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Validation of Resiliencie Scale (CD-RISC) in elite athletes through a structural equation model

Validación de la Escala de Resiliencia (CD-RISC) en deportistas de élite a través de un modelo de ecuaciones estructurales
Summary 
Resilience is a psychological characteristic that encourages positive adaptation in the face of adversity. It has seldom been studied within the field of sports. This work has as purposes, to adapt the resilience scale (CD-RISC) for the sport field, to confirm its psychometrics properties and to analyse, validation its internal consistency in a population of elite athletes in different sports.
The scale was administered to a sample of 287 athletes, 76,7% male and 23,3% female, determined by four levels of competition; 21,5% professionals, 21,3% semi-professionals, 43,9% amateur and 9,8% enthusiastic. We used an analysis based on structural equations modelling (SEM) encompassed within confirmatory factor analysis (CFA) and its internal consistency (Cronbach's Alpha). 

The results verified that the modelling of structural equations, the model for measuring the questionnaire and the covariant structure of the responses obtained has a good fit.
Thus, the CD-RISC scale has shown itself to be a reliable and valid tool for measuring the resilience of elite athletes. It can also be used to measure psychological parameters related to the field of sports. 
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Resumen

La resiliencia es una característica psicológica que permite una adaptación positiva ante la adversidad. Sus estudios en el campo deportivo no han sido muy numerosos. El trabajo que se presenta tiene como objetivos adaptar al campo deportivo la escala de resiliencia (CD-RISC), confirmar sus propiedades psicométricas y analizar y validar su consistencia interna en una población de atletas de élite en diferentes deportes. 

La escala fue aplicada a una muestra de 287 atletas, 76,7% hombres y 23,3% mujeres diferenciados por cuatro niveles de competeción; 21,5% profesionales, 21,3% semi-profesionales, 43,9% amateur y 9,8% aficionados. Se utilizó un análisis basado en un modelo de ecuaciones estructurales (SEM) circunscritos a un análisis de confirmación de los factores (CFA) y su consistencia interna (Alfa de Cronbach).
Los resultados verificaron que el modelo de ecuaciones estructurales, la mediación del cuestionario y la estructura covariante de las respuestas obtenidas tienen un buen ajuste. 

Por tanto, la escala CD-RISC ha demostrado ser una herramienta confiable y válida para medir la capacidad de resiliencia de los deportista de élite pudiendo ser utilizada para medir los parámetros psicológicos relacionados con el campo deportivo. 
Palabras clave: Resiliencia, Deporte, Adversidad, Optimismo, Validación.  
Theoretical Framework

      The 21st century is also producing new challenges in sports, considering them an object of analysis not exclusively from the point of view of specialised physiology, but also, in addition, there has been the introduction with greater relevance of study techniques that lean towards the field of psychology. As a result, sport has become an object of research from this perspective, with numerous and varied studies in specific areas such as sports injuries, stress, anxiety, mental resistance, resilience, etc. (Almeida, Luciano, Lameiras, Buceta, 2014; Cardoso & Sacomori, 2014; Da Costa & Ferreira, 2013; Fletcher & Sarkar, 2014; Galli & González, 2014; Hosseini & Besharat, 2010).

     In view of this situation we find that resilience is a concept that is frequently becoming more important in sporting activity. It can be understood as a factor of positive development for people who have lived through situations of risk throughout their lives or at a specific time in their lives (Luthar, Cicchetti & Becker, 2000; Masten & O´Dougherty Wright, 2010). 
Despite its first studies in the 1980s, resilience has recently started to be considered as an effective response model before adversities in different groups: adolescents, (Xiao, Joseph, Winnie, Jianxin, Wacy, 2011), senior citizens (Lamond, Depp, Allison, Langer, Reichstadt, 2009), immigrants (Aroian, Norris, 2000), entrepreneurs (Manzano- García & Ayala, 2013) educators (Forés & Grané, 2012). 
Within the field of sports, resilience appears in different studies that address resilient factors and other psychological aspects that influence the personal and professional life of an athlete (Cevada et al., 2012; Gucciardi, Jackson, Coulter & Mallett, 2011; Hosseini & Besharat, 2010; Morgan, Fletcher, Sarkar, 2013). 
The life of an athlete draws together challenges, such as different categories of competition (Ivarsson, Johnson & Podlog, 2013; Petrie, Deiters & Harrison, 2013), which cause pressure and stress counterproductive to his or her physical and mental state. 
Every year a large number of athletes suffer injuries regardless of their competitive level (Trip, Stanish, Ebel-Lam, Brewer & Birchard, 2011). This stems from moments of uncertainty, generating emotional discomfort and moods that influence the professional and personal development of athletes, even causing them to abandon their careers. Therefore, there is a need for sports intervention programmes orientated towards conditioning athletes´ moods, encouraging positive emotional responses in the face of adversities which help to improve their levels of motivation and self confidence, as put forward by Olmedilla & Garcia-Mas (2009).  
In turn, the model of Wiese-Bjornstal, Smith, Shaffer & Morrey (1998) asserts that athletes obtain positive aspects from their adverse experiences; positive change in their self-perspective, resilience and self-efficacy. 
Resilience has been measured in other fields of work via different descriptive and quantitative methods. As a demonstration, the investigation focuses on the Connor-Davidson CD-RISC resilience scale (2003). The use of this instrument allows a simple and complete evaluation of resilience, alluding to personal resources and positive qualities that permit appropriate responses in the face of adversity. This scale focuses on the personal resources and qualities considered appropriate for positive adaptation to adversity. A model of 25 items composed of five factors arises from the analysis of the data obtained from clinical populations, comprising: personal competence (high standards and tenacity), trust in instincts (tolerance of negative effects), strengthening of the effects of stress (positive acceptance of change, dependable relationships), locus of control and spiritual influences.  
This measuring instrument has been applied in the clinical field (Anderson & Bang, 2012; Markovitz, Peters, Schrooten, Schouten, 2014; Solano & Neto, 2012) and in general populations (Gucciardi, Jackson, Coulter, Mallett, 2011; Jeste et al., 2013; Otto, Howerter, Bell, Jackson, 2010). From the very beginning the psychometric results from the CD-RISC factorial structure confirmed the 25 items and their five factors (Burns & Anstey, 2010). 
Despite the growing interest in the use of CD-RISC in research and its recuperative capacity, no study has examined its psychometric properties on the sports population. Roughly speaking, the validity of the CD-RISC in contexts that have not previously been studied implies a solidity in the elastic qualities it measures. Specifically referring to the field of sports, the availability of a psychometric measure gives researchers the means to research processes or mechanisms where athletes live through adverse situations that generate optimistic responses to them (Gucciardi et al., 2011). 
Validity, for its part, is a guarantee of the quality of a test. It makes reference to the level in which empirical evidence and theory support the interpretation of the grading of a specific test. Despite there being different types of validity, in this study we have focused on the construct validity: analysis of the internal structure of the test. This is going to allow us to consider the dimensions of the construct in question. The mathematical procedure used to obtain it is factorial analysis, from which we will be able to determine the level at which the empirical evidence and the dimensional structure coincide with the structure postulated by its authors, Connor& Davidson (2003). 

Method 
For this study we have followed an analysis based on structural equations modelling (SEM), encompassed within confirmatory factor analysis (CFA), which permits contrasting with a model constructed “a priori” wherein the total group of relationships between the elements that configure it are established: in this manner the researcher will have greater flexibility when establishing hypotheses on the structure of the construct (Bentler, 2007). It is, therefore, a type of inferential analysis utilising multivariate regression to relate response patterns to a group of latent factors that are not directly observed but that, according to substantive theory, exist in continuous dimensions in people who are evaluated (Rizopoulos, 2006). Therefore, this structural equation model provides solid technical procedures and criteria for the validation of measuring models under two conditions (González-Montesinos & Backhoff, 2010): 

· Conditional independence, understood as a combination of latent factors (for example, aptitudes, attitudes or perceptions), which influences a group of observed variables, measured via the reactive ones that make up a scale, in a way that the responses to the reactives are independent between themselves, but conditioned by the latent variable that determines them.
· The latent factors can be quantified via a structure of dimensions, which is based on a substantive theory that postulates the existence of psychological constructs that exercise a casual influence over the responses of people in a reactive group.

a) Design and Participants
In this descriptive and exploratory investigation a total of 287 athletes (76.7% male and 23.3% female) took part, belonging to four competitive levels (25.1% professional, 21.3% semi-professional, 43.9% amateur, 9.8% enthusiast) with a representation from 14 clubs. Out of the participants there is a predominance of footballers, making up 64% of the total number, with 35.5% comprising of athletes from minority sports (see table 1). On the whole they formed part of teams from Granada, Jaén and Madrid. 
Table 1. 

Description of the sport category depending on gender.

The sample was selected via probabilistic sampling by conglomerates. Out of the 14 participating clubs, football represents the largest part of the participation of the sample. These are divided into three categories according to competition level: first division 54%, second division 30% and youth 62%.  

Furthermore, we have been interested in selecting 12 minority sports clubs from the region of the main sample, which corresponds to 35.5% of the total number of participants. 
Thus, we are attempting to validate the CD-RISC instrument both with majority and minority sports.  
b) Instruments 
In this study we have applied the Connor-Davidson CD-RISC resilience scale (2003) orientated towards elite athletes from different sports. 
It is a self-applied tool of 25 items, with a Likert type response system from 1 "completely disagree" to 4 "completely agree", which measures the ability to face adversity. In turn, it is a multidimensional instrument comprised of five resilience factors: locus of control and commitment, challenge of behaviour orientated towards action and self-efficacy, resistance to discomfort, optimism, and adaptations to stressful and spiritual situations. 
A preliminary study on the psychometric properties of the CD-RISC in a general population and clinical psychological patients supported its internal consistency, reliability and convergent and divergent validity (Connor & Davidson, 2003). 

However our target population requires a prior adaptation and validation as these validation tests do not exist for this cultural group and subjects. 

Procedure  
To gather the information different stages have been implemented that have allowed us to select the sample as well as the instrument used and its validation.  
1.  This initial stage was dedicated to the selection of the population, where twelve sports were selected with different characteristics such as groups and individuals, or different levels of competition. Participation was higher in football, hockey and handball and lower in other sports such as swimming and athletics, amongst others. 

2. Next, we moved on to the analysis of the instrument that was most appropriate to evaluate resilience in elite sports. The CD-RISC resilience scale was selected as the most appropriate as it is the best at adjusting to the circumstances and characteristics of the participant subjects and for its holistic vision of the main factors for a good development of resilience. 
3. The final stage was dedicated to the main core of the study: the adaptation and validation of the instrument to the study population. For its validation, AFC with SEM methodology was applied, adhering to the following stages:  

            3.1. A first stage where the measuring model is specified, which establishes the  

latent characteristics and dimensions that represent them as variables of interest of a substantive theory.
            3.2. Following on, the computerised implementation of a system of structural equations is carried out, which is used to generated the evidence of the validity of the measuring model and its dimensions.

           3.3 Subsequently, the goodness of fit indices and criteria are determined, which permit the relating of validating evidence with the dimensional structure of the instrument being evaluated.
           3.4. Lastly, the measuring model is again specified with the aim of improving its adjustment, adding or eliminating relationships between factors. 
Data Analysis 
The purpose of the AFC is to specify the relevant aspects of the model in advance, which should be previously and strongly grounded in theory and known evidence (Arias, 2008). 

It is because of this that the AFC is employed in this study to check whether the factors and indicators that form part of the original Connor-Davidson model (2003) show saturations in each factor, whether or not there are relationships between the factors and with the pre-specified population. 

We have carried out an analysis of multiple regression coefficients based on structural equations, where the values that represent the unidirectional arrows are the lines of influence between the latent and observed variables. They have been calculated using the AMOS 20.2 program, via the analysis of the covariance matrix of the observed variables. The values that appear at the end of the graph are goodness of fit indices for an evaluation of the model (see graph 1). Their application and interpretation is described below.  
Figure 1.  Result of the model in the panth graf
Four dimensions are obtained. Locus dimension, referring to the responsibilities of response that the subject has as a response to adverse situations. It consists of 3 items: 4, 22 and 11.  

Self-efficacy dimension, encompassing aspects favourable to a person's strengths, and adaptive responses before situations of risk. It consists of 8 items: 5, 15 and 25. 

Optimism dimension, which permits the holding of positive perspectives or attitudes towards circumstances that make us feel vulnerable. It consists of 4 items: 1, 6, 8 and 14. 

Spiritual dimension, which addresses transcendental beliefs that provide strength to confront or understand high-risk moments. It consists of 2 items: 9 and 20.  

In total, we have the obtaining of 17 variables of resilience constructed from the 25 variables that comprise the original CD-RISC scale. 

Internal consistency of the dimensions of the CD-RISC questionnaire. 

The dimensions that make up the adjusted model of the CD-RISC questionnaire adjust to a high level of internal consistency measured via Cronbach's Alpha, standing at 0.717.  
Results 

The regression coefficients between latent and observed variables are interpreted in the following manner. The first three values are: 0.60, 0.50 and 0.55 and their correspondence with the influence of the latent variable locus of control and commitment  (VAR 1) over the observed variables: p2, p4 and p6. 

The influence exerted by the latent variable self-efficacy and resistance to discomfort over the observed variables indicates that when VAR 1 increases 1, p9, p10, p12, p14, p16, p17, p18 and p19 increase respectively in proportion to the factorial loads 0.56, 0.53, 0.50, 0.61, 0.33, 0.31, 0.34, and 0.31. Because all of the observed variable signs are positive, they indicate that as the unit increases the latent variable, the relationship between the latent and the observed variable increases proportionately.

The following four values are: 0.53, 0.36, 0.37 and 0.69 and their correspondence to the influence of the latent variable optimism and adaptations to stressful situations (VAR 3) over the observed variables:

And lastly, the following values of 0.44 and 0.49 correspond to the influence of the latent variable spirituality (VAR 4) over the observed variables p26 and p27.

In summary, the results of this stage show that the evaluation of the structural equations model verifies to us that the direction of the derived coefficients has been positive in accordance with the theory employed to configure the measurement model. No inverse relationship has appeared, as we have not obtained negative regression coefficients. 
Table 2. 

Goodness of fit criteria

With respect to the application of indices and goodness of fit adjustment criteria between the matrix derived from the data and the matrix reproduced by the model, a difference between the two matrices that has not been statistically significant has been obtained, to which it can be stated that both matrices are close to each other, and therefore that the measurement model and the observed data fit.  
With these parameters (17 variables and 4 factors) a model with 113 levels of freedom was defined with maximum legitimacy and characterised by χ2 of 136,553. It stands out that the value of p is greater than 0.05, which indicates that the difference between the compared covariant matrices (derived and reproduced) is statistically insignificant. This result implies by itself that the model and the data fit. Notwithstanding, other goodness of fit indices are evaluated which confirm the aforementioned result. 

The most important goodness of fit index worked with given these results is the Root Mean Square Error of Approximation (RMSEA) (González, & Backhoff, 2011). The RMSEA value is 0.028, to which we have an excellent fit. The normed fit index (Bentler & Bonnet NFi, 1980) is 0.819, and the comparative with respect to the saturated model (CFI de Bentler, 1990) is 0.962, values that are a lot more than optimum. This was also the case for the Tucker & Lewis index (TLI) (1973), where we obtained a very good fit (0.954), on comparing the fit by degree of freedom from the proposed model and the invalid one.

Discussion 
The adaptation of the Conner-Davidson Resilience Scale (CD-RISC) (2003) questionnaire has demonstrated that it has a good factorial structure, good stability and a high internal consistency. 
The assessment of the structural equations model verifies to us that the derived coefficients have a positive direction in accordance with the theory. 

The exploratory factorial analysis of main components identified a structure in four factors: Locus, Self-efficacy, Optimism and Spirituality, taking in 17 items.  The denomination of the factors was carried out seeking the links between the variables with high factorial saturations, which indicate the influence of each variable in the factor. 

Previous studies confirm the internal validity and reliability of the CD-RISC scale (Burns & Anstey, 2009; Campbell- Sills & Stein, 2007; Coates, Phares & Dedrick, 2013; Green et al., 2014; Vaishnavi, Connor & Davidson, 2007).  

In each study the CD-RISC scale has been adapted to the characteristics of the subjects and their context, in such a manner that on specific occasions this has had to be reduced in their number of items involved in the development of the factorial and psychometric analyses in a different way for each case. 
In reference to our study we found, prior to it, the validation of the CD-RISC in a population of senior citizens, Serrano-Parra et al. (2013) where they used the structural equations model to obtain the confirmatory factorial analysis before the validation. They obtained results of a CFI of 0.823 against our CFI of 0.962. 
In their study, the factorial solution fitted with χ2 of 2,123.7 p= 0.001. Whereas our study presents χ2 of 136,553 where p is greater than 0.05. This result implies that the model and the data fit between themselves. 
With respect to the number of items and their dimensions we find a reduction of the original CD-RISC scale of 25 items to 10 under the 5 original dimensions, compared to our study where we obtained 17 items in 4 dimensions. 

Furthermore, we are supported by a study undertaken by Campbell-Sills & Stein (2007), who analysed the data of two independent samples of university students, deriving a model of four factors that provided a better fit. Our study coincides with the result, as it obtains a model of four factors that allows us to state the obtaining of a clear fit of measurement. 
In short, the results obtained show a good reliable fit, which allows it to be a candidate for use in sports environments containing psychological factors or risk situations that alter dynamism in a sports career. 
Conclusions 

The CD-RISC is a measurement of self-perception of the capacity for recovery, and includes a good psychometric property. On using the CD-RISC, the results of this study verify that the validation of the instrument is good, and can be extrapolated to any combination of subjects with the field of sports. The participants demonstrated that they knew the resilience construct, to which it allowed us to discover that resilience is becoming an increasingly important factor in new social and psychological environments. This should be taken into account in day to day development, as a behavioural and cognitive support factor when we have to face situations of vulnerability or change. 
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Table 1. 

Description of the sport category depending on gender.

	   Sport Category
	
  Gender

              Male
	

	
	
	 Female
	Frequency         
	
 Total


	Football
	  167           
	
18


	         185


	  64.5%              



	Handball

Cycling

Gymnastics - Acrobatics

Hockey              

Trail Running

Swimming

Mountaineering

Athletics

Triathlon

Ski

Snowboarding 
	               16


                 
             9       

                1

          0

                0

                3

                0

                4

                0

                3

                1
	      0
 
      1
      9
    28
     4
     3

     2

     4
     3

     8
     3
	16
10
10         
28
4
6

2

8
3

11
4
	 5.6%

 3.5%

3,5%

 9.8%

 1.4%

 2,1%

 0,7%

 2.8%

 1,0% 

  3.8%

 1.4%


Table 2. 

      Goodness of fit criteria

	MODEL
	CMIN
	
      P
  RMSEA         NFI            CFI        TLI
	

	
	
	
	
	
	

	
	
	
	
	
	

	Model 1 
	
	
	
	
	

	4 Factors 
	136,553  
	0.065        
	0.028
	0.891       0.962     0.954
	

	17 Items
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