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Abstrak 
 

Ujian klasik bagi menguji kesamaan kumpulan bebas yang berasaskan min aritmetik 

boleh menghasilkan keputusan yang tidak sah terutama apabila berurusan dengan data 

yang tidak normal dan varians heterogen (heteroskedastisiti). Bagi mengurangkan 

masalah ini, para penyelidik mengusahakan kaedah yang lebih sesuai dengan kondisi 

yang telah dinyatakan termasuk prosedur yang dikenali sebagai ujian Alexander- 

Govern. Prosedur ini adalah tidak sensitif terhadap kehadiran heteroskedastisiti di bawah 

taburan normal. Walau bagaimanapun, ujian yang menggunakan min aritmetik sebagai 

ukuran kecenderungan memusat adalah sensitif kepada data yang tidak normal. Ini 

adalah disebabkan oleh hakikat bahawa min aritmetik mudah dipengaruhi oleh bentuk 

taburan. Dalam kajian ini, min aritmetik digantikan dengan penganggar teguh, iaitu min 

Winsor atau min Winsor suai. Ujian Alexander-Govern yang dicadangkan dengan min 

Winsor dan dengan min Winsor suai masing-masing ditandakan sebagai AGW dan 

AGAW. Bagi tujuan perbandingan, peratusan peWinsoran yang berbeza iaitu 5%, 10%, 

15% dan 20% dipertimbangkan. Satu kajian simulasi telah dijalankan untuk mengkaji 

mengenai prestasi ujian berdasarkan kadar Ralat Jenis I dan kuasa. Empat 

pembolehubah; bentuk taburan, saiz sampel, tahap keheterogenan varians dan sifat 

pasangan dimanipulasi untuk mewujudkan keadaan yang boleh menyerlahkan kekuatan 

dan kelemahan setiap ujian. Prestasi ujian yang dicadangkan ini dibandingkan dengan 

kaedah parametrik lain yang setaraf iaitu, ujian-t dan ANOVA. Ujian yang dicadangkan 

menunjukkan peningkatan dari segi kawalan Ralat Jenis I dan kuasa yang semakin tinggi 

di bawah pengaruh heteroskedastisiti dan ketidaknormalan. Ujian AGAW menunjukkan 

prestasi terbaik dengan 10% peWinsoran manakala ujian AGW menunjukkan prestasi 

terbaik dengan 5% peWinsoran. Di bawah kebanyakan keadaan (74%), ujian AGAW 

mengatasi ujian AGW. Oleh yang demikian, min Winsor dan min Winsor suai berupaya 

meningkatkan prestasi asal ujian Alexander-Govern dengan berkesan. Prosedur yang 

dicadangkan ini memberi manfaat kepada pengamal statistik dalam menguji kesamaan 

kumpulan bebas walaupun di bawah pengaruh ketidaknormalan dan varians heterogen. 
 

Kata Kunci: Min Winsor, Min Winsor suai, Ketaknormalan, Varians tak homogen 
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Abstract 

Classical tests for testing the equality of independent groups which are based on 

arithmetic mean can produce invalid results especially when dealing with non-normal 

data and heterogeneous variances (heteroscedasticity). In alleviating the problem, 

researchers are working on methods that are more adapt to the aforementioned 

conditions which include a procedure known as Alexander-Govern test. This procedure 

is insensitive in the presence of heteroscedasticity under normal distribution. However, 

the test which employs the arithmetic mean as the central tendency measure is sensitive 

to non-normal data. This is due to the fact that the arithmetic mean is easily influenced 

by the shape of distribution. In this study, the arithmetic mean is replaced by robust 

estimators, namely the Winsorized mean or adaptive Winsorized mean. The proposed 

Alexander-Govern test with Winsorized mean and with adaptive Winsorized mean are 

denoted as AGW and AGAW, respectively. For the purpose of comparison, different 

Winsorization percentages of 5%, 10%, 15% and 20% are considered. A simulation 

study was conducted to investigate on the performance of the tests which is based on 

rate of Type I error and power. Four variables; shape of distribution, sample size, level 

of variance heterogeneity and nature of pairings are manipulated to create the conditions 

which could highlight the strengths and weaknesses of each test. The performance of the 

proposed tests is compared with their parametric counterparts, the t-test and ANOVA. 

The proposed tests show improvement in terms of controlling Type I Error and 

increasing power under the influence of heteroscedasticity and non-normality. The 

AGAW test performed best with 10% Winsorization while AGW test performed best with 

5% Winsorization. Under most conditions (74%), AGAW tests outperform AGW tests. 

Therefore, the Winsorized mean and the adaptive Winsorized mean can significantly 

improve the performance of the original Alexander-Govern test. These proposed 

procedures are beneficial to statistical practitioners in testing the equality of independent 

groups even under the influence of non-normality and variance heterogeneity. 

   

Keywords: Winsorized mean, Adaptive Winsorized mean, Non-normality, 

Heteroscedasticity 
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CHAPTER ONE 

INTRODUCTION 

 

Classical parametric tests, such as t-test and analysis of variance (ANOVA) F test are 

widely used by researchers in many disciplines. These tests are useful in comparing the 

equality of two or more treatment groups. A review conducted by Farcomeni and 

Ventura (2010) found that most of the studies in health sciences such as medicine and 

genetics, used classical test in comparing treatment groups. In addition, Erceg-Hurn and 

Mirosevich (2008) also mentioned the extensive usage of classical test in psychology 

studies. 

 

The classical parametric tests are based on assumptions of normality and 

homoscedasticity. However, in dealing with real data, these assumptions are rarely met. 

For example, Micceri (1989) found that the majority of real data from the psychological 

and education literatures are skewed and heavy-tailed. Studies by Wilcox (1990) also 

found that most real data are often non-normal with the tendency to be either non-

smooth, multi-modal, highly skewed or heavy-tailed. Besides that, comprehensive 

journal review conducted by Keselman et al. (1998) demonstrated that it is very hard to 

find homogeneous variances when dealing with education data as well as with data of 

child, clinical and experimental psychology. Another study by Erceg-Hurn and 

Marosevich (2008) claimed that it is usual for the homogeneous variances assumption to 

be violated when dealing with real data. The classical tests have been shown to have 

lack of robustness under the violation of the assumptions of normality and 



The contents of 

the thesis is for 

internal user 

only 



 

106 

 

REFERENCES 

Abdullah, S. (2011). Kaedah Alexander-Govern Menggunakan Penganggar Teguh

 Dengan Pendekatan Pangkasan Data: Satu Kajian Simulasi. Unpublished 

 Ph.D thesis, UniversitiUtara Malaysia. 

 

Aberson, C. L. (2010). Applied power analysis for the behavioral sciences. New York,  

  NY: Taylor & Francis Group. 

 

Ahad, N. A., Othman, A. R., & Syed Yahaya, S. S. (2011). Comparative Performance of 

 Pseudo-Median Procedure, Welch’s Test and Mann-Whitney-Wilcoxon at 

 Specific Pairing. Modern Applied Statistics, 5(5), 131-139. 

 doi:10.5539/mas.v5n5p131 

 

Alexander, R. A., & Govern, D. M. (1994). A new and simpler approximation for 

 ANOVA under variance heterogeneity. Journal of Educational Statistics, 

 19(2), 91-101. 

 

Ali, M. A. M., & Sweeney, G. (1974). Erythrocyte Coproporpyrin and Protoporphyrin in 

 Ethanol-induced Sideeroblastic Erythropoiesis. Blood, 43 (2), 291-295. 

 

Amado, C., & Pires, A. M. (2004). Robust Bootstrap with Non Random Weights Based 

 on the Influence Function. Communications in Statistics-Simulation and 

 Computation, 33 (2), 377-396. 

 

Bradley, J. V. (1978). Robustness? British Journal of Mathematical and Statistical 

 Psychology, 31, 144-152. 

 

Bukat, K., Sitek, J., Kisiel, R., Moser, Z., Gasior, W., Koscielski, M…& Pstrus, J. 

 (2008). Evaluation of the influence of Bi and Sb additions to Sn-Ag-Cu 

 and Sn- Zn alloys on their surface tension and wetting properties using 

 analysis of  variance-ANOVA. Soldering & Surface Mount Technology, 

 20(4), 9-19. doi:10.1108/09540910810902660 

 

Chen, E. H., & Dixon, W. J. (1972). Estimates of Parameters of a Censored Regression 

 Sample, Journal of American Statistical Association, 67(339), 664-671. 

 

Chen, Y., Wang, Y., & Lin, L. (2014). Independent directors’ board networks and 

 controlling shareholders’ tunneling behavior. China Journal of Accounting 

 Research, 7, 101-118. 

 

Cheng, Z., Cullian, C. P., & Zhang, J. (2014). Free cash flow, growth opportunities, and 

 dividends: Does cross-listing of shares matter? The Journal of Applied 

 Business Research, 30 (2), 587- 298. 



 

107 

 

Choi, J., & Zhao, J. (2014). Consumers’ behaviors when eating out. Does eating out 

 change consumers’ intention to eat healthily? British Food Journal, 116 

 (3), 494-509. doi:10.1108/BFJ-06-2012-0136 

 

Choi, J., Yoo, S., Kim, J., & Kim, J. (2014). Capital structure determinants among 

 construction companies in South Korean: A quartile Regression Approach. 

 Journal of Asian Architecture and Building Engineering, 13 (1), 93-100. 

 

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. New York, 

 NY: Academic Press. 

 

Cribbie, R. A., Fiksenbaum, L., Keselman, H. J., & Wilcox, R. R. (2012). Effect of non-

 normality on test statistics for one-way independent groups designs. British 

 Journal of Mathematical and Statistical Psychology, 65, 56-73.  

 

Dhiren, G., & Andrew, V. (2012). Survey Research Methods, 1233-1238. 

 

Dixon, W. J., & Yuen, K. K. (1974). Trimming and Winsorization: A review. 

 StatistischeHefte, 15(2), 157-170. 

 

Dovoedo, Y. H. (2011). Contributions to outlier detection methods: Some theory and 

 applications. Published Ph.D thesis, The University of Alabama. 

 

Erceg-Hurn, D. M., & Mirosevich, V. M. (2008). Modern Robust Statistical Methods: 

 An Easy Way to Maximize the Accuracy and Power of Your Research. 

 American Psychological Association, 63(7), 591–601. doi: 10.1037/0003-

 066X.63.7.591. 

 

Etzel, C. J., Shete, S., Beasley, T. M., Fernandez, J. R., Allison, D. B., & Amos, C. I. 

 (2003). Effect of Box-Transformation on Power of Haseman-Elston and 

 Maximum- Likelihood Variance Components Tests to Detect Quantitative 

 Trait Loci. Human Heredity, 55, 108-116. doi: 10.1159/000072315.  

 

Fan, W., & Hancock, G. H. (2012). Robust Means Modeling: An Alternative for 

 Hypothesis  Testing of Independent Means Under Variance Heterogeneity 

 and Nonnormality. Journal of Educational and Behavioral Statistics, 37 

 (1), 137-156. doi:10.3102/1076998610396897. 

 

Farcomeni, A., & Ventura, L. (2010). An overview of robust methods in medical 

 research. Statistical Methods in Medical Research, 21(2), 111-133. 

 doi:10.1177/0962280210385865. 

 

Farrell-Singleton, P. A. (2010). Critical values for the two independent samples 

 Winsorized T-test. Published Ph.D thesis, Wayne State University. 

 



 

108 

 

Ferrara, L., Marsilli, C., & Ortega, J. (2014). Forecasting growth during the Great 

 Recession: Is financial volatility the missing ingredient? Economic 

 Modeling, 36, 44-50. 

 

Fried, R. (2004). Robust filtering of time series with trends. Journal of Nonparametric 

 Statistics, 16 (3-4), 313-328. doi: 10.1080/10485250410001656444. 

 

Fuller, W. A. (1991). Simple estimators for the mean of skewed populations. Statistica

 Sinica, 1, 137-158. 

 

Fung, K. Y., & Rahman, S. M. (1980). The Two-Sample Winsorized T. 

 Communications in Statistics: Simulation and Computation, 9(4), 337-347. 

 

Glass, G. V., Peckham, P. D., & Sanders, J. R. (1972). Consequences of Failure to Meet

 Assumptions Underlying the Fixed Effects Analyses of Variance and 

 Covariance. American Educational Research Association, 42(3), 237-288. 

 

Grissom, R. J. (2000). Heterogeneity of variance in clinical data. Journal of Consulting 

 and Clinical Psychology, 68 (1), 155-165. 

 

Hair, J., Black, W., Babin, B., Anderson, R., and Tatham, R. (2006). Multivariate Data  

 Analysis, (6
th

 ed.): New Jersey: Pearson Prentice Hall 

 

Hawkins, D. M. (1980). Identification of outliers. London: Chapman & Hall. 

 

Hill, M., & Dixon, W. J. (1982). Robustness in real life: A study of clinical laboratory 

 data. Biometrics, 38, 377–396. 

 

Hogg, R. V. (1974). Adaptive robust procedures: A partial review and some suggestions 

 for future applications and theory. Journal of the American Statistical 

 Association, 69, 909-927. 

 

Huber, P. J. (2004). Robust Statistics. New Jersey: John Willey & Son, Inc. 

 

Hubert, M., & Vandervieren, E. (2008). An adjusted boxplot for skewed distribution. 

 Computational Statistics and Data Analysis, 52, 5186-5201. 

 

James, G. S. (1951). The comparison of several groups of observations when the ratios 

 of the population variances are unknown. Biometrika, 38, 324-329. 

 

Keselman, H. J., Huberty, C. J., Lix, L. M., Olejnik, S., Cribbie, R. A., & Donahue, B. 

 (1998). Statistical practices of educational researchers: An analysis of their 

 ANOVA, MANOVA, and ANCOVA analyses. Review of Educational 

 Research, 68, 350-386. 

 



 

109 

 

Keselman, H. J., Wilcox, R. R., Algina, J., Fradette, K., & Othman, A.R. (2004). A 

 Power Comparison of Robust Test Statistics Based On Adaptive 

 Estimators. Journal of Modern Applied Statistical Methods, 3(1), 27-38 

 

Keselman, H. J., Wilcox, R. R., & Lix, L. M. (2003). A generally robust approach to 

 hypothesis testing in independent and correlated groups designs. 

 Psychophysiology, 40, 586-596. 

 

Keselman, H. J., Wilcox, R. R., Lix, L. M., Algina, J., & Fradette, K. (2007). Adaptive 

 robust estimation and testing. British Journal of Mathematical and 

 Statistical Psychology, 60, 267-293.doi:10.1348/000711005X63755 

 

Keselman, H. J., Wilcox, R. R., Othman, A. R., & Fradette, K. (2002). Trimming, 

 Transforming Statistics, and Bootstrapping: Circumventing the Biasing 

 Effects of  Heteroscedasticity and Nonnormality. Journal of Modern 

 Applied Statistical Methods, 1(2), 288-309 

 

Keyes, T. M., & Levy, M. S. (1997). Analysis of Levene’s test under design imbalance. 

 Journal of Educational and Behavioral Statistics, 22, 227-236. 

 

Lance, M. W. (2011). Approximate vs. Monte Carlo Critical Values for the Winsorized 

 T-test. Published Ph.D thesis, Wayne State University. 

 

Lien, D., & Balakrishnan, N. (2005).On regression analysis with data cleaning via 

 trimming, Winsorization and dichotomization. Communications in 

 Statistics-Simulation and Computation, 34(4), 839-849. 

 

Lievenbruck, M., & Schmid, T. (2014). Why do firms (not) hedge? Novel evidence on 

 cultural influence. Journal of Corporate Finance, 25, 92-106. 

 

Lix, L. M., & Keselman, H. J. (1998). To trim or not to trim: Tests of location equality 

 under heteroscedasticity and non-normality. Educational and  Psychological 

 Measurement, 58, 409-429. 

 

Lix, L. M., Keselman, H. J., & Hinds, A. M. (2005). Robust tests for the multivariate 

 Behrens-Fisher problem. Computer Methods and Programs in 

 Biomedicine, 77 (2), 129-139. 

 

Lix, L. M., Keselman, J. C. & Keselman, H. J. (1996). Consequences of Assumption 

 Violations Revisited: A Quantitative Review of Alternatives to the One-

 Way Analysis of Variance "F" Test. Review of Educational Research, 66 

 (4), 579-619. 

 

Lix, L. M., Deering, K. N, Fouladi, R. T. & Manivong, P. (2009). Comparing  Treatment   

  and Control Groups on Multiple Outcomes: Robust Procedures for Testing 

  a Directional Alternative Hypothesis. Education and Psychological  

   Measurement, 69 (2), 198-215. doi:10.1177/0013164408322027. 



 

110 

 

Locorotondo, R., Dewaelheyns, N., & Van Hulle, C. (2014). Cash holdings and business 

  group membership. Journal of Business Research, 67, 316-323. 

 

Luh, W. M., & Guo, J. H. (2005). Heteroscedastic Test Statistics for One-Way Analysis 

 of Variance: The Trimmed Means and Hall’s Transformation Conjunction. 

 The Journal of Experimental Education, 74(1), 75–100.  

 

Lusk, E. J., Halperin, M. & Heiling, F. (2011).A Note on Power Differentials in Data 

 Preparation between Trimming and Winsorizing. Business Management

 Dynamics, 1 (2), 23-31. 

 

MdYusof, Z., Abdullah, S., Syed Yahaya, S. S., & Othman, A. R. (2011). Type I Error 

 Rates of Ft Statistic with Different Trimming Strategies for Two Groups 

 Case. Modern Applied Sciences, 5 (4), 236-242. doi: 

 10.5539/mas.v5n4p236. 

 

Mendes, M., & Pala, A. (2003). Type I Error Rate and Power of Three Normality Tests. 

 Pakistan Journal of Information and Technology, 2 (2), 135-139. 

 

Micceri, T. (1989). The unicorn, the normal curve, and other improbable creatures. 

 Psychological Bulletin, 105, 156–166. 

 

Mirtagioglu, H., Yigit, S., Mollaogullari, A., Genc, S., & Mendes, M. (2014). Influence 

 of using alternative means on Type-I error rates in comparison of 

 independent groups. The Journal of Animal & Plant Sciences, 24 (1), 344-

 349. 

 

Moir, R. (1998). A Monte Carlo Analysis of the Fisher Randomization Technique: 

 Reviving Randomization for Experimental Economists. Experimental 

 Economics,  1, 87-100. 

 

Myers, L. (1998). Comparability of the James’ second-order approximation test and the 

 Alexander and Govern A statistic for non-normal heteroscedastic data. 

 Journal of Statistical Computational Simulation, 60, 207-222. 

 

Murari, K., & Tater, B. (2014). Employee’s attitude towards adaptation of IT-based 

 banking services. A case of Indian private sector banks. Competitiveness 

 Review, 24 (2), 107-118.doi:10.1108/CR-01-2013-0005. 

 

Murphy, K. R., & Myors, B. (1998). Statistical power analysis: A simple and general 

 model for traditional and modern hypothesis tests. Mahwah, NJ: Lawrence 

 Erlbaum. 

 

Nilsen, G., LiestAl, K., Loo, P. V., Vollan, H. K. M., Eide, M. B., Rueda, O. M., &

 LingjArde, O. C. (2012). Copynumber: Efficient algorithms for single- 

 and- multi-track copy number segmentation. BMC Genomics, 13, 591-

 607. doi:10.1186/1471- 2164-13-591. 



 

111 

 

Nordstokke, D. W., & Zumbo, B. D. (2010). A New Nonparametric Levene Test for 

 Equal Variances. Psicologica, 31, 401-430. 

 

Nordstokke, D. W. Zumbo, B. D., Cairns, S. L., & Saklofske, D. H. (2011). The 

 operating characteristics of the nonparametric Levene test for equal 

 variances with assessment and evaluation data. Practical Assessment, 

 Research & Evaluation, 16 (5), 1-8. 

 

Orr, J. M., Sackett, P. R., & DuBois, C. L. Z. (1991). Outlier detection and treatment in 

 I/O Psychology: A survey of researcher beliefs and an empirical 

 illustration. Personnel Psychology, 44, 473-486. 

 

Oshima, T. C., & Algina, J. (1992). Type I error rates for James's second-order test and

 Wilcoxon's Hm test under heteroscedasticity and non-normality. British 

 Journal of Mathematical and Statistical Psychology, 45, 255-263. 

 

Othman, A.R., Keselman, H.J., Padmanabhan, A.R., Wilcox, R.R., & Fradette, K. 

 (2004). Comparing measures of the "typical" score across treatment 

 groups. British Journal of Mathematical and Statistical Psychology, 57, 

 215-234. 

 

Ouyang, B., & Wan, H. (2014). Do analysts understand conservatism? Accounting and 

 Finance Research, 3 (1), 1-8. 

 

Ozdemir, A. F., Wilcox. R. R., & Yildiztepe, E. (2013). Comparing measures of 

 location: some small-sample result when distributions differ in skewness 

 and kurtosis under heterogeneity of variances. Communications in 

 Statistics-Simulation and Computation, 42 (2), 407-424. doi: 

 10.1080/03610918.2011.636163. 

 

Razali. N., & Wah, Y. B. (2011). Power comparison of Shapiro-Wilk, Kolmogrov-

 Smirnov, Lilliefors and Anderson-Darling tests. Journal of Statistical 

 Modeling and Analytics, 2 (1), 21-33. 

 

Reed, J. F. (2005). Contributions to two-sample statistics. Journal of Applied Statistics, 

 32(1), 37- 44. doi: 10.1080/0266476042000305140. 

 

Reed, J. F., & Stark, D. B. (1996). Hinge estimators of location: Robust to asymmetry. 

 Computer Methods and Programs in Biomedicine, 49, 11-17. 

 

Rivest, L. (1994). Statistical properties of Winsorized means for skewed distributions. 

 Biometrika, 81(2), 373-383. 

 

SAS Institute Inc. 2009. SAS/IML 9.2 User’s guide. SAS Institute Inc, Cary, NC. 

 



 

112 

 

Schneider, P. J., & Penfield, D. A. (1997). Alexander and Govern’s approximation: 

 Providing an alternative to ANOVA under variance heterogeneity. Journal 

 of Experimental Education, 65(3), 271-287. 

 

Scholze, M., Boedeker, W., Faust, M., Backhaus, T., Altenburger, R., & Grimme, L. H.

 (2001). A general best-fit method for concentration-response curves and 

 the estimation of low-effect concentrations. Environmental Toxicology and 

 Chemistry,  20(2), 448-457. doi: 10.1002/etc.5620200228. 

 

Shoemaker, L. H. (2003). Fixing the F test for equal variances. American Statistician, 57

 (2), 105-114. 

 

Singh, A., Dev, C. S., & Mandelbaum, R. (2014). A flow-through analysis of the U.S. 

 lodging industry during the great recession. International Journal of 

 Contemporary Hospitality Management, 26 (2), 205-224. doi: 

 10.1108/IJCHM-12-2012-0260. 

 

Srivastava, D. K., Pan, J., Sarkar, I., & Mudholkar, G. S. (2009). Robust Winsorized 

 Regression Using Bootstrap Approach. Communications in Statistics-

 Simulations and Computation, 39 (1), 45-67. doi: 

 10.1080/03610910903308423.  

 

Syed Yahaya, S. S. (2005). Robust Statistical Procedure for Testing the Equality of 

 Central Tendency Parameters under Skewed Distributions. Unpublished 

 Ph.D thesis, Universiti Sains Malaysia. 

 

Syed Yahaya, S. S., Othman, A. R., & Keselman, H. J. (2006). Comparing the “Typical 

 Score” Across Independent Groups Based on Different Criteria for 

 Trimming. Metodoskizvezki, 3(1), 49-62. 

 

Thomas, J. W., & Ward, K. (2006). Economic Profiling of Physician Specialists: Use of 

 Outlier Treatment and Episode Attribution Rules. Inquiry, 43 (3), 217-282. 

 

Ulusoy, U. (2008). Application of ANOVA to image analysis results of talc particles 

 produced by different milling. Powder Technology, 188, 133-138. doi: 

 10.1016/j.powtec.2008.04.036. 

 

Welch, B. L. (1951). On the comparison of several means: An alternative approach. 

 Biometrika, 38, 330-336. 

 

Wilcox, R. R. (1990). Comparing the means of two independent groups. Biometrical 

 Journal, 32, 771-780.  

 

Wilcox, R. R. (1997). A Bootstrap Modification of the Alexander-Govern ANOVA 

 Method, Plus Comments on Comparing Trimmed Means. Educational and 

 Psychological Measurement, 57(4), 655-665. 

 



 

113 

 

Wilcox, R. R (2002). Understanding the Practical Advantages of Modern ANOVA 

 Methods. Journals of Clinical Child and Adolescent Psychology, 31(3), 

 399-412. 

 

Wilcox, R. R. (2005). Introduction to robust estimation and hypothesis testing (2
nd 

ed.): 

 California: Elsevier Academic Press. 

 

Wilcox, R. R., Charlin, V. L., & Thompson, K. L. (1986). New Monte Carlo results on 

 the robustness of the ANOVA F, W and F statistics. Communications in 

 Statistics: Simulation and Computation, 15, 933–943. 

 

Wilcox, R. R., & Keselman, H. (2003). Repeated measures one-way ANOVA based on 

 a modified one-step M-estimator. British Journal of Mathematical and 

 Statistical Psychology, 56, 15-25. 

 

Wong, J. D., Mailick, M. R., Greenberg, J. S., Hong, J., & Coe, C. L. (2014). Daily 

 Work Stress and Awakening Cortisol in Mothers of Individuals with 

 Autism Spectrum Disorders or Fragila X Syndrome. Interdisciplinary 

 Journal of Applied Family Studied, 63, 135-147. doi: 10.1111/fare.12055. 

 

Yale, C., & Forsythe, A. B. (1976). Winsorized regression. Technometrics, 18, 291-300. 

 

Yu, J., & Kabir Hassan, M. (2010). Rational speculative bubbles in MENA stock 

 markets. Studies in Economics and Finance, 27 (3), 247-264. 

 

Yuen, K. K. (1971). A Note on Winsorized t. Journal of the Royal Statistical Society 

 Series C (Applied Statistics), 20 (3), 297-304. 

 

Zimmerman, D. W. (2004). Conditional Probabilities of Rejecting Ho by Pooled and 

 Separate- Variances t Test Given Heterogeneity of Sample Variances. 

 Communications in Statistics, Simulation and Computation, 33(1), 69-81. 

 

Zimmerman, D. W., & Zumbo, B. D. (1993). Rank transformations and the Power of the 

 Student t Test and Welch test for Non-Normal Populations with Unequal 

 Variances. Canadian Journal of Experimental Psychology, 47 (3), 523–

 539. 




