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Chapter XXIII



Using Partial Least Squares in Digital Government Research J. Ramon Gil-Garcia Centro de Investigación y Docencia Económicas, Mexico



Introduction Digital government is a complex socio-technical phenomenon, which is affected by technical, managerial, institutional, and environmental factors (Dawes & Pardo, 2002; Fountain, 2001; Gant, 2003; Garson, 2000; Heeks, 2005; Kraemer, King, Dunkle et al., 1989; Landsbergen & Wolken, 2001; Laudon, 1985; Rocheleau, 2003). Recent studies have greatly contributed to developing the necessary knowledge about e-government benefits and success factors (Barrett & Greene, 2000; Dawes, 1996; Gil-García & Pardo, 2005; Heeks, 2003; Holmes, 2001; O’Looney, 2002; Rocheleau, 1999; West, 2005; Zhang et al., 2002). However, an important portion of this research has used a single measure of e-government and relatively simple assumptions about the relationships between information technologies and organizational, institutional, and contextual factors (Gil-García, 2005b).



With important exceptions, previous research has hypothesized mostly models in which all variables are at the same level of importance, limiting understanding about the complex relationships among different categories of factors (e.g., organizational and institutional). In fact, in most of the academic work that has been done so far, all the factors are hypothesized to have a direct relationship to information technology success and few hypotheses have been made about the relationships among the different factors themselves and potential indirect effects of these (see Figure 1). In addition, many of these studies do not integrate and evaluate multiple measures of egovernment, but instead use a single measure and, therefore, need to assume no measurement error.1 Therefore, a more reliable method of measuring e-government has not been developed and, as a consequence, the comparability of findings among different studies can become problematic. These two conditions are, at least in part, the result of
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Figure 1. Mostly direct effects have been hypothesized (Gil-García, 2005b) Factor 1 Information Technology Success



Factor 2 Factor n



Figure 1. Mostly Direct Effects have been Hypothesized (Gil-García, 2005b) 2005b). It is important to clarify that the intenTable 1. Two limitations of linear regression tion is not to suggest that every research project Assumes no • Normally, constructs are meashould use PLS, but to encourage scholars and Measurement sured using a single indicator practitioners to seriously consider this technique Error • This indicator is assumed to perfectly capture the essence of as an alternative when designing and carrying the theoretical construct out their research.3 PLS is a structural equation • Examples of constructs used modeling (SEM) technique similar to covariancein social sciences: social status, organizational capability, based SEM as implemented in LISREL, EQS, or adequate institutional environAMOS.4 Therefore, PLS can simultaneously test ment, job satisfaction, policy effectiveness, etc. the measurement model (relationships between indicators and their corresponding constructs) Assumes No • Does not systematically test reIndirect Effects lationships among independent and the structural model (relationships between variables constructs) (see Figure 2). • Therefore, indirect effects are This chapter is organized in six sections, not represented • Causes are assumed to be indeincluding the foregoing introduction. Section pendent from each other two shows an example of how to present the theoretical model and hypotheses to be tested. two important limitations related to the statistical Since PLS uses multiple indicators for each varimethod that many of these previous studies have able, section three highlights the importance of used: linear regression analysis (see Table 1). including the operationalization of the constructs. This chapter shows how to use partial least Section four offers an example of how to present squares (PLS) and argues that this could help to the findings, including both the measurement incorporate more realistic assumptions and better and the structural model. Section five suggests measurements into digital government research.2 potential future trends and section six provides It does it through a commented example of a some final comments. Throughout sections two, digital government research study (Gil-García, three, and four, comments about how to use PLS
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Figure 2. Testing the measurement and structural models with PLS Indicator 1 Indicator 2



Exogenous Construct 1 Indicator 4



Indicator 3 Endogenous Construct 1 Indicator 7 Indicator 8



Indicator 5 Indicator 6



Endogenous Construct 2



Indicator 9



Figure 2. Testing the Measurement and Structural Models with PLS
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and how to present each of the different sections are incorporated. It is important to clarify that only relevant elements were presented in this example, and not the complete text of an article. Most of the material included in this article comes from a previous study about the success of e-government, based on an analysis of the 50 statewide Websites in the United States (Gil-García, 2005a, 2005b, 2005c, 2006).



Background: Theoretical Model and Hypotheses Comments The researcher should develop a theoretical framework and present a group of hypotheses to be tested. When using PLS, the model and the hypotheses can include relationships among the independent variables and, therefore, test for indirect effects. This section suggests that a diagram can be used to summarize the theoretical framework. From this diagram, the author can derive and present the corresponding hypotheses. Here is a very brief example of the type of text, diagram, and hypotheses that could be presented.



Table 2. Hypotheses derived from theoretical model H1: Organizational factors and strategies are directly associated with the success of electronic government. H2: The institutional framework is directly associated with the success of electronic government. H3: The institutional framework is directly associated with organizational factors and strategies. H4: Contextual factors are directly associated with the success of electronic government. H5: Contextual factors are directly associated with organizational factors and strategies. H6: Contextual factors are directly associated with the institutional framework.



and e-government literature (Gil-García, 2005b) (see Figure 3). Based on an institutional tradition (Brinton & Nee, 1998; Powell & DiMaggio, 1991; Scott, 2001), the technology enactment theory attempts to explain the effects of organizational forms and the institutional framework on the information technology selected, designed, implemented, and used by government agencies (Fountain, 2001; Gil-García, 2005b). Table 2 shows the hypotheses to be tested.



Operationalization of Constructs



Example The research model presented in this paper is based on Fountain’s technology enactment theory (Fountain, 1995, 2001) and refined through a review of IT implementation, IT success, social informatics,



Comments PLS allows using multiple indicators to measure each construct or latent variable. Therefore, the



Figure 3. Theoretical model of electronic government success (Adapted from Gil-Garcia, 2005b) Organizational Factors and Strategies Contextual Factors Institutional Framework



E-Government Success Enacted Technology Organizational Outputs



Figure 3. Theoretical Model of Electronic Government Success (Adapted from Gil-Garcia, 2005b)
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researcher should make clear to the reader how exogenous constructs (independent variables) and endogenous constructs (dependent variables) were operationalized. If the author is using a high-level theory, such as institutional theory, it may also be useful to operationalize the constructs at the structural level (see Figure 4). Following is an example of how the operationalization of the constructs could be presented. For this example, only e-government success and the contextual factors are operationalized, but all relevant constructs should follow a similar logic.



Example According to the theoretical model presented early and the hypothesis suggested, relevant constructs are electronic government success, organizational factors and strategies, the institutional framework, and contextual factors (Gil-García, 2005b). Based on previous studies and a careful analysis of each potential indicator, the constructs were operationalized as follows.



Electronic Government Success Web site functionality and technological sophistication have been used as measures of local



e-government success in previous studies (Ho, 2002; Holden, Norris & Fletcher, 2003; Moon, 2002). At the state level, several studies assess e-government success by examining different aspects of functionality such as the number of online services, the degree of customization, and e-mail responsiveness, among others ( Gant, Gant & Johnson, 2002; West, 2000, 2001, 2002, 2003, 2004). Following this convention, this study operationalizes this construct as the state website functionality measured with four indicators (GilGarcía, 2005b): overall state e-government ranking (score), digital state e-commerce score, number of e-commerce systems, and number of online services. The first two are composite scales and they include important elements such as number of online services, electronic payments, types of online information, availability of specific government forms, usability assessment, e-mail responsiveness, privacy and security, foreign language access, and democratic outreach.



Contextual Factors The context or environment of organizations includes multiple factors and it is practically impossible to include all of them in a single research project. This study selected three of the most



Figure 4. Operationalization of the constructs—structural model (Adapted from Gil-Garcia, 2005b) Organizational Factors and Strategies Organizational Factors



Web Management Strategies



Contextual Factors E-Government Success



Political Orientation



State Website Quality



E-Government Demand Availability of Resources Institutional Framework



Figure 4. Operationalization of the Constructs - Structural Model (Adapted from GilGarcia, 2005b) 242
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important factors to represent this environment in which organizations are embedded (Gil-García, 2005b): voting preferences as a proxy for a more general political orientation, demographic factors as a proxy for potential e-government demand (Ho, 2002; La Porte, Demchak, & Dejong, 2002), and overall size of the state economy as a proxy for availability of resources for state government agencies. Political orientation is represented by the percentage of votes for the democrat and republican candidates in the previous gubernatorial election (1997–2000), and whether the governor was democrat or republican in 2000. E-government demand includes several measures of income, education, computer ownership, and Internet access. Availability of financial resources was operationalized using government gross state product, total state revenue, total state debt, and the number of jobs and private earnings in several industries such as state government, local government, education, communication, electronic and other electric equipment, and engineering and management services.



PLS Data Analysis and Results Comments PLS is not as commonly used as linear regression and other statistical techniques. Therefore, it is useful to provide a brief introduction to the PLS approach and discuss some of the advantages and limitations of the technique. This can be done either in the “research method” section or at the beginning of the “analysis and results” section. The level of detail of this explanation depends on the journal, discipline, and conventions of the author’s academic community, among other factors. PLS allows for representing the constructs as formative or reflective. Therefore, the researcher should clarify which constructs are formative and which ones are reflective (see Table 3). PLS-Graph provides results for the measurement and structural models and there are some tests that need to be performed. For the measurement model, besides the loadings for the reflective constructs and the



weights for the formative constructs, the following tests and measures should be reported: composite reliability, average variance extracted, and crossloadings. For the structural model, besides the standardized coefficients (paths) connecting two constructs, the following results could be reported: a diagram showing the paths and coefficients of multiple determination (R-square) for endogenous constructs, the relative impact of independent variables (f 2 test), and indirect and total effects.



Example Partial least squares (PLS) were used to empirically evaluate the theoretical model (Gil-Garcia, 2005b). As mentioned earlier, PLS is a structural equation modeling (SEM) technique similar to covariance-based SEM as implemented in LISREL (Joreskog, 1978), EQS (Bentler, 1985), or AMOS. Therefore, PLS can simultaneously test the measurement model (relationships between indicators and their corresponding constructs) and the structural model (relationships between constructs) (Barclay, Thompson & Higgins, 1995; Hulland, 1999). It produces loadings from reflective constructs to their indicators, weights to formative constructs (see below) from their indicators, standardized regression coefficients between constructs, and coefficients of multiple determination (R-squared) for endogenous constructs (dependent variables) (Gefen, Straub & Boudreau, 2000). PLS allows for small sample sizes and makes less strict assumptions about the distribution of the data (Hair, Anderson, Tatham et al., 1998). Small samples do not always meet normality and homogeneity assumptions. Similarly, categorical variables may also not satisfy the distributional assumptions of covariance-based SEM. According to Chin (1998), the sample size should be 10 times whichever is greater: (1) the larger number of indicators in a formative construct, or (2) the larger number of structural paths going to an endogenous construct (Barclay et al., 1995). In PLS, the relationship between a construct and its indicators can be modeled as either formative or reflective (Barclay et al., 1995; Gefen et al., 2000). Formative indicators are also known as cause or 243
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induced indicators and reflective indicators are also known as effect indicators (Bollen, 1989). Reflective indicators are widely used in social sciences. They are expected to measure the same underlying phenomenon and to be one-dimensional and correlated with each other (Chin, 1998; Gefen et al., 2000). In contrast, formative indicators are conceived as causes of the underlying construct and they represent different dimensions of the construct (Gefen et al., 2000). In this study, e-government success, political orientation, e-government demand, and availability of financial resources are reflective constructs with four, four, 14, and 17 indicators, respectively. Web management strategies, organizational factors, and institutional framework are formative constructs with four indicators each. Table 3 presents a summary of the constructs used in this study. PLS does not directly provide significance tests. Significance levels for loadings, weights, and paths were calculated through bootstrapping. Two hundred bootstrap samples (200) were used to empirically calculate standard errors and evaluate statistical significance.



Measurement Model (Outer Model) Reflective and formative indicators must be treated differently. For reflective indicators, there are two important aspects of the measurement model that should be evaluated: convergent and discriminant



Table 3. Constructs and number of indicators (Adapted from Gil-Garcia, 2005b) Type



Number of Indicators



E-Government Success



Reflective



4



Web Management Strategies



Formative



4



Organizational Factors



Formative



4



Institutional Framework



Formative



4



Political Orientation



Reflective



4



E-government Demand



Reflective



14



Availability of Financial Resources



Reflective



17



Construct
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validity (Gefen et al., 2000). Convergent validity can be assessed by the examination of indicator reliability, composite reliability, and average variance extracted (Fornell, 1982). Table 4 shows that all loadings but one were above the 0.7 threshold (for their respective construct), suggesting good indicator reliability (Fornell & Larcker, 1981). Similarly, composite reliabilities were all greater than 0.7 (Gil-García, 2005b). Significant tests were conducted using bootstrapping (200 samples) and all loadings are statistically significant at the one percent level (pvalue < 0.01). CR = composite reliability. Source: Adapted from Gil-Garcia (2005b). Table 5 compares the square root of the average variance extracted (AVE) with the correlations among reflective constructs. All constructs were more strongly correlated with their own measures than with any of the other constructs, suggesting good convergent and discriminant validity. Finally, as suggested by Chin (1998) cross-loadings were calculated and all indicators showed higher loadings with their respective construct than with any other reflective construct. Formative indicators are not expected to correlate with each other. Therefore, traditional measures of validity are not appropriate (Chin, 1998). However, Bollen (1989) contends that validity is “the strength of the direct structural relation between a measure and a latent variable” (p. 222) and therefore, validity of formative constructs can be evaluated by looking at the size and significance of the weights. Table 6 shows the weights of formative indicators in their respective constructs.



Structural Model (Inner Model) The structural model represents the relationships between constructs that were hypothesized in the research model (see Figure 5). Significant paths are represented with bold arrows. In PLS there are not well-established overall fit measures. Paths (statistical and practical significance) and coefficients of determination (R-squares) together indicate overall model goodness of fit. R-squares are measures of the variance in endogenous constructs accounted for by other constructs that were
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Table 4. Loadings of reflective constructs Construct E-government success CR: 0.853



Political orientation CR: 0.911



E-government demand CR: 0.968



Availability of Financial Resources CR: 0.994



Indicator



Loading



Overall quality of e-government services (2001)



-0.8315



Number of online services provided by states (2002)



-0.8267



Number of e-commerce systems developed by states (2001)



-0.7108



Quality of e-commerce in state governments (2001)



-0.7048



Governor was Democrat in 2000



-0.9069



Governor was Republican in 2000



-0.8545



Percentage of votes for the Democrat party (1997-2000)



-0.8461



Percentage of votes for the Republican party election (1997-2000)



-0.7794



Median income per family (1999)



-0.9332



Median income per household (1999)



-0.9217



Percentage of population for whom poverty status is determined (1999)



-0.8844



Percentage of households with Internet access (2000)



-0.8838



Percent of Families below poverty level (1999)



-0.8673



Percentage of population 25 years and over with bachelor’s degree or higher education (2000)



-0.8609



Percentage of households with computers (2000)



-0.8393



Personal income per capita (1999)



-0.8253



Percentage of households with Internet access (1998)



-0.8206



Gross state product per capita (2000)



-0.7994



Percentage of households with computers (1998)



-0.7784



Percentage of population with bachelor’s degree or higher (2000)



-0.7734



Percentage of population with high school or higher education (2000)



-0.7275



th



Percentage of population with less than 9 grade education (2000)



-0.6457



Local government private earnings (2000)



-0.9910



Government and government enterprises private earnings (2000)



-0.9903



State government private earnings (2000)



-0.9895



Government gross state product (2000)



-0.9877



Number of local government jobs (2000)



-0.9864



Number of engineering and management services jobs (2000)



-0.9839



State total revenue (2000)



-0.9838



Number of government and government enterprises jobs (2000)



-0.9828



Engineering and management services private earnings (2000)



-0.9778



Number of state government jobs (2000)



-0.9643



Number of jobs in the communications industry (2000)



-0.9554



Communications industry private earnings (2000)



-0.9366



Number of educational services jobs (2000)



-0.9341



Number of electronic and other electric equipment jobs (2000)



-0.9201



Electronic and other electric equipment private earnings (2000)



-0.8888



Educational services private earnings (2000)



-0.8790



Total state debt (2000)



-0.8586



245



Using Partial Least Squares in Digital Government Research



Table 5. Reflective construct correlations and square root of AVE (Adapted from Gil-Garcia, 2005b) E-Government success E-government success



0.771



Political orientation



E-government demand



Political orientation



-0.152



0.848



E-government demand



0.034



0.081



0.829



Availability of financial resources



0.473



-0.024



0.124



Availability of financial resources



0.954



Table 6. Weights of formative indicators (Adapted from Gil-Garcia 2005b). Construct



Web management strategies



Organizational factors



Institutional framework



Indicator



Weight



Website services are outsourced only



-0.7843***



Number of marketing media and intensity of marketing



0.7203***



Only the IT organization directly provide website services



-0.4836**



IT organization directly manages portal development for agencies



0.2701



Number of people working for the IT organization (Size)



0.7087***



Percentage of the IT budget revenue sources from federal funds



0.5387**



State provides accessibility training for IT professionals



0.4406*



Percentage of the IT office budget devoted to maintenance



-0.2919



State IT professionals are members of the civil service only



0.7185***



State has executive orders/directives as the only way to establish authority for CIO offices



-0.5883***



State has an IT Specific Legislative Committee - Senate



-0.3712*



State has mandatory accessibility standards for state web sites



-0.2904



Significant tests were conducted using bootstrapping (200 samples) and weights with *** are significant at the 1 percent level, those with ** are significant at the 5 percent level, and those with * are significant at the 10 percent level.



hypothesized to have an effect on them and can be interpreted as R-squares in regression analysis. Hypotheses 1, 3, 4, 5, and 6 were supported. Hypothesis 2 was not supported (see Table 7). This study did not find a significant direct relationship between the institutional framework and e-government success represented by state website functionality. The existence of a direct link was tested and found to be neither statistically nor practically significant (at least 0.2). Similar to multiple regression analysis, all the interpretations should take into consideration that all other direct variables in the respective equation are held constant. Three factors have a significant direct relationship to state website functionality: (1) availability of financial resources, (2) organizational factors, and (3) Web management strategies.
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The institutional framework is the only construct with a significant direct relationship to organizational factors. Institutional framework, e-government demand, and political orientation have a significant direct relationship with web management strategies. Finally, all three contextual factors are directly associated with institutional framework (p < 0.1). States with greater potential demand for e-government (higher incomes, higher levels of education, and higher percentages of computer ownership and Internet access) are predicted to have a more enabling institutional framework. These states with greater demand are also predicted to be less likely to have all IT employees as members of the civil service. About 46 percent of the variance in state Website functionality was accounted for by its explanatory constructs. Similarly, the model ex-
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Figure 5. PLS structural parameters (Adapted from Gil-Garcia, 2005b) Web management strategies E-government demand



0.536 E-government success



0.459



Political orientation



Organizational factors



Availability of financial resources Institutional framework



0.290



0.228



Figure 5. PLS Structural Parameters (Adapted from Gil-Garcia, 2005b).



Table 7. Structural results (Adapted from GilGarcia 2005b) Direct Effect



Path Coefficient



Effect on E-Government success Web management strategies



0.300*



Organizational factors



0.311*



Institutional framework



0.009



Political orientation



0.021



E-government demand



0.024



Availability of financial resources



0.352***



Effect on Web management strategies Organizational factors



0.203



Institutional framework



-0.451**



Political orientation



-0.276**



E-government demand



-0.391***



Availability of financial resources



-0.017



Effect on Organizational factors Institutional framework



-0.504**



Political orientation



0.008



E-government demand



-0.004



Availability of financial resources



0.092



Effect on Institutional framework Political orientation



0.259*



E-government demand



-0.262*



Availability of financial resources -0.285* Significant tests were conducted using bootstrapping (200 samples) and path coefficients with *** are significant at the 1 percent level, those with ** are significant at the 5 percent level, and those with * are significant at the 10 percent level.



plained about 54 percent of the variance in Web management strategies, 29 percent of the variance in organizational factors, and 23 percent of the variance in institutional framework. The average explanatory power of endogenous constructs in the model was about 38 percent (R 2 = 0.3783). Falk and Miller (1992) suggest a way to test for significance of these squared multiple correlations. All coefficients of multiple determination were significant at the 1 percent level (p < 0.01). There is also a way to calculate direct, indirect, and total effects.



Future Trends Currently, some social sciences are increasingly using structural equation modeling (SEM) in general, and partial least squares (PLS) in particular. For instance, Gefen et al. (2000) show how in information systems (IS) research the number of articles using SEM in three of the main journals represented about 18 percent of all articles published from 1994 to 1997. The most dramatic 11 case was information systems research, in which 45 percent of the published articles used a SEM technique and 19 percent used PLS. We can expect this trend to continue, since SEM techniques have several advantages in 247
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comparison to linear regression or other firstgeneration statistical techniques. In addition, there are certain conditions where PLS is more appropriate than its covariance-based counterpart and this might increase the use of PLS in social science research. Falk and Miller (1992) classify these conditions into four groups: theoretical conditions, measurement conditions, distributional conditions, and practical conditions. Theoretical conditions refer to whether a strong theory about the phenomenon exists. Measurement conditions are related to the characteristics of the data and their relationships with both latent and manifest variables. In addition, Garson (2004) explains “PLS is a predictive technique which can handle many independent variables, even when these display multi-collinearity.” One very important distributional condition indicates when PLS can be a more appropriate technique: “data come from non-normal or unknown distributions” (Falk & Miller, 1992: 6). Finally, practical conditions deal with the design and limitations of the research in which SEM will be used.



CONCLUSION The partial least squares (PLS) approach offers several advantages and allows researchers to incorporate more realistic assumptions into their studies. Based on a digital government study, this chapter provides some guidance about how to use PLS and present the results. Considering PLS when designing and conducting research is important not only because of its advantages as an SEM approach, but also because it works in situations that are more realistic in social science research settings (Falk & Miller, 1992: 5-6): • • • 
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“Hypotheses are derived from macro-level theory in which all relevant variables are not known.” “Relationships between theoretical constructs and their manifestations are vague.” “Relationships between constructs are conjectural.”



• • • • • • • 



“Some of the manifest variables are categorical or they represent different levels of measurement.” “Manifest variables have some degree of unreliability.” “Residuals on manifest and latent variables are correlated.” “Data come from non-normal or unknown distributions.” “Non-experimental research designs are used.” “A large number of manifest and latent variables are modeled.” “Too many or too few cases are available.”



These conditions are commonly encountered in digital government research and, as shown in this paper, PLS could be an important alternative to other statistical techniques, including linear regression and covariance-based SEM.



Future Research Directions There are several opportunities for future research in this area. These opportunities can be divided into two distinct themes. First, the use of structural equation modeling (SEM) in general and partial least squares (PLS) in particular in digital government research is still in its initial stages. It seems that they have the potential to generate new knowledge in this field, but more research is needed in order to assess the real contribution of these methodologies and accompanying statistical techniques. In this regard, there are opportunities for studies comparing the results of SEM analysis and multiple regression analysis. Studies looking at some statistical properties and limitations of PLS in social science research are also needed. Research dealing with non-linearity or heteroscedasticity represents examples of these more technical studies. In addition, there are also opportunities for future research on the substantive topic of this example: electronic government success. Due to the different conceptualizations of electronic government, few results are comparable. SEM and
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PLS could help to develop reliable measurements for e-government and other relevant constructs such as organizational strategies, institutional arrangements, political orientation, e-government demand, and economic conditions. PLS provides the advantage of representing these constructs as either scales or indices, which are modeled as reflective and formative constructs, respectively. Finally, given the importance of indirect effects and the interrelationships among constructs, SEM and PLS can potentially generate more complete explanations of e-government success and other relevant social phenomena. Future research should explore and assess if this is in fact the case.
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regression, assume no measurement error. Partial Least Squares (PLS): SEM technique that attempts to minimize the differences between the observed and predicted values of endogenous constructs (dependent variables). Structural equation modeling (SEM): Statistical technique that allows simultaneously testing the measurement and structural models. Two of the main types of SEM are covariance-based and variance-based.6



EndNotes Terms and Definitions5







1



Construct: It is a variable that cannot be observed and measured directly, but has theoretical relevance. In a SEM framework, multiple indicators are used to form or reflect a construct or latent variable. Covariance-Based SEM: SEM techniques that attempt to minimize the differences between the observed and predicted covariance matrices. Direct Effect: In a causal model, this is the direct impact of one variable on another and is represented by an arrow from the independent to the dependent variable. Indicator: It is a variable that can be directly observed and measured and, in a SEM framework, it is used to form or reflect a construct or latent variable. Indirect Effect: In a causal model, this is the impact of one variable on another, through the impact of the former on a third variable that is called mediating variable. In complex models, several indirect-effect paths may exist between two variables. Measurement error: This type of error is derived from the quality of the indicators used to operationalize a variable. SEM techniques allow researchers to model the measurement error, while other statistical techniques, such as linear
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Structural equation modeling (SEM) is capable to deal with measurement error, but it is not the only technique that can. There are other ways to deal with these problems. See Carroll, Raymond J., Ruppert, David& Stefanski, Leonard A. (2006). Measurement error in nonlinear models: A modern perspective. Boca Raton, FL: Chapman & Hall/CRC. For an overview of PLS see www2.chass. ncsu.edu/garson/PA765/pls.htm The objective of this chapter is not to compare PLS with other statistical techniques. For one example of such comparisons, see Gefen, D., Straub, D. W., & Boudreau, M.C. (2000). Structural equation modeling and regression: Guidelines for research practice. Communications of the AIS, 4, 7. For an overview of covariance-based structural equation modeling see www2.chass. ncsu.edu/garson/PA765/structur.htm The definitions of these terms are those of the author and have been useful to convey the characteristics of SEM techniques and PLS to audiences with no extensive statistical knowledge. For more formal definitions, the readers are suggested to consult the books or journal articles cited in this chapter. For an overview of the topic see Kline, R.B. (1998). Principles and practice of structural equation modeling. NY: Guilford Press.
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