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Abstract

Objective: This study aims to systematically investigate the use of partial least squares-structural
equation modeling (PLS-SEM) in sports management journals, and provide instructions and
guidelines to apply this method.

Methodology: This study is a systematic review, and secondary data was used. 183 studies of all
PLS-SEM studies in 14 journals of sport management, published between 2020 and 2022, were
analyzed in terms of reasons for using PLS-SEM, data characteristics, model characteristics,
evaluation of measurement models, structural model evaluation, reporting, and using advanced
analysis.

Results: The results show that the researchers have indicated a few reasons to apply PLS-SEM, which
majority of articles highlighted small sample size and lack of data normality. The results identified
several issues in reporting the measurement model assessment, especially for measurement evaluation
of second-order models. In addition, the findings show that most of studies have not considered
reporting the advanced criteria for evaluating of structural model.

Conclusion: The results of this study assist researchers, reviewers and editors of journals to be more
mindful, in future studies regarding the reporting of the results using PLS-SEM and avoid incorrect
conclusions.

Keywords: Partial least squares, Structural equation modeling, Sports management, Measurement
model, Structural model.
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Extended Abstract

Summary

This study aims to systematically review the application of PLS-SEM in sports management journals in Iran,
and provides guidelines for the researchers. A total number of 183 articles from 14 sports management journals
for the period of 2020 to 2022 have been included in this study. The studies were analyzed in regard with the
reasons for application of PLS-SEM, data characteristics, model characteristics, evaluation of measurement
models and structural model, and advanced analysis techniques. The results show that in most of studies, the
small size of sample and lack of normality of data have been highlighted as the reasons to apply PLS-SEM.
Moreover, most of the studies have not reported the measurement models in second-order models, and did not
report advanced criteria for evaluating structural models.

Introduction

Structural equation modeling has been one of the essential research methods in different disciplines over the
past ten years (1). In this regard, it can be stated that structural equation modeling (SEM) based on partial least
squares (PLS) has become one of the most widely used approaches for data analysis of complex models in
different research fields (2). The researchers can get https://www.smartpls.com new version of this software (3).
In addition, with the increasing use of PLS-SEM in research on sports management, robust guidelines for this
technique prevent incorrect use. Accordingly, the researchers in this study seek to systematically investigate
how to apply the PLS-SEM method in sports management articles to provide guidance and, if needed, align
with its future applications.

Methodology and Approach

This study applies a systematic review approach. In this study, the articles published in sport management
journals in Iran have been reviewed. The words, Smart PLS, Structural Equation Modeling, Partial Least
Squares, PLS, PLS-SEM, and Smart PLS were searched on the site of these publications in Persian and English.
Then using the PRISMA approach, from 14 journals, 183 studies were selected and analyzed on this articels.
To collect the data, the researchers prepared a checklist about the report of this technique and used it to
investigate each paper.

Results and Conclusion

We analyzed 183 studies in our review regarding topics (reasons for using PLS-SEM, data characteristics,
model characteristics, evaluation of measurement models and structural model evaluation, and advanced
reporting and analysis). All of these are important for the valid application of the PLS-SEM method.

The findings on this article eight reasons for using PLS-SEM were identified. Surprisingly, in 76% of studies,
PLS-SEM was used for no reason, while 22 studies cited the reason for using PLS-SEM as driving the model
with small samples, and 15 studies mentioned data distribution as the main factor of using PLS-SEM.
Although PLS-SEM is known for its ability to estimate model parameters with small sample size, such small
sample sizes may cause problems in terms of statistical power and generalization problems. Current literature
suggests that to calculate minimum sample size using G* Power software, when we apply PLS-SEM.
Alternatively, the researchers can draw on Kock and Hadaya’s (2018) inverse square root and gamma-
exponential methods to determine the minimum sample size in PLS-SEM applications (4).

In 8% of the studies, the reason for choosing PLS-SEM was not the need for normality of the data. Although
the PLS generally has no assumptions about data distribution, it is recommended that the researchers consider
data distribution and report the normality of data when they apply PLS-SEM. In investigating the
characteristics of the model, the number of latent variables used in the studies was a maximum of 22 and
minimum two variables with an average of 8.33 in each study, which shows that the use of PLS in sport
management research includes relatively complex models. Most of studies used a reflective model, and only
in two studies formative constructs have been included in the model.

In higher-order models, 37% of the studies were confused in drawing the model, and the correct analysis was
not performed on 157 studies with higher-order structures. 67% of the studies did not have proper reporting
and interpretation. Sarstedt ef al. (2019) stated that in the second-order constructs, the researchers should report
reliability and validity values for lower-order components in reflective models (5). Furthermore, the
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researchers only have to evaluate the main constructs of the structural model. Then some tests were considered
to evaluate the measurement model based on the model type mentioned in Table 1. The reflective measurement
model considers factor loading, reliability, convergent, and discriminant validity criteria. The relevance of
indicators with a significant weight is investigated to measure the formative model. The collinearity, and
statistical significance of indicator weights are two main criteria to ass formative constructs. To assess
structural model, the researchers need to evaluate the collinearity, significance, and relevance of the model's
path coefficients, R2 value, and predictive power (Table 1).

Researchers may be interested in model comparisons in the final stage. They must use the Bayesian information
criterion (BIC) to compare the different model configurations and choose the best model. In addition, multi-
group analysis can examine the model between two or more groups. Amongst 183 studies, only Khalili ef al.
(2021) used multi-group analysis, and the researchers can use this study to compare the model between two
groups (6). The results showed that 100 studies, GOF criteria were reported. However, GOF cannot reliably
distinguish valid and invalid models, and its application is limited to specific model settings. The researchers
should refrain from it as a suitable criterion (7). Finally, according to the new resources used and the report
given in this study, this study can be a good source for researchers who have not previously used PLS-SEM to
when they are preparing and finalizing their manuscripts.

Table 1. Summary of Instructions* for the use of PLS-SEM in sports management studies.

Criteria Recommendations and rules

Reflective measurement model

Indicator loadings >0.708

Reliability (Cronbach's Alpha, Minimum 0.70 (or 0.60 in exploratory research)

rhoA, and composite Maximum of 0.95 to avoid indicator redundancy, which would compromise
Reliability) content validity. Recommended 0.80 to 0.90

Convergent validity AVE > 0.50

Discriminant For conceptually similar constructs, HTMT <0.90

Validity For conceptually different constructs, HTMT <0.85

Test if the HTMT is significantly lower than the threshold value
Formative measurement model

Convergent validity > 0.708 correlation between the formative construct and a
(Redundancy analysis) Reflective (or single-item) measurement of the same concept
Collinearity Critical collinearity issues likely occur if VIF > 5

Collinearity issues are usually uncritical if VIF = 3-5
Collinearity is not a problematic issue if VIF <3
Statistical significance of T-values are greater than 2.576 (o= 0.01), 1.960 (oo = 0.05) or
indicated weights 1.645 (o= 0.10), respectively (two-tailed)
The 95% percentile confidence interval (o= 0.05) does not
include zero
Relevance of indicators with a  Larger significant indicator weights indicate a higher relative
significant weight contribution of the indicator to the construct

Relevance of indicators with Indicators with loadings of > 0.50 that are statistically
nonsignificant weights significant are considered relevant

Evaluation of the structural model
Collinearity critical collinearity issues likely occur if VIF > 5
Collinearity issues are usually uncritical if VIF = 3-5
Collinearity is not a problematic issue if VIF <3
Significance and relevance Apply bootstrapping to assess the Significance of the path coefficients on the
of the path coefficients ground of t-values or confidence intervals
Assess the magnitude of path coefficients
Assess the 12 values for each path and check that they follow the same rank
order as the path coefficient magnitude
R? value R2 values of 0.75, 0.50, and 0.25 are considered substantial, moderate, and
weak. However, R2 values have to be interpreted in the context of the model
and its complexity. Excessive R2 values indicate that the model overfits the data
PLS predict Focus on one key target construct in the analysis
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Set k = 10, assuming each subgroup meets the minimum required sample size.
Use ten repetitions. Compare the RMSE (or the MAE) values produced by PLS-
SEM with those produced by the LM for each indicator. Check if the PLS-SEM
analysis (compared to the LM) yields lower prediction errors in terms of RMSE
(or MAE) for all (high predictive power), the majority of the same number
(medium predictive power), the minority (low predictive power), or none of the
indicators (no predictive power)

*Source (8)
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Table 1. Number of studies in sports management journals from 2013 to 2022
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Table 4. Characteristics of the models of the studies conducted in the publications
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1. Higher-order constructs
2. Reliability coefficient rhoA
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Table 6. Reflective measurement model criteria (n: 181) and formative (n: 2)
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1. AVE

2. Redundancy analysis

3. Variance inflation factor(VIF)
4. Tolerance
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Table 7. structural model criteria
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. Coefficient of determination R2
. Effect size F2

. Predictive relevance Q2

Beta

. P or t values

. Bootstrapping settings

. Stone—Geisser index (Q2)
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