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                    Abstract

Much research has investigated how individual components of subjective well-being (e.g., life satisfaction, positive affect, negative affect) influence adolescent functioning. Little is known, however, about how the third component of subjective well-being (SWB), life satisfaction, contributes to positive adolescent outcomes when investigated simultaneously with positive and negative emotions. The current study extends Lewis et al.’s (J Psychoeduc Assess 27:397–408, 2009. doi:10.1177/0734282908330571) work by considering the incremental validity of life satisfaction (LS) relative to negative affect (NA) and positive affect (PA) as predictors of student engagement and achievement in a sample of middle school students. Results indicated LS provided incremental validity over affective states in predicting student engagement and some aspects of academic achievement. Gender also moderated these relationships. Practitioners are encouraged to include all components of SWB in assessments, especially when trying to understand students’ school functioning.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Measuring and Predicting Student Well-Being: Further Evidence in Support of the Flourishing Scale and the Scale of Positive and Negative Experiences
                                        
                                    

                                    
                                        Article
                                        
                                         31 May 2014
                                    

                                

                                Andrew J. Howell & Karen Buro

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Student Subjective Wellbeing as a Predictor of Adolescent Problem Behaviors: a Comparison of First-Order and Second-Order Factor Effects
                                        
                                    

                                    
                                        Article
                                        
                                         12 January 2017
                                    

                                

                                Gökmen Arslan & Tyler L. Renshaw

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The College Student Subjective Wellbeing Questionnaire: A Brief, Multidimensional Measure of Undergraduate’s Covitality
                                        
                                    

                                    
                                        Article
                                        
                                         17 December 2014
                                    

                                

                                Tyler L. Renshaw & Sarah J. Bolognino

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Antaramian, S. P., Huebner, E., Hills, K. J., & Valois, R. F. (2010). A dual-factor model of mental health: Toward a more comprehensive understanding of youth functioning. American Journal of Orthopsychiatry, 
                           80, 462–472. doi:10.1111/j.1939-0025.2010.01049.x.
Article 
    
                    Google Scholar 
                

	Antaramian, S. P., Huebner, E. S., & Valois, R. F. (2008). Adolescent life satisfaction. Applied Psychology: An International Review, 
                           57, 112–126. doi:10.1111/j.1464-0597.2008.00357.x.
Article 
    
                    Google Scholar 
                

	Appleton, J. J., Christenson, S. L., Kim, D., & Reschly, A. L. (2006). Measuring cognitive and psychological engagement: Validation of the student engagement instrument. Journal of School Psychology, 
                           44, 427–445. doi:10.1016/j.jsp.2006.04.002.
Article 
    
                    Google Scholar 
                

	Bastian, B., Kuppens, P., De Roover, K., & Diener, E. (2014). Is valuing positive emotion associated with life satisfaction? Emotion, 
                           14, 639–645. doi:10.1037/a0036466.
Article 
    
                    Google Scholar 
                

	Buhi, E. R., Goodson, P., & Neilands, T. B. (2008). Out of sight, not out of mind: Strategies for handling missing data. American Journal of Health Behavior, 
                           32, 83–92. doi:10.5993/AJHB.32.1.8.
Article 
    
                    Google Scholar 
                

	Cox, K. F. (2006). Investigating the impact of strength-based assessment on youth with emotional and behavioral disorders. Journal of Child and Family Studies, 
                           15, 287–301. doi:10.1007/s10826-006-9021-5.
Article 
    
                    Google Scholar 
                

	Cutuli, J. J., Gillham, J. E., Chaplin, T. M., Reivich, K. J., Seligman, M. E. P., Gallop, R. J., et al. (2013). Preventing adolescents’ externalizing and internalizing symptoms: Effects of the Penn Resiliency Program. The International Journal of Emotional Education, 
                           5(2), 57–79.

                    Google Scholar 
                

	Danielsen, A. G., Samdal, O., Hetland, J., & Wold, B. (2009). School-related social support and students’ perceived life satisfaction. Journal of Educational Research, 
                           102, 303–318. doi:10.3200/JOER.102.4.303-320.
Article 
    
                    Google Scholar 
                

	Diener, E. (2012). New findings and future directions for subjective well-being research. American Psychologist, 
                           67, 590–597. doi:10.1037/a0029541.
Article 
    
                    Google Scholar 
                

	Diener, E., & Fujita, F. (1995). Resources, personal strivings, and subjective well-being: A nomothetic and idiographic approach. Journal of Personality and Social Psychology, 
                           68, 926–935. doi:10.1037/0022-3514.68.5.926.
Article 
    
                    Google Scholar 
                

	Donovan, S. A., & Nickerson, A. B. (2007). Strength-based versus traditional social-emotional reports: Impact on multidisciplinary team members’ perceptions. Behavioral Disorders, 
                           32, 228–237.

                    Google Scholar 
                

	Duckworth, A. L., Steen, T. A., & Seligman, M. E. P. (2005). Positive psychology in clinical practice. Annual Review of Clinical Psychology, 
                           1, 629–651. doi:10.1146/annurev.clinpsy.1.102803.144154.
Article 
    
                    Google Scholar 
                

	Elmore, G. M., & Huebner, E. S. (2010). Adolescents’ satisfaction with school experiences: Relationships with demographics, attachment relationships, and school engagement behavior. Psychology in the Schools, 
                           47, 525–537. doi:10.1002/pits.20488.
Article 
    
                    Google Scholar 
                

	Fergusson, D. M., McLeod, G. H., Horwood, L. J., Swain, N. R., Chapple, S., & Poulton, R. (2015). Life satisfaction and mental health problems (18 to 35 years). Psychological Medicine,. doi:10.1017/S0033291715000422.

                    Google Scholar 
                

	Fiedler, K., & Beier, S. (2014). Affect and cognitive processes in educational contexts. In R. Pekrun, L. Linnenbrink-Garcia, R. Pekrun, & L. Linnenbrink-Garcia (Eds.), International handbook of emotions in education (pp. 36–55). New York, NY: Routledge/Taylor & Francis Group.

                    Google Scholar 
                

	Fredricks, J. A., Blumenfeld, P., Friedel, J., & Paris, A. (2005). School Engagement. In K. A. Moore & L. H. Lippman (Eds.), What do children need to flourish? Conceptualizing and measuring indicators of positive development (pp. 305–321). New York, NY: Springer.
Chapter 
    
                    Google Scholar 
                

	Fredrickson, B. L. (2001). The role of positive emotions in positive psychology: The broaden-and-build theory of positive emotions. American Psychologist, 
                           56, 218–226. doi:10.1037/0003-066X.56.3.218.
Article 
    
                    Google Scholar 
                

	Fredrickson, B. L., Mancuso, R. A., Branigan, C., & Tugade, M. M. (2000). The undoing effect of positive emotions. Motivation and Emotion, 
                           24(4), 237–258. doi:10.1023/A:1010796329158.
Article 
    
                    Google Scholar 
                

	Gherasim, L. R., Butnaru, S., & Mairean, C. (2013). Classroom environment, achievement goals and maths performance: Gender differences. Educational Studies, 
                           39, 1–12. doi:10.1080/03055698.2012.663480.
Article 
    
                    Google Scholar 
                

	Gilman, R., & Huebner, E. S. (2006). Characteristics of adolescents who report very high life satisfaction. Journal of Youth and Adolescence, 
                           35, 311–319. doi:10.1007/s10964-006-9036-7.
Article 
    
                    Google Scholar 
                

	Goldbeck, L., Schmitz, T. G., Besier, T., Herschbach, P., & Henrich, G. (2007). Life satisfaction decreases during adolescence. Quality of Life Research: An International Journal of Quality of Life Aspects of Treatment, Care & Rehabilitation, 
                           16, 969–979. doi:10.1007/s11136-007-9205-5.
Article 
    
                    Google Scholar 
                

	Hawthorne, G., & Elliott, P. (2005). Imputing cross-sectional missing data: Comparison of common techniques. Australian and New Zealand Journal of Psychiatry, 
                           39, 583–590. doi:10.1111/j.1440-1614.2005.01630.x.
Article 
    
                    Google Scholar 
                

	Hazel, C. E., Vazirabadi, G. E., Albanes, J., & Gallagher, J. (2014). Evidence of convergent and discriminant validity of the student school engagement measure. Psychological Assessment, 
                           26, 806–814. doi:10.1037/a0036277.
Article 
    
                    Google Scholar 
                

	Huang, C. (2013). Gender differences in academic self-efficacy: A meta-analysis. European Journal of Psychology of Education, 
                           28, 1–35. doi:10.1007/s10212-011-0097-y.
Article 
    
                    Google Scholar 
                

	Huebner, E. S. (1991). Initial development of the Student’s Life Satisfaction Scale. School Psychology International, 
                           12, 231–240. doi:10.1177/0143034391123010.
Article 
    
                    Google Scholar 
                

	Huebner, E. S., & Alderman, G. L. (1993). Convergent and discriminant validation of a children’s life satisfaction scale: Its relationship to self- and teacher-reported psychological problems and school functioning. Social Indicators Research, 
                           30, 71–82. doi:10.1007/BF01080333.
Article 
    
                    Google Scholar 
                

	Huebner, E. S., & Dew, T. (1996). The interrelationships of positive affect, negative affect, and life satisfaction in an adolescent sample. Social Indicators Research, 
                           38, 129–137. doi:10.1007/BF00300455.
Article 
    
                    Google Scholar 
                

	Huebner, E. S., & Hills, K. J. (2013). Assessment of subjective well-being in children and adolescents. In D. H. Saklofske, C. R. Reynolds, & V. L. Schwean (Eds.), Oxford handbook of child psychological assessment (pp. 773–787). New York, NY: Oxford University Press.

                    Google Scholar 
                

	Jimerson, S. R., Sharkey, J. D., Nyborg, V., & Furlong, M. J. (2004). Strength-based assessment and school psychology: A summary and synthesis. California School Psychologist, 
                           9, 9–19. doi:10.1007/BF03340903.
Article 
    
                    Google Scholar 
                

	Kern, M., Waters, L. E., Adler, A., & White, M. (2015). A multidimensional approach to measuring well-being in students: Application of the PERMA framework. The Journal of Positive Psychology, 
                           10, 262–271. doi:10.1080/17439760.2014.936962.
Article 
    
                    Google Scholar 
                

	Laurent, J., Catanzaro, S. J., Joiner, T. E., Rudolph, K. D., Potter, K. I., Lambert, S., & Gathright, T. (1999). A measure of positive and negative affect for children: Scale development and preliminary validation. Psychological Assessment, 
                           11, 326–338. doi:10.1037/1040-3590.11.3.326.
Article 
    
                    Google Scholar 
                

	Lewis, A. D., Huebner, E., Malone, P. S., & Valois, R. F. (2011). Life satisfaction and student engagement in adolescents. Journal of Youth and Adolescence, 
                           40, 249–262. doi:10.1007/s10964-010-9517-6.
Article 
    
                    Google Scholar 
                

	Lewis, A. D., Huebner, E., Reschly, A. L., & Valois, R. F. (2009). The incremental validity of positive emotions in predicting school functioning. Journal of Psychoeducational Assessment, 
                           27, 397–408. doi:10.1177/0734282908330571.
Article 
    
                    Google Scholar 
                

	Linley, P. A., Joseph, S., Maltby, J., Harrington, S., & Wood, A. M. (2009). Positive psychology applications. In S. J. Lopez & C. R. Snyder (Eds.), Oxford handbook of positive psychology (2nd ed., pp. 35–47). New York, NY: Oxford University Press.

                    Google Scholar 
                

	Lyons, M. D., Otis, K. L., Huebner, E. S., & Hills, K. J. (2014). Life satisfaction and maladaptive behaviors in early adolescents. School Psychology Quarterly, 
                           29, 553–566. doi:10.1037/spq0000061.
Article 
    
                    Google Scholar 
                

	Lyubomirsky, S., King, L., & Diener, E. (2005). The benefits of frequent positive affect: Does happiness lead to success? Psychological Bulletin, 
                           131(6), 803–855. doi:10.1037/0033-2909.131.6.803.
Article 
    
                    Google Scholar 
                

	Marques, S. C., Lopez, S. J., Fontaine, A. M., Coimbra, S., & Mitchell, J. (2015). How much hope is enough? Levels of hope and students’ psychological and school functioning. Psychology in the Schools, 
                           52, 325–334. doi:10.1002/pits.21833.
Article 
    
                    Google Scholar 
                

	McKown, C., & Weinstein, R. S. (2002). Modeling the role of child ethnicity and gender in children’s differential response to teacher expectations. Journal of Applied Social Psychology, 
                           32, 159–184. doi:10.1111/j.1559-1816.2002.tb01425.x.
Article 
    
                    Google Scholar 
                

	Mega, C., Ronconi, L., & De Beni, R. (2014). What makes a good student? How emotions, self-regulated learning, and motivation contribute to academic achievement. Journal of Educational Psychology, 
                           106, 121–131. doi:10.1037/a0033546.
Article 
    
                    Google Scholar 
                

	Nickerson, A. B., & Fishman, C. E. (2013). Promoting mental health and resilience through strength-based assessment in US schools. Educational & Child Psychology, 
                           30(4), 7–17.

                    Google Scholar 
                

	Norrish, J. M., & Vella-Brodrick, D. A. (2009). Positive psychology and adolescents: Where are we now? Where to from here? Australian Psychologist, 
                           44(4), 270–278. doi:10.1080/00050060902914103.
Article 
    
                    Google Scholar 
                

	Northwest Evaluation Association. (2003). Technical manual for use with measures of academic progress and achievement level tests. Portland, OR: Author.

                    Google Scholar 
                

	Pavot, W., & Diener, E. (1993). Review of the Satisfaction with Life scale. Psychological Assessment, 
                           5, 164–172. doi:10.1037/1040-3590.5.2.164.
Article 
    
                    Google Scholar 
                

	Pavot, W., & Diener, E. (2008). The Satisfaction with Life Scale and the emerging construct of life satisfaction. Journal of Positive Psychology, 
                           3, 137–152. doi:10.1080/17439760701756946.
Article 
    
                    Google Scholar 
                

	Pekrun, R., Goetz, T., Titz, W., & Perry, R. P. (2002a). Academic emotions in students’ self-regulated learning and achievement: A program of qualitative and quantitative research. Educational Psychologist, 
                           37, 91–105. doi:10.1207/S15326985EP3702_4.
Article 
    
                    Google Scholar 
                

	Pekrun, R., Goetz, T., Titz, W., & Perry, R. P. (2002b). Positive emotions in education. In E. Frydenberg (Ed.), Beyond coping: Meeting goals, visions, and challenges (pp. 149–173). New York, NY: Oxford University Press.
Chapter 
    
                    Google Scholar 
                

	Pekrun, R., & Linnenbrink-Garcia, L. (2014). Introduction to emotions in education. In R. Pekrun, L. Linnenbrink-Garcia, R. Pekrun, & L. Linnenbrink-Garcia (Eds.), International handbook of emotions in education (pp. 1–10). New York, NY: Routledge/Taylor & Francis Group.

                    Google Scholar 
                

	Proctor, C. L., Linley, P. A., & Maltby, J. (2009). Youth life satisfaction: A review of the literature. Journal of Happiness Studies, 
                           10, 583–630. doi:10.1007/s10902-008-9110-9.
Article 
    
                    Google Scholar 
                

	Quinlan, D., Swain, N., Cameron, C., & Vella-Brodrick, D. A. (2015). How ‘other people matter’ in a classroom-based strengths intervention: Exploring interpersonal strategies and classroom outcomes. The Journal of Positive Psychology, 
                           10(1), 77–89. doi:10.1080/17439760.2014.920407.
Article 
    
                    Google Scholar 
                

	Quinlan, D., Swain, N., & Vella-Brodrick, D. A. (2012). Character strengths interventions: Building on what we know for improved outcomes. Journal of Happiness Studies, 
                           13, 1145–1163. doi:10.1007/s10902-011-9311-5.
Article 
    
                    Google Scholar 
                

	Quiroga, C. V., Janosz, M., Bisset, S., & Morin, A. J. S. (2013). Early adolescent depression symptoms and school dropout: Mediating processes involving self-reported academic competence and achievement. Journal of Educational Psychology, 
                           105, 552–560. doi:10.1037/a0031524.
Article 
    
                    Google Scholar 
                

	Rashid, T., & Ostermann, R. F. (2009). Strength-based assessment in clinical practice. Journal of Clinical Psychology, 
                           65, 488–498. doi:10.1002/jclp.20595.
Article 
    
                    Google Scholar 
                

	Reschly, A. L., Huebner, E. S., Appleton, J. J., & Antaramian, S. (2008). Engagement as flourishing: The contribution of positive emotions and coping to adolescents’ engagement at school and with learning. Psychology in the Schools, 
                           45(5), 419–431. doi:10.1002/pits.20306.
Article 
    
                    Google Scholar 
                

	Roeser, R. W., van der Wolf, K., & Strobel, K. R. (2001). On the relation between social-emotional and school functioning during early adolescence: Preliminary findings from Dutch and American samples. Journal of School Psychology, 
                           39, 111–139. doi:10.1016/S0022-4405(01)00060-7.
Article 
    
                    Google Scholar 
                

	Roth, P. L. (1994). Missing data: A conceptual review for applied psychologists. Personnel Psychology, 
                           47, 537–560. doi:10.1111/j.1744-6570.1994.tb01736.x.
Article 
    
                    Google Scholar 
                

	Schiffrin, H. H., & Falkenstern, M. (2012). The impact of affect on resource development: Support for the broaden-and-build model. North American Journal of Psychology, 
                           14, 569–584.

                    Google Scholar 
                

	Seligman, M. E. P., Ernst, R. M., Gillham, J., & Reivich, K. (2009). Positive education: Positive psychology and classroom interventions. Oxford Review of Education, 
                           35(3), 293–311.
Article 
    
                    Google Scholar 
                

	Sheldon, K. M., Kasser, T., Houser-Marko, L., Jones, T., & Turban, D. (2005). Doing one’s duty: Chronological age, felt autonomy, and subjective well-being. European Journal of Personality, 
                           19(2), 97–115. doi:10.1002/per.535.
Article 
    
                    Google Scholar 
                

	Shoshani, A., & Steinmetz, S. (2014). Positive psychology at school: A school-based intervention to promote adolescents’ mental health and well-being. Journal of Happiness Studies, 
                           15, 1289–1311. doi:10.1007/s10902-013-9476-1.
Article 
    
                    Google Scholar 
                

	Sin, N. L., & Lyubomirsky, S. (2009). Enhancing well-being and alleviating depressive symptoms with positive psychology interventions: A practice-friendly meta-analysis. Journal of Clinical Psychology, 
                           65(5), 467–487. doi:10.1002/jclp.20593.
Article 
    
                    Google Scholar 
                

	Stiglbauer, B., Gnambs, T., Gamsjager, M., & Batinic, B. (2013). The upward spiral of adolescents’ positive school experiences and happiness: Investigating reciprocal effects over time. Journal of School Psychology, 
                           51, 231–242.
Article 
    
                    Google Scholar 
                

	Suldo, S. M., & Huebner, E. S. (2004). Does life satisfaction moderate the effects of stressful life events on psychopathological behavior during adolescence? School Psychology Quarterly, 
                           19, 93–105. doi:10.1521/scpq.19.2.93.33313.
Article 
    
                    Google Scholar 
                

	Suldo, S. M., & Huebner, E. S. (2006). Is extremely high life satisfaction during adolescence advantageous? Social Indicators Research, 
                           78, 179–203. doi:10.1007/s11205-005-8208-2.
Article 
    
                    Google Scholar 
                

	Suldo, S. M., & Shaffer, E. J. (2008). Looking beyond psychopathology: The dual-factor model of mental health in youth. School Psychology Review, 
                           37, 52–68.

                    Google Scholar 
                

	Suldo, S. M., Shaffer, E. J., & Riley, K. N. (2008a). A social-cognitive-behavioral model of academic predictors of adolescents’ life satisfaction. School Psychology Quarterly, 
                           23, 56–69. doi:10.1037/1045-3830.23.1.56.
Article 
    
                    Google Scholar 
                

	Suldo, S. M., Shaunessy, E., & Hardesty, R. (2008b). Relationships among stress, coping, and mental health in high-achieving high school students. Psychology in the Schools, 
                           45, 273–290. doi:10.1002/pits.20300.
Article 
    
                    Google Scholar 
                

	Valiente, C., Swanson, J., & Eisenberg, N. (2012). Linking students’ emotions and academic achievement: When and why emotions matter. Child Development Perspectives, 
                           6, 129–135. doi:10.1111/j.1750-8606.2011.00192.x.
Article 
    
                    Google Scholar 
                

	Villavicencio, F. T., & Bernardo, A. B. (2013). Positive academic emotions moderate the relationship between self-regulation and academic achievement. British Journal of Educational Psychology, 
                           83, 329–340. doi:10.1111/j.2044-8279.2012.02064.x.
Article 
    
                    Google Scholar 
                

	Voyer, D., & Voyer, S. D. (2014). Gender differences in scholastic achievement: A meta-analysis. Psychological Bulletin, 
                           140, 1174–1204. doi:10.1037/a0036620.
Article 
    
                    Google Scholar 
                

	Wellborn, C. R., Huebner, E. S., & Hills, K. J. (2012). The effects of strengths-based information on teachers’ expectations for diverse students. Child Indicators Research, 
                           5, 357–374. doi:10.1007/s12187-011-9133-3.
Article 
    
                    Google Scholar 
                

	Wright, B. A., & Lopez, S. J. (2009). Widening the diagnostic focus: A case for including human strengths and environmental resources. In S. J. Lopez & C. R. Snyder (Eds.), Oxford handbook of positive psychology (2nd ed., pp. 71–87). New York, NY: Oxford University Press.

                    Google Scholar 
                

	Zimmerman, M. A., Salem, D. A., & Maton, K. I. (1995). Family structure and psychosocial correlates among urban African-American adolescent males. Child Development, 
                           66, 1598–1613. doi:10.2307/1131899.
Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Psychology, Wake Forest University, Winston Salem, NC, 27109, USA
Ashley L. Heffner

	Department of Psychology, Christopher Newport University, Newport News, VA, USA
Susan P. Antaramian


Authors	Ashley L. HeffnerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Susan P. AntaramianView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Ashley L. Heffner.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Heffner, A.L., Antaramian, S.P. The Role of Life Satisfaction in Predicting Student Engagement and Achievement.
                    J Happiness Stud 17, 1681–1701 (2016). https://doi.org/10.1007/s10902-015-9665-1
Download citation
	Published: 27 August 2015

	Issue Date: August 2016

	DOI: https://doi.org/10.1007/s10902-015-9665-1


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Life satisfaction
	Subjective well-being
	Adolescence
	Achievement
	Engagement








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.94.180.229
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    