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Abstract 

Introduction.  There are a few methods to study inquiry’s abilities in Chile, despite its im-

portance in science education. This study analyzes the psychometric properties of a Scientific 

Inquiry Scale in pedagogy students of two Chilean universities. 

   

Method. The study uses an instrumental design with 325 students from 3 pedagogy majors. 

As a measurement instrument, it uses a scale based on one of the dimensions of Miranda’s 

Tasks in Critical Thinking test. Descriptive statistics of reliability and dimensionality were 

used for the analysis.   

 

Results. The results show three items under the mean, two within the mean and three slightly 

over it, with adequate ranges of asymmetry and kurtosis. Dimensions analysis accounts for a 

three-factor model with good fit indicators, related to the three ability foci observed in this 

ability: exploration with three items related, comprehension with two items and inference 

with three items. The reliability analysis is adequate but lower than expected (.61) and an ad-

equate level of interjudge consistency, with an intraclass correlation coefficient of .62. 

 

Discussion and Conclusion. Scientific Inquiry Scale is reliable and allows for analysis of the 

main elements of the ability to inquire, which is relevant for scientific reasoning. However, it 

is necessary to investigate the external validity.  

 

Keywords:  Scientific reasoning, psychometry, pedagogy, confirmatory factorial analysis 
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Resumen 
 

Introducción. Existen escasos instrumentos para medir la habilidad de indagación en Chile, a 

pesar de su importancia para la Educación en Ciencias. Este estudio analiza las propiedades 

psicométricas de la Escala de Indagación Científica en estudiantes de Pedagogía de dos uni-

versidades chilenas.    

Método.  El estudio utiliza un diseño instrumental con 325 estudiantes de tres carreras de 

pedagogía. Como instrumento de medida se emplea una escala basada en una de las dimen-

siones del test Tareas de Pensamiento Crítico de Miranda. Para el análisis se utilizaron estadí-

grafos descriptivos, de confiabilidad y dimensionalidad.    

Resultados. Los resultados muestran tres ítems bajo la media, dos dentro de la media y tres 

levemente por sobre ella, con adecuados rangos de asimetría y curtosis. El análisis de dimen-

siones da cuenta de un modelo de tres factores con buenos indicadores de ajuste, en relación 

con tres focos de habilidades observados en la habilidad medida, exploración con tres ítems 

relacionados, comprensión con dos ítems e inferencia con tres ítems. El análisis de confiabili-

dad es adecuado, pero bajo lo esperado (.61) y presenta un nivel de consistencia interjueces 

adecuado, con un coeficiente de correlación intraclase de .62. 

Discusión. La escala de Indagación Científica es confiable y permite analizar los principales 

elementos de esta habilidad, que es relevante para el razonamiento científico. Sin embargo, se 

debe continuar investigando su validez externa.   

Palabras Clave:  Razonamiento científico, psicometría, pedagogía, análisis factorial confi-

matorio 
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Introduction 

 

Scientific reasoning is a set of cognitive abilities that permits analysis and evaluation 

of data that is obtained before a determined situation (Ding, 2014). It implies recognizing in-

formation that is obtained, distinguishing the elements that make it up, verifying the sources 

where it originates, and evaluating its coherence and relevance. For this, it is required to have 

an evaluative judgment about the observed situation and about the use of the cognitive abili-

ties (Madariaga & Schaffernicht, 2013).  

 

The education professionals should develop learning processes that promote these 

abilities, given that they permit to generate a responsible decision making, as well as to 

strengthen the abilities to fulfill the growing and complex requirements that appear in the sci-

entific and professional fields (Gutierrez-Braojos, Salmerón-Vilchez, Martin-Romera & 

Salmerón, 2013; Juliá, 2006; Ku & Ho, 2010). 

 

This can be achieved through the development of critical thinking abilities, which in 

the future education professionals should be a priority before the urgent measures of change 

that are required in the field of education, in order to promote a higher level of professional-

ism, development of policies that permit its promotion and its use in the school curriculum 

(Ávalos, 2007; Stapleton, 2011). This would serve, also, to improve the quality of learning, 

the academic performance, the autonomy and self-sufficiency of the students (Ku & Ho, 

2010; Olivares, Saiz & Rivas, 2013; Tung & Chang, 2009).  

 

The above is relevant due to the necessity to improve the quality of the initial teacher 

formation and elements of the professionalization that supports the effective development of 

knowledge by the teachers (Ávalos, 2007). This is seen reflected even more strongly in the 

performance of the teachers in the area of sciences and mathematics, which has been evi-

denced in the last international studies, where the Chilean students still have not reached the 

scientific and logic standards of the students of the OCDE countries (Organization for Eco-

nomic Cooperation and Development, 2013) which could indicate that there is still a lot of 

work to be done in the training of teachers and in thus the achievement of critical thinking 

would be highly relevant (Ding, 2014).  
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Jointly with the previous, diverse proposals have been raised (Cofré et al., 2010; Cris-

tobal & García, 2013; González, Martínez, Martínez, Cuevas & Muñoz, 2009; Harlen, 2013) 

in which the evaluation of the scientific inquiry competency has been made based on behav-

ioral measures and in school science exams, existing scarce experiences that evaluate with 

quantitative instruments with adequate indicators of reliability and validity.  

 

The scientific reasoning as an ability in the university formation 

Scientific reasoning is an important ability for the formation of students in areas such 

as the sciences, technology, mathematics and engineering, for which a better formation should 

be delivered to facilitate the effective learning for the students, so that they can effectively 

apply their knowledge to the problems of reality (Bao et al., 2009). Nevertheless, today there 

is a crisis with respect to the level of value that is present in society and of the quality with 

which it is taught in the educational institutions (Benito, 2009). To improve this, the devel-

opment of abstract thinking schemes is fundamental so that an application of knowledge is 

achieved in both the classroom as well as in daily life situations (Rodríguez, Mena & Rubio, 

2010).  

 

It has been proposed that the development of scientific thinking is related with ad-

vanced levels of thinking, in relation to the Piagetian formal operations stage, where abstract 

thinking predominates (Picquart, Guzmán & Sosa, 2010; Rodríguez et al., 2010). By the 

aforementioned, the teaching of science and scientific reasoning are probably related to the 

traditional methodologies like the master class (Ordoñez, 2014).  

 

The development of activities that apply scientific abilities is necessary, for they 

strengthen its comprehension and usage (Akarsu, 2010). Some studies suggest that the devel-

opment of application activities like research practice in the disciplinary fields constitute a 

situational factor that promotes the use of skills at the procedural and cognitive level (Benito, 

2009; Ordoñez, 2014). Furthermore, when the comprehension of the techniques used is 

strengthened, it is possible to achieve a greater predisposition towards the scientific reasoning 

(Ordoñez, 2014) and even, in the achievement of greater levels of academic performance (Bao 

et al., 2009).  

 

Scientific reasoning should permit the systematization in an ordered and logical man-

ner of a set of analysis (Ding, 2014), using strategies, rules and plans that permit the devel-
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opment of explanations about an observed phenomena (Lawson, 2004). What’s more, it helps 

to judge the validity of knowledge that is generated, determining when to permit reaching a 

more accurate level of validity (Bao et al., 2009) which is also related to critical thinking 

(Saiz & Nieto, 2002).  

 

Scientific inquiry 

Inquiry is conceptualized as a cognitive process that implies making observations, 

formulating questions and examining sources of information to distinguish what is known and 

what is lacked knowing, also to use instruments to gather and analyze data, to propose an-

swers, explanations and predictions (Garritz, 2010). It is a multifaceted activity that permits 

one to search for the construction and evaluation of one’s own learning, implying the devel-

opment of knowledge and understanding of scientific ideas (Camacho, Casilla & Finol, 2008).  

 

It is understood as an important contribution to the education field to permit students 

to develop knowledge and understanding of scientific ideas in the management of their learn-

ing (Garritz, 2010). The inquiry model proposes that the teacher is an active agent in their 

own formation and assumes that the more that is known about the origins and consequences 

of their actions, the more possibilities can exist to make changes to it or to ground them in 

foundation (Miranda, Zambrano & Jélvez, 2010).  

 

The capacity of inquiry would include different cognitive tasks oriented towards three 

main emphases, on one side, to identify and connect relevant information (extraction); on the 

other side, to analyze and reflect on the importance and validity of the information (compre-

hension and evaluation) (Miranda, 2003). On the other hand, the science teaching model 

based in inquiry signals five phases or stages for the development of this capability adding to 

these foci a previous process of focusing of the tasks and separating the application from the 

evaluation (Uzcátegui & Betancourt, 2013).  

 

The use of the inquiry permits a greater comprehension of scientific concepts, as well 

as the development of scientific abilities, achieving a greater comprehension about the same 

nature of the science, in such achieving a comprehension of the development of scientific 

knowledge and its relationship to the society (González et al., 2009). The inquiry based learn-
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ing promotes research and reflections on the pedagogical practice and its relationship with 

critical thinking (Ding, 2014). 

 

The term scientific inquiry has been widely used in science education because of its 

closeness with search for valid data from the natural world, the generation of hypotheses, and 

the design of research. On the other side, it can be understood as an objective of learning, a 

teaching methodology or a pedagogical approach, that’s to say a set of knowledge and beliefs 

that guide the teaching of science.  

 

As a teaching model, it seems to be especially beneficial since it permits the construc-

tion of the class from the interests and questions of the same students inviting them to gener-

ate questions and hypothesis about daily life issues and their surroundings, to later support 

them in the elaboration and execution of the experimental designs oriented to prove their hy-

pothesis and to provide answers to their questions (González et al., 2009).  

 

Few instruments based in quantitative measurements of performance have been found 

for the evaluation of scientific inquiry, one of these is the New Practical Assessment Invento-

ry NPTAI (Ferrés, Marbà, & Sanmartí, 2015), an adaptation of a test that evaluates scientific 

inquiry abilities based on closed-ended questions that assesses the achievement of students to 

complete the process of inquiry. The NPTAI allows for the analysis of 7 large categories that 

include the search for data, development of hypothesis, use of variables, selection of proce-

dures, data processing, obtaining conclusions and meta-reflection.  

 

While the instrument does integrate all the analysis levels of the inquiry process and 

many of those considered in the critical thinking, the search and selection processes, analysis 

and decision making, and meta-knowledge would be of different levels and functions for the 

theoretical models that critical thinking proposes (Miranda, 2003; Saiz & Nieto, 2002). In 

view of this, for the effects of the present work another instrument, the Inquiry Scale from the 

Tasks in Critical Thinking test (Miranda, 2003) has been selected for this study, as it permits 

an evaluation of the central abilities of inquiry (search and selection of data, analysis and in-

ference), with adequate levels of reliability and greater parsimony.    

 

 

Objetives and hypothesis 
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 The objective of this study was to analyze psychometrics properties of scientific in-

quiry scale, adapted of Miranda’s inquiry dimension of Critical thinking task test (2003) in 

Chilean’s pedagogy students.  

 

Method 

 
Participants 

 The participants were 325 students from the second year of pedagogy in the mathe-

matics pedagogy, natural sciences pedagogy, and history and geography pedagogy majors, 

from two traditional institutions of higher education in the region of Bio-Bio, Chile. The sam-

ple represent 55% of science and mathematic student’s population in this area. Of these, 71% 

(231) were women, and 29% (94) men, presenting an age range from 17 to 38 years old 

(M=20.5, SD=2.54). 

 

Instruments 

For the study, a scale based in the inquiry dimension from the Tasks in Critical Think-

ing test from the Educational Testing Service of the United States was used, adapted and 

translated to Spanish by Miranda (2003). The instrument in general conceives critical thinking 

as a capability of selecting inferentially information, analyzing it to develop a hypothesis and 

to make decisions about how to communicate it. It has been used to evaluate the scientific 

thinking in biological and oceanographic areas of interest. The complete test consists of 14 

questions, organized in three dimensions, which are inquiry, analysis and communication, 

structured in tasks that give an informative situation and questions (Miranda, 2003; Miranda 

et al., 2010).  

 

The inquiry dimension consists of 8 items oriented to tasks such as identifying data of 

an act, searching systematically for relevant and valid data. This dimension presents an ade-

quate level of reliability with a Cronbach’s Alfa of .75 in the Chilean sample (Miranda, 2003). 

The items have an open-ended type of answer and its grading scores vary between 0 and 3 

points, depending on the question, the maximum score being 20 points (Miranda et al., 2010); 

the scale is organized in three different tasks in a similar manner to the original test, under-

standing the first task as an analysis situation of graphic information with three questions. The 
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second task consists of a brief text and a graphic, considering two questions and finally the 

third task as a brief text with three questions. 

 

Procedure 

 

Before beginning the application, a revision by the ethics Committee of the Doctorate 

Program in Psychology of the Universidad de Concepcion, Chile of instrument, authorizations 

and informed consent was solicited. An application of the scale was completed without modi-

fication of the questions, being that it is had been applied in a Chilean population. For the 

application, a space during the class time was coordinated with the department heads and with 

previous authorization by the teacher in charge of the course; the instruments included a writ-

ten informed consent that the students read before completing the test, and only if they volun-

tarily agreed did they proceed. Once received, the valid questionnaires were analyzed, that is 

to say those that had all the answers, or at least, only one missing answer per instrument. Af-

terwards, a database was generated with the results of the test through the statistical software 

SPSS version 20, where the statistical analysis was developed. Finally, a subsample of 105 

subjects was extracted to complete an evaluation of the grading rubric of the scale based on 

the judgements of two independent evaluators. 

 

Datal Analysis 

To analyze the data, descriptive statistics were applied (central measures of tendency, 

dispersion and distribution), with the SPSS software V.20. Furthermore, an exploratory facto-

rial analysis was completed using an extraction model of Factorization of the main axes and 

varimax rotation, in order to determine how many probable factors the scale has. Afterwards, 

a confirmatory factorial analysis was completed; in the evaluation of the global fit of the 

model the following statistics were considered as criteria: Chi squared (X2), goodness of fit 

index (GFI), adjusted goodness of fit index (AGFI), comparative fit index (CFI), normed fit 

index (NFI), and the root mean square error of adjustment (RMSEA). Additionally, the Ome-

ga statistic was applied to measure the level of internal consistency, which is more adequate 

for data in which there could be differences between the data in the coefficient matrix, being 

more sensitive to those than Cronbach’s Alfa (Campo, Villamil & Herazo, 2013); these were 

completed with the M Plus program, V.7.4, which permits the simultaneous estimation of the 

parameters for the proposed models like the modelization.  
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To estimate the consistency of the grading rubric, intraclass correlation coefficient was 

applied, with a randomized two-factor model and absolute agreement type, through the SPSS 

software V.20.0. 

 

Results 

 

 The descriptive analysis of the inquiry scale items, as is shown in table 1, presents a 

range of answers in general, within the adequate parameters in terms of distribution with 

asymmetry and kurtosis values between 2 and -2, which is the expected for a normal distribu-

tion according to Bollen and Long (cited in Nuñez-Alonso, Martín-Albo & Navarro, 2007). It 

is observed that items 6 and 8 present elevated kurtosis, which could indicate that the results 

would be largely concentrated near the mean. See Table 1. 

 

Table 1. 

Descriptive analysis of the items   

 N Minimum Maximum Mean Std. Devia-
tion 

Asymmetry Kurtosis 

Item1 325 0 3 1.39 .834 .360 -.401 
Item2 325 0 3 1.33 .715 .642 .308 
Item3 325 0 2 1.22 .600 -.133 -.474 
Item4 325 0 3 1.58 .743 .252 -.437 
Item5 325 0 2 1.38 .682 -.651 -.687 
Item6 325 0 2 1.20 .605 .884 1.546 
Item7 325 0 3 1.22 .630 .455 .570 
Item8 325 0 2 .91 .446 -.404 1.728 

 

 

Related to the average of each item, it is observed that in questions 1, 2 and 7 the value 

is lower than the expected arithmetic mean (1.5 points), the same for item 8 (1 point); while in 

question 4 the value is approximately the arithmetic mean; questions 3, 5 and 6 show a higher 

average than the expected arithmetic mean (1 point). In the analysis of model ‘s dimensions, 

the exploratory factorial analysis (EFA) showed a KMO of .63 which is considered only ade-

quate, while the Bartlett test of sphericity was significant (p=.000). Three factors emerged that 

explain 32% of the variance.  
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For the confirmatory factorial analysis (CFA), three models were tested, with different 

amounts of factors, as is observed in table 3, the model of three factors is that which presents 

the best fit indexes (values CFI, GFI, NFI and AGFI optimal over 0.95; RMSEA optimal un-

der 0.05). The previous would be in agreement with the proposed structure by the EFA as 

well as with the organization of the test in three areas.  

 

 

Table 2. 

CFA values of inquiry scale  

Models X2   (p) CFI GFI NFI AGFI RMSEA 
One Fac-
tor 

11.031 (.68) 1.00 .955 .957 .980 .00 

Two Fac-
tors 

24.585  (.175) .975 .929 .904 .965 .038 

Three Fac-
tors 

13.361  (.77) 1.00 .965 .965 .982 .00 

 

It can be observed in the model diagram below (figure 1), that the three factors present 

adequate correlations between them, only that factor 1, which is named “exploration” (In 1 in 

figure), has a significant relationship but of low intensity with the factor 3 that corresponds to 

“inference” (In 3 in figure), but not with factor 2, that is named “comprehension” (In 2 in fig-

ure). A very strong correlation is observed between factors 2 and 3, which could explain the 

analytic nature of these tasks.  

 

The model presented furthermore demonstrates that is it adequate to establish the scale 

with three types of tasks, in function of the abilities that are present in the inquiry. Items 1, 2 

and 3 would have a significant relationship and of middle to high with the exploration factor, 

while items 4 and 5 present a significant and middle correlation with the comprehension fac-

tor. Finally it is observed that items 6, 7 and 8 present a significant relationship with the  in-

ference factor; even though only 7 and 8 show high correlation, in exchange item 6 is ob-

served with a low intensity relationship. See Figure 1. 

 

Finally, the omega statistic, shows a medium reliability level of the inquiry scale, low-

er that than expected but still positive (α=.613). While the intraclass correlation analysis ob-

tained, based on the evaluation of the two judges in the subsample of students (N=103, 
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M1=6.9, SD=3.10; M2=9.01, SD=3.11), was .618, which accounts for an adequate consisten-

cy between the judges.  

 

 

 

Figure 1.  Three-factor model of the inquiry scale  

 

 

Discussion and Conclusions 

 

The development of the scientific inquiry is a relevant topic in the current formative 

strategies in the science teaching (Bao et al., 2009; Benito, 2010; González et al., 2009; 

Rodríguez et al., 2010). It is possible to find currently a larger emphasis in the study of pro-

grams and didactic experiences for the development of the inquiry competency, on the one 

hand, and in the determination of proficiency profiles required to carry out the inquiry on the 

other (Cristóbal & García, 2013; Harlen, 2013), abounding instruments of observational and 

qualitative registers, and with less interest in developing instruments that allow for the estab-

lishment of a performance measurement with a higher reliability. This point is relevant since 

having measurement instruments permits the replication of the evaluation of programs and 
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experiences with a more reliable base, generating greater possibilities of comparison. Moreo-

ver, it decreases the variability of the perceptions in the student performance.  

 

The measurement instrument examined in this study presents adequate indicators of 

reliability, while it is found lower than expected in comparison with other studies (Miranda, 

2003; Miranda et al., 2010) and the conventional minimum of .70 (Barraza, 2007). The inter-

judge consistency is adequate but also somewhat low. According to what the previous author 

mentioned, the indicators for the instrument would be within the acceptable level.  

 

The dimension analysis proposes that it is not possible to consider this scale as only 

one factor, being that its analysis shows that the indicators don’t fit adequately to the model. 

This is contrary to what is mentioned in the validation study of the instrument (Miranda, 

2003), that integrates the items in one unique dimension. Nevertheless, from the results of this 

study, it was observed that it is more adequate to consider three dimensions, achieving indica-

tors with a good fit model and considering furthermore that the items are oriented to different 

aspects of the inquiry task. 

 

It is worth mentioning that this proposed tripartite structure is consistent with the ap-

proach developed by the ECBI model (Uzcátegui & Betancourt, 2013), focusing on the three 

central processes, even when the evaluation phase proposed in the model is not considered. It 

is also important to note the adequate existing relationship between the items and the pro-

posed factors, even though it emphasizes the fact that between them there is an adequate rela-

tionship between the Exploration and Inference dimensions, and between the Comprehension 

and Inference but not between Exploration and Comprehension.  The above would indicate 

that in the type of tasks that are integrated in the instrument, the abilities to explore and to 

comprehend are both fundamental for the inference of information, however, the exploration 

in detail would not be necessarily necessary to comprehend the information.  

 

It is observed as limitations of the study the instrumental character of the same, orient-

ed to analyze aspects of internal validity of the instrument rather than to analyze the data gen-

erated. On the other side, it is relevant to note, as a deficiency, the level of reliability found in 

the items, as well as in the evaluation of the instrument and the reviewers of the instrument, 

which does not allow to establish a categorical assessment of the scale as a useful and accu-
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rate instrument of measurement. The existence of difficulties in writing the items is hypothe-

sized which generates difficulty in the understanding of the tasks to be carried out.  

 

Finally, as projections of the study its worth mentioning, in relation to the above, the 

need to improve the writing of the items and to improve the level of reliability and interjudge 

consistency. In addition, it is necessary to advance in external validation through tests of con-

current and discriminant validity with other instruments that evaluate attention abilities, per-

ceptive discrimination, inductive and deductive reasoning and inference. 
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