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What Do We Know About the Impact of Technology Professional Development and How Do We Know This? —A Structural Equation Model to Evaluate Effective Professional Development Implementation 

Presented at AERA (April 11, 2001) by Sally M. Adkin, Ph.D., Director of External Programs, North Carolina School of Science and Mathematics

Fatemi (1999) comments that for years studies decried the fact that schools had not kept pace with business integration of technology into the workplace.  But the considerable school investment in technology is paying off.  He reports a critical mass of technology in classrooms has been reached.  More than half the nation’s classrooms are connected to the Web and schools have an average of one instructional computer for every 5.7 students.

Other recent studies state the power of technology as a learning tool will be wasted unless teachers have the training and follow-up they need to use computers and the Internet to impact student learning.  In their 1997 report and after reviewing a wide array of research the Presidential Advisory Panel on Education affirmed, “As schools continue to acquire more and better hardware and software, the benefit to students increasingly will depend on the skill with which some 3 million teachers are able to use these new tools (Panel, 1997, p. 61).”

What do we know about the impact of technology professional development and how do we know this?  It is reasonable to assume that the rich body of research on professional development applies as well to technology professional development.  This study demonstrates that the question can also be answered in part by technology itself.  

High speed computers and sophisticated web interfaces allow for the collection and manipulation of data in time efficient and powerful ways.  Path analysis in the social sciences has come into new prominence with the advent of high-speed computers and increased statistical prowess. Regression and least squares techniques applied to path analysis allow for new quantitative sophistication.  Statisticians have developed a general linear modeling approach that allows researchers to overcome many of the limitations of the least squares approached by allowing for far better operational of theoretical variables (Maruyama, 1998).  The approach has evolved over the past 20 years into the array of structural equation approaches and computer programs that are widely distributed today, among which the most widely known are LISREL (Joreskog & Sorbom, 1989), EQS (Bentler, 1985), and AMOS (Arbuckle, J.L. & Werner, W., 1999).  

This study uses responses from a sample of teachers who participated in the professional development Education Future NOW Project (NOW Project) to create and evaluate several structural equation models.  Structural Equation Modeling (SEM) is a multivariate analytic methodology that integrates confirmatory factor analysis, multiple regression, path analysis, and nonlinear optimization to simultaneously estimate, from sample observations, the population values of directed relationships in a model (nomological network).  The model often includes observed and unobserved independent and dependent variables.  The purpose of SEM is to establish a statistical model that accounts for the covariance among some number of measured, observed variables, for a particular population of interest.  Ideally the model fully accounts for the covariance.  The predicted model-based covariance matrix is compared to the sample covariance matrix.  The magnitude of discrepancy between these matrices (i.e. some function of the residuals) is then employed with other criteria to assess the plausibility of the hypothesized model (Schumacker & Lomax, 1996).
SEM employs measurement and structural equations to establish the directed relationships in a network model of variables.  Measurement equations delineate the relationships between observed variables and the unobserved variables or constructs they measure, accounting for their common variance in the model and providing a way to assess the precision of the observed variables. For this study the structured model was fit to the data using AMOS 4.0 (Arbuckle & Wothke, 1999).

THE NORTH CAROLINA SCHOOL OF SCIENCE AND MATHEMATICS NOW PROJECT

In February 1996, President Clinton launched the Technology Literacy Challenge, a national initiative to ensure that every student in every school in the nation would have the basic skills needed to be technologically literate. Beginning in 1996, funds were appropriated through the Office of Educational Research and Improvement for awards to states for state-allotted Technology Literacy Challenge Grants for local school districts.  Further funds were allocated for Technology Innovation Challenge Grants for a nation-wide competition for large-scale partnership initiatives demonstrating how computers and telecommunication networks could improve teaching and learning. 

October of 1998, the North Carolina School of Science and Mathematics (NCSSM), Durham, NC, was one of 20 school district partnerships to receive a 1998 US Department of Education Technology Innovation Challenge Grant (TICG) for a five-year project called Education Future Now (NOW Project).  The project goal was to help North Carolina meet the challenge of supporting teachers to teach effectively using technology.  The target population was seven rural and remote school districts who had each joined funds from the Technology Literacy Challenge Grants with local dollars to install a sophisticated multi-media technology suite (Cyber Campus) in a local high school.

NCSSM developed a professional development initiative they called the Benchmark plan.   NCSSM designed the plan to address the varying technology skills of teachers in the Cyber Campus regions.  Training was provided in three benchmark levels: core skills, classroom integration, and leadership/synthesis levels.  Further NCSSM and its partners made maximum use of education technologies including two-way interactive broadcast sessions and web-based training.  The goal was to provide opportunities at times and locations convenient to the participants using a combination of delivery mechanisms including summer residential institutes, on-site workshops in the school district, incorporation of distance education, and plenty of hands-on support.
STUDY OBJECTIVE

The purpose of this study was to create and evaluate a structural model of professional development program implementation and to examine early program implementation to determine its effectiveness.  The research base for this study suggests that how the professional development experience relates to the participants’ current work setting (Professional Development Relates to Work), the perceived quality of the professional development experience (Professional Development Perceived Quality), and the extent of participation time in professional development (Professional Development Time Intensity
) impact program effectiveness.  Effectiveness outcomes include increased teacher beliefs that technology enhances learning and increases use of technology (Teacher Beliefs & Practices), and improves student learning (Student Learning). 
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The direct effect of each of the independent variables on the dependent program effectiveness factors was examined.  Based on the literature, a structural model was developed to examine the explanatory relationships among the five latent variables. The hypothesis is that the three independent latent variables (PD Relates to Work, PD Perceived Quality, and PD Time Intensity) have an effect on students’ learning mediated through the Teachers Beliefs & Practice construct.

Figure 1.  Hypothesized structural equation model for constructs of professional development

The variables in the structural model are unobserved, latent variables underlying a number of observed indicator variables.  The fundamental question is whether this program evaluation model adequately explains the relationships among the observed independent and dependent variables.  Alternative models are also evaluated.  The study further assesses the utility of the structural equation modeling methodology to evaluate program implementation effectiveness.

THERORITICAL FRAMEWORK

This research is grounded in studies linking professional development to changed teacher behavior and the resulting impact on student achievement.  Such research is usually called process-product (or process-outcome) research (Brophy, 1986).  The process-product paradigm goes back at least 50 years but most progress has occurred recently.  The 1970s yielded a substantial collection of replicated correlation findings as well as several experimental studies that documented causal relationships between teacher behaviors and student achievement (Brophy & Good, 1986).  Analyses of process-product studies lend themselves to pattern matching logic/ path analysis. These process-product studies of cause and effect relationships have reached a new sophistication with the advent of high-speed computers and sophisticated statistical and graphical modeling packages.  
The hypothesized structural model is a modification of the model developed by the American Institutes for Research (AIR) for an evaluation of the Eisenhower Program (AIR, 1999).  This study uses teacher self-report data from a nationally representative sample of districts that received Eisenhower funds during the 1997-98 school year.  The Eisenhower model was designed to serve two related purposes.  Quoting from AIR (1999), “ [The model] enables us to determine whether the relationships we have hypothesized are supported by the data we have collected, and it also permits us to develop estimates of the strength of these relationships” (p. 3-53).  The AIR study used 10 variables labeled: coherence, collective participation, sponsorship, type, time span, contact hours, active learning, focus on content, change in teacher practice, and enhanced teacher knowledge and skills
.

METHODS

For the NOW Project study, measurement models were created and tested
 for each proposed latent variable in the hypothesized structural equation model.  The measurement model indicators were drawn from three sources: NOW Project Participant Registration, NOW Project Activity Evaluation Form, and Quick-12 Follow-up Survey for Technology Workshop Participants.  These are included in the Appendix. All items are teacher self-reports and are similar to those used in the Eisenhower study. 

The full structural model (Figure 1) was then examined for strength of path coefficients and goodness-of-fit. SPSS 9.0 and AMOS 4.0 were used in this study to manipulate approximately 4,000 data points and to create graphics that visually illustrate relationships.
DATA SOURCES

The pool for this study was all participants in one or more professional development activities that were part of the NCSSM NOW Project.  All 1,237 educator-participants were contacted with a follow-up survey. The final study data (n=368) drawn from the full NOW Project workshop participant sampling frame consisted of all valid respondents to the follow-up survey. Respondents with missing data and program participants who were not teachers were eliminated.   To assure that this convenience sample was reasonably representative of the full participant pool (n=1237), frequency distributions by percent of the study group and the full participant pool were compared based on race, gender, highest degree earned, years in education, grade level assignment, and geographic distribution.  Based on these criteria, the study data was found to be reasonably consistent with that of the full participant pool. 
SUMMARY OF THE RESEARCH RESULTS
This study postulated a structural model, Figure 1, that included three latent factors related to implementation of the NOW Project:  (1) PD Relates to Work, (2) PD Perceived Quality, and (3) PD Time Intensity.  These three factors were used to predict the latent variable Teachers Beliefs and Practices, a dependent factor in the model.  In turn the study posited that if teachers exhibited high beliefs in and use of technology, then students learning outcomes (Student Learning), a dependent factor, would be high.  That is, improvement in the Student’s Learning construct is mediated through the Teachers Beliefs and Practice construct.  

In other words, a professional development activity that relates to a teacher’s work improves his/her attitude toward technology and use of technology.   Also, if the participant is pleased with the workshop experience or perceives it as high quality then attitudes and use of technology will also be high.  Finally, the more time intensive the workshop, the more teachers beliefs and use will be impacted.   Thus, all these factors were hypothesized to contribute positively to teachers’ belief in and use of technology. This belief in and use of technology would, in turn, impact the extent to which students learning improves.
Ultimately, this study found that a somewhat more parsimonious model  (set forth in Figure 2) provided a plausible framework for technology professional development implementation.  Specifically, PD Perceived Quality was eliminated as a predictor.  The reasons are discussed below.  Teachers’ beliefs and practices are most impacted by how the workshop relates to their own work setting and are also somewhat impacted by the amount of time they spend in the professional development experience. Through the teacher factor there is a fairly large effect on student learning outcomes.
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Figure 2.  Final Structured mode with unstandardized estimates 

This study did not substantiate the use of quality dimensions (PD Perceived Quality) as a predictor of teacher actions (Teacher Beliefs & Practices).   It may be the case that perceived workshop quality does not predict a change in teacher behavior. The National Staff Development Council (1995, 1999), in both versions of its Standards for Staff Development, lists and discusses the importance of participants’ positive reactions to the professional development program.  A “shut down/ turn-off” factor can prevent participants from benefiting fully from the experience.  This is plausible but the reverse may not be true.  Participants who are pleased with their experience may not embrace and use the concepts.  Embracing and using technology may be an even greater stretch for the effects of perceived high quality.  


As with any research study on a single population, the lack of substantiation does not mean that the given construct, PD Perceived Quality, is not an important dimension of professional development.  In this model, PD Perceived Quality was not statistically significantly linked to teachers’ belief in and use of technology.  The theoretical basis, i.e., high quality ( high teacher change, needs further examination, as well as the contrapositive, low quality ( low teacher change.


PD Time Intensity had a relatively small effect on participants’ beliefs about use of technology (Teacher Beliefs & Practices).  The measurement model exhibited some problems.  Three items were used as measures of this construct.  Two of these items were continuous the other was ordinal.  The continuous measures were total hours of contact time and span in weeks.  The ordinal measure was a rating of intensity of follow up.   In order to manage these very different kinds of metrics, all three were scaled in a one to six ranking from low to high.  The scaling possibly limited variability.  

The AIR Study of the Eisenhower Program (1999) did not include a measure of follow-up intensity, which was the most significant indicator in this study’s Time Intensity measurement model.  The AIR Study did use a measure of workshop contact hours which, when linked to a variable called Improved Teacher Practice, was significant with path coefficient of 0.09.  The AIR Study also included an ordinal measure of Time Span.  The regression of Time Span on the Improved Teacher Practice variable was not significant.  In the AIR Study, both the Time Span and Contact Hours did have strong, significant links to a variable described as Active Learning.  The AIR Study claimed that duration of activities has a strong influence on the degree to which the programs are able to provide high-quality professional development experiences.


Based on the present study, it appears that time intensity of the professional development experience has some affect on teacher outcomes regarding beliefs in and use 

of technology.  It seems likely that this variable might affect the “use of” more than the “belief in.”  That is, to cultivate a belief takes a short time, while building skills take longer. In future studies these could be separated out.  PD Time Intensity mediated through Teachers Beliefs and Practices also has an effect on Student Learning.


The independent variable that most significantly predicted Teachers Beliefs and Practices was PD Relates to Work.  The findings suggest that the more the participant perceives the activity as valuable or appropriate for their own work setting the stronger the participants’ belief in and use of the particular technology.   The moderately large effect (R2= .20) appears to confirm a result in the AIR Study, which showed a similar effect between Coherence and Enhanced Teacher Knowledge and Skills (AIR, 1999).
The path with the highest coefficient linked Teacher Beliefs and Practices to Student Learning (coefficient = 1.12).  It was demonstrated that the Teacher Beliefs and Practices variable might serve as a mediator to student learning.  Many studies have stopped short of assessing whether or not teacher professional development actually affects student learning.  The student learning outcomes in this study are based on teachers’ perceptions of learning outcomes listed on the follow-up survey.  The survey included learning outcomes most closely linked to technology use. (See Appendix.)  We can reasonably conclude that teacher participants who demonstrate a belief in and use of technology positively impact these student learning outcomes.  

IMPLICATIONS AND IMPORTANCE OF THIS STUDY


This study systematically evaluates the effects of professional development on teacher change in beliefs in and use of the given workshop focus (technology) and on learning outcomes in participant’s classroom.  This study is an attempt to provide a plausible program model to assess a particular professional development technology initiative.  

This study is an attempt to increase the knowledge base about the impact of professional development in technology on teacher-related outcomes by applying the model to an empirical data set.  The study demonstrates that professional development can result in changed teachers and improved student learning. It also emphasizes the importance of linking professional development to the specific work of teachers. 

Since 1996, the U.S. Department of Education has awarded 100 Technology Innovation Challenge Grants (TICG).  Of these, 73 have as a major goal professional development of teachers to improve teaching and learning through the integration of technology.  In that singular regard, this study may be useful to others who have projects very similar to the NOW Project and who are concerned with finding a program evaluation model and method of analysis.

Although it is too early to know exactly what federal funds will be available as a result of President Bush’s educational reform initiatives, we do know from the President’s plan  No Child Left Behind (2000) that improving teacher quality and enhancing education through technology are important initiatives of the new administration.  Further, Bush has evidenced in his plan and his various addresses to the educational community that measures of accountability will have increased emphasis in his administration. 

LIMITATIONS


Limitations of this study include limitations associated with the data set and limitations of Structural Equation Modeling methods.  Response rates on the follow-up survey limited the data set.  The study data set was a convenience sample and precluded replication or cross-validation.  As a convenience sample, it was not possible to select a random sample from the population or sampling frame.  Although the obtained set appeared to represent the larger NOW Project sampling frame, external generalization is limited since nonresponse could be a factor (Fowler, 1993).


Most of the factors had adequate reliability.  However, all but two of the indicators (hours and span) were self-report measures.  The problems of self-report are well know (e.g. Gall, Borg, & Gall, 1996; Kennedy, 1999; Schwartz, 1999).


Some limitations and cautions are advised regarding the use of SEM and factor analytic-techniques in general.    Cliff (1983) warned that data can never absolutely confirm a model.  Other alternative models will remain disconfirmed.   Cliff also cautions, “giving something a name does not necessarily make it what we call it or ensure that we understand the thing we have named (1983, p.121).”  In this study, observed and latent variables are based on one researcher’s judgment, recognizing that there is always some discrepancy between latent variable names and measures that operationalize them.



This research does not set forth an exhaustive literature review and makes no claim to test all contextual factors that have potential to impact technology professional development.  It examines three important contextual factors.  See Zepeda (1999) for a discussion of other potential contextual factors.

RECOMMENDATIONS FOR FUTURE STUDY

The proposed program evaluation framework and models for technology professional development need to be tested with different samples and cross-validated.  The NOW Project TICG initiative begins its fourth year of operation October 2001.  The database has 2,529 nonduplicated records as of March 1, 2001, and continues to grow in number of participants.  By May 2001, the Quick-12 Follow-up should be distributed and collected.  Data should be entered and a new study pool developed.   Further the model should be tested with groups who run similar but not necessarily technology-focused professional development.  This research would benefit from wide review and further discussion of the plausibility of specific indicators and measures.
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APPENDIX

Table 1A

Variable Comparisons between This Study and the 1999 American Institutes for Research Eisenhower Evaluation

	Latent Independent Variables



	NOW Project Study

PD Relates to Work 

PD Time Intensity

PD Perceived Quality
	Eisenhower Study

Coherence/collective participation/sponsorship

Time Span/ Contact Hours

Active Learning/Focus on Content/ Type




	Latent Dependent Variables



	NOW Project Study

Teacher Beliefs & Practices

Student Learning
	Eisenhower Study

Change in Teacher Practice

Enhanced (teacher) Knowledge and Skills

- -




Note:  PD= Professional Development

DETAILS ON STRUCTURAL MODEL EVIDENCE

Figure A1 Structured model with measurement model detail and unstandardized estimates

TERMS DEFINED

Path Loadings

Path loadings are denoted by the Greek letter ( (Lamda) and subscripted to denote location of the path.  AMOS reports path load metrics in both standardized and unstandardized measures.  These measures allow the researcher to determine if the path (relationship) is significant.  Significance for this study was set at the p<. 05 level.

Error Variance

Error Variance is an indication of measurement error detected for each item in the measurement model and each latent variable in the structural equation model.  The smaller these numbers are the more accurate (precise) the model.

Squared Multiple Correlations

These are denoted by R2 for each of the relationships (paths). Squared Multiple Correlations (R2) are used to judge the extent to which each of the independent variables contributes toward predicting the dependent variables. R2 reflects the amount of explained variance uniquely attributable to the model’s constructs at the structural level.

Composite Reliability

Reliability is a measure of the consistency or reproducibility of scores. This study used Cronbach’s alpha ((, Cronbach, 1955).  Alpha’s in the range or  0.70 - 0. 85 or better are considered good.

Fit Indices

When conducting structural equation model analysis, examining the goodness-of-fit indices can help the researcher determine the degree to which the hypothesized model fits the sample data. The chi-square ((2) test was the most popular fit statistic, but (2 tests are susceptible to sample size and distributional problems. SEM researchers have put forward alternative fit indices.  Relative/incremental fit indices, which include the Tucker-Lewis Index (TLI) and the Comparative Fit Index (CFI) are used to compare competing models. Absolute fit indices tend to focus directly on some function of the residuals—the difference between the model-based, predicted covariance matrix and the observed, sample covariance matrix. The Goodness-of-Fit (GFI) and Root Mean Square Error of Approximation (RMSEA) are popular absolute fit indices.  The (2 statistic is also an absolute fit statistic.  CFI values close to unity (greater than 0.90) imply acceptable to good fit.  The GFI should be between zero (0) and unity (one), where unity indicates a perfect fit and values above 0.90 are considered good.  A general rule of thumb in determining model fit based on the RMSEA is that a value equal or less than .05 indicates a close fit of the model in relation to the degrees of freedom (Arbuckle & Wothke, 1999).

DISCUSSION OF FIGURE A1 AND MODEL EVIDENCE 

The squared multiple correlations as R2= {.20, .46} indicates respectable prediction strength.  All estimated factor loadings, (IT=0.05, (WT=0.42, (TS=1.12 are significant (p<. 05).  The fact that the I ( T path  is not particularly strong should be examined in light of the questionable soundness of  the measurement model for PD Time Intensity.  It may be that PD Time Intensity does not have a strong impact on the endogenous variables, or it may be that there is an estimation problem which attenuates the reliability and prediction in the structural model.




Evidence regarding the final model’s statistical fit is shown in Table 2A.  The fit indices meet the pre-establish criteria of TLI close to 1, CFI>0.90, GFI>0.90, RMESA<0.08.  For RMESA a 90% confidence index is included.  The model demonstrates good fit.

Table 2A

Full Model Fit in the Sample of N=368

	
	TLI
	CFI
	GFI
	RMESA
	RMESA

90% CI
	

	Fit Index
	0.904
	0.918
	0.918
	0.064
	0.055

0.077
	



The standardized effects at the structural level of the final model are presented in Table 3A.  It is noteworthy that Teacher Beliefs and Practices accounts for 65% percent of the effects on Student Learning.

Table 3A

Unstandardized Total Effects of the Final Model’s Constructs, N= 368

	
	Relates to Work
	Participation Time
	Teachers Beliefs &

Practice

	Teachers Beliefs & Practice
	0.422
	0.046
	

	Student Learning
	0.471
	0.052
	1.116


According to Bollen (1989) a model’s power is influenced by many factors.  In general power is increased if the following are increased: the cutoff ( level, the number of indicators of the latent variables, the reliability of indicators, and sample size.  An acceptable significance level of (= .05 has been used in this study.  The number of indicators has been constrained by available data.  In considering the measurement models of the latent variables, each was examined for the reliability of these indicators. 

Based on Hoelter’s (1983) critical N statistic, which indicates the appropriate sample size, the N=368 in this study was well in excess of the critical N= 197 calculated using Hoelter’s critical N calculation.

In order to validate the full structural model set forth in Figure A1 its invariance should be checked when the factor structure is held constant across other samples.   The pool of complete data available from the NOW Project database was not large enough to form multiple random samples to check for invariance.  One statistically sound model has been achieved with the data available.  
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� PD will be used to represent professional development in the remainder of this paper.


� Table 1A in the Appendix sets forth variable comparisons between the NOW study and the 1999 American Institutes for Research Eisenhower Evaluation model.


� Measure models were tested for significance of path loadings, error variance, squared correlations, composite reliability, and fit indices.  These are discussed in the Appendix.
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