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In February 1996, President Clinton launched the Technology Literacy Challenge; a national initiative to ensure that every student in very school in the nation would have the basic skills needed to be technologically literate(President, 1996). The 1997 E-rate legislation went a long way to provide monetary support with the largest portion of funds going to the most needy school districts.  Further grant appropriations were approved for competitive programs to advance educational uses of technology. Education Week’s special issue Technology Counts (EducationWeek, 1997), noted an unprecedented support for school technology from policy makers, business leaders and the public. 

The attention focused on educational technology predictably gave rise to skepticism and an elevated need to justify the significant increased and ongoing costs associated with the use of technology in education.  Reports on technology and education argued for careful research on the ways in which specific technologies could be used to improve learning outcomes (Casson et al., 1997; Kulik, 1994; Means & Olson, 1997; Panel, 1997; Sparks, 1999; Thompson & M. Simonson, 1996).   The American Institutes for Research postured the question, “Are there significant, compelling, and quantifiable benefits to schools afforded by the use of technology?” (AIR, 1998)
Researchers at the North Carolina School of Science and Mathematics (NCSSM) were intrigued by this question.  NCSSM is North Carolina’s public residential high school for talented juniors and seniors.  The school has two missions—1) to help meet North Carolina’s need for responsible leadership in the development and application of science, mathematics, and technology, and 2) to act as a catalyst for educational improvement in the state and nation. As part of this second mission, NCSSM assembled a group of statewide partners interested in educational improvement and established an initiative they called the Education Future Center. 

The Education Future Center (EFC) is a partnership of university, community college, business, foundation, and state agency partners who joined with NCSSM. The EFC mission was to expand and support collaborative efforts to develop innovative technology applications and services to improve teaching and learning.  NCSSM and its EFC partners began building the Cyber Campus Network in 1996 with the support of a grant from the Burroughs Wellcome Fund.  NCSSM together with seven rural and remote NC school districts was instrumental in each of these districts receiving two rounds of the state allocated Challenge Grants and then a NCSSM Department of Commerce TIIAP Grant.  October 1998, NCSSM received $6.5 million as one of 20 1998 US Dept of Education Challenge Grants as a professional development grant to help teachers integrate technology into their classrooms. The initiative was named Education Future NOW.

NCSSM now administers EFC’s Cyber Central at NCSSM working directly with the seven remote sites linked electronically with NCSSM and each other through North Carolina’s advanced fiber-optic network.  The technology-rich classroom suites, called “Cyber Campuses,” are located at high schools in rural, remote and underserved areas in Alleghany, Cherokee, Halifax, Lenoir, Kannapolis, Pasquotank, and Pender Counties. These counties and their neighboring counties are the focus for EFC services.   

To address the challenge of providing appropriate Technology training to teachers whose computer skills vary from no skills to expert level, NCSSM developed a professional development plan they call the NOW Benchmark plan.   Further NCSSM and its partners made maximum use of education technologies including two-way interactive broadcasts sessions and web-based training.  The goal was to provide opportunities at times and locations convenient to the participants using a combination of delivery mechanisms including summer residential institutes, on-site in the school district, plenty of hands-on support, and incorporation of distance education. Benchmark workshops provided training at three levels: core technology skills, integration of these skills in specific content, and synthesis of advanced skills through leadership and research.

The US Department of Education encouraged all TICG recipients to create project pattern logic maps and seek causal relationships. This process included clarification of project goals and planned activities.  The “map” provided a visual of inputs, intermediate results, and final outputs charting proposed relationships, i.e., what inputs are likely to result in what outputs.  As part of the project map development, NCSSM and its partners looked more analytically at the challenging question AIR had set forth in its report (AIR, 1998) and the group also reflected on proposed links to student learning.  Thus began a special study under the direction of Sally Adkin to address three questions:

1) The use of technology in schools affords what compelling and quantifiable benefits?, 

2) What types of student learning outcomes can we expect to result from classroom technology use?, 

3) What outcomes will result from activities supported by the NOW project?  

The EFC Partners group was convened in 1996 when the Cyber Campus initiative was launched.  Membership includes representatives from business, foundations, higher education, the seven LEA cyber campuses, and service agencies such as NC Department of Public Instruction, LearnNC, and Agency for Public Telecommunications. At the January 2000 Project Partners meeting attended by 40 project partners, break out discussion groups were convened around the three questions listed above.  Since the Partners had been working closely with this initiative since 1996 and were all persons with technology experience, their input could be considered knowledgeable on these questions.  At the January meeting, each group considered one of the questions by creating a detailed list of responses, and then each group rotated to the work of the other groups in a modified Delphi approach to rate and add to the generated lists. 

Over the month of February, Adkin transcribed the work of the groups, edited it for clarity and parallel structure and added some further statements to questions one and two from her literature study and some statements to question three from the original grant proposal.  The resulting one page per question of potential answers was formatted into a scantron version. 

At the March Partners meeting the three-page survey was distributed and administered as a pilot to those attending.  The survey was refined based on group input and mailed out as follows.  In mid-March each of the seven Cyber Campus Managers received 20 surveys to administer to persons in their district who were most closely associated with the project and experienced with applications of educational technology.  Each of 45 Education Future Center Partners received the survey.  Each of 30 persons at NCSSM most closely associated with the project also received the survey.  In all 190 surveys were disseminated.  

Results

By May 1, 2000, completed surveys were received from 110 persons, and these were analyzed. The results of the survey are set forth in the tables that follow.  Statistical analysis including measures of question reliability and results of factor analysis are available from the author. 

Table 1.  NCSSM Technology Innovation Challenge Grant (Results of survey to key stakeholders Question One (N=110)

The use of technology in schools affords what compelling and quantifiable benefits?


	Rank
	Mean

	Benefit
	% 


	1
	1.63
	Staff access to more information resources (k)
	89%

	2
	1.75
	Enhanced staff communication through the use of email. (a)
	85%

	3
	1.78
	Enhanced staff productivity through more efficient document production.(d)
	91%

	4
	1.95
	Cost savings by cutting travel costs (f)
	85%

	5
	2.07
	Distance collaborations among teachers (l)
	84%

	6
	2.10
	More options for classroom instruction tailored to meet various learning styles (j )
	78%

	7
	2.14
	Enhanced staff productivity through more efficient reporting via online data collection ( C)
	81%

	8
	2.22
	Enhanced staff communication through improved text and graphic quality (b)
	84%

	9
	2.33
	More special needs students benefiting from assistive technology resources (o)
	78%

	10
	2.36
	More student use of computers at school during non-class hours (p)
	80%

	11
	2.36
	Improved community relations  (g)
	79%

	12
	2.43
	Cost savings through improved productivity (e)
	79%

	13
	2.48
	More students enter jobs in technology fields (q)
	78%

	14
	2.51
	A shift in classroom instructional roles to more collaborative learning (h)
	76%

	15
	2.63
	More students master subject matter effectively and efficiently (r )
	76%

	16
	2.71
	Improved school climate (m)
	67%

	17
	2.72
	A shift in classroom production to more students as instructional leaders (i)
	72%

	18
	2.80
	More 8th grade students meet the state core technology requirements (n)
	60%


Note:  Definition of Educational Technology
The term educational technology is used to refer to a family of associated technologies, all of which involve information storage, retrieval, processing and display.  At a more tangible level, the term includes the use of calculators, computers and educational software in the classroom, the Internet and other forms of telecommunications, CD-ROMS, video discs, satellite feeds, internal e-mail, voice mail, and video production display (Casson et al., 1997)
Analysis

The Technology Benefits results can be discussed from the perspective of four different kinds of benefits: educator productivity/efficiency, classroom change, school change, and student change.  The skill grouping is set forth in Table 2. The top ranked school technology benefits are those related to improved productivity and efficiency. Of the eight proposed benefits that respondents marked 80% or better with some level of agreement, all but one was in the educator productivity/efficiency category.  The other top ranking benefit was student computer use, i.e. the more technology use in schools the more student computer use—not a starling finding.  The Partners suggested more items relating to productivity and survey respondents rated these most highly.

Table 2

Different kinds of technology benefits represented in the indicators from question one

	Educator Productivity/ Efficiency
	Access to information resources, electronic communication, reduced travel, efficient on-line data collection and reporting, improved graphic and text quality, enhanced productivity

	Classroom change
	Distance collaborations, options for tailored instruction, use of technology to assist special needs learners, more collaborative learning, more students as instructional leaders

	School/ Community change
	Improved community relations, improved school climate

	Student Change
	Enter technology fields, use computers more, better mastery, meet state core tech requirements


Table 3.  NCSSM Technology Innovation Challenge Grant (Results of survey to key stakeholders Question 2 (N= 110) What types of student learning outcomes can we expect to result from classroom technology use? 

	Rank
	Mean

	Student learning outcome
	% 


	1
	1.38
	Improved Computer Skills (a)
	96%

	2
	1.69
	Better able to find references ( c)
	92%

	3
	1.73
	Better prepared for a digital workplace (p)
	88%

	4
	1.94
	Able to produce sophisticated graphic documents (t)
	88%

	5
	1.98
	Broadened world perspectives (o)
	89%

	6
	2.07
	Able to produce sophisticated text documents (r )
	87%

	7
	2.10
	More opportunities for students “to shine” (ab)
	85%

	8
	2.12
	More students successful at publishing their work (v)
	87%

	9
	2.14
	Better able to search large text for details (d)
	84%

	10
	2.20
	Higher motivation (w)
	82%

	11
	2.25
	More engaged (vested) in classroom activities (x)
	83%

	12
	2.29
	Greater independent thinking and learning (m)
	82%

	13
	2.30
	Improved school attendance (y)
	85%

	14
	2.34
	Better collaborative/ team skills (n)
	78%

	15
	2.35
	Improved writing skills (b)
	81%

	16
	2.37
	Improved in visual categorization & visual discrimination (k)
	77%

	17
	2.40
	More critical consumers of information (I)
	82%

	18
	2.44
	Better editors of written work (q)
	81%

	19
	2.44
	More open to diverse perspectives (j)
	74%

	20
	2.48
	More equitable learning opportunities (aa)
	75%

	21
	2.53
	Across-the-board academic gains (l)
	76%

	22
	2.56
	Ability to make interdisciplinary connections (u)
	75%

	23
	2.59
	Better grasp of abstract concepts (e)
	75%

	24
	2.66
	Higher level thinking skills (g)
	69%

	25
	2.72
	Better able to attack problems and more toward solution (f)
	72%

	26
	2.72
	Master basics faster in core subj such as math (h)
	68%

	27
	3.04
	Improved spellers (s)
	65%

	28
	3.16
	More confident learners (y2)
	52%

	29
	3.53
	Fewer school dropouts (z)
	44%


Discussion

The student learning factor can be discussed from the perspective of four different kinds of learning:  skill development, cognitive skills, affective measures, and workforce preparedness.  The skill grouping is set forth in Table 4. The top four ranked student learning outcomes relate very directly to computer use.  The next several learning outcomes, however, are much more global.  Of the 16 proposed outcomes that respondents marked 80% or better with some level of agreement, there are several in each of the skill domains described in Table 4.  In general, the educators in the follow-up study agree with the partners that these learning outcomes can be expected from technology use in the classroom.  Table 3 provides an understanding of which of these learning outcomes is highly supported and which are not as highly supported by practicing educators.  There was noticeably less agreement that technology use impacts learning confidence and drop out prevention.

Table 4

Different kinds of student learning represented in the indicators from question two

	Skill Development
	Computer skills, writing skills, reference finding, searching text, basic skills, visual discrimination, academic gains, world perspectives, editing, text production, spelling, graphic production 

	Cognitive Skills
	Grasping abstracts, problem solvers, higher level thinking skills, critical consumer of information, independent thinker, interdisciplinary connector

	Affective Measures
	open, collaborator, success as publisher, opportunities to shine, higher motivation, engaged learner, confident learner, improved attender, not dropping out, access to more equitable opportunities

	Workforce Preparedness
	Better prepared for digital workplace


Question three is of particular interest to project leaders and to those interested in the dynamics of project implementation.  The NOW Project set forth eight major outcomes in its grant proposal.  The study was completed 18 months after the grant was awarded and at a point in project implementation where the project was well on its way.  Table 5 lists in italics the original outcomes in the project proposal and orders under each of these original proposed outcomes the possible outcomes from the survey. The last few outcomes labeled as “Other” were not listed as proposed outcomes in the original proposal, but were named by the EFC Partners as potential outcomes.

Table 5.  NCSSM Technology Innovation Challenge Grant (Results of survey to key stakeholders Question 3 and grouped according to the original outcomes (N=110)

What outcomes will result from activities supported by the NOW Project?

	Rank
	Mean

	Outcome
	% 


	Educators increase use of multimedia technology

	1
	1.81
	Teachers have more access to technology. (I)
	90%

	3
	1.84
	Increased use of technology in instruction. (j)
	94%

	7
	2.01
	Educators increase use of multimedia technology. (p)
	89%

	10
	2.16
	Teachers integrate technology in their teaching. (l)
	90%

	15
	2.24
	Reduced inequities in access to technology. (g)
	84%

	Educators achieve Benchmark competencies

	5
	1.97
	Teachers achieve state-mandated basic tech competencies. (k)
	93%

	Educators have increased interaction with professional colleagues

	9
	2.13
	Reduced inequities in educational opportunities. (h)
	86%

	14
	2.23
	Teachers increase interaction with professional colleagues. (o.)
	87%

	Multi-media curricular units are produced by projects participants and available to others

	12
	2.20
	Educators advance the availability and use of technology-based curricula. (q)
	85%

	Students demonstrate gains in achievement

	16
	2.24
	Students achieve state-mandated technology requirements. (r.)
	80%

	18
	2.34
	Through technology clubs, students achieve special advanced tech training. (s)
	75%

	22
	2.57
	Classrooms have more student-directed learning. (w)
	78%

	24
	2.70
	Students achieve high standards of learning compared to before the NOW Project. (t)
	69%

	26
	2.86
	Students achieve higher test scores on EOC & EOG exams. (u.)
	65%

	Educators assume  increased leadership roles

	17
	2.29
	Teachers have more confidence in their own capacities. (m)
	85%

	20
	2.42
	Teachers assume leadership roles. (n)
	80%

	Project results in a replicable plan for continuous technology professional development

	19
	2.39
	The Benchmark model of professional development is established. (z)
	80%

	Educators receive improved on-demand technology maintenance and support

	25
	2.81
	Schools have on-demand maintenance and support for school technology. (v.)
	74%

	Other- Accelerated change

	2
	1.82
	Accelerates the adoption and improvement of tech in education.(c )
	94%

	8
	2.06
	Accelerates the adoption and  improvement of tech in the workforce.(d)
	88%

	Other – Improved collaboration and sharing

	4
	1.91
	The State’s resources are better shared. (a)
	88%

	6
	1.97
	People’s experiences and expertise are better shared. (b)
	90%

	13
	2.21
	Improved collaboration among agencies. (e.)
	84%

	21
	2.48
	Increased communication among commercial tech providers who serve schools. (f)
	79%

	Other- Community Impacts

	11
	2.18
	More local adult education and professional training. (y)
	88%

	23
	2.63
	Improved community and school relations. (x)
	74%


Discussion


Survey participants strongly endorsed all the original proposed project outcomes.  Although survey participants indicated a belief that the project can impact student learning related to technology, more global student learning gains were not as highly endorsed.  Survey participants indicate they do not strongly believe that the project can impact student achievement in general and not necessary learning that can be demonstrated on end of course (EOC) and end of grade tests (EOG).


The Partners listed and the survey participants highly endorsed three other outcome types that were addressed in the EFC NOW proposal but not listed in the original outcomes.  These are outcomes of accelerated change, improved collaboration/ sharing, and community impact.

Summary


In recent years local, state, and federal funds have become available and been used to put technology in K-12 schools.  Educators and their community partners need to promote a better understanding of the potential benefits of school technology use.  

This study sets forth school technology benefits of: Improved educator productivity/effectiveness, classroom change resulting in more options for learning, and positive school and community climate.  The study helps focus the kind of student learning outcomes that experts and practitioners believe can result from technology implementation.  Skills related to computer use are the most obvious skill obtainment.  However, there is strong indication that school technology broadens learners' world perspectives, provides more opportunities, and promotes important cognitive skills.  Affective outcomes such as more open to diverse perspectives, collaborative, and motivation are also embraced as outcomes of technology use.  Improvement on state standardized test are less well supported.  These insights on the compelling and quantifiable benefits of technology are further supported by NCSSM’s mid-stream project outcome check.
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