
www.manaraa.com
Journal of Research on Technology in Education	 385

Evaluating Strategies Used	
To Incorporate Technology Into	
 Preservice Education: A Review	

Of the Literature
Robin H. Kay 

University of Ontario Institute of Technology

Abstract
The following paper is based on a review of 68 refereed journal articles that focused on 
introducing technology to preservice teachers. Ten key strategies emerged from this review, 
including delivering a single technology course; offering mini-workshops; integrating technol-
ogy in all courses; modeling how to use technology; using multimedia; collaboration among 
preservice teachers, mentor teachers and faculty; practicing technology in the field; focusing on 
education faculty; focusing on mentor teachers; and improving access to software, hardware, 
and/or support. These strategies were evaluated based on their effect on computer attitude, 
ability, and use. The following patterns emerged: First, most studies looked at programs that 
incorporated only one to three strategies. Second, when four or more strategies were used, the 
effect on preservice teacher’s use of computers appeared to be more pervasive. Third, most 
research examined attitudes, ability, or use, but rarely all three. Fourth, and perhaps most 
important, the vast majority of studies had severe limitations in method: poor data collection 
instruments, vague sample and program descriptions, small samples, an absence of statistical 
analysis, or weak anecdotal descriptions of success. It is concluded that more rigorous and 
comprehensive research is needed to fully understand and evaluate the effect of key technology 
strategies in preservice teacher education. (Keywords: preservice computer technology educa-
tion review strategies.)

Background
Over the past 10 years, researchers, educators, and administrators have de-

bated the value and effect of technology in elementary and secondary educa-
tion. Several comprehensive studies have concluded that computers have had a 
minor or negative effect on student learning (e.g., Cuban, 2001; O’Dwyer & 
O’Connor, 2003; Roberston, 2003; Russell, Bebell, Waxman, Connell, & Gray, 
2002). However, a number of large-scale meta-analyses (Baker, Gearhart, & 
Herman, 1994; Kozma, 2003; Kulik, 1994; Mann, Shakeshaft, Becker, & Kott-
kamp, 1999; Scardamalia & Bereiter, 1996; SIIA, 2000; Sivin-Kachala, 1998; 
Wenglinksy, 1998) have reported significant improvement in achievement 
scores, attitudes toward learning, and depth of understanding when computers 
were integrated with learning. Gains observed in these studies, however, were 
dependent on subject area (Kulik, 1994), type of software used (Sivin-Kachala, 
1998), specific student population, software design, educator role, and level of 
student access (Sivin-Kachala, 1998).

In spite of the conflicting results reported on the effectiveness of technology 
in the K–12 educational environment, educational policy specialists and ad-
ministrators have made a concerted effort to increase the presence of technology 
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in classrooms, specifically focusing on student-to-computer ratio, high-speed 
Internet access, and preservice teacher education. According to the US Depart-
ment of Education’s National Center for Education Statistics (2002), the aver-
age student-to-computer ratio in 2001 was 5.4:1, a significant increase from the 
12:1 ratio reported in 1998. Furthermore, 99% of all public schools now have 
access to the Internet, with 94% having high-speed broadband connections (US 
Department of Education, National Center for Education Statistics, 2002). 
Other countries have followed a similar pattern of increasing technology access 
in the classroom (Compton & Harwood, 2003; McRobbie, Ginns, & Stein, 
2000; Plante & Beattie, 2004). 

The emphasis on integrating technology into preservice education programs 
had mirrored the rapid rise in computer and Internet access. A large number of 
nationally recognized organizations (e.g., CEO Forum on Education and Tech-
nology, 2000; National Council for Accreditation of Teacher Education, 2003; 
OTA, 1995; ISTE/NCATE, 2003—see Bennett, 2000–2001 for a review) have 
developed comprehensive standards for the use of technology in teacher prepa-
ratory programs. The stage has been set for preservice teachers to use technology 
in the classroom. 

Assuming that thoughtful use of technology in certain contexts can have a 
significant and positive effect on student learning (Baker, Gearhart, & Her-
man, 1994; Kozma, 2003; Kulik, 1994; Mann, Shakeshaft, Becker, & Kott-
kamp, 1999; Scardamalia & Bereiter, 1996; SIIA, 2000; Sivin-Kachala, 1998; 
Wenglinksy, 1998), preservice teacher education programs are a natural place to 
start with respect to integrating technology into education, particularly when 
there exists a strong infrastructure that supports computer use. Yet the evidence 
suggests that these programs have not been successful in preparing new teach-
ers to use technology effectively (CEO Forum on Education and Technology, 
2000; Moursund & Bielefeldt, 1999; OTA, 1995; US Department of Educa-
tion, 2000; Yildirim, 2000). A number of obstacles that prevent successful 
implementation of computers include lack of time (Eifler, Greene, & Carroll, 
2001; Wepner, Ziomek, & Tao, 2003), teaching philosophy of mentors and 
school administration with respect to technology (e.g., Dexter & Riedel, 2003; 
Doering, Hughes, & Huffman, 2003; Stuhlmann & Taylor, 1999), technologi-
cal skill of faculty of education members (faculty of education refers to Col-
leges, Schools, and Departments of Education) (Eifler et. al., 2001; Strudler, 
Archambault, Bendixen, Anderson, & Weiss, 2003; Thompson, Schmidt, & 
Davis, 2003), fear of technological problems (Bullock, 2004; Doering et al., 
2003), a lack of clear understanding about how to integrate technology into 
teaching (Cuban, 2001), and insufficient access to technology (e.g., Bartlett, 
2002; Brush et al., 2003; Russell et al., 2003). Given the potential problems, it 
should come as no surprise that preservice teachers are perceived as unprepared 
to use technology.

Research Problem and Purpose
Numerous teacher education programs have made extensive efforts to imple-

ment effective and meaningful use of technology, however the strategies used to 
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attain these goals are complex, diverse, often conflicting, and rarely evaluated 
well. To date, there is no consolidated picture on how to effectively introduce 
technology to preservice teachers. A comprehensive description and evaluation 
of strategies is a necessary step, then, to guide researchers, administrators, and 
educators. The purpose of this paper is to identify, describe, and evaluate strate-
gies used to incorporate technology into preservice education.

Method
Data

A comprehensive search of the literature was done based on two criteria. First, 
all articles were selected exclusively from refereed print or online journals. Con-
ference papers or reports were not included in this review. Second, the focus of 
these articles had to be on incorporating technology into preservice education. 
All relevant articles were included in the analysis. (See Appendix A, page 405, 
for a complete list of articles included in the review.)

Data Analysis
Each study (the term study refers to either a position paper or one that col-

lects empirical data) reviewed was evaluated in terms of method, strategies used, 
and the effect of these strategies. An examination of method included the fol-
lowing elements: sample size, teaching level, description of teacher education 
program, data collection, addressing individual differences, data collection, and 
data analysis. In addition, each paper was evaluated as to whether it included 
one or more of the following ten strategies: single technology course; offering 
mini-workshops; integrating technology in all courses; modeling how to use 
technology; using multimedia; collaboration among preservice teachers, mentor 
teachers, and faculty; practicing technology in the field; focusing on education 
faculty; focusing on mentor teachers; and improving access to software, hard-
ware, and/or support. Finally, the effect of the strategies used was determined by 
the reported changes in preservice teachers’ computer attitudes, ability, and/or 
use. Appendix B, page 409, provides a detailed description of the coding of 
variables used in this study.

It should be noted that a meta-analysis was not done because (a) only 14 
studies used reliable data collection methods combined with formal statistics, 
(b) only four of these 14 studies included a complete description of the sample, 
including teaching level, and (c) a meaningful comparison of these studies was 
limited due to differences in dependent variables measured (e.g., nine studies 
looked at attitude, seven looked at ability, and three studies looked at use).

Results and Discussion
Methodology Used in Reviewed Studies

Sample Size. Sample size varied from 0 to 1,313 subjects. The mean sample 
size was 52 subjects when extreme cases were removed, however, 28% (n=19) 
of all studies reported a sample size of zero. In other words, strategies were pro-
posed but never tested or evaluated. Sixty percent (n=41) of all studies looked at 
40 or fewer preservice teachers. Although there are no clear guidelines to deter-
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mine optimum sample size, a minimum of 50–100 subjects has been proposed 
by Fraenkel and Wallen (2003) as a rule of thumb. Given the cost in time and 
money of many of these technology-based programs, it is advisable that larger 
samples be assessed in the future.

Teaching Level. The use of technology in learning is partially dependent on 
grade level—different educational software is designed with different goals and 
procedures in mind. Nonetheless, more than 50% of the studies examined 
(n=35) failed to report specific teaching level. Slightly more than 25% (n=18) 
of all studies looked at elementary preservice teachers and 12% (n=8) examined 
mixed teaching levels. Middle school and secondary preservice teachers were 
clearly under-represented. It would be prudent for future researchers to (a) 
identify the specific teaching levels of preservice candidates and (b) expand the 
focus to preservice teachers of older students.

Description of Program. A clear description of the general education pro-
gram is necessary for a coherent comparison of research on technology and 
preservice education. Details such as length of program, number of faculty and 
students, and course organization and focus are important with respect to in-
terpreting results. For example, a single technology course strategy might be ef-
fective for a one-year program, but not for a multi-year program. A multimedia 
approach using online courses might work better for programs in more remote 
locations. Science and math preservice teachers might adapt more quickly to 
technology than their social science counterparts. These kind of speculations 
cannot be addressed by reviewing the studies in this paper, because more than 
90% (n=62) of all researchers neglected to describe their educational programs 
in sufficient detail. A clear, complete description of these programs is necessary 
to build understanding of how technology is used in preservice education.

Data Collection. Surveys were the predominate mode of data collection, ac-
counting for 44% (n=30) of all studies. However, internal reliability estimates 
for these surveys were reported only half the time. Scale validity estimates were 
almost never noted (n=3). Qualitative methods were used exclusively in 16% 
(n=11) of the papers analyzed. The combination of survey and qualitative meth-
ods was employed in only 12% of the papers. If surveys are used, reliability and 
validity details need to be done to ensure the data are sound. In addition, mul-
tiple data collection methods are recommended to help increase the validity of 
data being collected and presented.

Dependent Variables. Computer attitude, ability, and use are the three key 
dependent variables in the vast majority of technology and preservice teacher 
education literature, although clear definitions of ability, attitude, and use 
are rarely presented or theoretically justified. Computer ability was examined 
most often (60%, n=41), followed closely by computer attitudes (56%, n=38). 
Computer use, on the other hand, was looked at in only one third of the stud-
ies examined (n=23). Slightly more than one third (n=24) of all studies used 
more than one dependent variable and only four articles (6%) looked at ability, 
attitude, and use. Multiple dependent variables are recommended for future re-
search to gain a more comprehensive perspective on the effect of key strategies. 
Furthermore, computer use needs to be emphasized more, given that the ulti-
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mate goal of all programs is to translate strategies into meaningful technological 
interactions in the classroom. 

Individual differences. Only 10 % (n=7) of the studies examined in this 
paper looked at individual differences among preservice teachers’ computer at-
titudes, ability, or use. However, differences in computer-related behaviors have 
been observed with respect to gender (see Kay, 1992, in press; Sanders, in press; 
Whitley, 1997 for a review of the literature), SES (e.g., Becker & Ravitz, 1999; 
Nolan, 1992; Shashaani, 1994), and culture (Evans, 1995; Hoffman & Novak, 
1998; Wilkinson, Buboltz, Cook, Matthew, & Thomas, 2000). Strategies that 
work well for certain groups may not be effective for others. In order to under-
stand the precise effect of specific strategies on preservice teachers’ use of tech-
nology, it is important to examine individual nuances in more detail. 

Data Analysis. The most reasonable design to determine the effect of a set 
of strategies on computer attitude, ability, or use is a pre-post or experimental 
analysis; however, this format was used in only 29% (n=20) of all studies. The 
remaining articles reported no research method (16%, n=11), anecdotal de-
scriptions (28%, n=19), or percentages (27%, n=18). Although there is clearly 
a role for qualitative research in assessing the effectiveness of specific technology 
strategies, this role is probably best used in conjunction with quantitative data, 
at least at the evaluation stage. Future research needs to either (a) employ a pre-
post test or experimental design to assess the effect of various strategies on intro-
ducing technology to preservice teachers or (b) follow more rigorous protocols 
in collecting and analyzing qualitative data. 

Strategies Used to Incorporate Technology
Overview. At least ten strategies were used to teach technology to preservice 

teachers, including integrating technology in all courses (44%, n=30); using 
multimedia (37%, n=25); focusing on education faculty (31%, n=21); deliver-
ing a single technology course (29%, n=20); modeling how to use technology 
(27%, n=18); collaboration among preservice teachers, mentor teachers, and 
faculty (25%, n=17); practicing technology in the field (19%, n=13); offering 
mini-workshops (18%, n=12); improving access to software, hardware, and/or 
support (14%, n=10); and focusing on mentor teachers (13%, n=9). 

Most research studies (65%, n=44) have done a good job at clearly describ-
ing the strategies used to incorporate technology into their preservice education 
programs. In addition, the theoretical foundations of these programs are par-
tially (n=30) or fully articulated (n=29) in roughly nine out of every ten studies. 

A detailed description of the key characteristics of each of the ten strategies is 
provided below. 

Integrated. An integrated strategy weaves the use of technology in all preser-
vice education courses. There is no single course that teaches basic computer 
skills. Several prominent organizations have strongly endorsed the integrated 
philosophy (see Moursund & Bielefeltdt, 1999 or ISTE/NCATE, 2003). 
Although this approach has been successful in improving confidence (Pope, 
Hare, & Howard, 2002) and technology skills (Albee, 2003; Pope et al., 2002; 
Vannatta & Beyerbach, 2000), its main advantage is a focus on meaningful, 
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authentic problem solving where preservice teachers are learning with comput-
ers, not about them (e.g., Doering, Hughes, & Huffman, 2003; Halpin, 1999; 
Milbrath & Kinzie, 2000). Disadvantages to using this model include the lack 
of hardware (Vannatta & Beyerbach, 2000), limited faculty expertise and time 
(Eifler et al., 2001; Vannatta & Beyerbach, 2000; Whetstone & Carr-Chell-
man, 2001), and the difficulty of transferring what is learned at school to field 
experience in the classroom (Brush , 2003; Eifler et al., 2001; Simpson, Payne, 
Munro, & Hughes, 1999; Vrasida & McIsaac, 2001).

Multimedia. This strategy is a grab bag of multimedia-based approaches used 
to incorporate technology into preservice education. Examples include the use 
of technology case studies (Gillingham & Topper, 1999), online courses (Marra, 
2004), and electronic portfolios (Bartlett, 2002; Blocher, Echols, de Montes, 
Willis, & Tucker, 2003; Doty & Hillman, 2000). Case studies presenting ex-
amples of technology being used in the classroom offer similar advantages to 
modeling, although the mode of presentation is an online video. Online courses 
offer the advantage of accessibility; however, problem-based, constructive learn-
ing is difficult to achieve with this format (Marra, 2004). Electronic portfolios 
are essentially performance-based assessments that require preservice teachers to 
demonstrate their mastery of technology in a variety of areas (Doty & Hillman, 
2000). The multimedia model is relatively new, therefore clear advantages and 
disadvantages have yet to be systematically documented. 

Education faculty. A number of faculties have focused on improving the atti-
tudes, ability, and use of computers by education faculty with the ultimate goal 
of improving the overall use of technology in preservice education programs 
(e.g., David & Falba, 2002; Eifler, Greene, & Carroll, 2001; Howland & Wed-
man, 2004; Seels, Campbell, & Talsma, 2003; Strudler et al., 2003; Thompson 
et al., 2003; Vannatta & Beyerbach, 2000). The argument is made that if fac-
ulty do not buy into the use of technology in education, it is highly unlikely 
that preservice candidates will be motivated in this endeavor. The advantage 
of this approach is that a cohesive, coordinated environment can be created to 
effectively introduce and model technology. It is unclear, however, whether im-
proving faculty attitude and skills actually transfers to preservice teachers’ use of 
technology in the classroom. Creating a strong focus on technology for faculty 
may be a necessary first step, but other strategies might need to follow.

Single course. Many faculties of education use the single-course strategy to 
teach technology (Hargrave & Hsu, 2001; Stuhlmann & Taylor, 1999). Typi-
cally, a stand-alone course is devoted to teaching a wide range of basic com-
puter skills to all students, although several formats have been used, including 
content-based (e.g., Doering et al., 2003), project-based (e.g., McRobbie et al, 
2000), or process-based (Francis-Pelton, Farragher, & Riecken, 2000; Willis 
& Sujo de Montes, 2002). Principle advantages of this strategy are that it can 
improve self-efficacy (Albion, 2001; Gunter, 2001), provide a good overview of 
the use of technology in teaching (McRobbie et al., 2000) and develop a strong 
foundation of technology skills (Hargrave & Hsu, 2001; Strudler et al., 2003). 
Disadvantages observed in using this strategy include learning technology skills 
in isolation (Gunter, 2001; Whetstone & Carr-Chellman, 2001) and limited 
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extension of skills in the field (Hargrave & Hsu, 2001; Pope, Hare, & Howard, 
2002; Willis & Sujo de Montes, 2002).

Modelling. The modeling approach involves demonstrating how technology 
can be used in the classroom and is often combined with an integrated strat-
egy. However, the emphasis with modeling is to provide preservice candidates 
with concrete examples of how technology can be used in the classroom. The 
ISTE/NCATE standards (2003) support the use of modeling as an effective ap-
proach to teaching technology in preservice education. The clear advantage to 
using modeling is that it transfers directly to the “real-world” classroom, unlike 
the single course and integrated strategies (Howland & Wedman, 2004; Marra, 
2004). Disadvantages to modeling include the inability of faculty to provide 
meaningful and effective technology examples (Eifler et al., 2001; Vannatta & 
Beyerbach, 2000) and preservice teachers not being given the opportunity to 
construct their own technology-based lessons. 

Collaboration. A collaboration strategy involves establishing partnerships 
among universities, colleges, and public schools to create technology-rich learn-
ing experiences. This approach involves developing communities of practice, 
knowledge repositories, expertise directories, peer and mentor assistance, and 
best practice examples (Carroll et al., 2003). Placing preservice and inservice 
teachers in teams to collaboratively identify ways to integrate technology into 
the curriculum has a number of benefits, including providing opportunities to 
explore and practice technological applications in a supportive environment, 
developing positive relationships between local public schools and the univer-
sity, and increasing the comfort level of using technology (Dawson & Norris, 
2000; Thompson et al., 2003). The key challenges of applying this approach are 
(a) the considerable organization and time needed to develop effective learning 
communities and (b) the requirement that all parties must be motivated (Car-
roll et al., 2003; Dawson & Norris, 2000; Thompson et al., 2003). If one part 
of the community is resistant to the use of technology, the effectiveness of the 
strategy is compromised (Carroll et al., 2003).

Field-based. The field-based strategy, although highly recommended by the 
ISTE/NACTE standards (2003), has been used sparingly by faculties of edu-
cation (Balli, Wright, & Foster, 1997; Beyerbach, Walsh, & Vannatta, 2001; 
Brush et al., 2003). The philosophy behind this strategy is to actively support 
the production and delivery of technology-based lessons by preservice teachers. 
The main advantage of this approach is that students learn from hands-on expe-
rience and can focus on how technology affects learning in the classroom (Balli 
et al., 1997; Beyerbach et al., 2001; Brush et al., 2003). However, if this is the 
only strategy used to teach technology, preservice teachers can feel unprepared 
due to a lack of skill (Brush et al., 2003).

Workshops. A number of education faculties use workshops either exclusively 
or to support other aspects of a technology enhanced program (e.g., Balli, 
Wright, & Foster, 1997; Bashman, Palla, &Pianfetti, 2005; Beyerbach et al., 
2001; Collier, Weinburgh, & Rivera, 2004; Seels et al., 2003). The idea is that 
short, focused seminars or labs can help preservice teachers and faculty in key 
areas. Within a workshop other strategies can be used, including modeling, in-
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tegrating technology with specific teaching activities, and creating artifacts for 
digital portfolios. If this strategy is used instead of a single technology course, it 
could save time; however, some computer skills might be sacrificed. As well, the 
long-term effect of a workshop on preservice teachers’ attitudes and use in class-
room has yet to be established.

Access. This strategy addresses the access that preservice teachers have to soft-
ware, hardware, and support. For example, some programs provide preservice 
students with laptops and software (e.g., Kay & Knaack, 2005; Pierson, 2000). 
Other programs offer “technology on wheels” to be used in the classroom and 
in the field (Wright, Wilson, Gordon, & Stallworth, 2002). Still others provide 
extensive technological support for faculty and preservice teachers (e.g., Kay & 
Knaack, 2005; Strudler et al. 2003; Wright et al., 2002). Without key access 
elements, other strategies are bound to have limited effect. In other words, one 
can provide technological training and guidance for preservice candidates in a 
computer lab, but if there is limited access to computers at the university or in 
the K–12 schools, it is difficult to use the technology in an effective manner. 
Nonetheless, only a handful of studies used an access strategy (e.g., Howland 
& Wedman, 2004; Johnson-Gentile & LonBerger, 2000; Kay & Knaack, 
2005; Pierson, 2000; Strudler et al. 2003; Thompson et al., 2003; Wright et 
al., 2002) to improve preservice technology education programs. It should 
be noted that providing software, hardware, and support is critical, but other 
strategies will have to come into play if technology is to be used in a meaning-
ful and effective manner. 

Mentor teachers. This strategy is typically used with the collaborative ap-
proach; however, special emphasis is placed on the relationship between the 
preservice and mentor teacher who work together to produce meaningful use 
of technology (e.g., Aust, Newberry, O’Brien, & Thomas, 2005; Bullock, 2004; 
Dawson & Norris, 2000, Doering et al., 2003; Pierson, 2000; Seels et al., 2003; 
Strudler et al. 2003; Thompson et al., 2003; Wright et al., 2002). The preser-
vice teacher is often guided by the mentor teacher in terms of pedagogy and 
“real world” experience. The mentor teacher, in turn, is supported by the pre-
service teacher with respect to the latest technology and software. This strategy, 
although used sparingly, appears to have considerable potential for promoting 
effective use of technology in the classroom, even though empirical evidence is 
limited. It also takes less time than the full-collaborative model involving part-
nerships among faculty, mentor teachers, and preservice candidates.

Combination of strategies. The combined strategy involves using two or 
more approaches to incorporating technology. For example, modeling/inte-
gration, single-course/integration, and integration/community strategies are 
combinations regularly observed in faculties of education (e.g., Collier et al, 
2004; Compton & Harwood, 2003; Smith & Robinson, 2003). Thirty percent 
(n=21) of all studies evaluated in this paper used only one strategy. More than 
half (57%, n=39) used two or fewer strategies to help introduce technology to 
preservice teachers. 

Strudler & Wetzel (1999) reported that exemplary colleges of education use a 
combined strategy for introducing technology and include stand-alone technol-
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ogy courses, integration of technology in subject areas, and assimilation of tech-
nology in student field experiences. The challenge of using this strategy is that it 
requires considerable organization, time, training, and design. 

A principal components analysis was done to explore whether certain com-
binations of the ten strategies examined in this paper were evident. Because 
all communalities were above 0.4 (Stevens, 1992), the principal component 
analysis was deemed an appropriate exploratory method (Guadagnoli & Velicer, 
1988). Both orthogonal (varimax) and oblique (direct oblimin) rotations were 
used, given that the correlation among potential strategy combinations was 
unknown. These rotational methods produced identical factor combinations, 
so the results from the varimax rotation (using Kaiser normalization) are pre-
sented because they simplify the interpretation of the data (Field, 2005). The 
Kaiser-Meyer-Olkin measure of sampling adequacy (0.546) and Bartlett’s test 
of sphericity (p <.001) indicated that while the sample size was small (n=68), it 
was acceptable. 

Based on the point of inflexion on the scree plot, Eigenvalues set over one, 
and accepting factor loadings of .4 or greater, the principal components analysis 
extracted four patterns of strategy use. (See Table 1, page 394.) First, collabora-
tion, mentor teachers, field-based, and access strategies tend to be applied to-
gether. Second, integration of technology is typically coupled with an emphasis 
on faculty training and the absence of a single technology course. Another way 
of interpreting this factor is that if a single technology course is offered, faculty 
training and the integration of technology in other courses may be considered 
unnecessary. Third, workshops and multimedia strategies appear to be used to-
gether. Finally, the modeling strategy stood on its own, statistically disconnected 
from any of the other strategies. Although less than half of the studies used 
multiple strategies, there is evidence that a number of programs systematically 
attempted to combine methods of including technology in preservice educa-
tion.

Effect of Strategies
It is challenging to assess the effect of specific strategies used to introduce 

technology to preservice teachers because of the numerous methodological 
limitations noted above: small samples, poor population and program descrip-
tions, an absence of formal analysis, limited reporting of reliability and validity 
estimates, neglecting to look at individual differences, and a narrow range of 
outcome measures. Only 14 studies emerged as reasonable models based on the 
following two characteristics: (a) reliability estimates for data collection mea-
sures and (b) formal experimental or pre-post analysis. (See Table 2, page 395.) 
These studies will be used to offer a preliminary evaluation of strategies used to 
implement technology into preservice education.

Several descriptive observations can be made of the data displayed in Table 
2. First, 64% (n=9) of the studies showed a significant increase in computer at-
titude, 50% (n=7) showed a significant increase in computer ability, and 21% 
(n=3) showed a significant increase in computer use. It is important to note that 
when attitude, ability, or use did not show significant gains it was because the 
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authors, with one exception (Snider, 2003), chose not to examine those vari-
ables. Second, the three studies that reported significant increases in computer 
use employed four or more strategies. One cannot make any strong conclusions, 
but there is some support for using a combined approach to incorporating 
technology into preservice education. Third, although these studies are the best 
quantitative examples in this review paper, they are far from exemplary. Most of 
the methodological problems reported in the larger sample apply to this subset. 
In addition, only one study (Strudler et al., 2003) used qualitative methods to 
support the quantitative survey data.

Implications for Education
After reading, coding, analyzing, and evaluating the 68 studies for this paper, 

one conclusion is irrefutable. Extensive time and money has been spent devel-
oping strategies and programs to help preservice teachers use technology effec-
tively. A number of elaborate, theory-driven blueprints have been collaborative-
ly crafted to address the technology needs of preservice teachers, faculty, mentor 
teachers, and students (Beyerbach et al., 2001; Gillingham & Topper, 1999; 
Howland & Wedman, 2004; Johnson-Gentile & LonBerger, 2000; Pierson, 
2000; Seels et al., 2003; Strudler et al., 2003; Thompson et al., 2003; Wright 
et al., 2002). It is unfortunate that many of the authors of these programs have 
not put the same effort into systematically evaluating their effect on education. 

Consequently, it would be irresponsible to provide any strong recommenda-
tions with respect to which strategies work and how well. When more thorough 

Table 1: Varimax Rotated Factor Loadings on Strategies	
Used to Incorporate Technology

Strategy	  Factor 1	  Factor 2 	 Factor 3	 Factor 4
Collaboration	 .87	
Mentor teacher 	 .77
Field based 	 .69
Access 	 .61	 	 	 .45    
 	
Single Course	 	 -.78
Integrated	 	 .77
Faculty	 	 .40	 .48	        
 	 	 	
Multimedia	 	 	 .77
Workshops	 	 	 .77
	 	 	 	
Modeling	 	 	 	 .88    

	 FACTOR	 EIGENVALUE	 PCT OF VAR	 CUM PCT 
 	    1	  2.42 	 24.2 	 24.2 
 	    2	  1.56 	 15.6	 39.8
 	    3 	  1.44 	 14.4 	 54.2
 	    4	 1.08	 10.8	 65.2	       
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research	is	done,	it	appears	that	the	strategies	used	have	a	significant	and	posi-
tive	effect	on	preservice	teachers’	computer	attitudes,	ability,	or	use.	Further-
more,	there	is	some	indication	that	increasing	the	number	of	strategies	leads	to	
increases	in	computer	use	in	the	classroom,	which	in	the	long	run	is	the	ulti-
mate	goal.

Finally,	a	guiding	model,	based	on	a	number	of	well-developed	programs	re-
ported	in	this	paper	(e.g.,	Beyerbach	et	al.,	2001;	Gillingham	&	Topper,	1999;	
Howland	&	Wedman,	2004;	Johnson-Gentile	&	LonBerger,	2000;	Pierson,	
2000;	Seels	et	al.,	2003;	Strudler	et	al.,	2003;	Thompson	et	al.,	2003;	Wright	et	
al.,	2002),	is	presented	in	Figure	1.	The	dynamics	of	this	model	include	several	
critical	and	interactive	components.	

First,	good	access	to	software,	hardware,	and	support	is	necessary	in	the	uni-
versity	classroom	and	in	the	field	placement.	If	you	do	not	have	adequate	access	
in	either	area,	it	is	unlikely	that	the	other	strategies	will	work.	Second,	regard-
less	of	whether	the	strategy	is	single-course,	workshop,	integration,	multime-
dia-based,	or	a	combination,	it	is	important	that	every	effort	be	made	to	model	
and	construct	authentic	teaching	activities.	Although	a	number	of	leading	or-
ganizations	have	strongly	endorsed	an	integrated	approach	(e.g.,	Moursund	&	
Bielefeltdt,	1999	or	ISTE/NCATE,	2003),	the	empirical	evidence	supporting	
one	strategy	over	another	is	lacking	at	this	point.	Third,	collaboration	among	
preservice	teachers,	faculty,	and	mentor	teachers	is	ideal;	however,	partnerships	
between	preservice	and	mentor	teachers	may	work	just	as	well.	Without	col-
laboration	involving	the	mentor	teacher,	it	seems	unlikely	that	gains	in	attitude	
and	ability	will	translate	to	meaningful	use	of	technology.

Recommendations	for	Future	for	Research
First	and	foremost,	future	researchers	of	preservice	technology	in	education	

need	to	include	the	following	six	elements	in	their	investigations:
1.	 a	clear	description	of	the	sample	including,	as	the	minimum,	number	

of	students,	age,	gender,	and	teaching	level

Figure 1. Guiding model for incorporating technology into preservice 
education
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2.	 a comprehensive description of the education program including 
number of years of study, number of students, and organization of the 
program with respect to the use of technology

3.	 reliability and validity estimates of any data collection instruments 
used

4.	 both qualitative and quantitative data
5.	 formal analysis of individual differences if the sample size is large 

enough, and
6.	 measures that look at attitude, ability and use in the same study.

A sensible starting point is to examine the exemplar programs noted earlier 
(e.g., Beyerbach et al., 2001; Gillingham & Topper, 1999; Howland & Wed-
man, 2004; Johnson-Gentile & LonBerger, 2000; Pierson, 2000; Seels et al., 
2003; Strudler et al., 2003; Thompson et al., 2003; Wright et al., 2002). Good 
theory and structure is the foundation of any good program. It would also be 
beneficial to look at research practices in the 14 quantitative studies (see Table 
2) already investigated in this article. Although these studies have flaws, the re-
search designs are reasonably solid.

It is critical to address the methodological concerns noted above in order to 
build a coherent understanding of how to guide preservice teachers in the use of 
technology. Without these key changes, researchers, administrators, and educa-
tors will continue along a rudderless path of using technology in education.

Summary
This article offered a detailed analysis of 68 studies examining the use of tech-

nology in preservice education. Although some solid, thoughtful technology-
based programs have been developed, only a handful of studies have carefully 
and rigorously pursued the evaluation process. The jury is still out on which 
strategies work best, although there is some preliminary evidence to suggest 
that multiple strategies work well with respect to use of computers by preservice 
teachers in the classroom. In order to build a more coherent knowledge base in 
technology and preservice education, there is a obvious mandate for more thor-
ough analysis that includes a clear description of the sample and program being 
evaluated, reliable and valid measures to collect data, and a broader focus that 
looks at changes in computer attitudes, ability, and use.

Contributor
Robin Kay, PhD, is an assistant professor in the Faculty of Education at the 

University of Ontario Institute of Technology. He has published more than 20 
articles in the area of computers in education, presented numerous papers at ten 
international conferences, refereed three prominent computer education jour-
nals, and taught computers, mathematics, and technology for 17 years. Current 
projects include research on laptop use in teacher education, discussion board 
use, learning objects, educational mini-clips, and factors that influence how 
students learn with technology. (Address: Robin H. Kay, University of Ontario 
Institute of Technology, 2000 Simcoe Street North, Oshawa, ON L1H 7K4, 
Canada; robin.kay@uoit.ca.)



www.manaraa.com
398	 Summer 2006: Volume 38 Number 4

References
Albee, J. J. (2003). A study of preservice elementary teachers’ technology skill 

preparedness and examples of how it can be increased. Journal of Technology and 
Teacher Education, 11(1), 53–71.

Albion, P. R. (2001). Some factors in the development of self-efficacy beliefs 
for computer use among teacher education students. Journal of Technology and 
Teacher Education, 9(3), 321–347.

Albion, P. R., & Gibson, I. W. (2000). Problem-based learning as a multime-
dia design framework in teacher education. Journal of Technology and Teacher 
Education, 8(4), 315–316.

Aust, R., Newberry, B., O’Brien, J., & Thomas, J. (2005). Learning genera-
tion: fostering innovation with tomorrow’s teachers and technology. Journal of 
Technology and Teacher Education, 13(2), 167–195.

Baker, E. L., Gearhart, M., & Herman, J. L. (1994). Evaluating the Apple class-
rooms of tomorrow. In E.L. Baker & H. F. O’Neile, Jr. (Eds.). Technology assess-
ment in education and training (pp. 173–197). Hillsdale, NJ: Lawrence Erlbaum.

Balli, S. J., Wright, M. D., & Foster, P. N. (1997). Preservice teachers’ field 
experiences with technology. Education Technology, 37(5), 40–46.

Bartlett, A. (2002). Preparing preservice teachers to implement performance 
assessment and technology through electronic portfolios. Action in Teacher Edu-
cation, 24(1), 90–97.

Basham, J., Palla, A., & Pianfetti, E. (2005). An integrated framework used 
to increase preservice teacher nets-t ability. Journal of Technology and Teacher 
Education, 13(2), 257–276.

Becker, H. J. & Ravitz, J. (1999). The influence of computer and internet use 
on teachers’ pedagogical practices and perceptions. Journal of Research on Com-
puting in Education, 31(4), 356–384.

Beyerbach, B., Walsh, C., & Vannatta, R. A. (2001). From teaching tech-
nology to using technology to enhance student learning: Preservice teachers’ 
changing perceptions of technology infusion. Journal of Technology and Teacher 
Education, 9(1), 105–127.

Blocher, J. M., Echols, J., de Montes, L. S., Willis, E., & Tucker, G. (2003). 
Shifting from instruction to construction: A personal meaningful experience. 
Action in Teacher Education, 24(4), 474–478.

Brush, T., Glazewski, K., Rutowski, K , Berg, K., Stromfors, C., Van-Nest, M., 
et al. (2003). Integrating technology in a field-based teacher training program: The 
PT3@ASU project. Educational Technology, Research and Development, 51(1), 57–73.

Bucci, T. T. (2003). The technology teaching lab: Meeting the ISTE chal-
lenge. Action in Teacher Education, 24(4), 1–9.

Bullock, D. (2004). Moving from theory to practice: An examination of the 
factors that preservice teachers encounter as the attempt to gain experience 
teaching with technology during field placement experiences. Journal of Technol-
ogy and Teacher Education, 12(2), 211–237.

Carroll, J. M., Choo, C. W., Dunlap, D. R., Isenhour, P. L., Kerr, S. T., Ma-
clean, A., et al. (2003). Knowledge management support for teachers. Educa-
tional Technology Research and Development, 51(4), 42–64.



www.manaraa.com
Journal of Research on Technology in Education	 399

CEO Forum on Education and Technology (2000). Teacher preparation StaR 
chart: A self-assessment tool for colleges of education—Preparing a new generation 
of teachers. Retrieved August 30, 2004, from http://www.ceoforum.org/down-
loads/tpreport.pdf.

Cherup, S., & Snyder, L. (2003). A model for integrating technology into 
teacher education: One college’s journey. Contemporary Issues in Technology and 
Teacher Education, 3(1), 43–52.

Clift, R. T., Mullen, L., Levin, J., & Larson, A. (2001). Technologies in con-
texts: Implications for teacher education. Teaching and Teacher Education, 17, 
33–50.

Collier, S., Weinburgh, M. H., Rivera, M. (2004). Infusing technology skills 
into a teacher education program: Change in students’ knowledge about the use 
of technology. Journal of Technology and Teacher Education, 12(3), 447–468.

Compton, V., & Harwood, C. (2003). Enhancing technological practice: An 
assessment framework for technology education in New Zealand. International 
Journal of Technology and Design Education, 13(1), 1–26.

Cuban, L. (2001). Oversold and underused: Computers in the classroom. Cam-
bridge, MA: Harvard University Press.

Davis, K. S., & Falba, C. J. (2002). Integrating technology in elementary pre-
service teacher education: orchestrating scientific inquiry in meaningful ways. 
Journal of Science Teacher Education, 13(4), 303–329.

Dawson, K, & Norris, A. (2000). Preservice teachers’ experiences in a K–12/
university technology-based field initiative: benefits, facilitators, constraints, 
and implications for teacher educators. Journal of Computing in Teacher Educa-
tion, 17(1), 4–12.

Dexter, S., & Ridel, E. (2003). Why improving preservice teacher educational 
technology preparation must go beyond the college’s walls. Journal of Teacher 
Education, 54(4), 334–346.

Doering, A., Hughes, J. & Huffman, D. (2003). Preservice teachers: Are we 
thinking with technology? Journal of Research on Technology in Education, 35(3), 
342–361.

Doty, L., & Hillman, C. (2000). Training preservice teachers in technology: 
A portfolio approach. International Journal of Social Education, 15(1), 13–18.

Eifler, K., Greene, T., & Carroll, J. (2001). Walking the talk is tough: From a 
single technology course to infusion. The Educational Forum, 65(4), 366–375.

Ertmer, P. A., Conklin, D., Lewandowski, J., Osika, E., Selo, M., & Wig-
nall, E. (2003). Increasing preservice teachers’ capacity for technology integra-
tion through the use of electronic models. Teacher Education Quarterly, 30(1), 
95–112.

Evans, V. (1995). Blackout: Preventing racial discrimination on the net. Li-
brary Journal, 120, 44–46.

Evans, B. P., & Gunter, G. A. (2004). A catalyst for change: Influencing pre-
service teacher technology proficiency. Journal of Educational Media & Library 
Sciences, 41(3), 325–336.

Field, A. (2005). Discovering Statistics Using SPSS (2nd ed.) Thousand Oaks, 
CA: SAGE Publications.



www.manaraa.com
400	 Summer 2006: Volume 38 Number 4

Flores, A., Knaup, J. E., Middleton, J. A., & Staley, F. A. (2002). Integration 
of technology, science, and mathematics in the middle grades: A teacher prepa-
ration program. Contemporary Issues in Technology and Teacher Education, 2(1).

Francis-Pelton, L., Farragher, P. & Riecken, T. (2000). Content based tech-
nology: Learning by modeling. Journal of Technology and Teacher Education 8(3), 
177–186.

Fraenkel, J. R., & Wallen, N. E. (2003). How to Design and Evaluate Research 
in Education (5th ed.). Boston: McGraw-Hill.

Gibson, S. (2002). Incorporating computer-based learning into preservice 
education courses. Contemporary Issues in Technology and Teacher Education On-
line, 2(1), 97–118.

Gillingham, M. G., & Topper, A. (1999). Technology in teacher preparation: 
Preparing teachers for the future. Journal of Technology and Teacher Education, 
7(4), 303–321.

Gimbert, B., & Zembal-Saul, C. (2002). Learning to teach with technology: 
from integration to actualization. Contemporary Issues in Technology and Teacher 
Education, 2(2), 204–217.

Guadagnoli, E., & Velicer, W. (1988). On methods in the analysis of profile 
data. Psychometrika, 24, 95–112.

Gunter, G. A. (2001). Making a difference: Using emerging technologies and 
teaching strategies to restructure an undergraduate technology course for preser-
vice teachers. Education Media International, 38(1), 13–20.

Halpin, R. (1999). A model for constructivist learning in practice: Computer 
literacy integrated into elementary mathematics and science teacher education. 
Journal of Research on Computing in Education, 32(1), 128–138.

Hargrave, D., & Hsu, Y. (2000). Survey of instructional technology courses for 
preservice teachers. Journal of Technology and Teacher Education, 8(4), 303–314.

Hattler, J. A. (1999). Technology for preservice teachers: ‘driver education’ for 
the information superhighway. Journal of Technology and Teacher Education, 7 
(4), 323–332.

Hoffman, D. L. & Novak, T. P. (1998), Bridging the racial divide on the In-
ternet. Science, 280(April 17), 390–391.

Howland, J., & Wedman, J. (2004). A process model for faculty develop-
ment: individualizing technology learning. Journal of Technology and Teacher 
Education, 12(2), 239–263.

ISTE/NCATE (2003). ISTE/NCATE Standards for educational technology pro-
grams. Retrieved August 30, 2004, from http://cnets.iste.org/ncate/. 

Johnson-Gentile, K., Lonberger, R., Parana, J., & West, A. (2000). Preparing 
preservice teachers for the technological classroom: A school-college partner-
ship. Journal of Technology and Teacher Education, 8(2), 97–109.

Kariuki, M., & Duran, M. (2004). Using anchored instruction to teach pre-
service teachers to integrate technology in the curriculum. Journal of Technology 
and Teacher Education, 12(3), 431–445.

Kay, R. H. (1992). An analysis of methods used to examine gender differences 
in computer-related behaviour. Journal of Educational Computing Research, 8(3), 
323–336.



www.manaraa.com
Journal of Research on Technology in Education	 401

Kay, R. H. (in press). Addressing gender differences in computer ability, atti-
tudes and use: The laptop effect. Journal of Educational Computing Research.

Kay, R. K., & Knaack, L (2005). A case for ubiquitous, integrated computing 
in teacher education. Technology, Pedagogy and Education, 14(3), 391–412.

Kozma, R. B. (2003). Technology, innovation, and educational change. A global 
perspective. Eugene, OR: International Society for Technology in Education.

Kulik, J. A. (1994). Meta-analytic studies of findings on computer-based 
instruction. In E. L. Baker, & H. F. O’Neile, Jr. (Eds.), Technology assessment in 
education and training, (pp. 9–33). Hillsdale, NJ: Lawrence Erlbaum.

Krueger, K., Boboc, M., Smaldino, S., Cornish, Y., & Callahan, W. (2004). 
InTime impact report. What was InTime’s effectiveness and impact on faculty and 
preservice teachers? Journal of Technology and Teacher Education, 12(2), 185–210.

Lohr, L., Javeri, M., Mahoney, C., Gall, J., Li, K., & Strongin, D. (2003). Using 
rapid application development to improve the usability of a preservice teacher tech-
nology course. Educational Technology Research and Development, 51(2), 41–55.

Luan, W. S., Jalil, H. A., Ayub, A. F. M., Bakar, K. A., & Hong, T. S. (2003). 
Teaching a discrete information technology course in a constructivist learn-
ing environment: Is it effective for Malaysian preservice teachers? Internet and 
Higher Education, 6, 193–204.

Maeers, M., Browne, N., & Cooper, E. (2000). Pedagogically appropriate in-
tegration of informational technology in an elementary preservice teacher edu-
cation program. Journal of Technology and Teacher Education, 8(3), 219–229.

Mann, D. Shakeshaft, C., Becker, J., & Kottkamp, R. (1999). West Virginia’s 
Basic Skills/Computer Education program: An analysis of student achievement. 
Santa Monica, CA: Milken Family Foundation.

Marra, R. (2004). An online course to help teachers “use technology to en-
hance learning”: Successes and limitations. Journal of Technology and Teacher 
Education, 12(3), 411–429.

McRobbie, C. J., Ginns, I. S., & Stein, S. J. (2000). Preservice primary teach-
ers’ thinking about technology and technology education. International Journal 
of Technology and Design Education, 10, 81–101. 

Milbrath, Y. L., & Kinzie, M. B. (2000). Computer technology training for 
prospective teachers: computer attitudes and perceived self-efficacy. Journal of 
Technology and Teacher Education, 8(4), 373–396.

Moursund, D., & Bielefeltdt, T. (1999). Will new teachers be prepared to teach 
in a digital age? A national survey on information technology in teacher education. 
Santa Monica, CA: Milken Exchange on Educational Technology. Available: 
http://www.mff.org/publications/publications.taf?page=154.

Mullen, L. (2001). Beyond infusion: Preservice student’s understandings 
about educational technologies for teaching and learning. Journal of Technology 
and Teacher Education, 9(3), 447–466.

National Center for Education Statistics. (2001). Internet Access in U.S. Public 
Schools and Classrooms: 1994–2001. Retrieved August 20, 2004, from http://
nces.ed.gov/programs/digest/d02/tables/dt419.asp.

National Council for Accreditation of Teacher Education. (2003). Interna-
tional Technology Education Association/Council on Technology Teacher Education 



www.manaraa.com
402	 Summer 2006: Volume 38 Number 4

(ITEA/CTTE). Retrieved July 27, 2004, from http://www.ncate.org/standard/
programstds.htm.

Niess, M. L. (2001). A model for integrating technology in preservice science 
and mathematics content-specific teacher preparation. School Science and Math-
ematics, 10(2), 102–109.

Nolan, P. (1992). Computers in education; Achieving equitable access and 
use. Journal of Research on Computing in Education, 24(3) 299–314.

O’Reilly, D. (2003). Making information and communications technology 
work. Technology, Pedagogy and Education, 12(3), 417–446.

OTA (1995). Teachers and technology: Making the connection. (OTA-EHR-
616). Washington, DC: U.S. Government Printing Office. Available: http://
www.wws.princeton.edu/cgi-bin/byteserv.prl/~ota/disk1/1995/9541/9541.PDF.

Peters, J. M., O’Brien, G., Briscoe, C., & Korth, W. W. (1995). A long-term assess-
ment of an integrated microcomputer component for preservice secondary science 
teachers. Journal of Computers in Mathematics and Science Teaching, 14(4), 499–520.

Pierson, M. E., & McNeil, S. (2000). Preservice technology integration through 
collaborative action communities. Contemporary Issues in Technology and Teacher Edu-
cation, 1(1), 189–199.

Plante, J. & Beattie, D. (2004). Education, skills, and learning—Research papers: 
Connectivity and ICT integration in Canadian elementary and secondary schools: First 
results from the Information and Communications Technologies in Schools Survey, 2003–
2004. Statistics Canada. Retrieved August 29, 2004, from http://www.schoolnet.
ca/home/documents/Report_EN.pdf.

Pope, M., Hare, P., & Howard, E. (2002). Technology integration: Closing the gap 
between what preservice teachers are taught to do and what they can do. Journal of 
Technology and Teacher Education, 10(2), 191–203.

Robertson, H. (2003). Toward a theory of negativity: Teacher education and 
information and communications technology. Journal of Teacher Education, 54(4), 
280–296.

Rowley, J., Dysard, G., & Arnold, J. (2005). Developing a new technology infu-
sion program for preparing tomorrow’s teachers. Journal of Technology and Teacher 
Education, 13(1), 105–123.

Russell, M., Bebell, D., O’Dwyer, L., & O’Connor, K. (2003). Examining teacher 
technology use: Implications for preservice and inservice teacher preparation. Journal 
of Teacher Education, 54(4), 297–310.

Sahin, T. Y. (2003). Student teachers’ perceptions of instructional technology: De-
veloping materials based on a constructivist approach. British Journal of Educational 
Technology, 34(1), 67–74.

Sashani, L. (1994). Socioeconomic status, parents’ sex-role stereotypes, and the 
gender gap in computing. Journal of Research on Computing in Education, 26(4), 
433–451.

Sanders, J. (in press). Gender and technology: A research review. In C. Skelton, B. 
Francis, & L. Smulyan (Eds.), Handbook of gender and education. London: Sage.

Scardamalia, M. & Bereiter, C. (1996). Computer support for knowledge-build-
ing communities. In T. Koschmann (Ed.), CSCL: Theory and practice of an emerging 
paradigm (pp. 249–268). Mahwah, NJ: Erlbaum.



www.manaraa.com
Journal of Research on Technology in Education	 403

Seels, B., Campbell, S., & Talsma, V. (2003). Supporting excellence in tech-
nology through communities of learning. Educational Technology Research and 
Development, 51(1), 91–104.

Shoffner, M. B., Dias, L. B., & Thomas, C. D. (2001). A model for collabor-
ative relationships between instructional technology and teacher education pro-
grams. Contemporary Issues in Technology and Teacher Education, 1(3), 395–411.

SIIA. (2002). Report on the effectiveness of technology in schools. Washington, 
DC: Software and Information Industry Association.

Simpson, M., Payne, F., Munro, R., & Hughes, S. (1999). Using information 
and communications technology as a pedagogical tool: Who educates the edu-
cators? Journal of Education for Teaching, 25(3), 247–262.

Simpson, M., Payne, F., Munro, R., & Lynch, E. (1998). Using informa-
tion and communications technology as a pedagogical tool: A survey on initial 
teacher education in Scotland. Jouranl of Information Technology for Teacher 
Education, 7(3), 431–446.

Sivin-Kachala, J. (1998). Report on the effectiveness of technology in school, 
1990–1997. Washington, DC: Software Publisher’s Association.

Smith, S. J., & Robinson, S. (2003). Technology integration through col-
laborative cohorts: Preparing future teachers to use technology. Remedial and 
Special Education, 24(3), 154–160.

Snider, S. L. (2003). Exploring technology integration in a field-based teacher 
education program: Implementation efforts and findings. Journal of Research on 
Technology in Education, 34(3), 230–249.

Stevens, J. P. (1992). Applied multivariate statistics for the social science applica-
tions (2nd ed.). Hillsdale, NJ: Erlbaum.

Stuhlmann, J. M., & Taylor, H G. (1999). Preparing technically competent 
student teachers: A three year study of interventions and experiences. Journal of 
Technology and Teacher Education, 7(4), 333–350.

Strudler, N., & Wetzel, L. (1999). Lessons from exemplary colleges of educa-
tion: Factors affecting technology integration in preservice programs. Educa-
tional Technology Research and Development, 47(4), 63–81.

Strudler, N., Archambault, L., Bendixen, L., Anderson, D., & Weiss, R. 
(2003). Project THREAD: Technology helping restructure educational access 
and delivery. Educational Technology Research and Development, 51(1), 39–54.

Thompson, A. D., Schmidt, D. A., & Davis, N. E. (2003). Technology col-
laboratives for simultaneous renewal in teacher education. Educational Technol-
ogy Research and Development, 51(1), 73–89.

U.S. Department of Education. (2000). E-Learning: Putting a world-class 
education at the fingertips of all children [Report]. Washington, DC. Retrieved 
August 30, 2004, from http://www.ed.gov/about/offices/list/os/technology/re-
ports/e-learning.pdf.

U.S. Department of Education, National Center for Education Statistics. 
(2002). Internet access in U.S. public schools and classrooms: 1994–2002. Retrieved 
August 30, 2004, from http://nces.ed.gov/programs/digest/d02/tables/dt419.asp.

Vannatta, R. A., & Beyerbach, B. (2000). Facilitating a constructivist vision 
of technology integration among education faculty and preservice teachers. 



www.manaraa.com
404	 Summer 2006: Volume 38 Number 4

Journal of Research on Computing in Education, 33(2), 132–148.
Vrasida, C., & McIsaac, M. S. (2001). Integrating technology into teaching 

and teacher education: Implications for policy and curriculum reform. Educa-
tional Media International, 2–3, 127–132.

Wang, Y. (2002). From teacher-centredness to student-centredness: Are pre-
service teachers making the conceptual shift when teaching in information age 
classrooms? Educational Media International, 39(3–4), 257–265.

Wang, L., Ertmer, P. A., & Newby, T. J. (2004). Increasing preservice teach-
ers’ self-efficacy beliefs for technology integration. Journal of Research on Tech-
nology in Education, 36(3), 231–250.

Wang. Y., & Holthaus, P. (1999). Facing the world: Student teachers’ com-
puter use during practicum. Journal of Educational Technology Systems, 27(3), 
207–223.

Waxman, H. C., Connell, M. L., & Gray, J. (2002). A quantitative synthesis 
of recent research on the effects of teaching and learning with technology on student 
outcomes. Naperville, IL: North Central Regional Laboratory.

Wenglinsky, H. (1998). Does it compute? The relationship between educational 
technology and student achievement in mathematics. Princeton, NJ: Educational 
Testing Service.

Wepner, S. B., Ziomek, N., & Tao L. (2003). Three teacher educators’ per-
spectives about the shifting responsibilities of infusing technology into the cur-
riculum. Action in Teacher Education, 24(4), 53–63.

Whitley, B. E., Jr. (1997). Gender differences in computer-related attitudes 
and behaviors: A meta-analysis. Computers in Human Behavior, 13, 1–22.

Willis, E. M., & Sujo de Montes, L. (2002). Does requiring a technology 
course in preservice teacher education affect student teacher’s technology use in 
the classroom? Journal of Computing in Teacher Education, 18(3), 76–80.

Wilkerson, T. L. (2003). A trial model for preparing preservice teachers for 
the integration of technology in teaching and learning. Action in Teacher Educa-
tion, 24(4), 27–32.

Whetstone, L., & Carr-Chellman, A. A. (2001). Preparing preservice teachers 
to use technology: Survey results. TechTrends, 45(4), 11–19.

Wilkinson, L., Buboltz, W., Cook, J., Matthew, K., & Thomas, D. (2000). 
Minorities and mainstream culture: Does a technology gap exist? In C. Craw-
ford, D. Willis, R. Carlsen, I. Gibson, K. McFerrin, J. Price, et al. (Eds.), Pro-
ceedings of society for information technology and teacher education international 
conference 2000 (pp. 2514–2519). Chesapeake, VA: AACE.

Wright, V. H., Wilson, E. K., Gordon, W., & Stallworth, J. B. (2002). Master 
technology teacher: A partnership between preservice and inservice teachers 
and teacher educators. Contemporary Issues in Technology and Teacher Education, 
2(3), 353–362.

Yildirm, S. (2000). Effects of an educational computing course on preservice 
and inservice teachers: A discussion and analysis of attitudes and use. Journal of 
Research on Computing in Education, 32(4), 479–495.



www.manaraa.com
Journal of Research on Technology in Education	 405

A
ppe


n

di
x

 A

D
et

ai
ls

 o
f S

tu
di

es
 R

ev
ie

w
ed

A
ut

ho
rs

Su
rv

ey
R

el
*

Q
ua

l*
T

L*
 

Si
ze

P r
og

ra
m

 
D

es
c.

M
od

el
 

D
es

c.
To

t. 
St

ra
t.

Th
eo

ry
D

at
a 

A
na

l.
A

tt
. 

C
hn

g.
A

bi
l. 

C
hn

g.
U

se
 

C
hn

g.
Al

be
e 

(2
00

1)
Ye

s
N

o
N

o
El

em
57

Pa
rt

ia
l

Pa
rt

ia
l

1
N

o
Fo

rm
4

N
o

Ye
s

N
o

Al
bi

on
 &

 G
ib

so
n 

(2
00

0)
Ye

s
N

o
N

o
N

R
1

14
N

o
Ye

s
1

Ye
s

D
es

c2
N

o
N

o
N

o

Al
bi

on
 (2

00
1)

Ye
s

Ye
s

N
o

El
em

89
N

o
Pa

rt
ia

l
2

Pa
rt

Fo
rm

Ye
s

Ye
s

N
o

Al
bi

on
 (2

00
3)

N
o

N
o

N
o

N
R

0
N

o
Ye

s
1

Ye
s

N
on

e
N

o
N

o
N

o

Au
st 

et
 a

l. 
(2

00
5)

Ye
s

Ye
s

Ye
s

M
ix

24
4

N
o

Ye
s

4
Ye

s
Fo

rm
N

o
N

o
N

o

Ba
lli

 e
t a

l. 
(1

99
7)

N
o

N
o

Ye
s

M
ix

28
5

N
o

Ye
s

3
Pa

rt
Pe

rc
3

N
o

N
o

N
o

Ba
rt

le
tt 

(2
00

3)
N

o
N

o
Ye

s
El

em
26

Ye
s

Pa
rt

ia
l

1
Pa

rt
Pe

rc
N

o
N

o
N

o

Ba
sh

m
an

 e
t a

l. 
(2

00
5)

Ye
s

N
o

N
o

N
R

34
Pa

rt
ia

l
Ye

s
4

Pa
rt

Fo
rm

N
o

Ye
s

N
o

Be
ye

rb
ac

h 
et

 a
l. 

(2
00

1)
Ye

s
N

o
Ye

s
N

R
60

N
o

Ye
s

5
Ye

s
Fo

rm
N

o
Ye

s
N

o

Bl
oc

he
r e

t a
l. 

(2
00

3)
N

o
N

o
Ye

s
N

R
1

N
o

Pa
rt

ia
l

1
Pa

rt
D

es
c

N
o

N
o

N
o

Br
us

h 
et

 a
l. 

(2
00

3)
Ye

s
Ye

s
Ye

s
El

em
10

0
Pa

rt
ia

l
Ye

s
4

Pa
rt

Pe
rc

N
o

N
o

N
o

Bu
cc

i (
20

03
)

N
o

N
o

Ye
s

El
em

21
N

o
Ye

s
1

N
o

Pe
rc

N
o

N
o

N
o

Bu
llo

ck
 (2

00
4)

N
o

N
o

Ye
s

M
S

2
N

o
N

o
2

Pa
rt

D
es

c
N

o
N

o
N

o

C
he

ru
p 

&
 S

ni
de

r (
20

03
)

N
o

N
o

N
o

N
R

0
N

o
Ye

s
1

Ye
s

N
on

e
N

o
N

o
N

o

C
lif

t e
t a

l. 
(2

00
1)

Ye
s

N
o

Ye
s

M
ix

0
N

o
Ye

s
2

Pa
rt

D
es

c
N

o
N

o
N

o

C
ol

lie
r e

t a
l. 

(2
00

4)
Ye

s
Ye

s
N

o
El

em
43

N
o

Ye
s

2
Ye

s
Fo

rm
N

o
Ye

s
N

o

C
om

pt
on

 &
 H

ar
w

oo
d 

(2
00

3)
N

o
N

o
N

o
N

R
0

N
o

Ye
s

2
Ye

s
D

es
c

N
o

N
o

N
o



www.manaraa.com
406	 Summer 2006: Volume 38 Number 4

A
ut

ho
rs

Su
rv

ey
R

el
*

Q
ua

l*
T

L*
 

Si
ze

Pr
og

ra
m

 
D

es
c.

M
od

el
 

D
es

c.
To

t. 
St

ra
t.

Th
eo

ry
D

at
a 

A
na

l.
A

tt
. 

C
hn

g.
A

bi
l. 

C
hn

g.
U

se
 

C
hn

g.
D

av
is 

&
 F

al
ba

 (2
00

2)
Ye

s
N

o
Ye

s
El

em
10

1
N

o
N

o
2

Pa
rt

D
es

c
N

o
N

o
N

o

D
aw

so
n 

&
 N

or
ris

 (2
00

0)
N

o
N

o
Ye

s
N

R
16

Pa
rt

ia
l

Ye
s

4
Pa

rt
ia

l
D

es
c

N
o

N
o

N
o

D
ex

te
r &

 R
ie

de
l (

20
03

)
Ye

s
N

o
N

o
M

ix
20

1
Pa

rt
ia

l
Pa

rt
ia

l
3

Pa
rt

ia
l

Pe
rc

N
o

N
o

N
o

D
oe

rin
g 

et
 a

l. 
(2

00
3)

N
o

N
o

Ye
s

N
R

10
Pa

rt
ia

l
Pa

rt
ia

l
3

N
o

D
es

c
N

o
N

o
N

o

D
ot

y 
&

 H
ill

m
an

 (2
00

0)
N

o
N

o
N

o
N

R
0

N
o

Pa
rt

ia
l

4
N

o
D

es
c

N
o

N
o

N
o

Ei
fle

r e
t a

l. 
(2

00
1)

N
o

N
o

Ye
s

Fa
c

12
Pa

rt
ia

l
N

o
2

Pa
rt

ia
l

Pe
rc

N
o

N
o

N
o

Er
tm

er
 e

t a
l. 

(2
00

3)
Ye

s
Ye

s
N

o
N

R
69

N
o

Ye
s

2
Ye

s
Fo

rm
Ye

s
N

o
N

o

Ev
an

s &
 G

un
te

r (
20

04
)

Ye
s

N
o

N
o

N
R

40
N

o
Pa

rt
ia

l
3

Pa
rt

ia
l

Pe
rc

N
o

N
o

N
o

Fl
or

es
 e

t a
l. 

(2
00

2)
N

o
N

o
N

o
Se

c
0

Ye
s

Ye
s

3
Ye

s
N

on
e

N
o

N
o

N
o

Fr
an

ci
s-

Pe
lto

n 
et

 a
l. 

(2
00

0)
N

o
N

o
N

o
N

R
0

N
o

Ye
s

2
Pa

rt
ia

l
N

on
e

N
o

N
o

N
o

G
ib

so
n 

(2
00

2)
N

o
N

o
N

o
El

em
18

N
o

Ye
s

3
Ye

s
Pe

rc
N

o
N

o
N

o

G
ill

in
gh

am
 &

 T
op

pe
r 

(1
99

9)
N

o
N

o
N

o
N

R
0

N
o

Ye
s

5
Ye

s
N

on
e

N
o

N
o

N
o

G
im

be
rt

 &
 Z

em
ba

l-S
au

l 
(2

00
2)

N
o

N
o

Ye
s

El
em

0
N

o
Ye

s
3

Pa
rt

ia
l

D
es

c
N

o
N

o
N

o

G
un

te
r (

20
01

)
Ye

s
Ye

s
N

o
N

R
17

1
N

o
Ye

s
2

Pa
rt

ia
l

Fo
rm

Ye
s

N
o

N
o

H
al

pi
n 

(1
99

9)
Ye

s
Ye

s
N

o
El

em
73

Pa
rt

ia
l

Ye
s

1
Pa

rt
ia

l
Pe

rc
N

o
N

o
N

o

H
at

tle
r (

19
99

)
N

o
N

o
N

o
N

R
0

N
o

Ye
s

1
Ye

s
N

on
e

N
o

N
o

N
o

H
ow

la
nd

 &
 W

ed
m

an
 

(2
00

4)
Ye

s
Ye

s
N

o
N

R
21

Pa
rt

ia
l

Ye
s

5
Ye

s
Fo

rm
Ye

s
Ye

s
Ye

s

A
ppe


n

di
x

 A
, co


n

't



www.manaraa.com
Journal of Research on Technology in Education	 407

A
ut

ho
rs

Su
rv

ey
R

el
*

Q
ua

l*
T

L*
 

Si
ze

Pr
og

ra
m

 
D

es
c.

M
od

el
 

D
es

c.
To

t. 
St

ra
t.

Th
eo

ry
D

at
a 

A
na

l.
A

tt
. 

C
hn

g.
A

bi
l. 

C
hn

g.
U

se
 

C
hn

g.
Jo

hn
so

n-
G

en
til

e 
&

 L
on

-
Be

rg
er

 (2
00

0)
Ye

s
N

o
N

o
El

em
0

Pa
rt

ia
l

Ye
s

5
Pa

rt
ia

l
Pe

rc
N

o
N

o
N

o

K
ar

iu
ki

 &
 D

ur
an

 (2
00

4)
N

o
N

o
N

o
N

R
22

N
o

Ye
s

2
Ye

s
N

on
e

N
o

N
o

N
o

K
ay

 &
 K

na
ac

k 
(2

00
5)

Ye
s

Ye
s

N
o

M
ix

52
Ye

s
Ye

s
4

Ye
s

Fo
rm

Ye
s

Ye
s

Ye
s

K
ru

eg
er

 e
t a

l. 
(2

00
4)

Ye
s

N
o

N
o

Fa
c

0
N

o
Ye

s
3

Ye
s

Pe
rc

N
o

N
o

N
o

Lo
hr

 e
t a

l. 
(2

00
3)

Ye
s

Ye
s

N
o

N
R

57
0

N
o

Ye
s

3
Pa

rt
ia

l
D

es
c

N
o

N
o

N
o

Lu
an

 e
t a

l. 
(2

00
3)

Ye
s

Ye
s

N
o

N
R

10
2

N
o

Pa
rt

ia
l

1
Pa

rt
ia

l
Fo

rm
Ye

s
N

o
N

o

M
ae

er
s e

t a
l. 

(2
00

0)
N

o
N

o
N

o
El

em
0

N
o

Ye
s

2
Ye

s
D

es
c

N
o

N
o

N
o

M
cR

ob
bi

e 
et

 a
l. 

(2
00

0)
N

o
N

o
Ye

s
El

em
21

Pa
rt

ia
l

Ye
s

2
Pa

rt
ia

l
D

es
c

N
o

N
o

N
o

M
ilb

ra
th

 &
 K

in
zie

 (2
00

0)
Ye

s
N

o
N

o
N

R
42

Ye
s

Pa
rt

ia
l

2
N

o
Fo

rm
Ye

s
N

o
N

o

M
ul

le
n 

(2
00

1)
N

o
N

o
Ye

s
N

R
4

N
o

Pa
rt

ia
l

1
Pa

rt
ia

l
D

es
c

N
o

N
o

N
o

N
ie

ss
 (2

00
1)

N
o

N
o

N
o

N
R

0
Pa

rt
ia

l
Ye

s
1

Pa
rt

ia
l

N
on

e
N

o
N

o
N

o

O
’R

ei
lly

 (2
00

3)
Ye

s
N

o
Ye

s
N

R
18

Pa
rt

ia
l

Pa
rt

ia
l

1
Pa

rt
ia

l
Pe

rc
N

o
N

o
N

o

Pe
te

rs
 e

t a
l. 

(1
99

5)
Ye

s
Ye

s
N

o
N

R
17

N
o

Ye
s

1
Ye

s
Fo

rm
Ye

s
Ye

s
N

o

Pi
er

so
n 

(2
00

0)
N

o
N

o
N

o
N

R
0

Ye
s

Ye
s

9
Ye

s
N

on
e

N
o

N
o

N
o

Po
pe

 e
t a

l. 
(2

00
2)

Ye
s

N
o

N
o

El
em

26
N

o
Ye

s
2

Pa
rt

ia
l

Fo
rm

Ye
s

N
o

N
o

Ro
w

le
y 

et
 a

l.(
20

05
)

Ye
s

N
o

N
o

N
R

0
N

o
Ye

s
3

Ye
s

Pe
rc

N
o

N
o

N
o

Sa
hi

n 
(2

00
3)

Ye
s

N
o

N
o

El
em

80
N

o
N

o
1

Ye
s

Pe
rc

N
o

N
o

N
o

Se
el

s e
t a

l. 
(2

00
3)

Ye
s

N
o

Ye
s

N
R

98
Pa

rt
ia

l
Ye

s
5

Ye
s

Pe
rc

N
o

N
o

N
o

Sh
off

ne
r e

t a
l. 

(2
00

1)
Ye

s
N

o
N

o
M

S
0

N
o

Ye
s

3
Ye

s
D

es
c

N
o

N
o

N
o



www.manaraa.com
408	 Summer 2006: Volume 38 Number 4

A
ut

ho
rs

Su
rv

ey
R

el
*

Q
ua

l*
T

L*
 

Si
ze

Pr
og

ra
m

 
D

es
c.

M
od

el
 

D
es

c.
To

t. 
St

ra
t.

Th
eo

ry
D

at
a 

A
na

l.
A

tt
. 

C
hn

g.
A

bi
l. 

C
hn

g.
U

se
 

C
hn

g.
Si

m
ps

on
 e

t a
l. 

(1
99

9)
Ye

s
N

o
N

o
M

ix
24

3
N

o
N

o
1

Pa
rt

ia
l

Pe
rc

N
o

N
o

N
o

Si
m

ps
on

 e
t a

l. 
(1

99
8)

Ye
s

N
o

N
o

M
ix

13
13

Ye
s

N
o

0
N

o
Pe

rc
N

o
N

o
N

o

Sm
ith

 &
 R

ob
in

so
n 

(2
00

3)
N

o
N

o
Ye

s
Sp

ec
1

N
o

Pa
rt

ia
l

2
Pa

rt
ia

l
D

es
c

N
o

N
o

N
o

Sn
id

er
 (2

00
3)

Ye
s

Ye
s

N
o

N
R

66
Pa

rt
ia

l
Ye

s
2

Ye
s

Fo
rm

N
o

Ye
s

N
o

St
ru

dl
er

 e
t a

l. 
(2

00
3)

Ye
s

Ye
s

Ye
s

N
R

27
3

N
o

Ye
s

6
Ye

s
Fo

rm
N

o
N

o
Ye

s

St
uh

lm
an

n 
&

 T
ay

lo
r 

(1
99

9)
N

o
N

o
Ye

s
El

em
4

N
o

Pa
rt

ia
l

4
N

o
D

es
c

N
o

N
o

N
o

Th
om

ps
on

 e
t a

l. 
(2

00
3)

N
o

N
o

Ye
s

El
em

28
N

o
Ye

s
6

Ye
s

D
es

c
N

o
N

o
N

o

Va
nn

at
ta

 &
 B

ey
er

ba
ch

 
(2

00
0)

Ye
s

Ye
s

N
o

M
ix

12
2

N
o

Ye
s

3
Ye

s
Fo

rm
N

o
Ye

s
N

o

Vr
as

id
as

 &
 M

cI
sa

ac
 (2

00
1)

N
o

N
o

N
o

N
R

0
N

o
N

o
3

Ye
s

N
on

e
N

o
N

o
N

o

W
an

g 
&

 H
ol

th
au

s (
19

98
–

99
)

Ye
s

N
o

N
o

El
em

64
N

o
Pa

rt
ia

l
1

N
o

Pe
rc

N
o

N
o

N
o

W
an

g 
(2

00
2)

Ye
s

Ye
s

N
o

N
R

74
N

o
Pa

rt
ia

l
1

Pa
rt

ia
l

Fo
rm

N
o

N
o

N
o

W
an

g 
et

 a
l.(

20
04

)
Ye

s
Ye

s
N

o
N

R
28

0
Pa

rt
ia

l
Ye

s
2

Ye
s

Fo
rm

Ye
s

N
o

N
o

W
ilk

er
so

n 
(2

00
3)

N
o

N
o

N
o

N
R

0
N

o
Ye

s
1

Pa
rt

ia
l

N
on

e
N

o
N

o
N

o

W
rig

ht
 e

t a
l. 

(2
00

2)
N

o
N

o
Ye

s
Se

c
10

Pa
rt

ia
l

Pa
rt

ia
l

6
Pa

rt
ia

l
D

es
c

N
o

N
o

N
o

Yi
ld

iri
m

 (2
00

0)
Ye

s
Ye

s
N

o
N

R
11

4
N

o
Ye

s
1

N
o

Fo
rm

Ye
s

N
o

N
o

1  N
R 

– 
N

ot
 R

ep
or

te
d

2  D
esc

 –
 D

esc
rip

tiv
e D

at
a 

O
nl

y
3  P

er
c –

 P
er

ce
nt

ag
es 

Re
po

rt
ed

4  F
or

m
 –

 F
or

m
al

 S
ta

tis
tic

s (
e.g

., 
t-t

est
, A

N
O

VA
, c

or
re

la
tio

ns
)

A
ppe


n

di
x

 A
, co


n

't



www.manaraa.com
Journal of Research on Technology in Education	 409

Appendix B

 Variables and Criteria Used to Code Studies

Variable Description Scoring Criteria

METHODOLOGY
	
Sample Size

Number of preservice 
teachers

0 – None or not reported
Otherwise report actual 
number of subjects

	
Teaching Level

Teaching level for preservice 
teachers

0 – Not reported
1 – Elementary
2 – Middle School
3 – Secondary
4 – Mixed
5 – Special Education
6 – Faculty

	
Description of Pro-
gram

Was a clear description of 
the program provided (e.g., 
number of years, focus of 
program, structure)

0 – Not provided
1 – Partially (number of 
years left out)
2 – Yes

	
Data Collection (sur-
vey)

Was a survey used? 0 – No
1 – Yes

	
Data Collection (qual-
itative)

Were qualitative methods 
used (e.g., interview, jour-
nals, essays, observations)

0 – No
1 – Yes

	
Individual differences

Were individual differences 
(e.g., gender, teaching level, 
age) assessed?

0 – No
1 – Yes

Variable Description
Scoring 
Criteria

STRATEGY
	
Single Course

Was there a single course dedicated 
to teaching technology?

0 – No
1 – Yes

	
Workshops

Were workshop(s) used to teach 
technology?

0 – No
1 – Yes

	
Integrated

Was technology integrated 
throughout the teacher education 
program?

0 – No
1 – Yes

	
Modeling 

Was the use technology modeled 
for preservice students?

0 – No
1 – Yes
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Variable Description
Scoring 
Criteria

	
Multimedia

Was multimedia (e.g., portfolios, 
online learning, video case studies) 
used to teach technology?

0 – No
1 – Yes

	
Collaborative

Was there collaboration among 
preservice teachers, education fac-
ulty, and mentor teachers to use 
technology?

0 – No
1 – Yes

	
Field Based

Did preservice teachers practice the 
use of technology in the classroom?

0 – No
1 – Yes

	
Faculty

Did the technology program focus 
on improving faculty use of tech-
nology?

0 – No
1 – Yes

	
Mentor Teachers

Did the technology program focus 
on improving mentor teacher’s use 
of technology?

0 – No
1 –Yes

	
Access

Did the technology program focus 
on access to software, hardware, 
and/or technological support?

0 – No
1 – Yes

	
Theory behind Strategies

Was the theory behind using spe-
cific strategies used to incorporate 
technology based on sound theory?

0 – Not 
provided
1 – Partially
2 – Yes

	
Description of Strategies

Was there a clear, coherent descrip-
tion of the strategies used to incor-
porate technology into the teacher 
education program?

0 – Not 
provided
1 – Partially
2 – Yes

EFFECT ON LEARNING
	
Computer Attitudes

Did computer attitudes improve 
as a result of the strategies used to 
incorporate technology?

0 – No
1 – Yes

	
Computer Ability

Did computer ability improve as a 
result of the strategies used to in-
corporate technology?

0 – No
1 – Yes

	
Computer Use

Did computer use improve as a 
result of the strategies used to in-
corporate technology?

0 – No
1 – Yes
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