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Introduction

In the Fall of 1999, researchers were invited to assist in the implementation and study of a Laptop Initiative for high school students.  This initiative provided laptop computers for 247 students and 24 teachers who were grouped into 9th grade learning clusters at three high schools.  The overall goals of this study centered on technology integration into the curriculum as an enhancement to teaching and learning. The researchers’ involvement included providing teacher and student training, and support for curriculum integration, as well as data collection regarding the impact of the program.  The research on the program’s impact focused on student, teacher and parent knowledge, attitudes and behaviors related to the technology.  This paper focuses on examining the integration of laptop computers into the classrooms of three urban high schools and the impact of the initiative on student, teacher and parent knowledge, attitudes and behaviors with regard to the new technology. 

Teacher and student training and curricula integration support was structured in two tiers.  The first level of support consisted of monthly in-service days for the 24 participating teachers from the three schools.  The in-service day activities included hands-on training with hardware and software, curriculum integration discussion groups and on-going training through the ACTNow! software purchased by the school district.   In addition, pairs of graduate assistants were assigned to visit each of the schools once per week for the full school day.  Graduate assistants met with teacher clusters during both team and individual planning periods, provided in-class hands-on lessons with students to support teacher curricular goals, and served as a resource for curriculum development as well as technology integration into classrooms.  The organization of these support systems met Roblyer and Erlanger’s (1998) criteria for effective teacher training programs as well as those recommended by the Office of Technology Assessment (1995). 

In an effort to measure the impact of the technology integration, an affective instrument to measure knowledge, attitudes and behaviors (KAB’s) with regard to technology skills was developed.  The instrument had three sections: demographics, attitudes about technology, and self-efficacy about performing specific technological tasks.  The assessment was constructed to measure KAB’s across several factors: perceived software task competence, attitudes toward use of technology, perceived use of internet to complete tasks, and perceived general technology task competence.  Three versions of the instrument were developed: student, teacher and parent (the parent version was translated into two Spanish versions).  The student instrument was found to be both valid and reliable in earlier studies (Murphy, King, & Brown, 2000).  Differences on these four dependent variables were examined across gender and school.  Impact on students, teachers and parents, as well as the overall success of this district-wide technology integration pilot program will be examined.

Theoretical Background

In the preface to their book, Norton and Wiburg (1998) ask the following questions: "What does it mean to be literate in a technological age? How can learners use technology to become thinkers and problem solvers? … How can teachers use technology to design instruction that supports rather than hinders living in a world challenged by such questions?" (p. V).  After posing these questions, Norton and Wiburg (1998) state that traditional views of education have changed from the behaviorist views of the first half of the century to the constructivist views of today. To them, "constructivist notions of learning start with a simple proposition: Individuals construct their own understandings of the world in which they live" ( p. 29). They state that electronic technologies should be a vital part of constructivist approaches to learning and that technology use in schools will fundamentally change how people learn. Two prominent national organizations agree with this assessment.

Provenzo (2002) reports that both the National Council for the Accreditation of Teacher Education (NCATE) and the International Society for Technology in Education (ISTE) have set standards that address Norton and Wiburg’s questions. Both sets of requirements involve teachers understanding the deep impact of technology: how to employ technological tools and software as a part of their instruction; how to use technology in student-centered classrooms; how to establish learning communities through the use of technology; how to assess student learning through the use of technology; and how to employ technology for other curricular requirements and professional development (Provenzo, 2002).  So, as schools introduce technologies, teachers are responsible for learning how to use them and apply them in their classrooms (Tiene & Ingram, 2001). 


Establishment of the above-mentioned learning communities requires a transformation of the school culture into a community were learning is continuous, reflective, and focused on improving student outcomes (Cuban, 1983).  Darling-Hammond and McLaughlin (1995) indicated that the first step in this culture change is the identification of essential structural and organizational traits that support continuous teacher learning.  Identification is not enough though; Schools must then implement processes/behaviors that foster organizational learning in the form of an ongoing feedback loop between teacher teams and the leadership team (Leithwood, Leonard & Sharratt, 1998).  Processes that help achieve ‘double-loop’ learning behaviors include: routine examination of organizational values (Rait, 1995); generation of new insights and knowledge (Huber, 1991); improvement of information interpretation by the organization (Argyris & Schön, 1978); and the building of capacity for effective use and dissemination of knowledge (Argyris & Schön, 1978).

Schools working to transform themselves into learning communities experience tension between the “professional community ethic of caring for students, critical reflection and collaboration on the one hand, and the bureaucratic necessities of hierarchy, accountability, rationality, and control” (Scribner, Cockrell, Cockrell & Valentine, 1999, p. 155).  Leithwood, Leonard, and Sharratt (1999) identified the conditions teachers indicated as having the greatest influence on the establishment and maintenance of learning organizations.  They grouped the indicators into five conditions: the district (including mission, culture, structure, policies and resources, and strategies for change), school culture, school structure, school policies and resources, and school leadership.  When proper attention is given to the factors that influence the successful building of organizational learning communities, efforts to implement and maintain organizational change will be supported (Darling-Hammond & McLaughlin, 1995).

Technology integration that requires organizational change entails much planning and training. We know the mere presence of technology does not guarantee improved teaching and learning (Roblyer & Edwards, 2000).  Not only must technology be brought into the schools, but students, faculty, and staff in the schools must be taught to use the technology. Additionally, understanding and support must also be sought from the parents of the students. Ross, Hogaboam-Gray and Hannay (1999) reviewed previous studies about the effectiveness of districts integrating technology into classrooms and found that in addition to equipment and training factors, teacher confidence in their ability to use instructional technology was a strong predictor of effective technology integration. With the issues of equipment, training, and teacher support controlled for through the laptop initiative’s design, concerns about the initiative focused on self-efficacy beliefs and attitudes about technology among the teachers, students, and their parents.

Bandura’s Social Cognitive Theory (1986, 1997) informs us that there are four influences on self-efficacy beliefs. First in importance is individual mastery experience. The second most influential contributor to self-efficacy beliefs is vicarious experience. In this research teachers received their mastery experiences through in-service hands-on training and in one-on-one consultation with graduate assistants. Vicarious learning took place in both venues. Technology "experts" modeled proper techniques and integration during in-service, while graduate assistants provided modeling for both teacher and students in actual classroom situations. Students in the classroom also received their training from their teachers, through the teachers’ modeling of expected behaviors. In turn, parents participated with their students at home and were trained through the student.

Attitudes and self-efficacy are being examined together in this study, based upon the Fishbein and Ajzen attitude-behavior theory (Fishbein, 1979; Fishbein & Ajzen, 1975). In their model, beliefs about an object lead to an attitude toward it. These beliefs arise from experiences with the object. When beliefs about an object are favorable, attitudes will also be favorable. Consistent with this model, Gardner, Dukes and Discenza (1993) found that "as students develop beliefs about their ability to work with computers, this will in turn affect the favorableness of their attitudes toward computers” (p. 429).

Methods and Procedures

Research Questions  

The research questions included: What differences existed in student, teacher and parent pre and post attitudes and self-efficacy, related to computer technology, after the implementation of the laptop initiative? What trends in attitude and self-efficacy data are evident within and/or across the three groups and/or three school settings? What conclusions, if any, can be drawn regarding program impact from the parent, teacher and student trend data?

Participants

The entire study tracked 247 students, 168 of their parents, and 24 teachers involved in the laptop initiative. The focus of this study was on drawing conclusions about the programs overall effectiveness and impact across students, teachers and parents; as well as the organizational change necessary for sustaining the technology initiative. Students, teachers and parents were tracked from December 1999 through June 2000.  Recent (2002) updates from district staff regarding the current status of the technology initiative will also be considered.

Sampling/Data Gathering
The total sample tracked throughout this study required matching of participant pre and post survey data. The sample breakdown (Table 1) reflects the matched sample totals, for surveys with no missing data, for both students and teachers. Parent data included 168 completed pre-surveys and only 24 matched post-surveys with no missing data.  Parent pre/post survey matches were too small for statistical analysis.  Pre-survey records were the only parent data included in this program impact analysis.

Table 1. 

Sample Demographics.

	School
	Males
	Females
	N

	Trailhead*
	 
	 
	 

	Students
	18
	33
	51 (35.4%)

	Teachers
	2
	6
	8 (33.3%)

	Parents
	20
	47
	67 (39.9%)

	Center City*
	 
	 
	 

	Students
	22
	26
	48 (33.3%)

	Teachers
	2
	5
	7 (29.2%)

	Parents
	13
	37
	50 (29.8%)

	Basketville*
	 
	 
	 

	Students
	21
	24
	45 (31.3%)

	Teachers
	4
	5
	9 (37.5%)

	Parents
	15
	36
	51 (30.3%)

	 
	 
	 
	 

	Totals
	 
	 
	 

	Students
	61 (42.4%)
	83 (57.6%)
	144 

	Teachers
	8 (33.3%)
	16 (66.7%)
	24

	Parents
	48 (28.6%)
	120 (71.4%)
	168


*School names are pseudonyms.

Instrumentation

The research questions were addressed using data generated through pre and post-surveying of attitudes and self-efficacy with regard to computers. Attitudes and self-efficacy about computers were measured through a questionnaire using a 5-point Likert-type scale. In a previous study, the student form was found to be valid and reliable with four factors emerging from the data (Murphy, King & Brown, 2000). Parallel item stems from the 35-item student attitude and computer self-efficacy instrument were revised to create 28-item parent and 35-item teacher questionnaires. Differences existed in item wording, for example: ”I can use a spreadsheet/database program to complete homework” versus “I can use a spreadsheet/database program to create homework assignments for my students.” Qualitative data was also obtained through interviews and open-ended survey questions at the conclusion of the pilot year initiative.

Data Analysis

Preliminary results of student and teacher data were reported previously (Murphy, King & Brown, 2001; Murphy, King, Brown & O’Connell, 2001).  Data analysis conducted and reported for this study includes examination of parent data and follow-up investigation of parent and student findings.  

Five dependent variables were measured by the pre/post survey in this study.    Four of these dependent factor score variables (perceived software task competence, attitudes toward use of technology, perceived use of internet to complete tasks, and perceived general technology task competence) were analyzed for parent, teacher and student data.  Averaging the item scores for each participant across each of the factors resulted in   factor scores.  A 2 x 3 between-subjects multivariate analysis of covariance (MANCOVA) was performed on the four dependent variables, factor scores, associated with technology use by students and teachers.  Pre-survey factor scores were used as covariates.    A 2 x 3 between-subjects multivariate analysis of variance (MANOVA) was performed on the four dependent variables, factor scores, associated with technology use by parents.  

The fifth variable examined the changes in teacher self-efficacy with regard to instructing students in the use of the initiative technology.  This survey item was analyzed as a separate variable based on its lack of fit to any of the four previously defined factors, as well as the fact that the item was created specifically for the teacher instrument and was never tested with the student or parent surveys. The fifth teacher variable, instruction of technology use, was analyzed using an analysis of variance (ANOVA).   

In addition, data for two independent variables was collected.  The first independent variable, gender, was measured across 2 levels (male and female), and the independent variable, school, included three levels (Trailhead, Center City and Basketville).  

Qualitative data was analyzed based upon themes that arose in the examination of open-ended survey questions and follow-up interview data.  Follow-up interviews were conducted individually with faculty who did not complete the open-ended survey questions.  These interviews were completed via telephone after completion of the laptop intervention.

Results

Quantitative Findings
Analysis of the factors across schools indicated no differences for parents or teachers, while students at Basketville were statistically different from the other two participating schools on two factors (Table 2). Basketville student ratings on attitudes toward use of technology (F2) and perceived ability to use internet/e-mail (F3) were statistically lower than their student counterparts at Center City and Trailhead.

Table 2.

Quantitative Findings.

	
	Teacher

Analysis
	Student

Analysis
	Parent

Analysis

	Results of 

Manova/

Mancova 

Analysis
	No Gender Effects

No School Effects
	No Gender Effects

Significant School

Effects
	No Gender Effects

No School Effects

	Factor 1:

Software 

Task 

Competence
	Significant Differences 

between Pre/Post 

Scores (p=.003)

Moderate Effect Size Index:

 d = .70
	No Significant School Effects


	Mean = 2.84

(“average” score)

confidence interval includes

the middle term (3.0)

	Factor 2:

Attitudes 

toward

Technology 

Use
	No Significant Pre/Post Score Differences

(p = .236)
	Significant School Effect 

(p < .001)

Central City > Trailhead > Basketville

CC & T > B (p=.001)

T > CC (p<.002)
	Mean = 3.70

(above “average” score)

confidence interval: 

3.54 to 3.89

	Factor 3:

Use of the 

Internet

to Complete 

Tasks 
	Significant Differences 

between Pre/Post 

Scores (p=.007)

Moderate Effect Size Index:

 d = .70
	Significant School Effect 

(p < .001)

Central City > Trailhead > Basketville

CC & T > B (p=.001)
	Mean = 3.13

(average score)

confidence interval includes

the middle term (3.0)

	Factor 4:

General 

Technology

Task 

Competence
	Significant Differences 

between Pre/Post 

Scores (p=.003)

Moderate Effect Size Index:

 d = .64
	No Significant School Effects


	Mean = 2.55

(below “average” score)

confidence interval: 

2.31 to 2.77

	Factor 5:

Competence 

Instructing 

use of

Technology
	Significant Differences between Pre/Post Scores (p=.002)

Moderate-to-Large 

Effect Size Index:

 d = .77
	N/A
	N/A


Follow-up analysis of teacher data (Table 2) indicate significant differences between teacher pre and post-self ratings on Factors 1 (software use), 3 (internet/e-mail use) and 4 (general technology use) with mean post-test scores on each of these factors increasing from that of pre-intervention self-ratings.  Parent data could not be analyzed for pre/post differences.  Additionally, no gender differences were found for parents, teachers or students across any of the factors.  

Qualitative Findings

Teacher Comments.

How did the Laptop Initiative teacher support systems impact teaching methods and strategies? Teachers have reported success with initial integration of computers into the classroom: 

· I utilized (computers) most in various projects I assigned.  With more experience in using the laptop, I feel I could make greater strides in incorporating it into the curriculum;  

· Having the laptops enhanced the delivery of instruction and I became more the facilitator of knowledge;  

· The laptop program encourages me to be more creative in trying things I would not have tried otherwise;  

· The Laptop program has provided me with resources that assist me in preparing lesson plans;

· The placement of graduate assistants at the Laptop sites was a big help.

How did the laptop initiative impact student learning?  

· The program was greatly helpful in enhancing the curriculum to hold student interest;  

· Initially the laptops slowed instruction, but the students quickly learned;  

· I believe the computer made them better readers, who could retain more information by learning to organize it on a daily basis;  

· The laptop was an effective notebook that helped students to make cause and effect comparisons;  

· I find that students became more motivated and worked harder when computers were in the class or required for use on assignments.

Concerns and recommendations.  

· Some of the professional development days were too simple for some, and too difficult for others;  

· Graduate assistants were very helpful, but it (their help) still came out of curriculum time;  

· Teachers who had no or low comfort levels at the start did not feel they were successful in integrating the technology into their instructional practice.  

Student Comments.

Describe how the ability to complete this laptop technology project will help you in a future class or career. 
· I will be able to put on my resume that I have power point presentation skills;  

· This project has taught me how to use excel to do graphing.  I will be able to use this in math class next year too;  

· I can complete my large paper assignments on the laptop and they will be written better using the spell check and grammar check from word processing;  

· My project shows that I can display information creatively using presentation software. I can use this in a job that requires me to show information to others.  

How have you grown as a student/learner through the completion of this laptop technology project? 
· I better understand numbers.  By plotting my numbers in a chart, I can “see” them and understand them better;  

· I forced myself to complete this writing assignment. I have never finished a paper before;  

· I am better with the computer than others in my class. I was able to help other kids with their projects because of what I learned.  

· I think that this project was good. I have learned that school can be fun and I can have fun working on cool projects with my friends.

Discussion

Educational/Scientific Importance
Successful implementation of a large-scale technology initiative requires more support and organization than just giving out equipment and a few articles on using computers in the classroom.  According to Bandura (2000), "the task of creating productive learning environments rests heavily on the talents and perceived efficacy of teachers" (p.4). The support systems implemented in this initiative were designed to impact teacher implementation of technology as well as influence student, teacher and parent attitude and self-efficacy outcomes. Success in these goals has significant implications for schools who are working to make learning a community effort and are trying to take teaching and learning into the technological future.

In addition, the non-significant findings with respect to gender are very important.  Research in this area indicates gender differences favoring males relative to computer technology.  Previous research has pointed to the fact that males have more favorable attitudes toward computers (Chen, 1986; Comber, Colley, Hargreaves & Dorn, 1997; Ogletree & Williams, 1990).  One explanation of why this current research did not repeat this finding may be attributed to what Bandura (2000) terms gender related tasks concept.  This idea suggests that positive role models in your gender help increase that gender’s ability to be influenced.  This concept is important because all three graduate assistants working with laptop students were female.  Further investigation is necessary.

The time frame for the Laptop Initiative, once the students had received their laptops, was four months in length. Considering the short duration of this initial technology training and integration attempt, the results of the study are encouraging.   Obtaining significant pre-post teacher intervention difference scores for four of the five areas of analysis indicates success in the area of improving teacher self-efficacy pertaining to knowledge/use of technology skills.  Teacher qualitative input on the evaluation of the intervention was also, generally, positive.

  
The fact that student attitudes about technology, F2post, showed significant differences across the three participating schools is an important implementation note.  Follow-up tests clarify that Trailhead is different from Center City, and Basketville from Trailhead and Center City combined. Review of school means indicates Basketville has the lowest means across the four DV’s, indicating a hierarchical categorization of the 3 schools based upon attitude; Center City, Trailhead, followed by Basketville with lowest mean attitudes.  In association with the contrast questions addressed in this analysis, it appears that attitudes are higher in the technology honors students at Center City, followed by general education students at Trailhead, and ending with at-risk students at Basketville.  Attempts to attribute these differences to location facilities, teacher participants, and student cluster types or university graduate assistant interventions will make for interesting future studies.  But the moderate strength of these results are encouraging.


One surprising finding is the significance of the differences between Basketville and the combination of Trailhead and Center City across F3post, ability to use Internet and e-mail.  This is noteworthy because Trailhead and Center City were not found to be significantly different.  In this instance, student cluster type does not seem to be an indicator of self-efficacy toward Internet use.

A major concern is centered in the lack of significant change with regard to teacher attitudes about technology.  The premise behind the KAB instrument design is that it is necessary to change both knowledge and attitudes in order to affect long-term behavior.  The four-month Laptop Initiative intervention was unsuccessful in attaining the necessary attitudinal changes.  Further investigation is necessary to see if the intervention is flawed/lacking or if the true culprit in this situation was time!

The lack of useable parent post data was disappointing in this study, but it was interesting to note that there were no school effects across the four factors.  When considering the different academic-levels of the student participants at each school, parent differences were anticipated.  While the trend toward the mean is not unexpected, it was interesting to note that while parents tended to express positive attitudes (above the mean) toward technology and yet were below the mean on self-efficacy for performing basic technology skills like using a floppy disk to store data and accessing a CD-ROM.

The initial design and implementation of this technology initiative may have negatively influenced the overall success.  District level administrators and outside researchers were the primary designers and implementers of this initiative.  Teachers, students, and parents were invited to participate after major decisions had already been finalized at the district level.  Teachers consistently expressed frustration with: the lack of information regarding equipment they were using; the failure to consider building/site differences between the 3 schools when planning for the technology integration and financial support; the constantly changing timelines for laptop delivery and infrastructure support; and the lack of/request for teacher input from day one.  The technology initiative clearly failed to consider the impact of essential structural and organizational traits that support continuous teacher learning and fosters organizational learning community development (Argyris & Schön, 1978; Darling-Hammond & McLaughlin, 1995; Huber, 1991; Leithwood, et al., 1998; Rait, 1995).  

Recommendations

Technology in education is no longer optional.  The demands and opportunities of the world and its workforce mandate that we graduate technologically adept, and lifelong learners.  Miller (1997) wrote that a 1995 survey in the U. S. showed that 62% of middle aged workers employ computers in their work and that 46% of the people interviewed listed the computer as essential technology.  Corporations today are investing more than $80 billion each year on technology education and training (Miller, 1997).  These corporations and businesses expect their workers to come to them with technological skills that they have acquired through their formal education.  Today’s schools must meet this challenge, and it is not easy, particularly for urban schools (Gallagher, 2001).  This research is a case in point.

Today, less than 2 years later, the initiative is no longer functional.  Some of the students who participated in the pilot year still have their laptops, while others have returned to the schools.  The returned computers have been organized on carts for use in classrooms.  Former laptop trained teachers and other technologically savvy teachers have been invited to participate in various technology trainings. However, no additional support (financial or otherwise) has been provided by the school district for program continuation.  It is clear that the district and schools have failed to establish the conditions that help to support and maintain a learning organization (Leithwood, et al., 1999).

Many authors have explicitly stated that to successfully integrate a technology program into schools requires extensive planning, inputs from everyone involved in the project, exhaustive training of all participants, and continuing financial commitment (LeBaron & Collier, 2001; Moore & Kearsley, 1996; Tiene & Ingram, 2001).  This ad hoc laptop initiative, using the criteria for success gleaned from previous research, was doomed to fail in the long term.  So, how could this project have been improved to capitalize on its short term success for the long haul.


Our first recommendation would be for the school district to have considered this technology infusion a systemic change to the schools involved.  The development of a detailed implementation plan should have been the first priority.  The plan development and decision making team should have included representatives from the school district, schools’ administration, technology experts, funding organization, training experts, and the teacher representatives who would be implementing the technology in the classroom.


A detailed implementation plan would have prevented a number of the issues that doomed this project.  First, clear expectations for plan implementation and long term programmatic goals would have been explicated.  Second, support organizations and personnel would have had a clear picture of what their responsibilities were.  Third, a large amount of the misinformation and lack of communication would have been alleviated with a detailed implementation plan.  Fourth, training for instructors could have been started earlier, been more comprehensive, and tailored to specific school and individual needs. Finally, long-term implementation and technology infusion might have been possible with a detailed roadmap.


Another recommendation would be to increase the training for the teachers, especially pedagogical.  As stated earlier, the teachers received technology training once a month during in-service time (about 2 ½ hours each month).  This training primarily concentrated on the technology and technology skills.  There was very little attention paid to the pedagogical changes that must take place for the successful integration of technology into classrooms.  Knowlton and Weiss (2000) stated  that “when faculty attempt to enhance their courses with technology but do not consider pedagogy, they are usually disappointed with the results” (p. 2).  Technology must be matched to the course, and not vice versa (Palloff & Pratt, 2001).  This critical area of instructional design must, in the future, receive a prominent place in any instructor training.


Additionally, we recommend training for the learners.  Not all of the students in this research were at the same level of educational technology understanding, yet, they were treated as if they were.  Students received instruction in the technology from their teachers and from the once weekly visits of the graduate student.  Instructors cannot be responsible for other than cursory training of their students in the use of technology for this would take away valuable instructional time.  The school organization must bear the yoke of this instructional training for student.


Finally, our last recommendation would be to have optional technology training courses, held at convenient times, for the parents.  Parental knowledge of technology would, hopefully, translate into parental support of educational technology in the schools.  Additionally, parental knowledge would also aid the support that the student receives with technology, both in school and at home.  As Jonassen and Peck (1996) and Tiene and Ingram (2001) have told us, technology integration in education must be a systems approach and must include the schools, the student, the teachers, and the community.
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