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Abstract

This paper reviews a perspective on evaluation of educational technology that emphasizes the importance of locally valid and locally useful research designs. This perspective builds on our organization's experiences over twenty years of investigating how technologies are integrated into educational environments. This evaluation perspective is focused on understanding how schools, school districts, and state and national educational authorities move through the process of investing in and implementing educational technologies. We argue that effective evaluation must produce both research-based knowledge of what technological applications can work best in educational environments, and practice-based knowledge of how the technology integration process can best be designed to meet locally defined learning goals in schools. We also outline how a network of intermediary organizations could work to review, synthesize and generalize from locally-generated evaluation studies, producing broad-based findings that could guide large-scale policymaking.  

The Challenge of Researching and Evaluating Educational Technology Initiatives 

Researchers, developers, and practitioners have been seeking to define the most fruitful roles and functions for information technologies in educational settings ever since computers first began appearing in schools, in the mid-1960s (Cuban, 1986). Historically, research on educational technology has dealt with the multi-level, multi-dimensional nature of the field of study by starting with a focus on the tool and the learner, then gradually expanding its purview to encompass teachers, classrooms, schools and the education system.

Early studies sought to demonstrate the impact of technologies or software on student learning (Papert, 1980). These studies were necessarily tied to particular technology applications, typically text-based or stand-alone computer-assisted instruction applications, used by the subjects of the study (Kulik and Kulik, 1991). As these applications became outdated, replaced by graphics-rich and networked environments, the studies that looked at impact lost their original usefulness (President’s Committee of Advisors on Science and Technology/ Panel on Educational Technology, 1997). Additionally, because these studies were so closely tied to particular technologies, they contributed little to our knowledge about the generalizable roles that technologies can play in addressing the key challenges of teaching and learning. The studies did, however, offer evidence suggesting that technology could have a positive impact on several dimensions of students’ educational experiences, and researchers began to identify some of the important mediating factors affecting the student-computer interaction. Some researchers began to look at teacher beliefs and professional development issues (Becker, 1998; Honey and Moeller, 1990; Ravitz, 1998), other studies focused on issues of school culture (Fishman, 1995; Means and Olson, 1995; Schofield, 1995; Schofield Davidson, 2002; Software Publishers’ Association, 1997) yet other researchers examined broader systemic issues (Hawkins, Panush, and Spielovogel, 1996; Means et al., 1993; Pea et al., 1999). Researchers began to understand that technologies’ effects on teaching and learning could be fully understood only as part of multiple interacting factors in the complex life of schools (Hawkins and Honey, 1990; Hawkins and Pea, 1987; Newman, 1990; Pea, 1987; Pea and Sheingold, 1987). 

The pace of technological development accelerated dramatically during the 1980s and 1990s, bringing increasingly diverse and more powerful technological tools into schools. The combination of computation, connectivity, visual and multimedia capacities, miniaturization, and speed has radically changed the potential for technologies in schooling. These developments are making possible the production of powerful, linked technologies that can substantially help address some of the as-yet-intractable problems of education (Glennan, 1998; Hawkins et al., 1996; Koschmann, 1996; Pea et al., 1999).

Consequently, as the technologies themselves have changed and our knowledge about educational technologies grows, our research questions have changed. Early studies focused narrowly on student-computer interactions generated some evidence that students could learn discrete skills in these settings. But these studies did not help educators determine how technologies might help to address more substantive learning goals, such as helping students think creatively and critically across the disciplines. Experience with program development and informal observation taught many in the field that technological resources needed to be examined in context, as part of complex systems of change involving administrative procedures, curriculum, pedagogical practices, teacher knowledge, technical infrastructure and other logistical and social factors (Chang et al., 1998; Fisher, Dwyer, and Yocam, 1996; Fishman, Pinkard, and Bruce, 1998; Hawkins et al., 1996; Means, 1994; Sabelli and Dede, in press; Sandholtz, Ringstaff, and Dwyer, 1997). To date, however, evaluation practices and methods in the educational technology field have not kept up with these changes in thinking.  Theory-driven
 teaching and learning research in general (Bransford, Brown, and Cocking, 1999) has experienced a period of enormous productivity, leading the educational technology research community toward new visions of the learning process, organizational change processes, and the potential of new technologies to inform both of these areas. The work of these researchers has, however, had little success in reaching the classroom. In summary, there is growing concern about the disconnect between education research and educational practice in general (Becker, 1998; Lagemann, 2000; National Research Council, 2002) and between educational technology research and practice in particular. Evaluation research has been able to provide only limited insight into how to address the theory-practice gap.

Evaluators, to be sure, face formidable challenges in designing studies that can make definitive claims about the relationship between technology integration and student learning. Many traditional measures used to assess student achievement are not designed to measure the kinds of skills and knowledge that students can gain from the use of complex educational technology programs and projects. Contextual obstacles, such as limited technology access or professional development, can undermine the most carefully constructed technology intervention, while poorly designed tools and curricula offer little benefit to students even in environments that provide adequate technology access and training. Some researchers have coped with these challenges by using theoretical constructs to identify and isolate specific objects of study and conducting quasi- experiments or controlled experiments around an intervention (Feltovich, Spiro, & Coulson, 1989; Scardamalia et al, 1989; Sternberg & Grigorenko, 2002; Sternberg & Williams, 1998). Others have taken the opposite tack, conducting large scale survey studies of theoretically formulated concepts regarding phenomena such as organizational change, teacher attitudes toward technology and pedagogical practices (Becker, 1998; Holahan, et al, under review; Riel & Becker, 2000). 

There is another set of challenges that emerge from the unique nature of evaluation, as contrasted with research. These pertain to issues of relevance. Regardless of which methods an evaluation employs, identifying the audience for the research and establishing its relevance to that audience remain persistent challenges (Patton, 1997; Weiss, 1983). Because the object of study is a programmatic intervention, issues of relevance are directly related to issues of rigor. A necessary condition of evaluation validity is that the findings be meaningful to the stakeholders (Patton, 1997). For educational technology program evaluations to have an impact on educational improvement beyond the scope of the individual programs they address, these studies must begin to contribute to larger conversations about how best to promote sustained and systemic educational interventions (Pawson & Tilley, 2001). As two former NSF program officers have written, “Decades of funded research have not resulted in pervasive, accepted, sustainable, large-scale improvements in actual classroom practice, in a critical mass of effective models for educational improvement”(Sabelli & Dede, in press). A tremendous amount of knowledge about how complex technology projects can support effective educational interventions is lost because evaluations are viewed as discrete investigations pertinent only to the project funders (Pawson & Tilley, 2001). In Pasteur’s Quadrant, Donald Stokes (1997) demonstrates that scientific knowledge can emerge from “use-inspired” research and that applied work can build theoretical understanding. Evaluations, then, can potentially provide generalizable knowledge about how programmatic interventions promote large-scale change. This can happen if evaluators are able to situate their specific objects of study and program theories within a broader theoretical framework, and make use of robust methods and practices informed both by research traditions and by the particular programmatic context in which they work.

Investigating New Technologies with Local Partners

Our work at the Center for Children and Technology (CCT) brings us into contact with many different types of institutions.  We collaborate with school districts, museums, individual teachers, college faculty members, after-school programs, and many others.  These relationships take many different forms, but they always require us to value the needs and priorities of those individuals and institutions that are working with us.  These partners are the subjects of our research, but they are also equally invested in the research, with questions and goals in mind that exist in a complex relationship to our own questions, goals and interests. These relationships are often complicated, but we believe that they have pushed us, throughout our Center’s history, to challenge our own beliefs and expectations about how teaching and learning occur. Working closely with practicing educators, administrators, policymakers, and curriculum and tool developers has pushed us, as researchers and evaluators, to reflect on and question our theoretical and methodological groundings, and to be both explicit and modest in stating the frameworks and assumptions that guide us in our work.

Our own work and the work of our many colleagues has led us to our current perspective on what is important about infusing technology into K-12 education.  We have learned that when student learning does improve in schools that become technology-rich, those gains are not caused solely by the presence of technology or by isolated technology-learner interactions.  Rather, such changes are the result of an ecological shift, and are grounded in a set of changes in the learning environment that prioritize and focus a district’s or school’s core educational objectives (Hawkins, Spielvogel, and Panush, 1997).  For some districts, this may mean a focus on literacy, for others it may be using technology to support high-level scientific inquiry.  We have seen that technology does not just bring change to a static set of tasks (such as typing on a keyboard instead of writing on paper, or searching the Internet rather than an encyclopedia).  Rather, technology enhances the communicative, expressive, analytic, and logistical capabilities of the teaching and learning environment.

Technologies offer a range of specific affordances that privilege types of communication, analysis and expression by students and teachers that are important in two ways.  First, technologies can support ways of learning that would otherwise be difficult to achieve.  For example, they involve qualities like dynamic and relevant communication with people outside of the classroom; engagement with politically ambiguous or aesthetically challenging visual imagery; and habitual revision and reworking of original student work, written or otherwise.  Second, technologies can support activities that are often held up in public discourse as kinds of learning experiences that all students should have the opportunity to achieve in all schools, such as visualizing complex scientific data, accessing primary historical source materials, and representing one’s work to multiple audiences.  It is this broadly-defined quality of technology-rich learning and teaching experiences that we are placing at the core of our evaluation agenda. 

We believe that this type of technology use will only happen when technology is viewed, at multiple levels of the educational system, as a set of valuable tools that must be put in the service of a broader vision of school change (Hawkins, Spielvogel and Panush, 1997; Chang, Henriquez, Honey, Light, Moeller, and Ross, 1998; Honey, Hawkins and Carrigg, 1998).  Therefore, a crucial part of an agenda for evaluating the impact of technology on K-12 schools will be committing to a body of work that investigates, establishes, and disseminates evaluation findings that both reflect and speak to the complexity of the daily work of teaching and learning in U.S. schools and school districts.  We privilege the creation of descriptive, complex models of the role technology can play in addressing chronic educational challenges.  These models must take into account the contingency and the diversity of decision-making and practice in schools (Robinson, 1998).  They must be models that can help practitioners, policymakers, and the public make informed decisions and hold informed discussions about technology investment and infrastructure development.  We believe that in order to accomplish these things, this body of evaluative knowledge must be built, in large part, from explorations of how technologies can help schools and districts respond to locally relevant educational challenges.  

Breaking with Past Research and Evaluation Models  

Implicit in the kind of practitioner-focused evaluation we are proposing is a rejection of past research models that treated schooling (at least for the purposes of study) as a “black box.”  Much of the early research attempting to answer the question, “Does technology improve student learning?” eliminated from consideration everything other than the computer itself and evidence of student learning (which in this type of study was usually standardized test scores). Teacher practices, student experiences, pedagogical contexts, and even what was actually being done with the computers–all these factors were bracketed out in one way or another.  This was done so that the researcher could make powerful, definitive statements about effects–statements unqualified by the complicated details of actual schooling (Kulik & Kulik, 1991; President’s Committee of Advisors on Science and Technology, Panel on Educational Technology, 1997).

Studies conducted in this way lack local validity, which is an inevitable result of the emphasis put on maximizing generalizability within the scope of individual research projects.  By “local validity,” we mean a face value, or an apparent relevance and interpretability, to school administrators, teachers, parents, or students reviewing their findings.  These practitioners, rather than seeking out the commonalities between the subjects in the study and their own situation, are likely to believe that their school, or classroom, or curriculum, are very different from those addressed in the study being reviewed, making research findings not obviously useful.

Such studies are not able to help practitioners understand those salient features of a technology-rich environment that they want to know about in order to translate the findings of that particular study at the classroom level.  Educators are rarely either able or willing to replicate practices established as effective by researchers.  Rather, they want to build up a body of knowledge that can guide them in making good choices among the options that are locally available to, and politically possible for, them.  This requires access to a kind of information that is not established through traditional research designs—information about how the technological intervention fits in with all the other constraints and priorities facing a classroom teacher on any given day.  This information is, of course, precisely the material that is excised from (or controlled for) in traditional experimental research paradigms  (Norris, Smolka, Solloway, 1999).

Without an ability to explain why one intervention is better than another, evaluation research is, at best, of passing interest to practitioners.  The “why” that practitioners are looking for is not a theoretical one, but a contextual one—what were the particular conditions of the implementation, and what were the contextual factors that interacted with the intervention?  Where researchers are motivated to see the commonalities across schools and classrooms, practitioners see difference, and only when research accounts for and acknowledges those differences will the research be relevant to them.

Of course, large-scale and summative evaluations have not traditionally been expected to answer questions about why an outcome occurred. But because both “educational technology” and “education” itself are such huge categories, we believe that only designs that include the “why” from the start will be able to inform decision-making about the effectiveness of technology in educational settings. 

Shifts in Methods 

Some parts of educational technology research community are recognizing that single-variable models tracking linear effects are an ineffective means for capturing an adequate picture of how and why change occurs (and doesn’t occur) in schools, and for communicating effectively with practitioners about how change might best happen.  Consequently, researchers using quantitative techniques are, like their colleagues in other applied social sciences, relying increasingly on more complex research designs.  They are combining quantitative and qualitative investigations; qualitative researchers are drawing on the theoretical progress in anthropology and cultural studies to structure more sophisticated questions about educational communities; and quantitative researchers are refining complex approaches to modeling complex situations, such as multi-dimensional scaling techniques.   

Some of these researchers in the educational technology community are increasingly interested in establishing “explanatory theories, rather than just correlational studies of ‘what works’” (diSessa, 2000).  DiSessa’s statement points toward the need in technology evaluation research for better definition of the intervention (which technologies, how and why?), for more elaborated theoretical models of the imagined impact (how, exactly, is technology in general expected to improve learning and under what related conditions?), and for more strongly-grounded arguments about the relationship between the intervention and the goal state (how can we articulate an adequately complex model of the roles different types of computer use play in improvements in schooling?).  T he speed and scope of the introduction of digital technologies into schools has made it particularly difficult for researchers to develop the conceptual, theoretical and methodological tools necessary to respond adequately to these challenges.  But past research has clearly demonstrated our need for these tools by exposing the complexity of the technology integration process, and the need to identify effective technology use as embedded in a larger process of school change.

This need for better frameworks, and that those frameworks need to be derived from context-sensitive and application-oriented research, is echoed in Schoenfeld’s broader discussion of the need “to think of research and applications in education as synergistic enterprises rather than as points at opposite ends of a spectrum, or as discrete phases of a ‘research leads to applications’ model” (Schoenfeld, 1999, p. 14).  Schoenfeld describes the importance of putting research and practice in a dialectic with one another, and the need for better theoretical elaborations of the complex social systems interacting in educational systems and better elaborations of the conceptual units under study in research (such as curriculum, assessment strategies, and processes of change (Schoenfeld, 1999).  Each of these needs exists in the educational technology research community as well, and, we argue, can best be met by moving, as Schoenfeld describes, toward evaluation that seeks to link together rather the knowledge-building enterprise of research and its application to the challenges of educational practice. 

We should be clear that we are not claiming that other approaches to evaluation research, such as large-scale controlled experimental studies, are impossible to conduct in working school environments.  Further, we certainly concede the value of incremental knowledge-building through systematic, controlled study of well-defined interactions with particular technologies.  The mistake lies not in conducting this research, but on relying on it exclusively, or even primarily, to guide effective decision-making about investment in and implementation of technology in working educational environments.  

Where we want to go next  

Past research has made it clear that technologies by themselves have little scalable or sustained impact on learning in schools.  Indeed, the very urgency of the desire to find some way to produce these large, powerful statistical effects speaks to the inability of our community, so far, to produce such evidence.  However, rather than further refining our experimental methods and analytic approaches in an attempt to achieve experimental success, we argue that it is far more appropriate and effective to confront the realities of schooling that have been so impervious to the requirements and constraints of experimental approaches.  

It is clear that, to be effective, innovative and robust technological resources must be used to support systematic changes in educational environments.  These systematic changes must take into account simultaneous changes in administrative procedures, curricula, time and space constraints, school-community relationships, and a range of other logistical and social factors (Fisher, Dwyer, & Yocam, 1996; Hawkins, Spielvogel, & Panush, 1996; Means, 1994; Sabelli & Dede, in press; Sandholtz, Ringstaff, & Dwyer, 1997).  Consequently, our approach to evaluation must respond to, rather than control, these complex aspects of schooling.  As Jan Hawkins, a former director of CCT, wrote:

“Rather than viewing interactive technologies as independent instruments with powers in themselves to reform schooling, our aim is to understand how to adapt them as coordinated components of new educational landscapes” (Hawkins & Collins, unpublished manuscript).

The pressure to learn more about how technologies contribute to student learning continues to build.  However, there is a somewhat contradictory growth in popular understanding that technology is a crucial player in a complex process of change that cannot be accomplished by technological fixes alone.  We believe that administrators, school boards, and many other stakeholders in this debate are far more open to alternative, and more realistic, explanations of the role technology can play in their schools than those that would be established by narrow proofs of impact of specific technologies on specific student competencies.  We believe that these stakeholders can best be spoken to by researchers who are asking questions about:

· How technology is integrated into educational settings; 

· How new electronic resources are interpreted and adapted by their users; 

· How best to match technological capacities with students’ learning needs; and 

· How technological change can interact with and support changes in other aspects of the educational process, such as assessment, administration, communication, and curriculum development.
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� I n this paper we use the term “theory-driven research” to contrast with traditional evaluation, rather than “basic research.” We do this to allow for the wide continuum of basic to applied research that is all clearly distinguishable from traditional evaluation by its commitment to the process of theory-building and, by extension, knowledge-building. We understand evaluation, by contrast, to be driven by a more concrete form of empirical inquiry and to be traditionally not engaged with theory building or any process of knowledge-building beyond the constraints of particular programs being evaluated.
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