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Abstract 
The Big Five Questionnaire for Children, (BFQ-C) is an instrument for personality 

assessment in children and adolescents widely used worldwide. The aim of this work was to 

study the psychometric properties of the instrument scores from the item response theory 

(IRT) perspective. We worked with a Partial Credit Rasch Model to analyze an Argentinean 

sample to validate the scale for its use in this population. We opted for an instrumental 

design, and for each factor we applied an item calibration plan consisting of different 

analysis: unidimensionality, classification of response categories, fit levels of items 
and persons, specific objectivity, and differential item functioning as regards sex. We worked 
with a sample of 1162 high school students aged 12–17 years. The five original subscales 
did not show satisfactory fit, so modifications were made to improve their properties. As a 
result, we could demonstrate that each subscale measures a single latent trait, meets the 
invariance assumption regarding the sample and the assumption of local independence, 

showing no sex differential item functioning (DIF). Finally, the ordinal scores were converted 

to an interval scale, which allows more accurate analysis and better confidence in outcomes. 

Our results showed that the five subscales corresponding to each factor were in line with the 

IRT key parameters, although we suggest further studies on both the test capacity to assess 

extreme scores and the relevance of using a five-response category scoring. 

Keywords: BFQ-C; Item response theory; Partial Credit Rasch model; Argentinean 
samples; High school 
 
Highlights 
● The items of BFQ-C have adequate psychometric properties based on Rasch model. 
● The items do not show differential functioning in terms of sex. 
● The BFQ-C allows to measure the Big Five personality factors in Argentinean population. 
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In the field of personality psychology, the Big Five factor model is well recognized by its explicative 

capacity of the individual differences as regards personality in all the development stages of human 

beings (John et al. 2008). Specifically, the importance of studying personality during childhood and 

adolescence lies in its relationship with the behavior that might impact in the adult age in areas such 

as the academic performance, substance use, interpersonal relationships, work achievements, and 

criminal behavior (Damian et al. 2015; Goretti et al. 2017; Mitsopoulou and Giovazolias 2015; Morizot 

2015; Poropat 2014). 

Currently, one of the most complete and widely used instruments to measure the personality 

dimensions for populations of children and adolescents is the Big Five Questionnaire for Children 

(BFQ-C) developed by Barbar- anelli et al. (2003). These authors studied the personality structure of 

7- to 14-year old Italian children through dif- ferent informants (self-report, parents, and teachers); 

their results using the exploratory factor analysis revealed a five-factor structure in all of the cases. 

These factors were named by the authors as Energy/Extraversion, Agreeableness, Conscientiousness, 

Neuroticism/Emotional instability, and Openness/Intellect.  

This instrument became so popular that it was adapted to different countries, such as The 

Netherlands (Muris et al. 2005), Germany (Essau et al. 2006), Spain (Holgado et al. 2009), and 

Argentina (Cupani and Ruarte 2008), among others (Markos and Kokkinos 2017; Olivier and Herve 

2015), showing in all of these studies its adequate reliability and validity properties. In most of these 

works, the assessment of the BFQ-C internal structure was performed by exploratory and confirmatory 

factor analyses, convergent-discriminant validity, and criterion-related validity considering disadaptive 

behavioral syndromes and academic performance as the external criteria (Barbaranelli et al. 2003; 

Cupani and Pautassi 2013; Cupani and Ruarte 2008; Zuffian et al. 2013). Factor invariance studies 

considering the participants’ sex and age (Del Barrio et al. 2006) were also performed. 

Although the analyses of the BFQ-C psychometric properties were satisfactory from the point of 

view of the Classical Test Theory (CTT), it is worth mentioning that this psychometric model presents 

constrains and dis- advantages (Abedalaziz and Leng 2018; An and Yung 2014). In principle, it has 

demonstrated to be useful in the development and validation of instruments, although the statistical 

indices (e.g. difficulty and discrimination of items) depend on the characteristics of the sample used. 

Conversely, the models based on the Item Response Theory (IRT) allow overcoming some of the 

CTT constrains. The IRT-based models can get invariant measurements (Engelhard 2013), which 

means that the item parameters do not depend on the sample features and the person parameters do 

not depend on the items selected for their assessment. Additionally, the calibration procedure is also 

independent of the individuals to whom the test is administered, and the person measurements are 

independent of the applied test (Cupani and Cortez 2016). On the other hand, the mea- surement 

precision is estimated for each ability level in the variable, emphasizing the item analysis and a 

person’s ability level by emitting a response to each of them; this is the reason why the measurement 

error is calculated for each item and for each person (Cupani and Cortez 2016). 

Another advantage of the IRT is that it allows calculating the measurement error for each item 

and for each person; because of that, the measurement precision is estimated for each ability level in 

the variable. Currently, the IRT is becoming more widely used than the CTT as a model to create 

and validate instruments (Embretson and Reise 2000). Over the last twenty years, the Rasch 

mathematical model (Rasch 1960) has been widely chosen to assess the quality of health measurement 

instruments in IRT (Leung et al. 2014). This model is characterized by its simplicity. In fact, it 

considers only one parameter to specify the properties of each item, which grants getting the 

same item difficulty order for all the ability levels. Moreover, persons and items are placed in the 

same scale interval, allowing the direct comparison of person and item measurements. Likewise, the 

Rasch model is able to analyze polytomous data through the Rating Scale Model (RSM; Andrich 1978) 

or the Partial Credit Model (PCM; Masters 1982). To apply the RSM, the scales should have gradual 

response categories and the distance between thresholds should be equal across items (Bond and 

Fox 2015). On the other hand, for the PCM the distance between the response categories does not 

have to be constant across the items (Tennant and Conaghan 2007). 

In the past few years, the psychometric properties of the personality questionnaires have 

started being assessed from the IRT perspective (e.g., Maples-Keller et al. 2017; Nieto et al. 2017). In 

fact, a study on the NEO-FFI scales from the IRT in a sample of adolescents have suggested that 

several items considered as personality measurement components cannot be used as reliable 

indicators, which hinders the internal validity of the instrument. Specifically, in the BFQ-C, Markos and 
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Kokkinos (2017) analyzed the psy- chometric properties in Greek samples using IRT to deter- mine 

which items provided more information about each one of the latent traits (factors). Based on these 

results, they developed a short version of the instrument that was later analyzed under the precepts 

of the CTT. Similarly, Bore et al. (2018) analyzed a reduced version of the instrument in Australian 

samples. The results showed that most of the items allowed to differentiate lower levels of each factor 

except for Emotional Instability, in which uncertainties were observed in the parameters and in the 

information levels of the response categories. These uncertainties were also detected in some items 

of the remaining factors. 

So far, little is known about the individual item char- acteristics of the long version of the BFQ-C, 

their difficulty levels, and whether they fit to a measurement model. Little attention has been given to 

the rating scales to measure personality traits and the differential item functioning. In addition, 

although the cited studies are valuable background on the analysis of the BFQ-C from the IRT, they do 

not provide complete information according to the current trend when reporting the results of the Rasch 

model analysis (Leung et al. 2014). Because of this drawback, the aim of this work was to examine the 

BFQ-C psychometric prop- erties in a sample of Argentinean students using the Rasch model (Rasch 

1960) to determine whether the precision of the personality measurement can be maximized to be 

used in clinical and behavioral studies in this age range. 

 
 

Method 
 

Participants 
 
Argentinean adolescents (606 females, 556 males), age range 12-17 years (Mage = 13.9 years, SD = 

0.90), enrolled in state (34%) and private (66%) educational institutions from the city of Córdoba, 
Argentina. Córdoba is the second largest city in the country in terms of population (1,329,694 
inhabitants according to the Argentina Population and Housing Census, 2010). Participants 

represented two grade levels from the Argentinean high school system: eighth (29.9%) and ninth 
(70.1%) grades. The sample was repre- sentative of upper-middle and lower-middle socio-eco- 

nomical classes, considering the characteristics of the institutions participating in this study (the 
students attending there belonged to families of skilled workers, large- production farmers, 

professionals, and local traders) and the classification given by the National Institute of Statistics and 
Censuses (INDEC, for its acronym in Spanish), Argentina. The study was approved by the General 
Office of Secondary Education from the city of Córdoba. A note was sent to the students’ parents 

explaining the aim of the research and requesting signature for informed consent. 

 

Procedure 
 

The data collection process took four years and yielded a database exhibiting a comparable number of 

girls and boys, who were students attending state and private institutions. Students participated during 

classroom time; tests were administered collectively during a regular school day. 

Teachers stayed in the class to help monitor the students’ behavior. The researcher provided 
detailed instructions about how to complete the survey, and students had the chance to ask 
questions. Participants’ parents, after being informed about the aim of the study, signed a consent 
form that stated the aim, the voluntary participation, and the confidential nature of the data. 
 

Measures 
 

Big Five Questionnaire for Children (BFQ-C). The BFQ-C (Barbaranelli et al. 2003) measures the five 

personality factors in 9- to 15-year-old children; it consists of 65 items, 13 items for each factor. The 

factors are: Extraversion (e.g., “I easily make friends”), Agreeableness (e.g., “I trust in others”), 

Conscientiousness (e.g., “I like to keep all my school things in order”), Neuroticism/Emotional 

instability (e.g., “I easily get angry”) and Openness/Intellect (e.g., “I easily learn what I study at 

school”). For each of the 65 items, participants rated on a 5-point scale the occurrence of the behavior 

reported in the item using a 5-point Likert scale ranging from 1 (=Almost never) to 5 (=Almost always). 

The original instrument has adequate reliability and validity (Barbaranelli et al. 2003). The Spanish 

adapted version (Cupani and Ruarte 2008) used in the present study has acceptable internal 



consistency (α = 0.70–0.78), sub- stantial temporal stability after 2 months (r = 0.71–0.84), and 

evidence of internal structure validity through exploratory and confirmatory factor analyses (GFI 0.91; 

CFI 0.90; RMSEA 0.06). 

 

Data Analysis 
 

The data analysis was performed with RUMM2030 software (Andrich et al. 2010), following the 

guidelines proposed by Leung et al. (2014). Because it is recommended that each subscale 

establishes a different latent trait (Barbaranelli et al. 2003), the results were presented for each factor of 

the BFQ-C. The calibration plan for the items involved the following analysis. 

 
Rasch model for polytomous items 
The use of the Partial Credit Model (PCM) was determined through the log-likelihood ratio test, 

because the result of this analysis was significant (p < 0.001) in all subscales. 

 
Thresholds 
The functioning and structure of the response categories were examined. The order of the thresholds 

was inspected. The term threshold refers to the limit between two response categories where any 

response is likely. The increasing order of response options should be able to demonstrate higher 

levels of the measured trait. However, a disorder occurred in the thresholds when the level of trait 

being measured results inconsistent with respondents’ response choices (Pallant and Tennant 2007). 

This occurred when there were too many response options or they were confusing and misinterpreted 

by persons. In these cases, the RUMM2030 software allowed us to col- lapse response categories 

and then replicate the analyses to see if those modifications improved the fit to the model (Parkitny et 

al. 2012). 

 
Unidimensionality 
To evaluate the unidimensionality of each subscale, we used the method proposed by Smith (2002). 

Through the Prin- cipal Components Analysis (PCA) of the residuals, we established the relationship 

between the items and the first residual factor. From this procedure, two subsets of items were 

delimited: a group consisting of items with positive residual loadings and another group with negative 

residual loadings on the first principal component (±0.30). A paired t-test analysis of the subsets was 

performed to verify whe- ther the estimates of the persons in each subset differed significantly from 

each other. The proportion of people with differences in their measurements in the two subgroups was 

obtained. For the instrument to be one-dimensional, the percentage outside the range ±1.96 

should not exceed 5% (Tennant and Pallant 2006). 

 
Local independence 
We evaluated local independence through the matrix of residual correlations. Values > 0.2 indicate the 

presence of local dependence (Andrich et al. 2010). In case of depen- dence between items, those 

with values higher than 0.2 were combined, creating “superitems” (Nilsson and Tennant 2011). After 

conducting this type of modifications, the analysis was replicated to observe changes in the cor- 

relation matrix. 
 

Item and person residual fits 
From the item-person interaction analysis, we obtained a general summary of the variations of items 

and persons in relation to the fit to the model. If data are consistent with what is expected by the 

model, the mean (M) must be close to 0 and the standard deviation (SD) close to 1. We used the 

standardized residual statistic to observe the behavior of items and persons; those values between 

±2.5 indicated a good fit to the model. Residual values outside the range and extreme values should be 

identified, reported, and, if necessary, the misfitting items or persons should be elimi- nated, since a 

few cases with anomalous response patterns can affect the fit indices (Tennant and Conaghan 

2007). 

 
Statistic of item-trait interaction 
We used the chi-square (X2) as a test of fit between the data and the model. We obtained an overall 

test of statistic fit (total item chi-square) and a chi-square statistic for each item. A significant chi-



 

5  

square and a Bonferroni adjustment less than α 0.05, indicates that the relative item difficulty is not 

constant across the trait, compromising the requirement of invariance (Tennant and Conaghan 2007). 

When data fit the model, the item-trait interaction has a low X2 value with p > 0.05 (Cavanagh and 

Waugh 2011). Note that this sta- tistic is sensitive when the estimated probabilities are close to 0 or 1, 

because it is usually modified according to the sample size and the number of class intervals. The X2 

assessment refers to a perfect fit to the model, so it is usually considered only as an alternative 

measure to observe the location of the items with extreme values. Thus, we calculated the root 

mean square error of approximation (RMSEA) to examine fit (Tennant and Pallant 2012). Values < 

0.02 suggest the data fit the Rasch model. We also performed an Analysis of Variance (ANOVA) to 

determine differences in class intervals. This analysis is a more precise indicator of the fit of the items 

to the model (Andrich et al. 2010). 

 
Reliability index 
The Person Separation Index (PSI) indicates the degree to which the instrument differentiates persons 

in the construct being measured. A value of 0.70 is optimal for using the instrument in groups, whereas 

a value of 0.85 is optimal for individual use (Tennant and Conaghan 2007). 

 
Differential item functioning (DIF) 
We analyzed the DIF according to the participants’ sex. DIF exists when the functioning of an item 
differs in different groups of people (e.g., women/men). That is, the item has a different meaning for 
each group when it should be inter- preted in the same way (Tennant and Conaghan 2007). The DIF 
was identified through the characteristic curve of the item and was statistically confirmed from the 
ANOVA (Bonferroni lower than α 0.05). Two types of biases can be identified: the uniform DIF (the 
group shows a systematic difference in the responses given to an item across mea- surement range 
of the attribute) and the nonuniform DIF (there is no uniformity in the differences between the groups). 
The first type of DIF is solved by the split item procedure between groups (female and male). The non- 
uniform DIF is difficult to solve; in general, the items present in it are eliminated (Tennant and Pallant 
2006). 

 
 

Results 
 
The Partial Credit Model (PCM) was chosen, as the log- likelihood test proved to be significant across 

all subscales. 

 

Agreeableness 
 
The items of this subscale presented M = 0.76 and SD = 1.98, whereas the persons had M = −0.35 and 
SD = 1.51. A significant chi-square was obtained (X2 = 118.18; df = 39; p < 0.00; RMSEA = 0.04), 

suggesting a poor fit of some of the items. In fact, item-level analyses showed residual values of ±2.5 in 
items 16 and 51, whereas items 27, 32, and 38 presented significant X2 and F values (Bonferroni at α 
0.05; Table 1). Disordered thresholds were observed in items 11, 38, and 64. The residual correlation 
matrix showed no values > 0.20. A uniform DIF was identified in items 16, 47, and 60. On a person-level 
analysis, four participants (0.3%) had extreme values and 129 ones (11.1%) had a residual value ±2.5. 
The PSI was 0.81. The proportion of significant t-tests outside the range ±1.96 was 6.71% (Table 2), 

there- fore the unidimensionality assumption is not satisfied. 
From these results, modifications were made to achieve a better fit of the scale. We deleted items 

16, 51, 13, and 27 as well as those with residual values ±2.5 and extreme cases. A disordered 

threshold was still observed in item 64 and a uniform DIF in item 45; however, neither the collapse of 

categories nor the division of the DIF item was considered because the results did not improve the fit 

to the model. The subsequent analysis yielded M = 0.4 and SD = 0.81 for items and M = −0.21 and SD = 

1.02 for persons, with a sample distribution of −2.4 to +3.6 logits (Fig. 1). The chi- square statistic was 

significant, with values implying a better fit to the model (X2 = 43.30, df = 27, p < 0.05; RMSEA = 0.02). 

A PSI value of 0.74 indicated an acceptable reliability index. All items fitted to the model. The 

assumption of local independence and one-dimensionality was fulfilled (Per C < 5% = 4.51%; Table 2). 

 

Openness/Intellect 
 
We obtained M = 1.28 and SD = 2.65 for items and M =−0.24 and SD = 1.37 for persons. The value of 



the chi-square interaction was significant (X2 = 288.86, df = 39; p < 0.00; RMSEA = 0.07). A PSI of 0.77 was 
obtained, 7% (83) of the persons presented residual values ±2.5, and a single extreme case was 
observed. Five items presented residual values outside the acceptable range of residual fit. Eight 
items showed a significant chi-square (Bonferroni α < 0.05) (Table 3). Disorder was observed in 
the thresholds in items 24, 10, 33, 36, 46, and 59. In the residual correlation matrix, three pairs of items 
obtained values greater than 0.20 (30-12, 62-12, and 62-30). Uniform DIF was observed in items 5, 10, 
24, 33, 36, and 59. The proportion of significant t-tests was 16.01%. 

We eliminated cases with residual values ±2.5 and extreme cases. The response categories 

of the items with disorder in the thresholds were recoded, reducing items 3, 4, 10, 33, 36, 46, and 59 to 

three response categories. We created a superitem between items 30 and 12 and eliminated items 36, 

43, and 62. These modifications showed that M (items = 0.34, person = −0.20) and SD (items = 2.27, 

person = 0.97) approached acceptable values. In addition, it was graphically observed that the sample 

and the items presented an adequate distribution, with the exception of some cases (Fig. 2). The chi-

squared value improved with respect to the initial analysis (X2 = 49.48, df = 27, p < 0.01; RMSEA = 0.03) 

and the PSI was 0.71. No dependence was observed among the items, although there was evidence of 

disorder in the thresholds of the created superitem. Item 10 and the superitem (BFQ-C30-BFQ-C12) 

showed residual values outside the acceptable range, as well as item 18 that presented a significant F 

value. Items 5, 24, and 33 showed DIF-uniform. The assumption of one-dimensionality was checked 

(Per C < 5% = 4.06%; Table 2). 

 

Energy/Extraversion 
 
In the initial analysis, we obtained M = 0.80 and SD = 2.37 for items, and M = −0.26 and SD = 1.30 for 

persons. The item-trait interaction resulted in a significant chi-square value, which indicates that there 

are certain imbalances of the data with respect to the model (X2 = 270.13, df = 39, p < 0.00; RMSEA = 

0.07). The PSI index was 0.72. Three items showed Bonferroni test at α 0.05 (Table 4). Most of the 

items presented disorder in the thresholds. We observed that 6% (70) of the persons obtained a 

residual value ±2.5; a value greater than 0.2 was observed in the matrix of corre- lations of the 

residuals between items 23 and 26. Items 1, 9, 19, 40, and 55 showed uniform DIF. The one-

dimensional assumption was fulfilled (Per C < 5% = 4.99%). 

A new analysis was performed to improve the fit to the model of the Extraversion subscale. We 

eliminated items 9 and 40, persons with a residual fit outside the acceptable range, and extreme 

cases, and created a superitem with items 23 and 26. The results showed M = 0.64 and SD = 0.84 

for the items with acceptable values as well as for persons (M = −0.21; SD = 1.03), with an 

approximate sample distribution of −1.6 to +3.5 logits (Fig. 3). The item-trait interaction fit showed 

significant chi-square values; however, these values were lower than in the initial analysis (X2 = 72.61, 

df = 30, p < 0.01; RMSEA = 0.03). The PSI presented a value of .68 and did not meet the criteria 

established for X2 and F. The assumption of local independence was fulfilled. Uniform DIF was 

observed in items 19 and 55; nevertheless, no improvements were obtained in the model when 

replicating the analysis separ- ating the sample into females and males. Regarding the disorder in the 

thresholds, the original response categories were maintained because the collapse of categories did 

not improve the fit to the model. The one-dimensional assumption was fulfilled (Per C < 5% = 1.38%; 

Table 2). 

 

Emotional Instability 
 
We obtained M = 0.88 and SD = 2.55 for items, and M = −0.29 and SD = 1.49 for persons. A 
significant chi-square was observed (X2 = 202.45; df = 39; p < 0.00; RMSEA = 0.06), and the PSI was 
0.79. In this first analysis, five items had residual values outside an acceptable range. Table 5 shows 
both significant X2 and significant F. As regard participants, 8.8% (102) obtained residual values ±2.5. 
We did not observe order in the thresholds of any of the items. The assumption of local independence 
was fulfilled. Items 8, 17, 54, and 58 presented uniform DIF. Unacceptable values were observed in 
relation to the one-dimensional assumption (Per C < 5% = 7.23%). 

We eliminated outlier cases and those with residual values outside the acceptable limits. Items 

15 and 58 were also eliminated because they showed non-uniform DIF. We also removed item 61 

because it presented residual pro- blems and significant chi-square. In addition, the response 

categories of items 4 and 31 were reduced to three points. The other items had a scale of four-point 
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response cate- gories. We performed a new analysis in which we obtained M = 0.50 and SD = 1.87 for 

items, and M = −18 and SD = 1.01 for persons, with a sample distribution of −3.2 to +3.3 logits (Fig. 

4). The model did not fit (X2 = 89.67; df = 30; p < 0.00; RMSEA = 0.04), so it was necessary to perform a 

deeper analysis. The results of this procedure showed that item 49 had a residual value outside the 

acceptable range, and that X2 and F were significant. In addition, item 54 presented a residual fit lower 

than 2.5, whereas item 29 presented a significant F value. A relia- bility index of 0.74 was obtained. 

Local dependence between the items could not be observed. Items 4, 8, 31, and 54 showed uniform 

DIF. The assumption of one- dimensionality was met (Per C < 5% = 2.46%; Table 2). 

 

Conscientiousness 
 
The residual fit yielded M = 1.21 and SD = 4.46 for items, and M = −0.27 and SD = 1.48 for persons. The 

item-trait interaction resulted in a significant chi-square (X2 = 530.72; df = 91; p < 0.00; RMSEA = 0.06). 

Five items presented residual values ±2.5, and six items had a significant value of X2 and F (Table 6). A 

good reliability index was obtained (PSI = 0.83). Out of the total sample, 9.5% (110) presented residual 

values higher or lower than 2.5. Disorder was observed in the thresholds in seven items and in local 

dependence between items 20 and 34. Items 20 and 28 presented uniform DIF. The proportion of 

significant t-tests with values outside the range ±1.96 was 8.95% (Table 2). We eliminated extreme 

cases and those with a residual fit outside the acceptable range. Items 22, 44, 56, and 65 were 

discarded; items 25 and 37 were collapsed into three cate- gories, and items 3 and 53 were 

collapsed into four ones. Hence, the new analysis showed an improvement in the values of items (M = 

0.42; SD = 1.25) and persons (M = −0.22; SD = 1.07), with an approximate sample distribution of −3.8 to 

3.6 logits (Fig. 5). The item-trait interaction showed a significant chi square (X2 = 57.51, df = 27, p < 

0.01; RMSEA = 0.03). Item 37 did not meet the criteria established with respect to the value of the 

residuals. On the other hand, item 3 showed significant X2 and F values. A PSI of 0.78 was 

obtained. There was no evidence of dis- order in the thresholds. The assumption of local independence 

and unidimensionality was fulfilled (Per C < 5% = 2.76%; Table 2). Although item 28 presented a uniform 

DIF, it was not partitioned by sex; this modification did not improve the fit to the model. We decided to 

keep items 3 and 37 because the various tests did not improve the fit to the model. 

Finally, ordinal-to-interval rescoring algorithms were generated for the five original subscales. 

Using the con- version table (Table 7), the ordinal scores resulting from the addition of item scores to 

domain scores could be converted to interval-level scores, making the domain scores suitable for 

parametric statistics. 

 
 

Discussion 
 
The validation of tests in different cultures is a common pro- cess in the field of psychometrics, not only 

to obtain more empirical evidence of the universality of the theories, but mainly to reduce measurement 

biases that may occur because of an incorrect use of the tests. The validity of intercultural studies can 

be threatened by methodological difficulties and semantic inconsistencies derived from the translation 

processes of the components of the measurement instruments (Sperber et al. 1994). In fact, the 

equivalence of the psychometric properties among the different languages of a test cannot be simply 

assumed by translating its components, since the meaning and interpretation of the items in different 

cultures can vary widely, even if they are written in the same language (Chahín-Pinzón et al. 2012; 

Geisinger 1994). When adapting an item, one must guarantee that the language is adequate in its linguistic 

and cultural aspects; the used vocabulary and writing style must be comparable with the original one as 

regard the level of difficulty, complexity, style, length, etc. (Chahín- Pinzón 2014; Ramada-Rodilla et al. 

2013). 

The BFQ-C is the first instrument specifically created to assess the personality styles in children 

and adolescents through a self-report measure according to the Big Five factor theory. Although it is a 

widely used questionnaire, psychometric studies of the long version of this scale from the IRT have 

not been performed yet, only studies in reduced versions have been reported (Bore et al. 2018; 

Markos and Kokkinos 2017). Because of this drawback, this work aimed at analyzing the individual 

functioning of each item, the fit to the model, and the used classification structure functioning through 

the Rasch model. Based on our results, we made proposals for the scale improvement and expanded 

its application at a transcultural level. 



Initially, none of the five scales totally satisfied the fit criteria for the Rasch model. To achieve 

reasonably good fit, it was necessary to make some modifications, such as removing items or creating 

superitems, and resolve local dependency, which provides strong evidence of uni- dimensionality. 

Although removing items from existing scales is a controversial practice, it must be considered that the 

psychometric properties resulting from the analysis under the CTT assumptions are not directly 

replicable from the Rasch model, which is based on more stringent assumptions and criteria. In this 

sense, because the BFQ-C is an instrument whose psychometric properties are still under study and, 

therefore, they are not fully defined, to make substantial modifications to it is not only convenient but 

also not problematic, as it could be when considering an established questionnaire (Shea et al. 2009). 

Unidimensionality was corroborated separately for each of the five personality dimensions, 

although previous stu- dies supported that BFQ-C fits to the five-factor model (Barbaranelli et al. 

2003; Cupani and Ruarte 2008; Essau et al. 2006; Muris et al. 2005). It could be observed that in four 

out of the five factors, the assumptions were not met in the original items, but were reached after the 

modifications, as mentioned above. These results support the compliance with the assumption of 

unidimensionality, although it is known that perfect unidimensionality is difficult to obtain in practice 

(Zickar and Broadfoot 2009). 

Individual separation indices were adequate before and after making changes to the instrument 

(except for the Energy/Extraversion trait). However, the values suggest that the scale should be used in 

groups and would not be ade- quate enough to make decisions at individual level. The item difficulty 

parameters considering the five factors are located in the central zone of the continuum and do not 

cover the latent trait completely. Thus, the items might not allow measuring low and high levels of the 

personality traits in adolescents (Wright and Stone 2004). Therefore, we can assume that in a 

population of adolescents where the per- sonality traits are distributed in a normal way (Z∼N [0,1]), 

the personality questionnaire might measure adequately 65% of the population (between ±1 score 

z). This indicates that for adolescents who have extreme levels in the latent trait that the instrument 

cannot assess, some items might be added to assess extreme levels related to personality. 

Concerning the original structure of assessment of the five- category responses, it could be seen 

that it was not adequate for three out of the five scales that allow assessing the questionnaire. 

Specifically, we observed that the distances among the consecutive thresholds were not wide enough 

to describe different ranges in the measured variable. Reducing the categories to a three-point scale is 

more effective (except for the Agreeableness trait) in providing more precise infor- mation about the 

latent trait. Twiss et al. (2016) indicated that it is usual to find problems with the functioning of the 

response categories when applying the Rasch model analysis to existing scales. About this drawback, 

Bond and Fox (2015) stated that a simple solution is the rescoring that reduces the response categories 

without modifying the original appear- ance of the test and respecting its construction process. 

The DIF was, in general, uniform; it could be assumed that the scales work in a similar way for 

men and women, which agrees with other studies that found that the items of the scale are invariant 

between men and women (Del Barrio et al. 2006). Nevertheless, two items showed no uniform DIF, 

representing 3% of the entire instrument. 
When using probabilistic models, Rasch’s analysis makes possible to determine the degree to 

which the items of a scale function as interval measurements of a latent trait (Tennant et al. 2004). 
When data fit this model, it is possible to assume that the test scores meet basic assumptions of 
psychological measurement such as unidimensionality and invariance. When assessed using ordinal 
scales, the measures obtained not only do not meet these criteria but are not enough precise and 
suitable for the calculation of parametric statistics (Medvedev et al. 2018). The ordinal to interval 
conversion provided for each subscale in this study allowed us to obtain continuous scores, which are 
feasible to be used for complex arithmetic operations. In addition, continuous scales guarantee that the 
distances between the values are equal and constant, making the measure more reliable and less 
ambiguous (Granberg-Rademacker 2010; Harwell and Gatti 2001). 
 

Practical Implications 
 
This research is of great value since it contributes to clinical psychology by presenting a useful 

instrument for this field. Also, based on the fact that it is a self-administered test that can be applied in 

groups, it is a valuable resource to be considered to promote local research on the personality 

field. On the other hand, the performed Rasch model ana- lyses indicate the items can be included in 

specialized programs to develop computerized versions of the tests, facilitating shorter measurements 

without losing precision and reliability (Abad et al. 2010). 
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Limitations and Future Research Directions 
 
It is worth mentioning that the results obtained in the pre- sent study should be analyzed considering a 

series of con- straints. Firstly, the data analyses were performed on the basis of a sample of 12- to 17-

year-old students, and no children were considered in this study. In fact, this ques- tionnaire can also 

be used for 9- to 12-year-old children; because of this, the analyses should be replicated in this 

population to establish whether the items behave similarly. It should also be mentioned that 

complementary studies such as focus groups were not performed, to establish an explanation of the 

reasons why some items presented DIF. It should be analyzed whether the responses informed by 

participants were related to their attribute level or responded to what is socially accepted (for example, 

in the item “I weep”). Finally, considering that the internal validity study was based on the fit model of 

each dimension separately, future research studies should complement these analyses applying a 

one-parameter multidimensional model (Briggs and Wilson 2003) as well as other IRT-based models, 

such as the Samejima two-parameter model (Samejima 1997). 

In summary, through the Rasch model we obtained relevant results about the BFQ-C psychometric 

properties; this ques- tionnaire is one of the most widely used psychological assessment tools to 

assess personality traits in children and adolescents. However, it should be mentioned that the mod- 

ifications suggested in this study only constitute an improve- ment proposal to optimize its functioning, and 

that further study is needed. One way to expand these results, according to what the authors of the test 

propose, is to compare the results obtained in the sample of Argentinean adolescents with sam- ples 

from other countries, such as Spain or Italy. 
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Table 1 Fit index of the items of the Agreeableness subscale (initial analysis) 

Item statistics Location (logits) SE Fit residual X2 X2 (p) F F (p) 
 

(2) I share my things with other people −0.21 0.03 0.90 4.56 0.207 1.64 0.179 

(11) I behave correctly and honestly with others −0.24 0.03 0.04 4.46 0.216 1.35 0.256 

(13) I understand when others need my help −0.24 0.03 1.78 0.84 0.841 0.24 0.869 

(16) I like to give gifts 0.35 0.03 4.51 14.82 0.002 5.41 0.001 

(21) If someone commits an injustice to me, I forgive 
her/him 

0.12 0.03 1.18 3.23 0.358 1.21 0.305 

(27) I treat my peers with affection −0.14 0.03 −1.96 25.48 0.000 10.15 0.000 

(32) I behave with others with great kindness −0.004 0.03 −1.26 17.28 0.001 6.75 0.000 

(38) I am polite when I talk with others −0.29 0.03 −1.80 19.01 0.000 7.63 0.000 

(45) If a classmate has some difficulty I help her/him −0.15 0.03 −1.09 5.80 0.122 2.34 0.072 

(47) I trust in others 0.11 0.03 1.98 2.91 0.406 0.79 0.500 

(51) I treat kindly also persons who I dislike 0.33 0.03 3.33 12.16 0.007 3.77 0.010 

(60) I think other people are good and honest 0.26 0.03 0.36 1.84 0.607 0.65 0.580 

(64) I let other people use my things 0.10 0.03 1.93 5.80 0.122 2.3 0.076 

In bold type, the items that did not meet the criteria established in some indices 
SE standard error, X2 chi-square 
 
 
 
Table 2 Summary of the fit of the subscales of the BFQ-C initial and final versionsResidual fit of items 
Residual fit of persons 
Item–Trait Interaction PSI Unidimensionality 
 

 M SD  M SD  X2 (df) p RMSEA  Per C < 5% 

Agreeableness 

Initial 

 
0.76 

 
1.98 

  
−0.35 

 
1.51 

  
118.18 (39) 

 
0.000 

 
0.04 

 
0.81 

 
6.71% 

Final 0.40 0.81  −0.21 1.02  43.30 (27) 0.024 0.02 0.74 4.51% 

Openness/Intellect 

Initial 1.28 2.65 −0.24 1.37 288.86 (39) 0.000 0.07 0.77 16.01% 

Final 0.34 2.27 −0.20 0.97 49.48 (27) 0.005 0.03 0.71 4.06% 

Energy/Extraversion 

Initial 0.80 2.37 −0.26 1.30 270.13 (39) 0.000 0.07 0.72 4.99% 

Final 0.64 0.84 −0.21 1.03 72.61 (30) 0.000 0.03 0.66 1.38% 

Emotional Instability 



 

 

Initial 0.88 2.55 −0.29 1.49 202.45 (39) 0.000 0.06 0.79 7.23% 

Final 0.50 1.87 −0.18 1.01 89.67 (30) 0.000 0.04 0.74 2.46% 

Conscientiousness 

Initial 1.21 4.46 −0.27 1.48 530.72 (91) 0.000 0.06 0.83 8.95% 

Final 0.42 1.25 −0.22 1.07 57.51 (27) 0.001 0.03 0.78 2.76% 

M mean, SD standard deviation, df degrees of freedom, PSI person separation index, per C < 5% proportion of t-tests that were significant at the level of significance of 0.05 
 
 
 

 
Fig. 1 Person-item threshold map. Final version (agreeableness) 

 
 
Table 3 Fit index of the items of the Openness/Intellect subscale (initial analysis) 
 

Item statistics Location (logits) SE Fit residual X2 X2 (p) F F (p) 

(5) I know many things −0.14 0.03 0.03 12.84 0.005 4.72 0.003 

(10) I have a great deal of fantasy −0.03 0.03 4.11 17.50 0.001 5.38 0.001 

(12) I easily learn what I study at school −0.19 0.03 −1.38 39.10 0.000 15.96 0.000 

(18) When the teacher asks questions I am able to answer correctly 0.12 0.03 −0.41 25.47 0.000 9.55 0.000 

(24) I like to read books 0.54 0.03 2.26 16.35 0.001 5.33 0.001 

(30) When the teacher explains something I understand it 
immediately 

0.04 0.03 −2.21 43.46 0.000 18.75 0.000 

(33) I like scientific TV shows 0.44 0.03 3.38 4.57 0.206 1.39 0.244 



 

 

(36) I like to watch TV news and to know what happens in the world 0.12 0.03 5.08 19.91 0.000 6.66 0.000 

(43) I am able to create new games and entertainments 0.14 0.03 4.24 10.17 0.017 3.26 0.021 

(46) I am able to solve mathematics problems 0.29 0.03 3.13 2.87 0.411 0.92 0.433 

(52) I like to know and to learn new things −0.49 0.03 −1.75 26.04 0.000 10.73 0.000 

(59) I would like very much to travel and to know the habits of people from 
other countries 

−0.66 0.03 2.25 25.58 0.000 7.30 0.000 

(62) I understand immediately −0.17 0.03 −1.98 44.99 0.000 19.30 0.000 

In bold type, the items that did not meet the criteria established in some indices 
SE standard error, X2 chi-square 
 
 

 

 
Fig. 2 Person-item threshold map. Final version (openness/intellect) 
 
 
Table 4 Fit index of the items of the Energy/Extraversion subscale (initial analysis) 
 

Item statistics Location (logits) SE Fit residual X2 X2 (p) F F (p) 

(1) I like to meet with other people −0.52 0.03 −0.35 10.16 0.017 2.49 0.059 

(9) I like to compete with others 0.84 0.02 7.25 122.21 0.000 33.85 0.000 



 

 

(14) I like to move and to do a great deal of 
activity 

−0.10 0.03 0.53 4.53 0.209 1.07 0.359 

(19) I like to be with others −0.26 0.03 −0.28 11.16 0.011 3.01 0.029 

(23) I can easily tell others what I think 0.30 0.03 2.55 1.10 0.778 0.24 0.869 

(26) I say what I think 0.07 0.03 0.59 9.56 0.023 2.87 0.035 

(35) I do something not to get bored −0.29 0.03 0.49 4.19 0.242 0.53 0.664 

(40) I like to talk with others −0.49 0.03 −2.74 48.46 0.000 18.08 0.000 

(42) I am able to convince someone of what I 
think 

0.03 0.03 −0.63 13.19 0.004 4.99 0.002 

(50) When I speak, the others listen to me 0.75 0.03 2.03 7.64 0.054 2.47 0.061 

and do what I say        

(55) I like to joke 0.09 0.03 1.71 1.62 0.654 0.25 0.863 

(57) I easily make friends −0.02 0.03 −0.84 24.91 0.000 8.55 0.000 

(63) I am happy and lively −0.40 0.03 0.17 11.38 0.010 3.01 0.029 

In bold type, the items that did not meet the criteria established in some indices 
SE standard error, X2 chi-square 

 
 
 

 
Fig. 3 Person-item threshold map. Final version (extraversion) 
 
 



 

 

Table 5 Fit index of the items of the Neuroticism/Emotional instability subscale (initial analysis) 
 

Item statistics Location (logits) SE Fit residual X2 X2 (p) F F (p) 

(4) I get nervous for silly things 0.05 0.02 1.27 4.09 0.252 1.24 0.294 

(6) I am in a bad mood 0.48 0.03 −0.78 13.75 0.003 4.68 0.003 

(8) I argue with others with excitement 0.18 0.03 1.12 1.34 0.719 0.35 0.786 

(15) I easily get angry −0.07 0.03 −3.73 51.29 0.000 24.07 0.000 

(17) I quarrel with others 0.54 0.03 0.51 6.08 0.108 1.89 0.129 

(29) I easily get offended 0.10 0.03 −1.80 22.68 0.000 9.60 0.000 

(31) I am sad 0.48 0.03 1.45 12.39 0.006 3.90 0.009 

(39) If I want to do something, I am not capable of 
waiting and I have to do it immediately 

−0.75 0.03 4.28 20.89 0.000 6.67 0.000 

(41) I am not patient −0.59 0.03 0.12 3.30 0.347 1.15 0.326 

(49) I easily lose my temper 0.03 0.03 −2.20 27.01 0.000 12.44 0.000 

(54) I do things with agitation −0.15 0.03 3.89 12.20 0.007 4.03 0.007 

(58) I weep 0.05 0.02 3.13 17.46 0.001 5.64 0.001 

(61) I worry about silly things −0.34 0.03 4.15 9.97 0.019 3.35 0.018 

In bold type, the items that did not meet the criteria established in some indices 
SE standard error, X2 chi-square 

 
 

Fig. 4 Person-item threshold map. Final version (emotional instability) 



 

 

 
Table 6 Fit index of the items of the Conscientiousness subscale (initial analysis) 
 

Item statistics Location (logits) SE Fit residual X2 X2 (p) F F (p) 

(3) I do my job without carelessness and inattention 0.27 0.03 −2.59 51.13 0.000 9.25 0.000 

(7) I work hard and with pleasure 0.10 0.03 −0.38 15.37 0.031 2.45 0.017 

(20) I engage myself in the things I do −0.78 0.03 −0.36 15.54 0.030 2.50 0.015 

(22) During class-time I am concentrated on the things I do −0.05 0.03 −2.49 66.99 0.000 12.59 0.000 

(25) When I finish my homework, I check it many times to see if I did it 
correctly 

0.95 0.03 −0.41 8.68 0.276 1.30 0.249 

(28) I respect rules and order −0.36 0.03 0.73 8.29 0.307 1.224 0.286 

(34) If I engage in something I commit myself to it −0.87 0.03 1.16 9.48 0.220 1.37 0.215 

(37) My room is in order 0.08 0.02 5.24 30 0.000 3.46 0.001 

(44) When I start to do something I have to finish it at all costs −0.15 0.03 8.73 85.89 0.000 10.79 0.000 

(48) I like to keep all my school things in order 0.10 0.03 −0.64 13.15 0.068 2.19 0.033 

(53) I play only when I finish my homework 0.45 0.03 −0.12 7.29 0.399 1.13 0.339 

(56) It is unlikely that I divert my attention 0.32 0.05 11.03 157.66 0.000 16.14 0.000 

(65) I do my own duty −0.07 0.03 −4.12 61.29 0.000 12.01 0.000 

In bold type, the items that did not meet the criteria established in some indices 
SE standard error, X2 chi-square 

 

Fig. 5 Person-item threshold map (conscientiousness) 



 

 

 
Table 7 Ordinal-interval conversion 

Raw score Agreeableness Openness/Intellect Energy/Extraversion Emotional Instability Conscientiousness 
 

Ordinal Logit Interval  Logit Interval  Logit Interval  Logit Interval  Logit Interval 

13 −4.79 13.00  −4.46 13.00  −4.38 34.27  −4.41 13.00  −4.68 13.00 

14 −3.62 19.19  −3.32 19.56  −3.24 35.41  −3.24 20.04  −3.51 19.39 

15 −2.96 22.67  −2.69 23.19  −2.61 36.04  −2.59 23.98  −2.86 22.97 

16 −2.58 24.69  −2.33 25.30  −2.25 36.40  −2.22 26.25  −2.49 25.05 

17 −2.31 26.12  −2.07 26.80  −2.00 36.65  −1.95 27.86  −2.22 26.53 

18 −2.10 27.24  −1.87 27.98  −1.80 36.85  −1.75 29.11  −2.00 27.69 

19 −1.92 28.16  −1.70 28.96  −1.64 37.01  −1.58 30.13  −1.83 28.66 

20 −1.77 28.97  −1.55 29.80  −1.50 37.15  −1.43 31.01  −1.68 29.49 

21 −1.64 29.68  −1.42 30.55  −1.38 37.28  −1.30 31.78  −1.54 30.23 

22 −1.52 30.32  −1.31 31.22  −1.27 37.39  −1.19 32.47  −1.42 30.90 

23 −1.40 30.91  −1.20 31.84  −1.17 37.49  −1.09 33.10  −1.31 31.52 

24 −1.30 31.47  −1.10 32.41  −1.07 37.58  −0.99 33.68  −1.20 32.09 

25 −1.20 31.99  −1.01 32.95  −0.99 37.67  −0.90 34.22  −1.11 32.63 

26 −1.11 32.48  −0.92 33.45  −0.90 37.75  −0.82 34.73  −1.01 33.14 

27 −1.02 32.96  −0.84 33.93  −0.82 37.83  −0.74 35.21  −0.92 33.63 

28 −0.93 33.42  −0.76 34.39  −0.75 37.90  −0.66 35.66  −0.84 34.10 

29 −0.85 33.87  −0.68 34.83  −0.68 37.98  −0.59 36.10  −0.76 34.55 

30 −0.76 34.30  −0.61 35.25  −0.61 38.05  −0.52 36.52  −0.68 34.99 

31 −0.68 34.73  −0.54 35.67  −0.54 38.12  −0.45 36.93  −0.60 35.41 

32 −0.60 35.15  −0.47 36.07  −0.47 38.18  −0.39 37.32  −0.52 35.83 

33 −0.52 35.57  −0.40 36.47  −0.41 38.25  −0.33 37.70  −0.45 36.24 

34 −0.45 35.99  −0.33 36.86  −0.34 38.31  −0.26 38.08  −0.38 36.64 

35 −0.37 36.40  −0.27 37.24  −0.28 38.38  −0.20 38.45  −0.30 37.04 

36 −0.29 36.81  −0.20 37.62  −0.21 38.44  −0.14 38.81  −0.23 37.44 

37 −0.21 37.22  −0.14 38.00  −0.15 38.50  −0.08 39.17  −0.16 37.83 

38 −0.13 37.64  −0.07 38.37  −0.09 38.57  −0.02 39.53  −0.09 38.22 

39 −0.05 38.05  −0.01 38.75  −0.03 38.63  0.03 39.88  −0.02 38.61 

40 0.02 38.47  0.06 39.12  0.04 38.69  0.09 40.23  0.05 39.01 

41 0.10 38.90  0.12 39.50  0.10 38.75  0.15 40.58  0.12 39.40 

42 0.18 39.32  0.19 39.87  0.16 38.82  0.21 40.93  0.20 39.80 

43 0.27 39.75  0.25 40.25  0.23 38.88  0.27 41.29  0.27 40.20 

44 0.35 40.19  0.32 40.64  0.29 38.95  0.33 41.65  0.34 40.60 

45 0.43 40.64  0.39 41.03  0.36 39.02  0.39 42.01  0.42 41.01 

46 0.52 41.09  0.46 41.43  0.43 39.08  0.45 42.37  0.49 41.43 

47 0.61 41.55  0.53 41.84  0.50 39.15  0.51 42.75  0.57 41.86 

48 0.69 42.02  0.60 42.26  0.57 39.23  0.57 43.13  0.65 42.30 



 

 

49 0.79 42.50  0.68 42.69  0.65 39.30  0.64 43.53  0.73 42.75 

50 0.88 43.00  0.75 43.14  0.72 39.38  0.70 43.93  0.82 43.22 

51 0.98 43.52  0.83 43.60  0.80 39.46  0.77 44.35  0.91 43.70 

52 1.08 44.05  0.92 44.08  0.89 39.54  0.85 44.80  1.00 44.21 

53 1.18 44.61  1.00 44.59  0.98 39.63  0.92 45.26  1.10 44.74 

54 1.30 45.20  1.10 45.13  1.07 39.72  1.00 45.75  1.20 45.30 

55 1.41 45.83  1.20 45.71  1.17 39.82  1.09 46.28  1.31 45.90 

56 1.54 46.50  1.30 46.33  1.28 39.93  1.19 46.85  1.42 46.55 

57 1.68 47.22  1.42 47.01  1.40 40.05  1.29 47.47  1.55 47.25 

58 1.83 48.02  1.55 47.77  1.53 40.18  1.40 48.17  1.69 48.03 

59 2.00 48.92  1.70 48.62  1.68 40.33  1.53 48.96  1.85 48.91 

60 2.19 49.96  1.87 49.62  1.85 40.51  1.69 49.88  2.04 49.92 

61 2.43 51.20  2.08 50.82  2.06 40.72  1.87 51.01  2.26 51.14 

62 2.73 52.77  2.35 52.36  2.33 40.98  2.11 52.46  2.54 52.69 

63 3.14 54.95  2.72 54.53  2.70 41.36  2.46 54.54  2.93 54.84 

64 3.83 58.63  3.37 58.28  3.35 42.00  3.07 58.22  3.60 58.52 

65 5.04 65.00  4.53 65.00  4.50 43.16  4.19 65.00  4.78 65.00 

 

 


