Level 

-0.008 0.019 -0.44 0.664 

Years in 
District 

0.001 0.002 0.35 0.728 

 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of the middle school teachers’ number of years in the district was 0.004, and less than the 

alpha level (p < 0.05).  Thus the teachers’ number of years in the district and technology 

integration level did affect the middle school students’ GPA appreciably in sample year 

1999-2000.  The p-value of middle school teachers’ technology integration level was 

0.389 (See Table 103), and greater than the alpha level (p < 0.05).  Therefore, the 

teachers’ technology integration level did not affect the middle school students’ GPA 

appreciably in sample year 1999-2000. 

 
Table 102 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ GPA in 1999-2000 
 

Source DF Sum of Squares Mean Square F Ratio 
Model 2 55.619 27.810 4.521 
Error 57 350.611 6.151 Prob > F 
C. Total 59 406.230 0.015* 
Note: * indicates a statistically significant relationship at p < 0.05. 
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Table 103 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ GPA in 1999-2000 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 7.756 0.795 9.75 <.0001 
Integration 
Level 

-0.328 0.378 -0.87 0.389 

Years in 
District 

0.170 0.0567 3.00 0.004* 

Note: * indicates a statistically significant relationship at p < 0.05. 
 

ANCOVA was conducted to see if the middle school students’ number of 

discipline referrals was appreciably affected by their teachers’ number of years in the 

district and technology integration level.  The p-value for the whole model with teachers’ 

number of years in the district and their integration level was 0.064 (See Table 104), and 

greater than the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ 

number of years in the district and technology integration level was not a good model.  

Furthermore, the p-value of elementary teachers’ number of years in the district was 

0.051; the p-value of elementary teachers’ technology integration level was 0.080 (See 

Table 105), and greater than the alpha level (p < 0.05).  Therefore, the teachers’ number 

of years in the district and technology integration level did not affect the middle school 

students’ number of discipline referrals appreciably in sample year 1999-2000. 

 ANCOVA was conducted to see if the middle school students’ number of 

absences was appreciably affected by their teachers’ number of years in the district and 

technology integration level.  The p-value for the whole model with teachers’ number of 

years in the district and their integration level was 0.330 (See Table 106), and greater 

than the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ number of 
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Table 104 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’ Discipline Referrals  

in 1999-2000 
  

Source Degree of 
Freedom

Sum of Squares Mean Square F Ratio

Model 2 57.566 28.783 2.892
Error 57 567.284 9.952 Prob > F
C. Total 59 624.850  0.064

 
 

Table 105 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ Discipline Referrals  
in 1999-2000 

 
Term Estimate Std Error t Ratio Prob>|t| 
Intercept 1.694 1.011 1.67 0.10 
Integration 
Level 

0.858 0.481 1.78 0.080 

Years in 
District 

-0.143 0.072 -2.00 0.051 

 

years in the district and technology integration level was not a good model.  Furthermore, 

the p-value of elementary teachers’ number of years in the district was 0.139; the p-value 

of elementary teachers’ technology integration level was 0.688 (See Table 107), and 

greater than the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the 

district and technology integration level did not affect the middle school students’ 

number of absences appreciably in sample year 1999-2000. 

 Over 50% of the middle school students’ state standardized test result was 

missing.  Therefore, no ANCOVA was conducted to see if the teachers’ number of years 

in the district and technology integration level affected appreciably the middle school 

students’ state standardized test result in sample year 1999-2000.  
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Table 106 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’ Absences in 1999-2000 

  
Source Degree 

of 
Freedom

Sum of Squares Mean Square F Ratio 

Model 2 16.345 8.175 1.129 
Error 57 412.634 7.239 Prob > F 
C. Total 59 428.983 0.330 

 
 

Table 107 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ Absences in 1999-2000 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 2.948 0.863 3.42 0.001 
Integration 
Level 

0.166 0.410 0.40 0.688 

Years in 
District 

-0.092 0.061 -1.50 0.139 

 

in the district and technology integration level affected appreciably the middle school 

students’ state standardized test result in sample year 1999-2000. 

ANCOVA was conducted to see if the middle school students’ promotion status 

was appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was 0.606 (See Table 108), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of teachers’ number of years in the district was 0.331; the p-value of their technology 

integration level was 0.650 (See Table 109), and greater than the alpha level (p < 0.05).  
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Therefore, the teachers’ number of years in the district and technology integration level 

did not affect appreciably the middle school students’ promotion status in sample year 

1999-2000. 

 
Table 108 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ Promotion Status  
in 1999-2000 

 
Source Degree of 

Freedom
Sum of Squares Mean Square F Ratio

Model 2 0.017 0.009 0.506
Error 57 0.966 0.017 Prob > F
C. Total 59 0.983 0.606

 
 

Table 109 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’ Promotion Status 

 in 1999-2000 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.9756 0.042 23.37 <.0001 
Integration Level -0.009 0.019 -0.46 0.650 
Years in District 0.003 0.003 0.98 0.331 

 

or high school students, ANCOVA was conducted to see if their GPA was appreciably 

affected by their teachers’ number of years in the district and technology integration 

level.  The p-value for the whole model with teachers’ number of years in the district and 

their integration level was 0.008, which indicated that ANCOVA with teachers’ number 

of years in the district and technology integration level was a good model.  Furthermore, 

the p-value of teachers’ number of years in the district was 0.881, and greater than the 

alpha level (p < 0.05).  The p-value of their technology integration level was 0.002 (See 
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Tables 111), and less than the alpha level (p < 0.05).  Therefore, the teachers’ number of 

years in the district did not affect appreciably the high school students’ GPA, but their 

technology integration level did in sample year 1999-2000. 

 
Table 110 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ GPA in 1999-2000 
 

Source Degree 
of 

Freedom

Sum of Squares Mean Square F Ratio 

Model 2 117.132 58.566 5.326 
Error 57 626.755 10.996 Prob > F 
C. Total 59 743.887 0.008* 
Note: * indicates a statistically significant relationship at p < 0.05. 

 
 

Table 111 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ GPA in 1999-2000 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 5.594 1.158 4.83 <.0001 
Integration Level 1.174 0.364 3.22 0.002* 
Years in District -0.011 0.073 -0.15 0.881 
Note: * indicates a statistically significant relationship at p < 0.05. 

 

ANCOVA was conducted to see if the high school students’ number of discipline 

referrals was appreciably affected by their teachers’ number of years in the district and 

technology integration level.  The p-value for the whole model with teachers’ number of 

years in the district and their integration level was 0.326, and greater than the alpha level 

(p < 0.05), which indicated that ANCOVA with teachers’ number of years in the district 

and technology integration level was not a good model (See Table 112).  Furthermore, 

the p-value of high school teachers’ number of years in the district was 0.796; the p-value 
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of their technology integration level was 0.136 (See Table 113), both greater than the 

alpha level (p < 0.05).  Therefore, the teachers’ number of years in the district and 

technology integration level did not affect the high school students’ number of discipline 

referrals appreciably in sample year 1999-2000.   

 
Table 112 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ Discipline Referrals 
 in 1999-2000 

 
Source DF Sum of Squares Mean Square F Ratio 
Model 2 16.861 8.430 1.145 
Error 57 419.872 7.366 Prob > F 
C. Total 59 436.733 0.326 

 
 

Table 113 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ Discipline Referrals  
in 1999-2000 

 
Term Estimate Std Error t Ratio Prob>|t| 
Intercept 2.782 0.948 2.93 0.005 
Integration Level -0.451 0.298 -1.51 0.136 
Years in District 0.015 0.059 0.26 0.796 

 

ANCOVA was conducted to see if the high school students’ number of absences 

was appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was 0.418, and greater than the alpha level (p < 0.05), 

which indicated that ANCOVA with teachers’ number of years in the district and 

technology integration level was not a good model (See Table 114).  Furthermore, the p-

value of teachers’ number of years in the district was 0.989; the p-value of their 
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technology integration level was 0.199 (See Table 115), and greater than the alpha level 

(p < 0.05).  Therefore, the teachers’ number of years in the district and technology 

integration level did not affect the high school students’ number of absences appreciably 

in sample year 1999-2000.   

 
Table 114 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and High School Students’ Absences in 1999-2000 

 
Source Degree 

of 
Freedom

Sum of Squares Mean Square F Ratio

Model 2 54.791 27.395 0.885
Error 57 1764.143 30.950 Prob > F
C. Total 59 1818.933 0.418

 
 

Table 115 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ Absences in 1999-2000 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 8.216 1.943 4.23 <.0001 
Integration Level -0.795 0.611 -1.30 0.199 
Years in District -0.002 0.122 -0.01 0.989 

 

Over 50% of the high school students’ state standardized test results were missing 

in sample year 1999-2000.  All high school students were promoted to the next level.  

Therefore, no ANCOVA could be conducted to see if the teachers’ number of years in the 

district and technology integration level affected appreciably the high school students’ 

state standardized test result and promotion status in sample year 1999-2000.  Table 116 

summarizes the ANOVA model with teachers’ number of years in the district and their 

integration level in relation to students’ outcome in sample year 1999-2000. 
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Table 116 
 
Analyses of Relationship between Teachers’ Number of Years in District and Technology 

Integration Level and Students’ Outcome in Sample Year 1999-2000 
 
Campus 
Level 

Students’ Outcome p-value for the Model p-value for 
Number of 
Years in the 
District 

p-value for 
Integration 
Level 

GPA ---- ---- ----- 
Discipline Referrals 0.252 0.373 0.098 
Absences  0.594 0.375 0.381 

Writing Over 50% missing  ---- ---- 
Reading Over 50% missing ---- ---- 

State 
Test 
Result Mathematics Over 50% missing ---- ---- 

Elementary 
School 
 

Promotion 0.899 0.728 0.664 
GPA 0.015* 0.004* 0.389 
Discipline Referrals 0.064 0.0508 0.080 
Absences 0.330 0.139 0.688 

Writing Over 50% missing ---- ---- 
Reading Over 50% missing ---- ---- 

State 
Test 
Result Mathematics Over 50% missing ---- ---- 

Middle 
School 
 

Promotion 0.606 0.331 0.650 
GPA 0.008* 0.881 0.002* 
Discipline Referrals 0.326 0.796 0.136 
Absences 0.418 0.989 0.199 

Writing Over 50% missing ---- ---- 
Reading Over 50% missing ---- ---- 

State 
Test 
Result Mathematics Over 50% missing ---- ---- 

High 
School 

Promotion All passed ---- --- 
Note: * indicates a statistically significant relationship at p < 0.05.  

 
 

Sample year 1996-1997.  For elementary school students, the relationship 

between their GPA and teachers’ number of years in the district and technology 

integration level could not be examined since they do not have a GPA. 

ANCOVA was conducted to see if the elementary school students’ number of 

discipline referrals was appreciably affected by their teachers’ number of years in the 

district and technology integration level.  The p-value for the whole model with teachers’ 

number of years in the district and their integration level was 0.377, and greater than the 
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alpha level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in 

the district and technology integration level was not a good model (See Table 117).  

Furthermore, Table 118 displays that the p-value of teachers’ number of years in the 

district was 0.456; the p-value of their technology integration level was 0.219, and greater 

than the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the district 

and technology integration level did not affect the elementary school students’ number of 

discipline referrals appreciably in sample year 1996-1997.   

 
Table 117 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Discipline Referrals  
in 1996-1997 

 
Source Degree 

of 
Freedom

Sum of Squares Mean Square F Ratio 

Model 2 6.3125 3.156 0.992 
Error 57 181.338 3.181 Prob > F 
C. Total 59 187.650 0.377 

 
 

Table 118 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Discipline Referrals 
 in 1996-1997 

 
Term Estimate Std Error t Ratio Prob>|t| 
Intercept 1.634 0.606 2.70 0.009 
Integration 
Level 

-0.246 0.198 -1.24 0.219 

Years in District -0.037 0.050 -0.75 0.456 
 

ANCOVA was conducted to see if the elementary school students’ number of 

absences was appreciably affected by their teachers’ number of years in the district and 
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technology integration level.  The p-value for the whole model with teachers’ number of 

years in the district and their integration level was 0.241, and greater than the alpha level 

(p < 0.05), which indicated that ANCOVA with teachers’ number of years in the district 

and technology integration level was not a good model (See Table 119).  Furthermore, 

Table 120 displays that the p-value of elementary teachers’ number of years in the district 

was 0.185; the p-value of elementary school teachers’ technology integration level was 

0.253, and greater than the alpha level (p < 0.05).  Therefore, the teachers’ number of 

years in the district and technology integration level did not affect the elementary school 

students’ number of absences appreciably in sample year 1996-1997.   

 
Table 119 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ Absences in 1996-1997 
 

Source Degree of 
Freedom

Sum of Squares Mean Square F Ratio

Model 2 15.754 7.87711 1.461
Error 57 307.229 5.38998 Prob > F
C. Total 59 322.983  0.241

 
 

Table 120 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Elementary School Students’ Absences in 1996-1997 

 
Term Estimate Std Error t Ratio Prob>|t| 
Intercept -0.401 0.789 -0.51 0.613 
Integration 
Level 

0.297 0.257 1.15 0.253 

Years in 
District 

0.086 0.064 1.34 0.185 
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Over 50% of the elementary school students’ state standardized writing tests 

results were missing in sample year 1996-1997.  Therefore, no ANCOVA was conducted 

to see if the teachers’ number of years in the district and technology integration level 

affected appreciably the elementary school students’ state standardized writing test result 

and promotion status in sample year 1996-1997.   

ANCOVA was conducted to see if the elementary school students’ results in state 

standardized reading tests were appreciably affected by their teachers’ number of years in 

the district and technology integration level.  The p-value for the whole model with 

teachers’ number of years in the district and their integration level was 0.486 (See Table 

121), and greater than the alpha level (p < 0.05), which indicated that ANCOVA with 

teachers’ number of years in the district and technology integration level was not a good 

model.  Furthermore, the p-value of teachers’ number of years in the district was 0.509; 

the p-value of their technology integration level was 0.293 (See Table 122), and greater 

than the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the district 

and technology integration level did not affect the elementary school students’ result in 

state standardized reading test appreciably in sample year 1996-1997.   

 
Table 121 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ State Standardized 
Reading Test  in 1996-1997 

 
 

Source Degree 
of 

Freedom

Sum of Squares Mean Square F Ratio

Model 2 0.231 0.115 0.733
Error 45 7.082 0.157 Prob > F
C. Total 47 7.312  0.486
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Table 122 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Elementary School Students’  

State Standardized Reading Test in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.645 0.151 4.28 <.0001 
Integration 
Level 

0.057 0.053 1.06 0.293 

Years in 
District 

0.008 0.012 0.67 0.509 

 

ANCOVA was conducted to see if the elementary school students’ results of 

taking state standardized mathematics tests were appreciably affected by their teachers’ 

number of years in the district and technology integration level.  The p-value for the 

whole model with teachers’ number of years in the district and their integration level was 

0.393 (See Table 123), and greater than the alpha level (p < 0.05), which indicated that 

ANCOVA with teachers’ number of years in the district and technology integration level 

was not a good model.  Furthermore, the p-value of elementary teachers’ number of years 

in the district was 0.693; the p-value of elementary school teachers’ technology 

integration level was 0.183 (See Table 124), and greater than the alpha level (p < 0.05).  

Therefore, the teachers’ number of years in the district and technology integration level 

did not affect the elementary school students’ result in state standardized mathematics 

test appreciably in sample year 1996-1997.   

 All selected elementary school students were promoted to the next level.  

Therefore, no ANCOVA was conducted to see if the teachers’ number of years in 

thedistrict and technology integration level affected appreciably the elementary school 

students’ promotion status in sample year 1996-1997. 
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Table 123 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Elementary School Students’ State Standardized 

Mathematics Test  in 1996-1997 
 

 
Source Degree of 

Freedom
Sum of Squares Mean Square F Ratio 

Model 2 0.312 0.156 0.952 
Error 47 7.688 0.164 Prob > F 
C. Total 49 8.000 0.393 

 
 

Table 124 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Elementary School Students’ 

 State Standardized Mathematics Test in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.622 0.151 4.12 0.000 
Integration 
Level 

0.073 0.054 1.35 0.183 

Years in 
District 

0.005 0.012 0.40 0.693 

 
 

For the middle school students, ANCOVA was conducted to see if their GPA was 

appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was 0.335 (See Table 125), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of middle school teachers’ number of years in the district was 0.756; the p-value of their 

technology integration level was 0.142 (See Table 126), and greater than the alpha level 

(p < 0.05).  Therefore, the teachers’ number of years in the district and technology 
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integration level did not affect the middle school students’ GPA appreciably in sample 

year 1996-1997.   

 
Table 125 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ GPA in 1996-1997 
 

   
Source Degree 

of 
Freedom

Sum of Squares Mean Square F Ratio

Model 2 21.855 10.928 1.115
Error 57 558.777 9.803 Prob > F
C. Total 59 580.632  0.335

 
 

Table 126 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ GPA in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 10.068 1.089 9.24 <.0001 
Integration 
Level 

0.533 0.3588 1.49 0.142 

Years in District 0.014 0.043 0.31 0.756 
 

ANCOVA was conducted to see if the middle school students’ number of 

discipline referrals was appreciably affected by the teachers’ number of years in the 

district and technology integration level.  The p-value for the whole model with teachers’ 

number of years in the district and their integration level was 0.168 (See Table 127), and 

greater than the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ 

number of years in the district and technology integration level was not a good model.  

Furthermore, the p-value of elementary teachers’ number of years in the district was 

0.283; the p-value of middle school teachers’ technology integration level was 0.093 (See 
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Table 128), and greater than the alpha level (p < 0.05).  Therefore, the teachers’ number 

of years in the district and technology integration level did not affect the middle school 

students’ number of discipline referrals appreciably in sample year 1996-1997.   

 
Table 127 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’ Discipline Referrals 

 in 1996-1997 
 

 
Source Degree of Freedom Sum of Squares Mean Square F Ratio
Model 2 20.055 10.027 1.840
Error 57 310.529 5.448 Prob > F
C. Total 59 330.583  0.168

 
 

Table 128 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Middle School Students’  

Discipline Referrals in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept -0.350 0.812 -0.43 0.669 
Integration Level 0.457 0.267 1.71 0.093 
Years in District 0.035 0.032 1.08 0.283 

 

ANCOVA was conducted to see if the middle school students’ number of 

absences was appreciably affected by their teachers’ number of years in the district and 

technology integration level.  The p-value for the whole model with teachers’ number of 

years in the district and their integration level was 0.886 (See Table 129), and greater 

than the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ number of 

years in the district and technology integration level was not a good model.  Furthermore, 

the p-value of teachers’ number of years in the district was 0.947; the p-value of their 
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technology integration level was 0.624 (See Table 130), and greater than the alpha level 

(p < 0.05).  Therefore, the teachers’ number of years in the district and technology 

integration level did not affect the middle school students’ number of absences 

appreciably in sample year 1996-1997.   

 
Table 129 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ Absences in 1996-1997 
 

Source Degree of 
Freedom

Sum of 
Squares

Mean Square F Ratio

Model 2 2.065 1.033 0.121
Error 57 485.585 8.519 Prob > F
C. Total 59 487.650  0.886

 
 

Table 130 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ Absences in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 2.666 1.015 2.62 0.011 
Integration 
Level 

-0.022 0.334 -0.07 0.947 

Years in District -0.020 0.040 -0.49 0.624 
 

Over 50% of the middle school students’ state standardized writing test results 

were missing in sample year 1996-1997.  Therefore, no ANCOVA was conducted to see 

if the teachers’ number of years in the district and technology integration level 

appreciably affected the middle school students’ state standardized writing test results 

and promotion status in sample year 1996-1997.  

ANCOVA was conducted to see if the middle school students’ results of state 

standardized reading tests were appreciably affected by their teachers’ number of years in 
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the district and technology integration level.  The p-value for the whole model with 

teachers’ number of years in the district and their integration level was 0.929 (See Table 

131), and greater than the alpha level (p < 0.05), which indicated that ANCOVA with 

teachers’ number of years in the district and technology integration level was not a good 

model.  Furthermore, the p-value of teachers’ number of years in the district was 0.842; 

the p-value of their technology integration level was 0.785 (See Table 132), and greater 

than the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the district 

and technology integration level did not affect the middle school students’ results of state 

standardized reading test appreciably in sample year 1996-1997.   

 
Table 131 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ 
 State Standardized Reading Test in 1996-1997 

  
Source Degree 

of 
Freedom

Sum of Squares Mean Square F Ratio 

Model 2 0.015 0.008 0.074 
Error 51 5.318 0.104 Prob > F 
C. Total 53 5.333 0.929 

 
 

Table 132 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Elementary School Students’  

State Standardized Reading Test in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.899 0.128 7.01 <.0001 
Integration 
Level 

-0.010 0.039 -0.27 0.785 

Years in 
District 

0.001 0.005 0.20 0.842 
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ANCOVA was conducted to see if the middle school students’ results of state 

standardized mathematics tests were appreciably affected by their teachers’ number of 

years in the district and technology integration level.  The p-value for the whole model 

with teachers’ number of years in the district and their integration level was 0.877 (See 

Table 133), and greater than the alpha level (p < 0.05), which indicated that ANCOVA 

with teachers’ number of years in the district and technology integration level was not a 

good model.  Furthermore, the p-value of teachers’ number of years in the district was 

0.615; the p-value of their technology integration level was 0.844 (See Table 134), and 

greater than the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the 

district and technology integration level did not affect the middle school students’ result 

of state standardized mathematics tests appreciably in sample year 1996-1997.   

ANCOVA was conducted to see if the middle school students’ promotion status 

was appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was 0.836 (See Table 135), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of elementary teachers’ number of years in the district was 0.555; the p-value of middle 

school teachers’ technology integration level was 0.872 (See Table 136), and greater than 

the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the district and 

technology integration level did not affect the middle school students’ promotion status 

appreciably in sample year 1996-1997.   
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Table 133 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’ State Standardized 

Mathematics Test  in 1996-1997 
 

Source Degree of 
Freedom

Sum of Squares Mean Square F Ratio

Model 2 0.040 0.020 0.131
Error 49 7.402 0.151 Prob > F
C. Total 51 7.442  0.877

 
 

Table 134 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Middle School Students’  

State Standardized Mathematics Test in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.889 0.157 5.67 <.0001 
Integration 
Level 

-0.009 0.048 -0.20 0.844 

Years in 
District 

-0.002 0.006 -0.51 0.615 

 

Table 135 

Whole Model of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Middle School Students’  

Promotion Status in 1996-1997 
 

 
Source Degree of 

Freedom
Sum of 

Squares
Mean Square F Ratio

Model 2 0.006 0.003 0.180
Error 57 0.977 0.017 Prob > F
C. Total 59 0.983 0.836

 

For high school students, ANCOVA was conducted to see if their GPA was 

appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 
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Table 136 
 

Parameter Estimates of Relationship between Teachers’ Number of Years  
in the District, Technology Integration Level and Middle School Students’  

Promotion Status in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.964 0.046 21.16 <.0001 
Integration 
Level 

0.002 0.015 0.16 0.872 

Years in 
District 

0.001 0.002 0.59 0.555 

 

district and their integration level was 0.068 (See Table 137), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of the high school teachers’ number of years in the district was 0.490, and greater than 

the alpha level (p < 0.05).  The p-value of the teachers’ technology integration level was 

0.022 (See Table 138), and less than the alpha level (p < 0.05).  Therefore, the teachers’ 

number of years in the district did not affect the high school students’ GPA appreciably 

in sample year 1996-1997; but their technology integration level did.   

The high school students’ number of discipline referrals was not available.  Thus 

the researcher could not examine whether their number of discipline referrals was 

appreciably affected by their teachers’ number of years in the district and technology 

integration level.   

ANCOVA was conducted to see if the high school students’ number of absences 

was appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the  

 
 



                             

    

195

 

Table 137 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and High School Students’ GPA in 1996-1997 
 

 
Source Degree 

of 
Freedom

Sum of Squares Mean Square F Ratio 

Model 2 60.140 30.070 2.8129 
Error 57 609.332 10.690 Prob > F 
C. Total 59 669.473 0.068 

 
 

Table 138 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ GPA in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 7.045 0.918 7.68 <.0001 
Integration Level 0.837 0.354 2.36 0.022* 
Years in District -0.051 0.073 -0.70 0.490 
Note: * indicates a statistically significant relationship at p < 0.05. 

 
 
district and their integration level was 0.552 (See Table 139), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of the correlation coefficient of elementary teachers’ number of years in the district was 

0.609; the p-value of the correlation coefficient of high school teachers’ technology 

integration level was 0.408 (See Table 140), and greater than the alpha level (p < 0.05).  

Therefore, the teachers’ number of years in the district and technology integration level 

did not affect the high school students’ number of absences appreciably in sample year 

1996-1997.   

 



                             

    

196

 

Table 139 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and High School Students’ Absences in 1996-1997 

 
Source Degree 

of 
Freedom

Sum of Squares Mean Square F Ratio 

Model 2 46.417 23.209 0.601 
Error 57 2202.566 38.642 Prob > F 
C. Total 59 2248.983 0.552 

 
 

Table 140 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ Absences in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 4.819 1.745 2.76 0.008 
Integration 
Level 

0.562 0.673 0.83 0.408 

Years in District 0.071 0.138 0.51 0.609 

 

ANCOVA was conducted to see if the high school students’ results of state 

standardized writing tests were appreciably affected by their teachers’ number of years in 

the district and technology integration level.  The p-value for the whole model with 

teachers’ number of years in the district and their integration level was 0.189 (See Table 

141), and greater than the alpha level (p < 0.05), which indicated that ANCOVA with 

teachers’ number of years in the district and technology integration level was not a good 

model.  Furthermore, the p-value of high school teachers’ number of years in the district 

was 0.120; the p-value of middle school teachers’ technology integration level was 0.230 

(See Table 142), and greater than the alpha level (p < 0.05).  Therefore, the teachers’ 

number of years in the district and technology integration level did not affect the high 
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school students’ results of state standardized writing tests appreciably in sample year 

1996-1997.    

 
Table 141 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’  
State Standardized Writing Test   in 1996-1997 

 
 

Source Degree of 
Freedom

Sum of 
Squares

Mean Square F Ratio

Model 2 0.580 0.290 1.763
Error 30 4.935 0.165 Prob > F
C. Total 32 5.515 0.189

 
 

Table 142 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and High School Students’  

State Standardized Writing Test in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.752 0.154 4.89 <.0001 
Integration Level 0.099 0.080 1.23 0.230 
Years in District -0.020 0.012 -1.60 0.120 

 

ANCOVA was conducted to see if the high school students’ results of state 

standardized reading test were appreciably affected by their teachers’ number of years in 

the district and technology integration level.  The p-value for the whole model with 

teachers’ number of years in the district and their integration level was 0.053 (See Table 

143), and greater than the alpha level (p < 0.05), which indicated that ANCOVA with 

teachers’ number of years in the district and technology integration level was not a good 

model.  Furthermore, the p-value of teachers’ number of years in the district was 0.016; 

the p-value of their technology integration level was 0.380 (See Table 144), and greater 
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than the alpha level (p < 0.05).  Therefore, the teachers’ technology integration level did 

not affect the high school students’ results of state standardized reading test appreciably 

in sample year 1996-1997, but their number of years in the district did. 

ANCOVA was conducted to see if the high school students’ result of state 

standardized mathematics tests was appreciably affected by their teachers’ number of 

years in the district and technology integration level.  The p-value for the whole model 

with teachers’ number of years in the district and their integration level was 0.078 (See 

Table 145), and greater than the alpha level (p < 0.05), which indicated that ANCOVA 

with teachers’ number of years in the district and technology integration level was not a 

good model.  Furthermore, the p-value of high school teachers’ number of years in the 

district was 0.405; the p-value of middle school teachers’ technology integration level 

was 0.025 (See Table 146), and greater than the alpha level (p < 0.05).  Therefore, the 

teachers’ number of years in the district did not affect the high school students’ result of 

state standardized mathematics tests appreciably in sample year 1996-1997; but their 

technology integration level did. 

All high students were promoted in sample year 1996-1997.  Therefore the 

relationship between the teachers’ number of years in the district and technology 

integration level and students’ outcome was not examined.  The relationship between 

teachers’ number of years in the district and technology integration level and student’s 

outcome in sample year 1997-1997 is summarized in Table 147. 

Sample year 1994-1995.  For elementary school students, the relationship 

between their GPA and teachers’ number of years in the district and technology 

integration level could not be examined since they do not have a GPA. 
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ANCOVA was conducted to see if the elementary school students’ number of 

discipline referrals was appreciably affected by their teachers’ number of years in the 

district and technology integration level.  The p-value for the whole model with teachers’ 

number of years in the district and their integration level was 0.807 (See Table 148), and 

greater than the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ 

number of years in the district and technology integration level was not a good model.  

Furthermore, the p-value of the elementary teachers’ number of years in the district was 

0.713; the p-value of their technology integration level was 0.566 (See Table 149), and 

greater than the alpha level (p < 0.05).  Therefore, the teachers’ number of years in the 

district and technology integration level did not affect the elementary school students’ 

number of discipline referrals appreciably in sample year 1994-1995. 

 
Table 143 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ State Standardized  
Reading Test   in 1996-1997 

 
 

Source Degree 
of 

Freedom

Sum of Squares Mean Square F Ratio 

Model 2 1.3085 0.654 3.201 
Error 36 7.358 0.204 Prob > F 
C. Total 38 8.667 0.053 
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Table 144 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and High School Students’  

State Standardized Reading Test in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.785 0.144 5.45 <.0001 
Integration Level 0.071 0.080 0.89 0.380 
Years in District -0.032 0.013 -2.53 0.016* 

Note: * indicates a statistically significant relationship at p < 0.05. 
 
 

Table 145 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and High School Students’ State Standardized  

Mathematics Test   in 1996-1997 
 
 

Source Degree 
of 

Freedom

Sum of Squares Mean Square F Ratio 

Model 2 1.280 0.640 2.718 
Error 40 9.418 0.235 Prob > F 
C. Total 42 10.698 0.078 

 
 

Table 146 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and High School Students’  

State Standardized Mathematics Test   in 1996-1997 
 

Term Estimate Std Error t Ratio Prob>|t|
Intercept 0.577 0.149 3.87 0.0004
Integration Level 0.064 0.076 0.84 0.405
Years in District -0.030 0.013 -2.33 0.025*
Note: * indicates a statistically significant relationship at p < 0.05. 
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Table 147 
 
Analyses of Relationship between Teachers’ Number of Years in District and Technology 

Integration Level and Students’ Outcome in Sample Year 1996-1997 
 

Campus 
Level 

Students’ Outcome p-value for 
the Model 

p-value for 
Number of 
Years in the 
District 

p-value for 
Integration 
Level 

GPA ---- ---- ----- 
Discipline 
Referrals 

0.377 0.456 0.219 

Absences  0.241 0.185 0.253 
Writing Over 50% 

missing 
 ---- ---- 

Reading 0.486 0.509 0.293 

State 
Test 
Result 

Math 0.393 0.693 0.183 

Elementary 
School 
 

Promotion All passed ---- ---- 

GPA 0.335 0.756 0.142 

Discipline 
Referrals 

0.168 0.283 0.093 

Absences 0.886 0.624 0.947 

Writing Over 50% 
missing 

---- 
 

---- 

Reading 0.929 0.842 0.785 

State 
Test 
Result 

Math 0.877 0.615 0.844 

Middle 
School 
 

Promotion 0.836 0.555 0.872 

GPA 0.068 0.490 0.022* 
Discipline 
Referrals 

Not 
available 

---- ---- 

Absences 0.552 0.609 0.408 

Writing 0.189 0.120 0.230 
Reading 0.0525 0.016*  0.380 

State 
Test 
Result Math 0.078 0.025* 0.405 

High School 

Promotion All passed ---- --- 
Note: * indicates a statistically significant relationship at p < 0.05.  
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Table 148 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Elementary School Students’ Discipline Referrals in 

1994-1995 
 

Source DF Sum of Squares Mean Square F Ratio 
Model 2 0.983 0.491 0.215 
Error 57 130.000 2.281 Prob > F 
C. Total 59 130.983 0.807 

 
 

Table 149 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Elementary School Students’ Discipline Referrals in 

1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.166 0.572 0.29 0.772 
Integration 
Level 

0.110 0.191 0.58 0.566 

Years in 
District 

0.011 0.030 0.37 0.713 

 

The elementary school students’ number of absences was missing.  Over 50% of 

the elementary school students’ state standardized writing test results were missing in 

sample year 1994-1995.  Therefore, no ANCOVA was conducted to see if the teachers’ 

number of years in the district and technology integration level affected appreciably the 

elementary school students’ number of absences and state standardized writing test 

results in sample year 1994-1995. 

ANCOVA was conducted to see if the elementary school students’ results of state 

standardized reading tests were appreciably affected by their teachers’ number of years in 

the district and technology integration level.  The p-value for the whole model with 

teachers’ number of years in the district and their integration level was 0.179 (See Table 
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150), and greater than the alpha level (p < 0.05), which indicated that ANCOVA with 

teachers’ number of years in the district and technology integration level was not a good 

model.  Furthermore, the p-value of elementary school teachers’ number of years in the 

district was 0.071; the p-value of their technology integration level was 0.291 (See Table 

151), and greater than the alpha level (p < 0.05).  Therefore, the teachers’ number of 

years in the district and technology integration level did not affect the elementary school 

students’ results of state standardized reading test appreciably in sample year 1994-1995. 

  
Table 150 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’  
State Standardized Reading Test in 1994-1995 

 
Source Degree 

of 
Freedom

Sum of Squares Mean Square F Ratio 

Model 2 0.513 0.256 1.840 
Error 26 3.625 0.139 Prob > F 
C. Total 28 4.138 0.179 

 
 

Table 151 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Elementary School Students’  

State Standardized Reading Test in 1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 1.162 0.231 5.02 <.0001 
Integration 
Level 

-0.069 0.064 -1.08 0.291 

Years in 
District 

-0.018 0.010 -1.88 0.071 

 

ANCOVA was conducted to see if the elementary school students’ results of state 

standardized mathematics test were appreciably affected by their teachers’ number of 
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years in the district and technology integration level.  The p-value for the whole model 

with teachers’ number of years in the district and their integration level was 0.098 (See 

Table 152), and greater than the alpha level (p < 0.05), which indicated that ANCOVA 

with teachers’ number of years in the district and technology integration level was not a 

good model.  The p-value of teachers’ technology integration level was 0.436.  The p-

value of elementary school teachers’ number of years in the district was 0.033 (See Table 

153), and less than the alpha level (p < 0.05).  Thus the teachers’ number of years in the 

district did affect the elementary school students’ result of state standardized mathematics 

test appreciably in sample year 1994-1995; but their technology integration level did not.  

 
Table 152 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ State Standardized 
Mathematics Test  in 1994-1995 

 
Source DF Sum of Squares Mean Square F Ratio 
Model 2 0.581 0.291 2.552 
Error 25 2.847 0.114 Prob > F 
C. Total 27 3.429 0.098 

 
 

Table 153 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Elementary School Students’ State Standardized 
Mathematics Test in 1994-1995 

 
Term Estimate Std Error t Ratio Prob>|t| 
Intercept 1.141 0.210 5.45 <.0001 
Integration Level -0.046 0.059 -0.79 0.436 
Years in District -0.020 0.009 -2.26 0.033* 
Note: * indicates a statistically significant relationship at p < 0.05. 

 

ANCOVA was conducted to see if the elementary school students’ promotion 

status was appreciably affected by their teachers’ number of years in the district and 
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technology integration level.  The p-value for the whole model with teachers’ number of 

years in the district and their integration level was 0.441 (See Table 154), and greater 

than the alpha level (p < 0.05), which indicated that ANCOVA with teachers’ number of 

years in the district and technology integration level was not a good model.  Furthermore, 

the p-value of elementary teachers’ number of years in the district was 0.282; the p-value 

of their technology integration level was 0.426 (See Table 155), and greater than the 

alpha level (p < 0.05).  Therefore, the teachers’ number of years in the district and 

technology integration level did not affect the elementary school students’ promotion 

status appreciably in sample year 1994-1995.  

 
Table 154 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Elementary School Students’ Promotion Status 

 in 1994-1995 
 

Source Degree of 
Freedom

Sum of Squares Mean Square F Ratio

Model 2 0.055 0.027 0.830
Error 57 1.879 0.033 Prob > F
C. Total 59 1.933  0.441

 
 

Table 155 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Elementary School Students’  

Promotion Status in 1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 1.039 0.069 15.12 <.0001 
Integration Level -0.018 0.023 -0.80 0.426 
Years in District -0.004 0.004 -1.09 0.282 
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For middle school students, ANCOVA was conducted to see if their GPA was 

appreciably affected by the teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was 0.098 (See Table 156), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of middle school teachers’ number of years in the district was 0.658, and greater than the 

alpha level (p < 0.05); the p-value of middle school teachers’ technology integration level 

was 0.033 (See Table 157), and less than the alpha level (p < 0.05).  Therefore, the 

teachers’ number of years in the district did not affect the middle school students’ GPA 

appreciably in sample year 1994-1995; but their technology integration level did.  

 
Table 156 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ GPA in 1994-1995 
 

Source Degree of Freedom Sum of Squares Mean Square F Ratio
Model 2 27.798 13.8991 2.425
Error 57 326.727 5.7320 Prob > F
C. Total 59 354.525  0.098

 
 

Table 157 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and Middle School Students’ GPA in 1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t|
Intercept 6.439 0.786 8.19 <.0001
Integration Level 0.642 0.294 2.18 0.033*
Years in District -0.018 0.041 -0.45 0.658
Note: * indicates a statistically significant relationship at p < 0.05. 
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ANCOVA was conducted to see if the middle school students’ number of 

discipline referrals was appreciably affected by their teachers’ number of years in the 

district and technology integration level.  The p-value for the whole model with teachers’ 

number of years in the district and their integration level was 0.002 (See Table 158), and 

less than the alpha level (p < 0.05), which indicated that the model was good.  

Furthermore, the p-value of middle school teachers’ number of years in the district was 

0.021; the p-value of middle school teachers’ technology integration level was 0.001 (See 

Table 159), and less than the alpha level (p < 0.05).  Therefore, the teachers’ number of 

years in the district and their technology integration level did affect the middle school 

students’ number of discipline referrals appreciably in sample year 1994-1995. 

 
Table 158 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’ Discipline Referrals  

in 1994-1995 
 

Source Degree of Freedom Sum of Squares Mean Square F Ratio
Model 2 389.308 194.654 7.340
Error 57 1511.542 26.518 Prob > F
C. Total 59 1900.850  0.002*
Note: * indicates a statistically significant relationship at p < 0.05. 

 
 

Table 159 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Middle School Students’  

Discipline Referrals in 1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t|
Intercept 7.532 1.691 4.46 <.0001
Integration Level –2.290 0.632 –3.62 0.001*
Years in District 0.210 0.089 2.37 0.021*
Note: * indicates a statistically significant relationship at p < 0.05. 
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The middle school students’ number of absences was not available.  Over 50% of 

the middle school students’ state standardized writing tests results were missing in 

sample year 1994-1995.  Therefore, no ANCOVA was conducted to see if the teachers’ 

number of years in the district and technology integration level affected appreciably the 

middle school students’ number of absences and state writing tests result in sample year 

1994-1995. 

ANCOVA was conducted to see if the middle school students’ results of state 

standardized reading test were appreciably affected by their teachers’ number of years in 

the district and technology integration level.  The p-value for the whole model with 

teachers’ number of years in the district and their integration level was 0.740 (See Table 

160), and greater than the alpha level (p < 0.05), which indicated that ANCOVA with 

teachers’ number of years in the district and technology integration level was not a good 

model.  Furthermore, the p-value of middle school teachers’ number of years in the 

district was 0.776; the p-value of their technology integration level was 0.558 (See Table 

161), and greater than the alpha level (p < 0.05).  Therefore, the teachers’ number of 

years in the district and technology integration level did not affect the middle school 

students’ results of state standardized reading test appreciably in sample year 1994-1995. 

Table 160 
 

Whole Model of Relationship between Teachers’ Number of Years in the District, 
Technology Integration Level and Middle School Students’  

State Standardized Reading Test in 1994-1995 
 

Source DF Sum of Squares Mean Square F Ratio 
Model 2 0.140 0.070 0.302 
Error 57 13.193 0.231 Prob > F 
C. Total 59 13.333 0.740 
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Table 161 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Middle School Students’  

State Standardized Reading Test in 1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.774 0.158 4.90 <.0001 
Integration 
Level 

-0.035 0.059 -0.59 0.558 

Years in 
District 

-0.002 0.009 -0.29 0.776 

 
 

ANCOVA was conducted to see if the middle school students’ results of state 

standardized mathematics test were appreciably affected by their teachers’ number of 

years in the district and technology integration level.  The p-value for the whole model 

with teachers’ number of years in the district and their integration level was 0.641 (See 

Table 162), and greater than the alpha level (p < 0.05), which indicated that ANCOVA 

with teachers’ number of years in the district and technology integration level was not a 

good model.  Furthermore, the p-value of middle school teachers’ number of years in the 

district was 0.760; the p-value of middle school teachers’ technology integration level 

was 0.460 (See Table 163), and greater than the alpha level (p < 0.05).  Therefore, the 

teachers’ number of years in the district and technology integration level did not affect 

the middle school students’ results of state standardized mathematics test appreciably in 

sample year 1994-1995.   

ANCOVA was conducted to see if the middle school students’ promotion status 

was appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 
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Table 162 
 

Whole Model of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Middle School Students’  

State Standardized Mathematics Test in 1994-1995 
   

Source Degree of 
Freedom

Sum of 
Squares

Mean Square F Ratio

Model 2 0.184 0.092 0.448
Error 56 11.477 0.205 Prob > F
C. Total 58 11.661 0.641

 
 

Table 163 
 

Parameter Estimates of Relationship between Teachers’ Number of Years 
 in the District, Technology Integration Level and Middle School Students’ 

 State Standardized Mathematics Test in 1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.395 0.149 2.660 0.010 
Integration 
Level 

-0.041 0.056 -0.740 0.460 

Years in District -0.002 0.008 -0.310 0.760 
 

district and their integration level was 0.740 (See Table 164), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of middle school teachers’ number of years in the district was 0.436, and greater than the 

alpha level (p < 0.05).  The p-value of elementary school teachers’ technology integration 

level was 0.033 (See Table 165), and less than the alpha level (p < 0.05).  Therefore, the 

teachers’ number of years in the district did not affect the middle school students’ 

promotion status appreciably in sample year 1994-1995, but their technology integration 

level did.  

 
 



                             

    

211

 

Table 164 
 

Whole Model of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and Middle School Students’  

Promotion Status in 1994-1995 
  

Source Degree 
of 

Freedom

Sum of Squares Mean Square F Ratio 

Model 2 0.061 0.031 0.930 
Error 57 1.872 0.032 Prob > F 
C. Total 59 1.933 0.401 

 
 

Table 165 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the 
 District, Technology Integration Level and Middle School Students’  

Promotion Status in 1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.904 0.063 14.24 <.0001 
Integration Level 0.0005 0.0007 0.70 0.485 
Years in District 0.003 0.003 1.00 0.322 

 

For high school students, ANCOVA was conducted to see if their GPA was 

appreciably affected by their teachers’ number of years in the district and technology 

integration level.  The p-value for the whole model with teachers’ number of years in the 

district and their integration level was 0.774 (See Table 166), and greater than the alpha 

level (p < 0.05), which indicated that ANCOVA with teachers’ number of years in the 

district and technology integration level was not a good model.  Furthermore, the p-value 

of high school teachers’ number of years in the district was 0.506; the p-value of their 

technology integration level was 0.576 (See Table 167), and greater than the alpha level 

(p < 0.05).  Therefore, the teachers’ number of years in the district and technology 
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integration level did not affect the high school students’ GPA appreciably in sample year 

1994-1995. 

 
Table 166 

 
Whole Model of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ GPA in 1994-1995 
 

Source Degree of 
Freedom

Sum of Squares Mean Square F Ratio 

Model 2 3.810 1.905 0.257 
Error 57 421.949 7.402 Prob > F 
C. Total 59 425.759 0.774 

 
 

Table 167 
 
Parameter Estimates of Relationship between Teachers’ Number of Years in the District, 

Technology Integration Level and High School Students’ GPA in 1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 6.674 1.463 4.56 <.0001 
Years in District 0.058 0.087 0.67 0.506 
Integration Level 0.234 0.416 0.56 0.576 

 

The high school students’ number of discipline referrals, number of absences, and 

state standardized writing and reading tests results were not available.  All high school 

students were promoted to the next level.  ANCOVA was conducted to see if the high 

school students’ results of state standardized mathematics test were appreciably affected 

by the teachers’ number of years in the district and technology integration level.  The p-

value for the whole model with teachers’ number of years in the district and their 

integration level was 0.334 (See Table 168), and greater than the alpha level (p < 0.05), 

which indicated that ANCOVA with teachers’ number of years in the district and 

technology integration level was not a good model.  Furthermore, the p-value of high 
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school teachers’ number of years in the district was 0.550; the p-value of their technology 

integration level was 0.509 (See Table 169), and greater than the alpha level (p < 0.05).  

Therefore, the teachers’ number of years in the district and technology integration level 

did not affect the high school students’ result of state standardized mathematics test 

appreciably in sample year 1994-1995.   

The relationship between teachers’ number of years in the district and technology 

integration level and student’s outcome in sample year 1994-1995 is summarized in 

Table 170. 

 
Table 168 

 
Whole Model of Relationship between Teachers’ Number of Years in the  

District, Technology Integration Level and High School Students’  
State Standardized Mathematics Test in 1994-1995 

 
Source Degree of 

Freedom
Sum of 

Squares
Mean Square F Ratio 

Model 2 0.578 0.289 1.133 
Error 33 8.421 0.255 Prob > F 
C. Total 35 9.000 0.334 

 

Table 169 
 

Parameter Estimates of Relationship between Teachers’ Number of Years in the  
District, Technology Integration Level and High School Students’  

State Standardized Mathematics Test in 1994-1995 
 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 0.558 0.396 1.41 0.167 
Integration Level -0.076 0.114 -0.67 0.509 
Years in District 0.013 0.022 0.60 0.550 
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Table 170 
 
Analyses of Relationship between Teachers’ Number of Years in District and Technology 

Integration Level and Students’ Outcome in Sample Year 1994-1995 
 

Campus 
Level 

Students’ Outcome p-value for 
the Model 

p-value for 
Number of 
Years in the 
District 

p-value 
for 
Integrati
on Level 

GPA ---- ---- ----- 
Discipline Referrals 0.807 0.713 0.566 
Absences  Not available ---- ---- 

Writing Over 50% 
missing 

 ---- ---- 

Reading 0.179 0.071 0.291 

State 
Test 
Result 

Math 0.098 0.033* 0.436 

Elementary 
School 
 

Promotion 0.441 0.282 0.426 
GPA 0.098 0.658 0.033* 
Discipline Referrals 0.002* 0.021* 0.001* 
Absences 0.740 0.776 0.558 

Writing Over 50% 
missing 

---- 
 

---- 

Reading 0.740 0.776 0.558 

State 
Test 
Result 

Math 0.641 0.760 0.460 

Middle 
School 
 

Promotion 0.285 0.455 0.280 
GPA 0.774 0.506 0.576 
Discipline Referrals Not available ---- ---- 
Absences Not available ---- ---- 

Writing Not available ---- ---- 
Reading Not available ---- ---- 

State 
Test 
Result Math 0.334 0.550 0.509 

High School 

Promotion All passed ---- --- 
Note: * indicates a statistically significant relationship at p < 0.05.  

 
 
Research Question Six 

The sixth research question was designed to examine over the ten-year period of 

the CFT initiative, if there was a trend in students' outcome measured by GPA, number of 

discipline referrals, number of absences, state standardized test result, and promotion 

status in relation to teacher factors of teachers' number of years in the district and 

teachers' level of technology integration.   It was analyzed by observing the p-values for 
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teachers’ number of years and technology integration level in relation to students’ 

outcome in all four sample years for elementary, middle, and high school students from 

ANCOVA tests.  Within each section for elementary, middle, and high school students, 

students’ outcome will be analyzed in the order of GPA, number of discipline referrals, 

number of absences, state standardized test result, and promotion status.  Only data 

available for at least three sample years was examined to identify a trend. 

 
 Elementary school students.  Since elementary school students do not have a 

GPA, it was not examined.  Their number of discipline referrals was examined in relation 

to teachers’ number of years in the district and level of technology integration over the 

four sample years.  The results are presented in Table 171 and show that there was a 

statistically significant relationship between the elementary school students’ number of 

discipline referrals and their teachers’ technology integration level in sample year 2002-

2003, i.e., the 10th year of CFT initiative.  The higher the integration level, the fewer 

discipline referrals were reported in sample year 2002-2003.  Even though the p-value of 

integration of level decreased as sample years are getting more recent, it does not 

necessarily indicate a trend in the relationship between elementary school students’ 

number of discipline referrals in relation to their teachers’ technology integration level 

over the ten year period of the CFT technology initiative.   

The elementary school students’ number of absences was examined in relation to 

teachers’ number of years in the district and level of technology integration over the four 

sample years.  The results are presented in Table 172 and show that there was no 

apparent trend of a relationship between the elementary school students’ number of 
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absences and their teachers’ number of years in the district and technology integration 

level. 

 
Table 171 

 
Summary of Relationship between Elementary School Students’ Number of Discipline 

Referrals and Teachers’ Number of Year in the District and Technology Integration Level 
 

Sample Year p-value of 
Whole Model 

p-value of Years 
in District 

p-value of 
Integration of Level 

2002-2003 0.015* 0.357 0.012* 
1999-2000 0.252 0.373 0.098 
1996-1997 0.377 0.456 0.219 
1994-1995 0.807 0.713 0.566 

Note: * indicates a statistically significant relationship at p < 0.05.  
 
 

Table 172 
 

Summary of Relationship between Elementary School Students’ Number of Absences and 
Teachers’ Number of Year in the District and Technology Integration Level 

 
Sample Year p-value of 

whole Model 
p-value of 
Years in 
District 

p-value of 
Integration of 
Level 

2002-2003 0.823 0.862 0.589 
1999-2000 0.594 0.375 0.381 
1996-1997 0.241 0.185 0.253 
1994-1995 Not available ---- ---- 

 

 The state standardized writing tests information was not available in all sample 

years.  Reading and mathematics tests were available only in two sample years, i.e., 

1996-1997 and 1999-2000.  Thus the trend of the relationship between teachers’ number 

of years in the district and technology integration level and elementary school students’ 

result in taking state standardized tests was not examined.  All students were promoted to 

the next level in sample years of 1996-1997 and 2002-2003.  Thus promotion status for 

elementary school students could only be examined in sample year 1994-1995 and 1999-
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2000.  Therefore, the trend of the relationship between teachers’ number of years in the 

district and technology integration level and elementary school students’ promotion status 

was not examined.   

 Middle school students.  Middle school students’ GPA, number of discipline 

referrals and absences, result of state standardized test result, and promotion status were 

examined in relation to teachers’ number of years in the district and level of technology 

integration and are shown in Tables 173, 174, and 175.  Table 173 shows that there was a 

statistically significant relationship between teachers’ number of years in the district and 

middle school students’ GPA in sample year 1999-2000.  Also Table 173 shows that 

there was a statistically significant relationship between teachers’ technology integration 

level and middle school students’ GPA in sample year 1994-1995.  However, there was 

no trend of the middle school students’ GPA and their teachers’ number of years in the 

district and technology integration level over the ten year period of time.   

Table 174 shows that there was a statistically significant relationship between 

teachers’ number of years in the district as well as technology integration level and 

middle school students’ number of discipline referrals in sample year 1994-1995.  

However, there was no trend of the middle school students’ number of discipline referrals 

and their teachers’ number of years in the district and technology integration level over 

the ten year period of time.   

 The state standardized writing tests information was not available in all sample 

years.  Reading and mathematics tests information was available only in two sample 

years, i.e., 1996-1997 and 1999-2000.  Therefore, the trend of the relationship between 
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Table 173 
 

Summary of Relationship between Middle School Students’ GPA and Teachers’  
Number of Year in the District and Technology Integration Level 

 
Sample Year p-value of 

whole Model 
p-value of Years in 
District 

p-value of 
Integration of Level 

2002-2003 0.192 0.075 0.405 
1999-2000 0.015* 0.004* 0.389 
1996-1997 0.335 0.756 0.142 
1994-1995 0.098 0.658 0.033* 

Note: * indicates a statistically significant relationship at p < 0.05. 
 
 

Table 174 
 

Summary of Relationship between Middle School Students’ Number of Discipline 
Referrals and Teachers’ Number of Year in the District and Technology Integration Level 

 
Sample Year p-value of 

whole Model 
p-value of 
Years in 
District 

p-value of 
Integration of 
Level 

2002-2003 0.393 0.306 0.938 
1999-2000 0.064 0.058 0.080 
1996-1997 0.168 0.283 0.093 
1994-1995 0.002** 0.021* 0.001** 

Note: * indicates a statistically significant relationship at p < 0.05.  
 

teachers’ number of years in the district and technology integration level and middle 

school students’ result of state standardized tests was not examined because of limited 

data.   

Table 175 shows that there was no statistically significant relationship between 

teachers’ number of years in the district and their technology integration level and middle 

school students’ number of absences in all sample years.  Thus there was no trend of the 

middle school students’ number of absences and their teachers’ number of years in the 

district and technology integration level over the ten year period of time.   
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Table 176 shows that there was no statistically significant relationship between 

teachers’ technology integration level and middle school students’ promotion status in all 

sample years.  Thus there was no trend of the middle school students’ promotion status 

and their teachers’ number of years in the district and technology integration level over 

the ten year period of time.   

 
Table 175 

 
Summary of Relationship between Middle School Students’ Absences and Teachers’ 

Number of Year in the District and Technology Integration Level 
 

Sample Year p-value of 
whole Model 

p-value of 
Years in 
District 

p-value of 
Integration of 
Level 

2002-2003 0.015* 0.408 0.089 
1999-2000 0.330 0.139 0.688 
1996-1997 0.886 0.624 0.947 
1994-1995 0.740 0.776 0.558 

Note: * indicates a statistically significant relationship at p < 0.05. 
 
 

Table 176 
 

Summary of Relationship between Middle School Students’ Promotion Status and 
Teachers’ Number of Year in the District and Technology Integration Level 

 
Sample Year p-value of 

whole Model 
p-value of 
Years in 
District 

p-value of 
Integration of 
Level 

2002-2003 0.779 0.726 0.791 
1999-2000 0.606 0.331 0.650 
1996-1997 0.836 0.555 0.872 
1994-1995 0.285 0.455 0.280 

 
 
 High school students.  High school students’ GPA was examined in relation to 

teachers’ number of years in the district and level of technology integration.  The results 
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are presented in Table 176.  The relationship between the high school students’ GPA and 

their teachers’ number of years in the district was significant in sample year 2002-2003.   

The relationship between the high school students’ GPA and their teachers’ level 

of technology integration was significant in sample years of 1996-1997, 1999-2000, and 

2002-2003 (See Table 177).  Thus there appeared to be a trend in the relationship 

between the high school students’ GPA and their teachers’ technology integration level. 

 
Table 177 

 
Summary of Relationship between High School Students’ GPA and Teachers’ Number of 

Year in the District and Technology Integration Level 
 

Sample Year p-value of 
whole Model 

p-value of 
Years in 
District 

p-value of 
Integration of 
Level 

2002-2003 <0.001* 0.001* 0.007* 
1999-2000 0.008* 0.881 0.002* 
1996-1997 0.068 0.490 0.022* 
1994-1995 0.774 0.506 0.576 

Note: * indicates a statistically significant relationship at p < 0.05. 
 

The records of high school students’ number of discipline referrals were only 

available in two sample years, i.e., 1999-2000 and 2002-2003.  The number of absences 

was only available in sample year 1994-1995 and 1999-2000.  Results of high school 

students’ state standardized tests were only available in sample year 1994-1995 and 

1996-1997.  All selected high students were promoted to the next level.  Therefore, the 

trend of the relationship between teachers’ number of years in the district and technology 

integration level and high school students’ number of discipline referrals, number of 

absences, result in taking state standardized tests, and promotion status was not examined 

because of limited data.   
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Summary of Chapter Four 
 

 This chapter contains the findings of the study.  Also it reviews the data 

processing, the participants, the research questions, and analyzes the archived data 

provided by the school district for each research question.   

 The basic findings that are delineated in the text from this chapter are summarized 

in Tables 178 and 179 (See Table 1 in Chapter 1 for descriptions of teacher factor and 

students’ outcome).  Most statistically significant relationships were found for middle and 

high school students.  The elementary school students’ number of discipine referrals was 

found statistically related with teachers’ number of years since their initial CFT training 

and technology integratioin level in sample year 2002-2003.  The association was 

negative, which means that the longer the teachers stay in the district or the higher their 

technology integration level, the fewer discipline referrals were reported for their 

students. 

 There was a statistically significant relationship found between the middle school 

students’ GPA and teachers’ CFT training level and number of years since their initial 

CFT training in sample year 1994-1995.  Also there was a statistically significant 

relationship found between the middle school students’ GPA and teachers’ number of 

years in the district in sample year 2002-2003.   

There were statistically significant relationships between the middle school 

students’ number of discipline referrals and their teachers’ CFT Level, number of years 

since initial CFT training, number of years in the school district, and technology 

integration level in sample year 1994-1995.  The middle school students’ number of 
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absences was related with their teachers’ number of years since initial CFT training in 

sample year 2002-2003. 

The statistically significant relationship between middle school students’ results 

of state standardized mathematics test and their teachers’ number of years since initial 

CFT training was found only in sample year 1996-1997.  However, caution must be taken 

to interprete the result because eight students’ test information was missing.  

The relationship between the high school students’ GPA and their teachers’ CFT 

training level and number of years since initial CFT training were statistically significant 

in two sample years, i.e., 1996-1997 and 2002-2003, which means that their GPA 

increased as teachers’ CFT training level and number of years since their initial CFT 

training increased.  Their GPA was also related with teachers’ technology integration 

level in sample years of 1996-1997, 1999-2000, and 2002-2003, which indicates that the 

higher the technology integration level, the higher the GPA was.  

Table 178 summarizes the trends found between students’ outcome and teacher 

factors during the ten year period of the CFT initiative.  Trends were found in the 

relationship between the high school students’ GPA and their teachers’ CFT training 

level, number of years since initial CFT training, and technology integration level.  Thus 

over the ten year period of the CFT initiative, the higher the teachers’ CFT level, number 

of years since initial CFT training, and technology integration level, the higher the high 

school students’ GPA was. 

In the final chapter, conclusions from the results of data analysis will be stated 

and discussed.  In addition, implications and limitation of the study will be presented 

along with an overall summary of this study. 
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Table 178 
 

Summary of Significant Findings for Impact of Teacher Factors on Students’ Outcome 
 
Campus Level Outcome Teacher Factor   Sample 

Year 
Impact 
Direction

Discipline Referrals Years since Initial 
Training 

2002-2003 _ 

Discipline Referrals Integration Level 2002-2003 _ 

Elementary 
School 

State Test Result  
(math only) 

Years in the District 1994-1995 _ 

GPA CFT Level 1994-1995 + 
GPA Years since Initial 

Training 
1994-1995 + 

GPA Years in the District 1999-2000 + 
GPA Integration Level 1994-1995 + 
Discipline Referrals CFT Level 1994-1995 _ 

Discipline Referrals Years since Initial 
Training 

1994-1995 _ 

Discipline Referrals Integration Level 1994-1995 _ 

Discipline Referrals Years in the District 1994-1995 _ 

Absences  Years since Initial 
Training 

2002-2003  + 

Middle School 
 

State Test Result 
(math only) 

Years since Initial 
Training 

1996-1997 _ 

GPA CFT Level  
 

2002-2003 
1996-1997 

+ 

GPA Years since Initial 
Training 

2002-2003 
1996-1997 

+ 

GPA Integration Level 2002-2003 
1999-2000 
1996-1997 

+ 

Discipline Referrals Integration Level 2002-2003 _ 

Absences  CFT Level 1999-2000 _ 
Reading Years in the District 1996-1997 _ 

High School 

State 
Test 
Result 

Math Years in the District 1996-1997 + 

     Note: + indicates a positive impact, and – a negative impact. 
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Table 179 
 

Summary of Trends of Impact of Teacher Factors on Students’ Outcome over Ten Year 
Period of CFT Initiative 

 
Campus Level Outcome Teacher Factor   Trend 

Direction 
Elementary 
School 

Discipline 
Referrals 

CFT Level _ 

GPA CFT Level + 
GPA Years since 

Initial Training 
+ 

High School 

GPA Technology 
Integration Level 

+ 

                  Note: + indicates a positive trend, and – a negative trend. 
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CHAPTER FIVE 

Discussions and Conclusions 
 

 
Introduction 

 
The purpose of this study was to analyze the impact of a ten-year CFT technology 

initiative on their students’ outcome measured by GPA, state standardized test result, the 

number of discipline referrals, number of absences, and promotion status.  Chapter One 

argues the significance of the study and presents the research questions.  Chapter Two 

overviews the historical research on the effects of instructional technology on students.  

Chapter Three describes the design of the study including the research questions, 

dependent and independent variables, background information of the school district, 

introduction of the participants, data collection procedures, and statistical analyses.  

Chapter Four reviews the data processing, the participants, the research questions, and 

analyzes the archived data provided by the school district for each research question.  

This chapter discusses the results and findings in Chapter Four.  

 
Discussion of Results 

 
 In this section, each research question will be reviewed and the statistical results 

related to that question will be summarized and discussed. 

 
Research Question One 
 

Research Question 1 examined whether there was a relationship between the 

Computer for Teachers (CFT) level of training and students’ outcome measured by GPA
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number of discipline referrals, number of absences, state standardized test result, and 

promotion status.  This question was analyzed on each campus level in each sample year. 

 
Sample year 2002-2003.  The elementary students’ number of discipline referrals 

of teachers at CFT Level 1 was 32.617, and higher than that of those with teachers at 

CFT Level 2, which was 28.383.  However, the result of the Wilcoxon test did not 

indicate a statistically significant relationship between students’ number of discipline 

referrals and their teachers’ CFT training level.   

The elementary students’ number of absences of teachers at CFT Level 1 was 

nearly the same as that of those with teachers at CFT Level 2.  Furthermore, the result of 

the Wilcoxon test did not indicate a statistically significant relationship between students’ 

number of absences and their teachers’ CFT training level.   

 The middle school students’ GPA was not significantly related with teachers’ 

CFT level.  However, the GPA of students whose teachers were at CFT Level 0 was 

higher than that of those whose teachers were at Level 1, and lower than that of those 

whose teachers were at Level 2.  The number of discipline referrals and absences of 

middle school and high school students did not have significant relationships with 

teachers’ CFT training level. 

 The high school students’ GPA was significantly related with teachers’ CFT level.  

Students’ GPA went up as their teachers CFT level increased.  All elementary and high 

school students were promoted, and there was no significant relationship between the 

middle school students’ promotion status and their teachers’ CFT level. 
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Sample year 1999-2000.  Most of students who had teachers without CFT training 

had higher number of discipline referrals and absences than those who had teachers of 

CFT training.  However, the analysis did not indicate a significant relationship between 

students’ number of discipline referrals and absences and their teachers’ CFT training 

level.   Nonetheless, the inferential statistics did show that there was a significant 

relationship between high school students’ number of absences and their teachers’ CFT 

training level—the average number absences reduced by 10 as their teachers’ level of 

CFT training increased.  This was consistent with previous literature which concluded 

that teachers’ technology use increased students’ motivation measured by better 

attendance records (Apple Inc., 2003; Kulik, 1994; Honey, Culp, & Carrigg, 2000; 

Roblyer, 1988).  For example, the collaborative research conducted by a technology 

center and a school district in New Jersey found that that technology use improved 

students’ learning and attendance (Honey, Culp, & Carrigg, 2000). 

 Sample year 1996-1997.  The only significant relationship found in sample year 

1996-1997 was between high school students’ GPA and their teachers’ CFT training 

level.   The average GPA of students with teachers of CFT Level 1 was over 6 points 

higher than that of those with teachers of CFT Level 0.  This is consistent with what the 

previous research had concluded (Hilty, 1998; Darling-Hammond, 1998a; House, 1999; 

Apple Inc., 2003). 

 Sample year 1994-1995.   There was a statistically significant relationship 

between the middle school students’ number of discipline referrals and their teachers’ 

CFT training level.  The average number of discipline referrals of the middle school 

students who had teachers of CFT Level 0 was over 12 points higher than that of those 
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who has teachers of CFT Level 1.  It indicated that teachers’ training in technology may 

have led to more technology use in teaching, which may have made students more 

motivated to go to school.  This is also supported by findings in previous research (Apple 

Inc., 2003; Honey, Culp, & Carrigg, 2000; Roblyer, 1988).  

 
Research Question Two 
 

Research Question 2 investigated over the ten-year period of the CFT initiative, 

whether there was a trend of students' outcome measured by GPA, number of discipline 

referrals, number of absences, state standardized test result, and promotion status, in 

relation to teachers’ highest CFT level of training.  This question was examined by 

observing graphs of elementary school, middle school, and high school students’ 

outcome in the four sample years.   

 
Elementary school students.  For elementary school students, the number of 

discipline referrals of those whose teachers were at CFT Level 0 was the highest, and 

higher than that of those whose teachers were at CFT Level 1 and 2.  The number of 

discipline referrals of students whose teachers were at CFT Level 1 was slightly higher 

than that of those whose teachers were at CFT Level 2.  Thus there is a trend that the 

elementary students’ number of discipline referrals reduced as their teachers CFT training 

level increased (See Figure 1 in Chapter 4).  This finding is consistent with the literature 

review which concluded that teachers’ technology training increased students’ motivation 

to go to school (Apple Inc., 2003; Honey, Culp, & Carrigg, 2000; Roblyer, 1988). 

The number of absences of elementary school students did not show consistent 

patterns.  The students whose teachers were at CFT Level 0 had higher average of 
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number of absences than those whose teachers were at Level 1, but lower than students 

who had teachers at Level 2.  This finding may be influenced by the sampling method or 

the missing absence records for some students. 

Only some of the elementary school students had the state standardized test 

results in sample years of 1994-1995 and 1996-1997.  Therefore, it was not useful to look 

at the trend in relationship between students’ state standardized test result and their 

teachers’ CFT training level.  Since most of students were promoted, the examination of 

any trend in relationship between elementary students’ promotion status and their 

teachers’ CFT training level was not beneficial.  

 
Middle school students.  No trend in the relationship between middle students’ 

GPA and their teachers’ CFT training level was indicated by Figure 6 in Chapter 4.  

Figure 7 in Chapter 4 indicated that the number of discipline referrals of middle school 

students whose teachers were at CFT Level 0 was slightly higher than that of those whose 

teachers were at CFT training Level 1, which is consistent with previous research (Apple 

Inc., 2003; Rappoport & Sclafani, 1995).  Even though the number of discipline referrals 

of students whose teachers were at CFT training Level 2 looks higher, this was possibly 

skewed by  the data which was only available in sample year 2002-2003. 

 
 High school students.  Figure 8 in Chapter 4 indicated a strong trend in 

relationship between high school students’ GPA and their teachers’ CFT training level.  

The average GPA of students with teachers at CFT level 2 was the highest; and that of 

the students with teachers at CFT level 1 the second highest.  This is consistent with what 
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previous research had concluded that teachers’ technology training improved students’ 

academic achievement (Apple Inc., 2003; National Research Council, 2000; Hope, 1996). 

 
Research Question Three 
 
 Research Question 3 examined if there was a relationship between teachers’ 

number of years since their initial CFT training and students’ outcome measured by GPA, 

number of discipline referrals, number of absences, state standardized test result, and 

promotion status. 

 
Sample year 2002-2003.  There was a significant relationship between elementary 

school students’ number of discipline referrals and their teachers’ number of years since 

initial CFT training.  The students’ number of discipline referrals decreased as their 

teachers’ number of years since initial CFT training increased.  This is consistent with 

what previous research of Darling-Hammond (1998b), Hilty (1998), and Dommitt 

(2003). 

There was a significant relationship between middle school students’ number of 

discipline referrals and their teachers’ number of years since initial CFT training.  The 

students’ number of discipline referrals increased as their teachers’ number of years since 

initial CFT training increased.  This is not consistent with what previous research had 

concluded about the relationship betweens students’ attendance records and teachers’ 

technology training (Apple Inc., 2003; Dommitt, 2003; Hilty, 1998).  For example, The 

ACOT (Apple Inc., 2003) research project found that routine use of technology increased 

students’ attendance.  Honey, Culp, and Carrigg (2000) also found that technology use 

improved students’ attendance.  However, since the significance only occurs in sample 
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year 2002-2003, it may be caused by some factors other than teachers’ CFT training 

level. 

There was a significant relationship between high school students’ GPA and their 

teachers’ number of years since initial CFT training.  The students’ GPA increased as 

their teachers’ number of years since initial CFT training increased.  This is supported by 

previous research that continuous technology use can improve students’ academic 

performance (Darling-Hammond, 1998b; Dommitt, 2003; Hilty, 1998). 

  
 Sample year 1999-2000.  There was no significant relationship between the 

students’ GPA, number of discipline referrals and absences, state standardized test result, 

and promotion status and their teachers’ number of years since initial CFT training.   

 
 Sample year 1996-1997.  The relationship between the middle students’ state 

standardized math test result and their teachers’ number of years since initial CFT 

training was significant.  There was a negative association, which means that less 

students’ passed the state standardized math test as teachers’ number of years since their 

initial CFT training increased.  Since this was the only negative association between 

students’ state standardized test result and their teachers’ number of years since initial 

CFT training found in this study, it may be affected by the incompleteness of the test 

scores for middle school students in 1996-1997. 

 The other significant association found in sample year 1996-1997 was between 

the high school students’ GPA and their teachers’ initial CFT training.  The association 

was positive and meant that the students’ GPA increased as their teachers’ number of 

years since initial CFT training increased.  Therefore, it is consistent with what previous 
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research had found out, i.e., teachers need time to implement what they had learned in 

technology training classes to improve students’ learning (Koszalka, Grabowski, & 

McCarthy, 2003; Perkins, 1993; National Research Council, 2000). 

 
 Sample year 1994-1995.   The significant associations found in 1994-1995 was 

between the teachers’ number of years since initial CFT training and middle school 

students’ GPA and number of discipline referrals.  These associations were strong and 

positive.  Therefore, the high school students’ GPA increased when their teachers’ 

number of years since initial CFT training increased.  Their number of discipline 

referrals, on the contrary, decreased when their teachers’ number of years since initial 

CFT training increased, which indicated that students’ might be more motivated to go to 

school when their teachers were more experienced with instructional technology.  This is 

supported by previous research (Apple Inc., 2003; Jones, 2003; Riva, 2001). 

 
Research Question Four 
 

Research Question 4 examined whether over the ten-year period of the CFT 

initiative, there was a trend of students' outcome measured by GPA, number of discipline 

referrals, number of absences, state standardized test result, and promotion status, in 

relation to teachers’ number of years since their initial CFT training.  The discussion will 

be presented in the order of outcome of elementary, middle, and high school students. 

 
 Elementary school students.  The only significant relationship between teachers’ 

number of years since their initial CFT initiative and students’ number of discipline 

referrals occurred in sample year 2002-2003.  It was a strong negative association.  The 

associations between students’ absences and between teachers’ number of years since 
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their initial CFT initiative was not significant; however, they all indicated a negative 

association, i.e., the elementary school students’ number of absences decreased as their 

teachers number of years since initial CFT training increased (See Table 70). 

 
 Middle school students.  There was no consistent pattern among the associations 

between teachers’ number of years since their initial CFT training and middle school 

students’ GPA, number of discipline referrals, number of absences, state standardized test 

result, and promotion status.  This inconsistency may be influenced by the missing initial 

training date of some of the teachers who were at CFT training level 2, i.e., their number 

of years was the time since their second CFT training, and was actually shorter than their 

number of years since initial CFT training. 

 
 High school students.  There was a trend that the association between teachers’ 

number of years since their initial CFT initiative and high school students’ GPA (See 

Table 72) was significant.  The correlation coefficients indicated a strong and positive 

association in sample years of 1996-1997 and 2002-2003.  However, in sample year 

1999-2000, the p-value was 0.059 and very close to alpha level.  The trend was supported 

by the conclusions in previous research that teachers take time to integrate technology 

into instruction and improve students’ learning (Koszalka, Grabowski, & McCarthy, 

2003; Perkins, 1993; National Research Council, 2000). 

 
Research Question Five 
 

Research Question 5 was designed to see if there was a relationship between 

students’ outcome measured by GPA, number of discipline referrals, number of absences, 

state standardized test result, and promotion status and teacher factors of teachers’ 
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number of years in the district and their level of technology integration.  The significant 

findings will be presented for each campus level in each sample year.  

 In sample year 2002-2003, the elementary school students’ number of discipline 

referrals was strongly associated with teachers’ technology integration level, as was the 

high school students’ GPA and number of discipline referrals.  In sample year 1999-

2000, the high school students’ GPA was strongly associated with teachers’ technology 

integration level.   

 In sample year 1996-1997, the high school students’ GPA was strongly associated 

with teachers’ technology integration level.  The high school students’ state standardized 

reading and math test results were strongly associated with their teachers’ number of 

years in the district (See Table 141 in Chapter 4).  However, this is not consistent with 

what previous research concluded (Bussey, Dormody, & VanLeeuwen, 2000) because the 

association between the students’ state standardized test result and teachers’ number of 

years in the district was negative in this study.  

 In sample year 1994-1995, the elementary school students’ results in state 

standardized mathematics test was negatively related with teachers’ number of years in 

the district (See Table 153 in Chapter 4), i.e., the greater number of years teachers stay in 

the district, the fewer students passed the state standardized mathematics test.  This is not 

consistent with what previous research found out (Bussey, Dormody, & VanLeeuwen, 

2000).  Furthermore, it occurred to the elementary school students only in one sample 

year with limited data, caution needs to be taken to interpret the result.  The middle 

school students’ GPA was strongly associated with teachers’ technology integration 

level, i.e., the higher the integration level was, the higher the GPA.  The middle school 
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students’ number of discipline referrals was strongly associated with both teachers’ 

number of years in the district and their level of technology integration level.  The higher 

the teachers’ technology integration level was, the less likely the students would have 

discipline referrals.  Similarly, the middle school students’ number of discipline referrals 

was significantly related with teachers’ number of years in the district.  The longer the 

teachers had worked in the district, the more discipline referrals their students had.  Since 

this significant relationship was found between students’ number of discipline referrals 

and their teachers’ number of years in the district only in sample year 1994-1995, it does 

not necessarily indicate a trend over the ten-year period of time, which will be discussed 

in the following section. 

 
Research Question Six 
 

Research Question 6 examined over the ten-year period of the CFT initiative, 

whether there was a trend of students' outcome measured by GPA, number of discipline 

referrals, number of absences, state standardized test result, and promotion status in 

relation to teacher factors of teachers’ number of years in the district and teachers’ level 

of technology integration.  The findings will be presented for elementary, middle, and 

high school students. 

 There was no apparent trend in elementary school students’ number of discipline 

referrals and absences in relation to teachers’ number of years in the district and their 

technology integration level.    

 There was no evident trend in the middle students' outcome measured by GPA, 

number of discipline referrals, number of absences, state standardized test result, and 
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promotion status in relation to teacher factors of teachers’ number of years in the district 

and teachers’ level of technology integration. 

 There was an apparent trend of high school students' GPA in relation to teacher 

factors of teachers’ level of technology integration, which is consistent with previous 

research that the more technologies teachers use, the better students perform (Koszalka, 

Grabowski, & McCarthy, 2003; Perkins, 1993; National Research Council, 2000).  

 
Summary of Discussion 
 
 Even though over the ten-year period of time, there is an apparent trend in 

significant relationship between high school students’ GPA and teachers’ CFT training 

level, number of years since initial training, technology integration level, and the number 

of years since their initial CFT training, the analysis of the relationship between students’ 

outcome and teachers factors on each campus level in each sample year was not 

consistent.  The lack of overall consistent evidence indicating a strong relationship 

between students’ outcome measured by GPA, number of discipline referrals, number of 

absences, state standardized test result, and promotion status and teacher factors of 

teachers’ highest CFT training level, number of years since initial CFT training, number 

of years in the district, and their level of technology integration may be caused by the 

incomplete student information from the school district.  This is one of the limitations in 

this study, which will be discussed in a later section.  

Discussion of the Impact of the Ten-Year CFT Initiative 

One of the purposes of this study was to ascertain evidence of the impact of the 

CFT initiative on students’ outcome, as described in Chapter 3.  The findings of this 

study indicated that the CFT training level, teachers’ number of years since initial CFT 



                             

 

237

 

training, and their technology integration level were related to elementary, middle, and 

high school students’ outcome of GPA, number of discipline referrals, and number of 

absences in various sample years (See Table 178 in Chapter 4).  For example, the higher 

teachers’ CFT training or technology integration level was, the fewer number of 

discipline referrals were reported for their students.  Additionally the greater number of 

years since the teachers’ initial training, the fewer number of discipline referrals were 

reported for their students. 

During the ten year period of the CFT initiative, teachers’ CFT level contributed 

to elementary school students’ motivation measured by number of discipline referrals.  

That is, the higher the elementary school teachers’ CFT level, the fewer number of 

discipline referrals were reported for their students.  Also there were trends in the 

relationship between high school students’ academic achievement represented by GPA 

(See Table 179 in Chapter 4) and teachers’ CFT training level, number of years since 

initial training, and technology integration level.  Thus the higher the high school 

teachers’ CFT training or technology integration level, or the greater number of years 

after their initial training, the higher their students’ GPA was.   

The rationale behind the study was that teachers learned the skills and strategies 

to integrate technology into instruction through the CFT initiative, which were measured 

by teachers’ CFT training level and technology integration level, but it takes time for 

them to use technology in teaching after the CFT training, which was measured by their 

number of years since initial CFT training.  These findings are consistent with what 

previous research concluded in that teachers are essential in effecting students’ outcome 

and central to integrating technology into instruction and this strengthens over time.  
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Furthermore, effective professional development is critical to promoting technology as a 

tool for teaching and learning (Cradler, 1996; National Research Council, 2000; Northern 

Central Regional and Educational Laboratory, n.d.; Ludwig & Taymans, 2005). 

Overall, the findings revealed a positive impact of the CFT initiative on students’ 

outcome.  Results from the data analysis indicated that the CFT initiative was successful 

in strengthening teachers’ technology integration and improving students’ outcome, 

which also provides insights for other school districts.  School districts should continue 

offering high quality technology training and support to teachers. 

    
Limitations 

 
 
Limitations to Generalization 

 
 This study was based on the teachers and students in one school district.  

Therefore, the analysis and results of this study may not be applicable to other school 

districts.  Threats to external validity of this study include interaction of setting and 

treatment and interaction of history and treatment (Kirk, 1995). 

 Interaction of setting and treatment refers to the unique characteristics of the 

setting in which the results are obtained.  In this study, the participating school district 

represents numerous areas of diversity (See Table 3 in Chapter 3).  This school district 

consistently reports student turnover rate of up to 40%, much of which is attributed to its 

location which includes a large military base (Maness, 2006).  The teacher turnover rate 

is low.  For example, in 1994-1995, the teacher turnover rate was 11.2%, which was 

lower than the state average of 12.2% (Texas Education Agency, 2006).  Furthermore, 

technology application has been one of the missions of the school district (Killeen ISD, 
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n.d.).  Thus other school districts without the similar characteristics may not have the 

same results from technology initiative. 

 Interaction of history and treatment refers to the situation that results are obtained 

at the same time of a particularly noteworthy event (Kirk, 1995).  Thus the results may be 

different if they are obtained in the absence of that event.  In this study, students may 

have had several teachers who were trained at various CFT levels.  On the other hand, 

some students of the teachers who had no training from the district may have had other 

teachers who had been trained either by the district or by other means.  Therefore, the 

results may not be generalized to other school districts. 

  
Students of Special Population 
  

Students of special population such as those with low English as a Second 

Language (ESL) level and 504 status may perform differently from the general 

population, i.e., their outcome may be greatly influenced by their language or learning 

abilities (Padrón, Waxman, & Rivera, 2002; Bond, 1996).  Section 504 of the 

Rehabilitation Act of 1973 is a national law that protects qualified individuals from 

discrimination based on their disability.  The 504 students are those who are entitled to 

the protections of Section 504, but are not also eligible under the Individuals with 

Disabilities Education Act (IDEA).  To be eligible under Section 504, one must be 

qualified, which, in Texas, roughly equates to being between three and twenty-two years 

of age and a resident of the school district, and “disabled.”  A disabled person refers to 

any one who has a physical or mental impairment which substantially limits one’s major 

life activities (Richards, 1999).  Thus, if these students are included as the subjects by 

random sampling, the internal validity of the study may be threatened to some extent. 
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Issues with Student Information 
 

The missing data of students’ number of discipline referrals and absences on 

certain campus levels in certain sample years makes the relevant data analysis less 

complete and accurate over the ten-year period of year.  The lack of GPA for elementary 

school students makes it extremely difficult to evaluate the impact of teachers’ CFT 

training on their academic performance.  Furthermore, the training was focused on 

elementary school teachers during the later years of the initiative.  Thus in sample years 

2002-2003, all the selected elementary school teachers were trained at CFT Level 1 and 

2, which resulted in 0 teachers at CFT Level 0.  The missing state standardized test 

results in most sample years contribute to the same problem. 

The students’ turnover rate in the school district was up to 40% because of the 

special populations in the region (KISD, 1998), which may also contributes to students’ 

outcome measured by GPA, number of discipline referrals, number of absences, state 

standardized test result, and promotion status and teacher factors of teachers’ number of 

years in the district and their level of technology integration.  

The students’ outcome in prior year was not used as a baseline for their outcome 

in the sample due to statistical limitations.  Thus the students’ outcome may be 

influenced by other factors other than the independent variables and the covariate in the 

study.      

 
Issues with Teacher Information 
 

The ranking of teacher technology integration level by technology staff at the 

campus level is subjective to some extent.  The campus technologists did the major 

ranking, and worked with the director of the technology department in the school district 
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who had been in the position prior to CFT in Fall 1992.  The director also looked at some 

teachers’ self-assessment of technology use.  Thus the actual ranking was an effort of 

data triangulation to ensure the validity of the analysis (Denzin & Lincoln, 1998).  

However, since the ranking refers to teachers’ technology integration level in each 

sample year, i.e., 1994-1995, 1996-1997, 1999-2000, and 2002-2003, it was difficult for 

campus technologists to recall whether and how teachers were using technology in that 

sample year.   

Teacher’s technology training in this study only refers to the training they 

received in the district.  Some teachers who were not trained by the school district may 

have technology experiences from other sources.  Furthermore, some teachers of CFT 

training Level 2 did not take Level 1 training; therefore, the number of years since their 

initial CFT training only reflects the years since their highest level of training.  Thus 

impact of teachers’ number of years since their initial training may be skewed to some 

extent. 

Despite the limitations discussed above, this study has implications for both the 

participating school district administrators and policy makers and to the wider technology 

education community.  The implications will be discussed in the section that follows. 

 
Implications 

 
 The results of this study have several implications for evaluating impact of 

teachers’ technology training on students’ outcome.  These implications will be discussed 

at the following level: 1) the local level; 2) the state level; and 3) the national level. 
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Implications at the Local Level 
 

Formatting of database.  First of all, students’ as well as teachers’ information 

should be in electronic format so that they would be available when needed.  Second of 

all, the design of database should be consistent.  The data type for the same field in 

different tables should be of the same.  For example, teachers’ ID number should always 

be either text/character or number.  Third, the format of data entry should be consistent.  

For example, the sample year should be entered either in the format of 94-95 or 9495.  

These various inconsistency in the archived data of the participating district impacted the 

effectiveness of data analysis. 

Missing records.   There are a great number of missing records of students’ state 

test results in sample years of 1999-2000 and 2002-2003.  The school district did not start 

tracking high school students’ number of discipline referrals until 1999.  In sample year 

1994-1995, elementary school, middle school, and high school students’ number of 

absences was missing as well.  In sample year 2002-2003, the high school students’ 

number of absences was not recorded.   

In an effort to show the trend of how teachers’ technology level and number of 

years since their initial technology influenced students’ results of state tests over the ten 

year period, the presentation can not be accurate when most of the selected students did 

not have any record.  Therefore, when considering a long term initiative, it is critical to 

consider database design and management.   
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Implications at the State Level 
 

In order to examine long-term impact such as the impact of technology on 

conduct longitudinal, students should take tests with same or similar criteria and format 

or have means for equating.  For example, TAAS and TAKS had different requirements 

for elementary school, middle school, and high school students.  

It seems necessary to have some kind of measurement for elementary school 

students’ academic performance other than state standardized tests.  Alternatives may be 

course grades or a specifically designed measure.   

 
Implications at the National Level 
 
 A large scale national comprehensive study is needed to analyze the impact of 

technology and should be conducted to eliminate more threats to the validity of the study.  

For example, a study across city and state will eliminate the special threats to studies 

within one school district (Kirk, 1995; Boe, 1989).   

Research in analyzing the impact of educational technology requires both money 

and time commitment.  If a partnership between the higher education system, the school 

district, and some industry that provides sponsorship can be built, the researchers will 

have more resources and can conduct a more thorough study. 

  
Discussion of the Research Model 

 
 This model is a comprehensive quantitative and observational study.  Efforts were 

made to quantify the students’ outcome measured by GPA, number of discipline referrals, 

number of absences, state standardized test result, and promotion status.  This model 

categorized teachers into three groups according to their CFT training level and campus 
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level.  Equivalent groups of teachers were selected according to their CFT training level.  

Equivalent groups of their students were selected consequently.   

 This research model is comprehensive in the following ways.  First, it is a study 

across the ten-year period.  Even though the student populations vary, their outcome was 

compared by GPA (only available for middle school and high school students), number 

of discipline referrals, number of absences, state standardized test result, and promotion 

status to examine the trend over the ten-year period of time.   

 Second, it is a study across campus levels.  In each sample year, elementary, 

middle, and high school students’ outcome was listed together to see the overall impact 

of teachers’ technology use in that specific year.  Most existing studies are focused on a 

specific group of students and compare the students’ performance with their peers on the 

same grade level (Jones, 2003; Anderson & Keith, 1997; Brand, 1997). 

 Third, this study uses several inferential statistics including ANOVA, 

Wilcoxon/Kruskal-Wallis tests, logistic regression, correlation tests, and ANCOVA to 

explore the relationship between students’ outcome and teacher factors such as their 

highest CFT training level, number of years since their initial CFT training, number of 

years in the district, and technology integration level.  Considering the complexity of 

research questions and variables, these are necessary. 

 This study is also a result of collaborative efforts between the researcher, 

committee members, and the employees from various departments of the school district.  

The proposal of research questions were discussed in several meetings prior to its final 

version.  The archived data was provided by different departments of the school district 

according to requests. 
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 Despite the limitations discussed in the previous section, this study has several 

implications for future studies, which is also one of the intensions of establishing this 

model.  The following section will discuss its implications for future studies. 

 
Implications for Future Studies 

  
 In this study, efforts were made to quantify students’ outcome to explore its 

relationship with teacher factors of CFT training level, number of years since their initial 

CFT training, number of years in the school district, and technology integration level.   

Thus it is possible to use inferential statistics for data analysis of students’ outcome 

measured by GPA, number of discipline referrals and absences, state standard test result, 

and promotion status.  A more rigorous design with larger sample size may work better.  

Above all, the sampling should be purely random.   

The dependent and independent variables in this study were well-chosen except 

for the students’ promotion status (See Table 1 in Chapter 1).  Since most students were 

promoted to the next level in the study, promotion status was not a good indicator to 

examine the relationship between teachers’ CFT training level and students’ outcome.  

Thus it may not contribute to the effectiveness of data analysis in future studies.  Existing 

research shows that technology can be used to promote effective teaching (Roblyer, 

1988; Degennaro & Mak, 2002; Honey, Culp, & Carrigg, 2000); thus further research is 

needed to explore whether more effective teachers are more likely to seek technology 

training and able to integrate its use in instruction at a higher level. 

Considering the incompleteness of the archived data in this study, future studies 

should consider data available in a well-designed and managed database.  To examine 

long term effects of technology initiatives, a future study could track the outcomes of the 
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same group of students over multiple years.  For data accuracy, ranking of teachers’ 

technology integration level may be more accurate if the school district ranks it each year 

in a triangulated manner to ensure the validity of data and study (Denzin and Lincoln, 

1998).     

 
Summary 

The purpose of this study was to analyze the impact of a ten-year technology 

initiative on students’ outcome.  The inferential statistics did not provide strong evidence 

that teacher factors of CFT training level, the number of years since initial CFT training, 

and technology integration level had significant impact on students’ outcome in 

elementary school, middle school, and high school in all sample years.  However, there 

appeared to be a trend in the positive relationships between high school students’ GPA 

and their teachers’ CFT training level, number of years since their initial CFT training, 

and technology integration level.  The other trend showed that elementary school 

students’ number of discipline referrals was negatively associated with teachers’ number 

of years since their initial CFT training, i.e., the more likely they had been exposed to 

technology use, the more they seemed to be motivated to go to school.  All the findings 

are consistent with previous research findings (Apple Inc., 2003; Jones, 2003; Riva, 

2001; Koszalka, Grabowski, & McCarthy, 2003; Perkins, 1993; National Research 

Council, 2000). 
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