


 
 
 

 
 

 
 
 

 
 
 
 
 
 

 
FACULTAD DE EDUCACIÓN 

 
DEPARTAMENTO DE DIDÁCTICAS ESPECÍFICAS 

 

Ph.D. Dissertation 
 
 

STEM education in elementary grades:  
Design of an effective framework for improving  

attitudes towards school science 
 
 

A thesis 
submitted in fulfillment of the requirements 

for the degree of 
 

Doctor of Philosophy in Education 
 

by 
 

Radu Bogdan Toma 
 
 

Supervised by:  
Dr. Jesús Ángel Meneses Villagrá 

 
Burgos, November 2019 



  
 
 

 
 

 
 

 
 
 

  



 



 



 





 





 





 





 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  



  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

 

 

 

 

  

  



  

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 





 

 



 

 



 



 

 



 



 

 



 







 



 





❖ 



 

 



 



 

 



 



 



 





 

 



 

 



 

 









 

 







 



 



 



 







 



 



 

 



 



 

❖ 

❖ 

❖ 

❖ 



 

 









 

 

 



 

 

 



 

 



 

 





α

 



 

 

 

α

α

α

α



α

α

α

α

α

 

α

α

α





 



 



 

 





 







 

 







 

 

 

 

 

 



 

 

η

η



 

η η

η





 

 

η

η

η η

η



η



 

η

η

η

η



η η

η

η





η

η







 



 





 





 

 



 



 



 

 



 



 





❖ 

❖ 

❖ 

❖ 



❖ 

❖ 

❖ 

❖ 

❖ 

❖ 



❖ 

❖ 

❖ 

❖ 

❖ 

❖ 

❖ 

❖ 



❖ 

❖ 

❖ 

❖ 

 





‐ ‐ ‐







‐





‐

‐



‐ ‐ ‐ ‐

‐











‐

‐ ‐ ‐





 





 





 
© Authors. Terms and conditions of Creative Commons Attribution 4.0 International (CC BY 4.0) apply. 

 rtx0001@alu.ubu.es (*Correspondence)   imgreca@ubu.es   
 

 
OPEN ACCESS 

EURASIA Journal of Mathematics, Science and Technology Education 
 ISSN: 1305-8223 (online) 1305-8215 (print) 
 2018 14(4):1383-1395  DOI: 10.29333/ejmste/83676 

The Effect of Integrative STEM Instruction on Elementary 
Students’ Attitudes toward Science 

Radu Bogdan Toma 1*, Ileana M. Greca 1 
1 Departamento de Didácticas Específicas, Universidad de Burgos, SPAIN 

Received 21 September 2017 ▪ Revised 18 December 2017 ▪ Accepted 18 December 2017 

 
ABSTRACT 
An inquiry-based integrative STEM education approach was implemented in two fourth 
grade Elementary Education classes, in Spain, through a module on simple machines. 
The viability of this science education model in the official Spanish curriculum and its 
influence on students’ attitudes towards science and learning of STEM subjects has 
been studied through an adapted Test of Science Related Attitude scale, achievement 
tests, and teachers’ interviews. Students participating in the integrative STEM project 
reported significantly more favourable attitudes toward science than students from 
traditional classrooms. Although attitude scale and achievement test results seem to 
show that an integrative STEM education may be feasible in 4th grade of the Spanish 
elementary education, interviews revealed reluctance among teachers to use 
integrative STEM education and more directive instructions on implementing such an 
educational model are demanded. Implications for science education and future 
studies are discussed. 

Keywords: integrative STEM, attitudes toward science, inquiry-based science 
education, TOSRA 

 

INTRODUCTION 
Numerous reports warn of failings in the educational system to provide suitable science and technological training 
for young people in relation to the employment needs of the 21st (e.g. EC, 2016; UNESCO, 2015). Over recent years, 
fewer and fewer students appear to be interested in problems of a scientific-technological nature (Osborne & Dillon, 
2008). In Europe, the number of students that end their formal studies with no scientific qualification has increased 
(EC, 2015), and the number of enrolments in scientific courses has fallen (OECD, 2005, 2006). The reasons for this 
constant reduction have been previously investigated (e.g. Ali, Yager, Hacieminoglu & Caliskan, 2013; Jones, Howe 
& Rua, 2000; Osborne, Simon & Collins, 2003). Evidence seem to show a failure in reaching the proposal of science 
education reform; as Osborne and Dillon (2008) pointed out, “The challenge therefore, is to re-imagine science 
education (…) for the modern world and how it can meet the needs of all students.” (p. 5). Apparently, students 
begin elementary education with a spontaneous interest in nature, however, by the end of this educational stage 
they perceive science to be irrelevant, boring and too difficult to learn. Thus, while students interest in science is 
high at 10 years old, regardless of gender (Haworth, Dale & Plomin, 2008), by the time students are 14 years old, 
their interest has decreased considerably (Osborne et al., 2003). Lindahl (2007), after a longitudinal study with 
students of 12-to-16 years old, concluded that career aspirations and interest in science became evident at 13 years 
old and that the probability of engaging students in science related activities at later ages was progressively more 
difficult. 

Although these findings suggest a need for greater emphasis on science education at the elementary education 
stage, there is little knowledge on how to best do it. Thus, there is a need to develop science education initiatives 
that address the generalized development of unfavourable attitudes toward science in elementary students. For 
this reason, the aims of this paper are to present a proposal for integrative STEM education and to assess its impact 
on elementary students’ attitudes toward science and to study its viability in the Spanish education system. The 
results may be useful in decreasing the gap in the literature related to science education efforts focused on reducing 
the factors that leads to students’ rejection of science, especially in Spain. 

mailto:rtx0001@alu.ubu.es
mailto:imgreca@ubu.es
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BACKGROUND 

Attitudes toward Science 
Concern over students’ attitudes toward science is not new (Osborne et al., 2003) and different factors involved 

have been investigated. Different studies have established that the environment in which the learning of science 
takes place has a direct relation with the attitudes that students will develop at a later stage in life (e.g. Aldridge & 
Fraser, 2000; Puacharearn & Fisher, 2004). Thus, unfavourable attitudes seem to be related to traditional science 
teaching approaches (Oh & Yager, 2004) and rote learning (Hacieminoglu, 2016). In addition to the methodological 
factor, other aspects seem to impact students’ attitudes, such as academic results, gender, and grade level (Ali et 
al., 2013). In relation to the first aspect, Caleon and Subramaniam (2008) indicate that students with low 
performance have shown a more unfavourable attitude towards science in comparison with high achievers. In 
terms of gender, there are contradictory evidences. While some studies report that boys have more favourable 
attitudes in comparison to girls (e.g. De Pro Bueno & Pérez Manzano, 2014; Jarvis & Pell, 2005), others have noted 
similar attitudes towards science among both male and female students (Akpinar, Yildiz, Tatar & Ergin, 2009). 

Finally, related to grade level, although traditionally the age of 14-16 years has been established as the focal-age 
to improve interest in the attitudes toward science, Haworth et al. (2008) suggest that those vocations are already 
defined at 14 years old. Research into elementary students’ attitudes toward science confirmed that girls tend to 
report more unfavourable attitudes than boys. More specifically, girls enjoy less science lessons (Denessen, Vos, 
Hasselman, & Louws, 2015) and boys have more aspiration in science than girls (DeWitt & Archer, 2015). Also, it 
seems that as grade level increase, favourable attitudes toward science decrease drastically (Ali et al., 2013; Said, 
Summers, Abd-El-Khalick, & Wang, 2016). 

STEM Education 
In order to increase students’ positive attitudes toward science and foster their aspiration for a science related 

career, STEM (Science, Technology, Engineering & Mathematics) proposals have gained momentum. The idea of 
STEM education is the conceptualization of these disciplines as a cohesive entity, the teaching of which is integrated 
and coordinated as they are applied to problem-solving in the real world (Sanders, 2009). Therefore, STEM 
education is a model that ought to promote and improve the learning of the disciplines to which the acronym refers. 
Nevertheless, the conceptualizations of what STEM implies often vary between authors. While some proposals 
focus on the renovation of each STEM subject (Bybee, 2013), others support a multidisciplinary and integrative 
STEM education in which the teaching of the contents of Science, Technology, Engineering, and Mathematics 
subjects is similar to the treatment of these disciplines in real life (Ritz & Fan, 2014). 

Nevertheless, this approach is complex and there is a lack of consensus over establishing how the content should 
be organized, taught and evaluated, and at what educational stage its implementation would be more convenient 
and beneficial (Pitt, 2009). In the comprehensive review of STEM programs conducted by Heil, Pearson & Burger 
(2013), the authors indicate that there is an absence of empirical studies and theoretical frameworks that guide the 
design and implementation of STEM programs; that the clear majority of proposals are implemented in an 
extracurricular schedule; and that STEM proposals are generally designed and implemented in secondary school. 
In the Spanish educational system, Cañal’s (1998, 2007) and Charrier Mellillán, Cañal & Rodrigo Vega’s (2006) 
studies report that teachers are reluctant to implement active teaching methodologies (like inquiry-based Science 
teaching) in their classrooms. In general, Spanish teachers consider that inquiry teaching is a very slow teaching 
method and think that it is not viable; teachers consider that it will be impossible to implement the curricula 
objectives and contents that are necessary if contents are taught according to student’s interests. Finally, teachers 
tend to consider that the quality of the knowledge that students achieve through an inquiry-based education can 
be low or very low (Cañal, 2007). 

At the institutional level, several governments have emphasized the need to develop specialized STEM 
programmes at all educational stages, with several of them based on the inquiry teaching approach. Thus, for 

Contribution of this paper to the literature 

• This paper presents a frame of reference for the design of integrative STEM projects for the elementary level. 
• The proposed model seems feasible to be used for science teaching, particularly in the Spanish education 

system. 
• The proposed model seems to improve 4th grade students’ attitudes toward science in comparison to a 

traditional science teaching approach. 
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example, Australia (Marginson, Tytler, Freeman & Roberts, 2013) and Scotland (Science and Engineering Education 
Advisory group, 2012) have published national reports with recommendations for the implementation of STEM 
education and have proposed an integrated curriculum in the final year of Secondary Education (ASEE, 2011; Ritz 
& Fan, 2014; Pitt, 2009; Australian Government, 2013). However, for Elementary Education there is an absence of 
educational projects of these characteristics (Heil et al., 2013). 

THEORETICAL UNDERPINNINGS OF THE PROPOSED MODEL 
In this article, we propose an integrative STEM education model for elementary school. We consider that an 

integrative STEM education is more pertinent for elementary school because disinterest in science among students 
starts in this level (Keeley, 2009), especially in girls (Abell & Lederman, 2006). Moreover, a strong positive 
relationship has been found between students’ science-related experiences at elementary school and the choice of 
future studies in STEM disciplines (Tai, Qi Liu, Maltese & Fan, 2006). Regarding viability, in elementary education, 
teachers teach most of the subjects to the same class. So, an interdisciplinary and integrated treatment would not 
be a drastic change at that educational level. At least in Spain, it would be more difficult to implement an integrative 
STEM model in secondary education, due to the curricular organization and, even though teachers at this level 
possess a higher conceptual knowledge of the subject matter, all the necessary teaching and pedagogical skills to 
implement an integrative STEM education at that stage may be lacking.  

The proposed model of integrative STEM education uses, as a main teaching methodology, an inquiry-based 
science teaching approach. The term “inquiry teaching” has been used to characterize good practices in both the 
teaching and the learning of STEM disciplines (NRC, 2011, 2012; Rocard et al. 2007), and science teachers and 
researchers have scattered various interpretations of the effective forms of inquiry-based science education. In our 
model, we understand inquiry teaching as defined by the National Research Council (NRC, 2012): as a set of 
activities that seek to assimilate the learning of science and the processes and strategies that scientists follow to 
resolve problems in real world situations. It is a strategy that seeks to facilitate self-learning through students’ 
interactions with the objects of the environment that stimulate them, awake their curiosity, and drive the 
development of thoughts of a higher order and problem-solving skills, which are competencies demanded in many 
science curricula reforms and in the Spanish educational system (LOMCE, 2013). For us, learning science and about 
science requires inquiry teaching that should involve activities that include the analysis of scientific questions 
through the use and development of numerous skills (identification of variables related to the problem that needs 
to be investigated; design and realization of experiments; data interpretation; development of explanations, and 
the communications of results and conclusions). More specifically, our proposal is based on a coupled inquiry 
(Martin-Hansen, 2002) that combines a guided and an open inquiry investigation. Through this model, different 
aspects of Science, Mathematics, Technology and Engineering are addressed (Figure 1). It begins with an invitation 
to inquiry in which teacher select a first problem to investigate that is connected to a specific science standard or 
content. Next, an open-inquiry is implemented where students generate questions related to the first problem and 
“specific concepts can be explored in a more didactic fashion allowing students to connect their concrete 
experiences to abstract concepts” (Martin-Hansen, 2002, p.35). 

The proposed model consists of four phases that seeks to encompass each STEM discipline. Thus, in the first 
phase (inquiry invitation), the teacher proposes an engineering-based real-world problem that serves as a context 
to teach science-related content matter. During the second phase students perform a guided inquiry in which they 
conduct different experiments using scientific practices, technology, and interpret data using mathematics. The 
third phase consists of an open inquiry during which students should discuss the results obtained in the guided 
inquiry and propose new research questions necessary to solve the initial problem. The fourth and final phase 
(inquiry resolution) requires the design or implementation of a solution which could be technological in nature. In 

 
Figure 1. Integrative STEM framework for elementary education 
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this way, students begin to explore engineering design, linking engineering and science, as proposed in NRC (2012). 
Table 1 report how STEM disciplines are emphasized during the four phases of the proposed model. 

Table 1. Integrative STEM phases and its relationship with STEM disciplines 
Coupled inquiry STEM disciplines 
INQUIRY INVITATION 
Science content is introduced 
through a real world problem 

SCIENCE - ENGINEERING 
Real world problem related to an engineering challenge 

GUIDED INQUIRY 
Students perform guided 
experiment 
following teacher instruction 

SCIENCE 
Application of scientific methodologies in order to address the scientific concepts needed to 
solve the problem 
MATHEMATICS 
Data analysis and interpretation 
TECHNOLOGY 
Handling of devices and instruments for the design of experiments, data gathering and analysis 

OPEN INQUIRY 
Students keep addressing the 
initial problem through 
experiments that are 
not guided by the teacher 

SCIENCE, TECHNOLOGY, ENGINEERING, MATHEMATICS 
Students discuss the results obtained and they identify better ways to 
improve their design in order to solve the initial problem 

INQUIRY RESOLUTION 
Solving the initial problem 

ENGINEERING 
Students design or implement the technological device that solves the initial problem, using 
the scientific concepts developed previously and, in this way, linking engineering and science 
TECHNOLOGY 
Students propose possible technological applications in real world situations of the scientific 
concepts addressed throughout the inquiry. 
Students communicate their results and offer a possible resolution of the initial problem 

 

Programme Description: The Proposed Model as Applied to Simple Machine Unit for 4th 
Graders 

The following is an example of the application of this model on the topic of simple machines, as designed for 
fourth graders. 

1st phase: Invitation to inquiry. The teacher introduces the following engineering-based problem: How did the 
Egyptians transport the stone blocks for building the pyramids without using modern machines? 

2nd phase: Guided inquiry. After the discussion, the teacher indicates students how to construct three simple 
machines (pulleys, inclined planes and levers) using LEGOTM material. To perform the experiments, students tie a 
small-sized bag into each simple machine. Then, they insert small-sized coins until the block to be transported is 
raised. Next, students determine the force applied by the coins to move the stone block using a dynamometer. The 
experiment is repeated changing the size and the weight of the stone block, the fulcrum in the case of the lever, the 
angle of slope in the case of the inclined plane, and the type of pulley (fixed or mobile and its size). In each case, 
students have to predict what will happen. The experiments are conducted three times with each simple machine, 
in groups. When the experiments are done, students discuss the results obtained and the laws that govern each 
machine are deduced with teacher facilitation. It´s worth stressing that in this unit the mathematical concepts are 
adding, subtracting, multiplying, and dividing decimals. 

3rd phase: Open inquiry. Students report their results and discuss new variables that might have an impact on 
the force that is necessary to move the pyramid block using simple machines, such as the ruggedness of the inclined 
plane surface, the length of the inclined plane, or if a simple or compound pulley is used. Afterwards, in groups, 
they propose new hypotheses, design and complete experiments, and formulate their conclusions. 

4th phase: Solution of the initial problem. With the results of the coupled inquiry and other support materials 
(e.g. class textbook), students create a model with LEGOTM materials in which the route of a stone block from its 
origin to the hypothetical pyramid is shown, pointing out the way in which simple machines would have been 
used. This solution implies an engineering thinking process, where students have to apply the scientific concepts 
studied and give a reasoned answer. 
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DESIGN AND METHODS 

Purpose 
The purpose of this study is to implement and evaluate, through a quasi-experimental study, the viability of 

the proposed integrative STEM model in the elementary stage of the Spanish educational system, and to assess its 
impact in 4th year students’ attitudes toward science. Therefore, the following research questions were proposed: 

1. What effect does the proposed STEM model have on girls’ and boys’ attitudes toward Science?  
2. Is the proposed STEM model feasible in the Spanish educational system? 
It´s worth stressing that for answering this second question it is necessary to address two aspects. One is related 

to student’s science achievement when science is being taught using a hands-on approach, and the other is related 
to the main objections placed by Spanish teachers for not implementing active-teaching approaches (e.g. time 
consuming and student’s low achievement). 

Participants and Procedure 
The research was carried out in two elementary schools from a metropolitan area situated in northern Spain  

(n = 96 students; 42% girls). Two classes have formed the treatment group (n = 55) and two classes the control group 
(n = 41). The treatment group was selected using convenience sampling and control group was selected based on 
similarities with the treatment school in terms of science teaching methodology, materials used, and students’ 
performance. 

All students included in this study passed science subject during the first trimester and most students were 
Spanish (foreign students were less than 10% in each school). Also, both schools followed similar science teaching 
approaches, mainly via traditional teaching strategies using textbooks: students neither conducted experiments, 
nor were engaged in problem solving activities.  

The content of simple machines was selected. The treatment group studied this content through the proposed 
integrative inquiry-based STEM model (as detailed in the previous section), and the control group through 
traditional science teaching methodology. Teachers from treatment group were assisted by the first author of this 
study during the whole implementation. Both treatment and control group simple machine unit lasted for 12 
sessions (60 minutes each), as initially expected. 

Measures 

Adapted Test of Science Related Attitudes (TOSRA) 
An attitudinal scale adapted from Fraser’s (1981) TOSRA instrument was used to assess the influence of the 

proposed model on students’ attitudes toward science. Originally, TOSRA was designed to assess seven attitudes’ 
dimensions through a total of 70 Likert-type items. For this study, we adapted the scale to fit our specific context 
and to be more viable for its application with four grade elementary students. Thus, items were reduced to a total 
of 14, two for each dimension. All items formulated negatively were discarded because of Spanish language 
characteristics, in which negatively worded sentences reduced understanding. Of the remaining positive items, 
authors selected four items per attitude sub-dimension until reaching complete consensus. Next, items were 
translated into Spanish by two bilingual translators using direct and back-translation (Callegaro Borsa, Figueiredo 
Damásio & Ruschel Bandeira, 2012). A pilot study was performed using a 28 Likert-type scale (n = 24; 4th graders). 
Preliminary results indicated student’s fatigue and scale administration was time demanding. Thus, items with low 
reliability were excluded (α<.60) and a final scale of 14 items was developed, two per dimension. Cronbach’s α of 
the finale scale administered in this study was .78. The adapted TOSRA assess social implication of science (i.e. It 
is worth spending money on science; Science can help to make the world a better place), normality of scientists (i.e. 
Scientists are normal people who look like anyone else; Scientists are just as friendly as other people), attitudes 
toward scientific inquiry, (i.e. If I want to know something about science I prefer to do an experiment instead of 
receiving the answer from another person; It is better to discover things by experimentation rather than asking the 
teacher), adoption of scientific attitudes (i.e. I am curious about the world in which I live and the things surrounding 
me; I find it interesting to debate and hear opinions that are different than mine), enjoyment of science lessons (i.e. 
Science is the most interesting subject; I would like to have more science classes each week), leisure interest in 
science (i.e. I would like to receive scientific materials to do experiments at home; I like to talk about science during 
my leisure time), and career interest in science (i.e. When I grow up: I would like to work with people who makes 
scientific discoveries; I would like to study something related to science). A Spanish version of the scale is included 
in the Appendix 1.  
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During the post-test, once students complemented TOSRA scale, they were asked two open-ended questions 
(i.e. What are your thoughts about school science subject? Can you explain your feelings and thoughts about school 
science subject?) 

Students achievement test 
An achievement test with 25 questions was prepared following teachers’ criteria and standards of evaluation. 

Two items asked for theoretical definition and the remaining were problem solving-based items that were 
answered through multiple choice or true/false answer. Examples of these questions are attached in Appendix 2. 

Teacher structured interview 
In order to know the vision of the regular teachers of the treatment group, a structured interview was prepared 

to gather information about what they believed to be important factors for science teaching and learning in 
elementary education (i.e. What factors do you consider to be essential for science teaching and learning at 
elementary education based on gender variables?), what methodology, materials and activities they used to 
develop for science teaching (i.e. How would you describe your approach to science teaching and what materials 
and activities do you use most?), and their thoughts about teaching science through an integrative STEM approach 
(i.e. Discuss the use of integrative STEM approaches for science teaching). 

Data Collection and Analysis 
The implementation of the proposal and data collection were carried out during the second semester of the 

2015-2016 academic years. Data for the 1st research question (i.e. What effect does the proposed STEM model have 
on students’ attitudes toward science?) were intended to be gathered using a control group pre-post-test design. 
However, because of school time restriction, the control group didn’t allow pre-test data collection. Thus, available 
data for this research question were obtained based on a comparative post-test design using the adapted TOSRA 
scale. The actions adopted in order to prevent threats to internal validity were related to the context. The proposal 
was implemented in the same context as usual for students: time, teachers, classroom organizations, and the written 
support (the usual textbook).  

In order to categorize students’ attitudes toward science, cut-off points were established with equal percentages 
based on the cases explored (n = 96), obtaining three categories describing their attitudes (favourable, indifferent 
and unfavourable). Next, a statistical Student t-test for each TOSRA dimensions was used to determine differences 
in attitudes toward science between control and treatment group students.  

Data for the second research question (i.e. Is the proposed STEM model feasible in the Spanish educational 
system?) were collected administering to the treatment group (n = 55) an achievement test (pre and post 
implementation) and by performing structured interviews with teachers (n = 2; only post-implementation). For 
analysing the achievement test, cut-off points were established (fail: correct answers <12; below average: 13-15 
correct answers; average: 16-18 correct answers; better than average: 19-21 correct answers; excellent: correct 
answers > 22). Descriptive statistics and paired samples t-tests were used to analyse achievement test results. 
Interviews were analysed through conventional content analysis, which is a technique generally used for describing 
a phenomenon without imposing any existing theory (Hsieh & Shannon, 2005), in this case teacher’s perception of 
the feasibility of the proposed STEM model. To do so, interviews were transcribed and edited to allow analysis at 
the sentence level. Interviews transcripts from both teachers were read comprehensively several times to get an 
overview of their answers. Next, transcripts were read in detail and key words that capture teachers’ key opinions 
to each interview question were highlighted and codes were derived. Continuing this process, related codes were 
sorted into more general categories that reflect more than one linked key opinion. To ensure that the analyses was 
reliable, both authors discussed the coding scheme and categories derived, and the few discrepancies were solved 
by consensus after in-depth analysing the transcript jointly. 

RESULTS 

What Effect does the Proposed STEM Model have on Girls’ and Boys’ Attitudes toward 
Science? 

Student t-student test indicated that students’ attitudes from the treatment group differed significantly from 
students in control group, as measured post-test by the adapted TOSRA scale. On average, the treatment group 
reported better attitudes toward science (80% favourable; 18.2% indifferent; 1.8% unfavourable) than control group 
(19.5% favourable; 60.9% indifferent; 19.5% unfavourable; p < .05). More specifically, students studying simple 
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machines through the integrative STEM approach proposed reported more favourable attitudes in five TOSRA sub-
dimensions (Table 2) than students studying simple machines unit through a conventional approach. Up to 83.7% 
of the students from the treatment group expressed positive opinions about science subject, indicating that they 
saw science as useful (60%) and that they were able to use imagination and creativity during experiments (73.3%). 
On the contrary, 80.5% of control group students reported negative feelings about science subject, considering it 
was too hard because of many exercises and homework (82.2%) and boring due to continually reading from the 
textbook (46.3%). 

Table 2. TOSRA sub-dimensions’ results. Comparison between treatment and control group 
 SIS1 NS ASI ASA ESL LIS CIS 

p value .193 .008* .000* .001* .000* .000* .082 
* Significant at a level of .05 in favour of treatment group. 
1 Social implications of science (SIS); Normality of Scientist (NS); Attitude to Scientific Inquiry (ASI); Adoption of Scientific Attitudes (ASA); 
Enjoyment of Science Lessons (ESL); Leisure Interest in Science (LIS); Career Interest in Science (CIS) 

Thus, the proposal seems to foster more favourable attitudes towards scientists, scientific inquiry, adoption of 
scientific attitudes, enjoyment of science lessons, and leisure interest in science. No significantly differences 
regarding gender where obtained between and within each treatment or control group (p>.05). 

Is the Proposed STEM Model Feasible in the Spanish Educational System? 
The achievement test supports the integrative STEM model proposed in this study in fostering learning in 

students: all students improved their knowledge about simple machines, as shown in Figure 2.  

 
Figure 2. Treatment group achievement test results 

Three questions reported significant differences between pre and post-STEM implementation (Table 3). No 
significant gender differences where obtained between boys’ and girls’ achievement results (p>.05). 

Table 3. Achievement test questions that were correctly answered by most treatment group students 

Achievement test questions 
Pre-test 

% wrong answers 
Post-test 

% wrong answers P value 
Girls Boys Girls Boys 

Only living beings have force 78.3 78.1 4.3 3.1 .03 
The weight of an object influences the speed of its fall 95.7 87.5 34.8 15.6 .04 
Don’t know how to define simple machines 100 96.9 17.4 25 .02 
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Related to the interviews, both teachers interviewed were females with more than 20 years of teaching 
experience at elementary level. None of them had specific background or training in science. In relation to the 
important factors for science teaching, two themes emerged: practical approach, and teacher-student’s interaction. 
Both teachers reported that science teaching needs to be practical to foster understandings of abstract concepts. One 
teacher discussed the importance of a positive teacher-student interaction, concluding that teachers must create a 
space of dialogue in which students can solve all their misunderstandings.  

However, these teachers’ conceptions weren’t used during science lessons. Analysis of the second interview 
question (i.e. How would you describe your approach to science teaching and what materials and activities to you 
use most?) revealed that neither the teaching approach, nor the materials used to enhance students’ understanding 
were practical in nature. Thus, both teachers mentioned the textbook as the principal material for science teaching 
and individual and group written activities as the most habitual practice during science lessons. Three themes 
emerged as reasons for these choices: educational authorities’ demand, usefulness, and convenience. Relating to 
educational authority’s demand, both teachers alluded that textbooks were imposed: “Textbooks are imposed by 
the school board”; “Given that parents spent a lot of money buying these books, we must use it and we cannot 
demand parents to buy extra material [that is necessary for performing experiments]”. Also, textbooks were 
considered useful: “Using textbooks we can complete more easily the study program, and this is something that 
parents value most”. Finally, regarding the convenience aspect of using textbooks as the main material, teachers 
said that “It is the only way to make sure that students don’t make a lot of noise.”; “Class management is easier 
[using textbooks]”; “It hardly requires a lot of preliminary preparation”, “The publisher provides enough activities 
to accomplish the study program”, and finally, that “parents want to see what their children learn in class. So, by 
having a textbook, they can review what have been taught each day”. 

In relation to the third interview question (i.e. Discuss the use of integrative STEM approaches for science 
teaching) both teachers argued that, although they were surprised by students’ results and the classroom 
atmosphere during the STEM project, they wouldn’t use it as the main approach for science teaching. Two themes 
emerged for this decision: lack of knowledge, and time demanding for the teachers. Thus, one teacher said that “I 
would be encouraged to use this kind of methodology if class lessons would be provided like the textbooks that we 
use. I need to know what to do in each moment and how to teach content”. Also, both teachers agreed that “I see 
possibilities to use this approach as a complement to the textbook, but I can’t imagine teaching science using STEM 
[referring to the approach introduced in this study]”; “I simply have no time for preparing experiments at home 
and then bring them to the classroom.”; “I think that this kind of teaching is only viable in the case of having a 
program-guide and materials already prepared, like the textbook we use”. So although the proposal seems to be 
feasible in Spanish educational, teachers went on being reluctant about its use. 

DISCUSSION AND CONCLUSION 
Results of this study reinforce the advantages of an integrative STEM education which uses inquiry teaching 

methodology. In general, it appeared to improve students’ attitudes toward science and fostered science content 
learning. However, although the use of this approach has indicated to be viable in 4th grade of elementary 
education, teachers remained reluctant about its use and demanded more directive instructions, which requires 
future studies.  

As shown by TOSRA results, students engaged in an integrative STEM approach reported more positive 
attitudes toward science than those studying science through a conventional (e.g. textbook-based) approach. These 
results confirm those from earlier studies stating that an active science teaching methodology improves students’ 
attitudes (Hacieminoglu, 2016; Oh & Yager, 2004). Gender didn’t have any significant influence in both treatment 
and control students’ attitudes towards science, differing from the tendency showed in previous studies (i.e. 
Denessen et al. 2015; DeWitt & Archer, 2015; De Pro Bueno & Pérez Manzano, 2014; Jarvis & Pell, 2005), but being 
similar to those obtained by Akpinar et al. (2009). Overall, these results seem to indicate that the model proposed – 
using a coupled inquiry and clearly defining each of the phases needed for integrating the different STEM subjects 
– may be useful for the design of other STEMs teaching units for the elementary level. 

This study has also shown positive results regarding the viability of an integrative STEM approach for 
elementary education. Thus, none of the limitations reported by Spanish teachers in Cañal’s (2007) were identified. 
More specifically, the integrative STEM proposal was implemented without any need to make large-scale changes 
in the classroom distribution, subjects timing, nor school centre organization, contradicting common belief that 
“Inquiry teaching is a very slow teaching method. It is not viable”; “If content is taught according to students’ 
interests it will be impossible to implement the curricula objectives and contents that are necessary” (Cañal, 2007, 
p. 10). Additionally, achievement test results seemed to show that students did learn the science-content proposed 
by following scientific and engineering practices instead of rote-learning, which clearly show that the common 
beliefs about the quality of knowledge achieved through active-teaching approaches being low, as reported by 
teachers in Cañal’s (2007) study, doesn’t seem to be true. However, the interviews showed that although teachers 
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initially considered that science teaching and learning needs a practical approach, which tends to be a common 
conception within science teachers (Ireland, Watter, Brownlee & Lupton, 2012), they remained reluctant about the 
implementation of the STEM model presented in this study. Specifically, teachers reported to prefer a textbook 
based approach for science teaching due to convenience and logistical reasons, and they conceived the proposed 
STEM model as a complement to the theoretical lessons, which is similar to Spanish pre-service teachers’ 
conceptions that consider practical activities to be used for clarifying and reinforcing the theoretical content 
(Hamed, Rivero & del Pozo, 2014).  

The results of this study should be interpreted considering the following limitations. The application of the 
achievement test to both treatment and control groups could have provided more information about the 
relationship between scientific content learning and the teaching approach used. However, this was not an issue to 
be investigated in the present study. Another limitation is related to the study design. Although comparative post-
test design can report useful results, its main downfall is not controlling the variables that could have impacted 
post-test results. Thus, it is not clear to what extent treatment students’ attitudes toward science were more 
favourable due to the integrative STEM approach used or due to an already existing positive attitude prior to the 
project implementation. However, to counteract this downfall we selected schools with similar characteristics and, 
most importantly, that used the same teaching method and materials.  

Results and limitations of this study point to more questions that are worth investigating. The extent to which 
this model could be adapted to other science content needs to be studied. Additionally, studies using this approach 
in higher or lower grades that 4th grade are encouraged. Finally, it is necessary to deepen in teacher’s hesitation of 
shifting to a more active-based methodology for science teaching. If science teaching reforms are intended to be 
achieved, especially in the Spanish educational system, there seems to be an urgent need to study teacher’s intention 
to use integrative STEM approaches and to meet their demands for more directive instructions, trainings and 
communities of practices (El-Hani & Greca, 2013) or mentoring programmes for the implementation of inquiries 
(Yoon, Kim, Kim, Young & Park, 2013) that guide science teaching at elementary level through integrative 
proposals. Additionally, there is a need for science textbooks to include coupled-inquiry laboratory activities. By 
this inclusion, teachers may be more likely to implement this particular hands-on learning strategy. 

In conclusion, this study has sought to design, implement and asses and integrative STEM approach for science 
teaching at 4th grade elementary school level. The results of this study show that the model proposed may foster 
favourable attitudes toward science and offer a frame of reference for the design of integrative STEM projects. 
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APPENDIX 1 

Adapted TOSRA. Spanish version 
1. Merece la pena gastar dinero en la ciencia 
2. Un científico se parece mucho a las demás personas 
3. Prefiero resolver un problema haciendo un experimento en lugar de recibir una respuesta 
4. Tengo curiosidad por las cosas que me rodean y por el mundo en el que vivo 
5. Conocimiento del Medio es la asignatura más interesante 
6. Me gustaría recibir materiales científicos para poder hacer experimentos en casa 
7. Cuando sea mayor, me gustaría trabajar con personas que realizan descubrimientos científicos 
8. La ciencia puede ayudar a que el mundo sea un lugar mejor 
9. Los científicos son igual de simpáticos que las demás personas 
10. Es mejor descubrir la respuesta mediante un experimento antes que preguntar al profesor 
11. Me gusta escuchar a las personas que tienen una opinión diferente a la mía 
12. Me gustaría tener más horas de Conocimiento del Medio a la semana. 
13. Me gusta hablar sobre la ciencia fuera de clase. 
14. Cuando sea mayor, quiero estudiar algo que tenga que ver con la ciencia. 
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APPENDIX 2 

Achievement test. Sample questions 
Theoretical questions: 
Define what you think is a simple machine. Give an example. 
Define what you think is a compound machine. Give an example. 
 
Multiple choice questions: 
- Two balls (one black, one white) are the same size. The black ball weighs 10 kg and the white ball weighs 5 kg. 
Both balls are thrown from a building at the same moment and from the same height. Which of the two balls reach 
the ground first? Select the correct option and explain your answer. 
a) Both balls hit the ground at the same time. 
b) The black ball arrives first. 
c) The white ball arrives first. 
 
- Consider the following pictures. Sandro must load a truck with a heavy barrel. For this, he can use ramp A or 
ramp B. Indicate whether the following statements are true (T) or false (F). Explain the answers you think are false. 

                Ramp A                 Ramp B 

  
a) In both the ramp A and the ramp B, Sandro must apply the same force to transport the barrel. 
b) If Sandro chose ramp B, he will apply less force to transport the barrel in comparison to using ramp A. 
c) Sandro must not use any ramp. He’d better pick up the barrel and transport it without any ramp. 
 
 
 

http://www.ejmste.com 



 



 





5
INTEGRANDO LA PROGRAMACIÓN 

COMPUTACIONAL EN EL ENFOQUE STEM:  
UN EJEMPLO SOBRE LA CALIDAD DEL AGUA

Radu Bogdan Toma



5.1. Introducción

En este trabajo se propone un modelo de educación STEM interdisciplinar que inte-
gra los contenidos y procedimientos científicos, ingenieriles, matemáticos y los pro-
pios del pensamiento computacional a través de dos metodologías de enseñanza y 
aprendizaje: la indagación científica y el diseño ingenieril en el contexto escolar. Pos-
teriormente, se ejemplifica la implementación de este modelo en el aula de 5º y 6º 
curso de Educación Primaria a través de una unidad didáctica (UD) que versa sobre 
los parámetros fisicoquímicos de la calidad del agua y las técnicas físicas de separa-
ción de mezclas.

5.2. Planteamiento STEAM

Se propone un modelo de Educación STEM (figura 5.1) que concibe la integración de 
las cuatro disciplinas a través de diferentes fases que conforman la UD (Toma y Me-
neses, 2018a).

Al comienzo de la UD, se plantea a los estudiantes un problema de relevancia social 
y educacional, basado en los contenidos curriculares de la asignatura de Ciencias de la 
Naturaleza. Posteriormente, se adopta un modelo de indagación acoplada (Martin-
Hansen, 2002) para abordar los contenidos objeto de estudio de la asignatura de Cien-
cias, claves para la resolución del problema inicial, y así abordar la S (Science) del mar-
co de educación STEM. La indagación acoplada, en el ejemplo que presentamos, 
consiste en la realización de dos indagaciones: la primera es muy asistida por el profe-
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sor, que es quien plantea las preguntas de investigación, guía la formulación de las hi-
pótesis, diseña los experimentos y facilita instrucción para su realización; en la segun-
da indagación, el alumnado cobra autonomía y el profesor disminuye la cantidad de 
instrucciones guiadas, intentando facilitar un planteamiento más autónomo por parte 
de los estudiantes respecto a las preguntas de investigación, la emisión de hipótesis y 
el diseño y realización de los experimentos. Las fases propuestas y desarrolladas en la 
indagación científica se recogen en la figura 5.2

M T S E 

Indagación 
acoplada 

Programación 
computacional 

Proceso de 
diseño 

ingenieril 

Registro de 
datos e 

interpretación 

Integración de las disciplinas 

UNIDAD DIDÁCTICA 

Figura 5.1. Modelo propuesto de educación STEM integrada con programación computacional.

Figura 5.2.  Fases del método de iindagación científica.

Finalizado el proceso de indagación acoplada, los estudiantes emplean el método 
de diseño ingenieril (Bybee, 2011) aplicando el conocimiento adquirido a través de 
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las indagaciones anteriores, dando respuesta o solución al problema ingenieril plan-
teado. Con ello se pretende trabajar la E (engineering) del marco STEM. Las fases del 
método ingenieril, muy similar al método de indagación científica, se recogen en la 
figura 5.3. A diferencia de una indagación en la que los estudiantes pretenden avan-
zar en el conocimiento teórico sobre una situación problemática, mediante el método 
de diseño ingenieril los estudiantes deben dibujar, construir y probar un prototipo de 
artefacto, aplicando el conocimiento teórico adquirido para resolver la situación 
problemática inicial. En estos dos procesos, de desarrollo de conocimiento (indaga-
ción científica) y elaboración y evaluación de un prototipo (diseño ingenieril) inter-
viene las matemáticas (M del marco STEM), mediante la interpretación de los resul-
tados; y la tecnología (T del modelo STEM), mediante la programación computacional 
de una placa microcontroladora que sirva como herramienta para la toma y regis-
tro de datos y la manipulación de diferentes materiales de laboratorio para la reco-
gida de datos.

Figura 5.3. Fases del método de diseño ingenieril.

5.3. Contenidos y objetivos de la propuesta de enseñanza

La propuesta que se recoge en este capítulo aborda los principales contenidos esta-
blecidos internacionalmente como relevante para la educación científica. Más con-
cretamente, se incide en las ideas fundamentales doce y trece de Harlen (2015) so-
bre la ciencia, pretendiendo generar comprensión por parte de los estudiantes en 
los siguientes aspectos:

– Las explicaciones, teorías y modelos científicos son aquellos que mejor reflejan
las evidencias existentes en un determinado momento o tiempo (p. 31).
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• Una teoría científica o modelo que representa relaciones entre variables de
un fenómeno natural debe estar sujeta a las observaciones existentes en un
determinado momento y dar lugar a predicciones que puedan ser probadas.

• Toda teoría y modelo es provisional y está sujeta a revisión a la luz de nue-
vas evidencias.

• Las explicaciones científicas se generan a partir de una investigación siste-
mática que supone la colección de datos mediante la observación o medida
de los objetivos o fenómenos objeto de estudio, o el empleo de datos de
otras fuentes.

• La efectividad de las explicaciones científicas depende de los datos recolec-
tados y están guiadas por alguna otra teoría o hipótesis de partida sobre lo
que podría estar sucediendo.

– El conocimiento producido por la ciencia es empleado en ingeniería y en tec-
nología para crear productos nuevos que satisfagan las necesidades de las per-
sonas (p. 32).

• El uso de ideas científicas en la tecnología ha dado lugar a cambios conside-
rables en muchos aspectos de la actividad humana. Los avances tecnológi-
cos permiten la realización de futuras investigaciones, y a su vez, esto mejo-
ra la comprensión del mundo natural.

• La ciencia, la ingeniería y la tecnología están estrechamente interrelaciona-
das. La aplicación de la ciencia en la fabricación de nuevos materiales es un
ejemplo de cómo el conocimiento científico ha liderado los avances en la
tecnología y ha proporcionado a los ingenieros una mayor variedad en el
diseño de construcciones. Al mismo tiempo, los avances tecnológicos han
contribuido al desarrollo científico mediante la mejora de los instrumentos
de observación y medición, la automatización de procesos que, de otro mo-
do, podrían resultar demasiado peligrosos o llevar demasiado tiempo, y en
particular, mediante el suministro de ordenadores.

• En algunas áreas de la actividad humana la tecnología está más avanzada
que las ideas científicas, sin embargo, en otras, las ideas científicas prece-
den a la tecnología.

•	 Las tecnologías han sido creadas por las personas para proveerse de cosas que 
necesitan o pueden usar, como la comida, herramientas, ropa, lugar para vivir o 
formas de comunicarse. Todo lo que nos rodea son ejemplos de cómo los mate-
riales han sido modificados para cumplir un determinado propósito.

• Las tecnologías se desarrollan utilizando la ingeniería, lo que implica la iden-
tificación de problemas y el uso de ideas de la ciencia para diseñar y desarro-
llar la mejor solución posible. Siempre existen diferentes maneras de abordar 
los problemas, por lo que hay que probar varias posibilidades. Para decidir
cuál es la mejor solución es necesario tener claro cuál es el resultado que se
pretende obtener y, por lo tanto, cómo se ha de juzgar el éxito.



Integrando la programación computacional en el enfoque STEM... 121

• Diseñar una solución a un problema generalmente implica hacer un dibujo
o modelo. Los modelos físicos, matemáticos o informáticos permiten pro-
bar el efecto de los cambios en los materiales o el diseño y mejorar la solu-
ción. En general, hay muchos factores a considerar en la optimización de
una solución, como el coste.

Concretando, para esta UD se abordan los objetivos más específicos y contenidos 
conceptuales y procedimentales que se señalan en las tablas 5.1 y 5.2. La primera 
recoge los aspectos tratados en cada disciplina STEM.

Tabla 5.1. Aspectos abordados en cada disciplina STEM

(S)
Ciencia

(T)
Tecnología

(E)
Ingeniería

(M)
Matemática

Parámetros 
fisicoquímicos de la 
calidad del agua.
Procedimientos y 
competencias propias 
de la indagación escolar.

Empleo de instrumentos 
de medida y 
recoleccción de datos.
Programación 
computacional de una 
placa microcontroladora.

Procedimientos 
y competencias 
propias del método 
de diseño ingenieril.

Unidades de 
medida.
Gráficos
Tablas.

Tabla 5.2. Competencias propias de la indagación escolar y del método de diseño ingenieril  
en relación con las asignaturas Ciencias de la Naturaleza y Matemáticas

Ciencias de la Naturaleza Matemáticas

– �Diseñar y aplicar experiencias sencillas para determinar la ca-
lidad del agua, planteando problemas, enunciando hipótesis,
seleccionando el material necesario, realizando y extrayendo
conclusiones, y comunicando los resultados.

– �Explicar los parámetros fisicoquímicos de la calidad del agua
– �Diseñar y aplicar experiencias sencillas para filtrar el agua plan-

teando problemas, enunciando hipótesis, seleccionando el ma-
terial necesario, realizando y extrayendo conclusiones, y co-
municando los resultados.

– �Explicar procedimientos físicos de separación de mezclas.
– �Reflexionar y extraer conclusiones sobre el trabajo realizado.
– �Comunicar oralmente los resultados obtenidos en los experi-

mentos.
– �Hacer un uso adecuado de las TIC como recurso de aprendi-

zaje.
– �Identificar y describir algunos avances de la ciencia que mejo-

ran la salud (depuración y potabilización del agua, etc.).
– �Elaborar un informe como técnica para el registro de un plan de

trabajo, comunicando de forma escrita las conclusiones.
– �Efectuar búsquedas guiadas de información en la red.

– �Interpretar los resultados
obtenidos.

– �Leer, escribir e interpretar
los números decimales de
hasta dos cifras decimales.

– �Identificar y ordenar las uni-
dades del sistema métrico
decimal: longitud y volu-
men.

– �Realizar mediciones con ins-
trumentos.

– �Interpretar datos a partir
de tablas y gráficas sen-
cillas.

– �Plasmar los resultados en
tablas y gráficas sencillas.
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La tabla 5.2 muestra con mayor detalle las competencias propias de la indagación 
científica escolar y del método de diseño ingenieril que se abordan, en relación con las 
asignaturas Ciencias de la Naturaleza y Matemáticas de la Educación Primaria.

5.4. Secuenciación de enseñanza

5.4.1. Indagación 1 sobre la calidad del agua

Para que los estudiantes comprendan los parámetros que determinan la calidad del 
agua, se presenta una situación problemática que requiere de la aplicación del mé-
todo de indagación científica para su resolución. Durante el proceso de indagación, 
se introducen algunos de los parámetros fisicoquímicos de la calidad del agua: i) 
turbidez, ii) sólidos en suspensión, iii) temperatura, iv) nitratos, v) cloro, y vi) pH. Se 
averiguan los niveles óptimos de cada parámetro realizando una búsqueda de infor-
mación en páginas especializadas de internet y se programa una placa microcontro-
ladora como sensor de temperatura para la toma de datos. Posteriormente, se em-
plean diferentes muestras de agua para determinar la calidad de cada una y proponer 
una solución al problema inicial planteado.

SESIÓN 1: Fase 1 (preguntas de investigación) y 2 (hipótesis) de la indagación 
científica

Se comienza la UD abordando la primera y segunda fase del método de indagación 
científica, introduciendo la siguiente situación problemática a través del tráiler de la 
película Marte (disponible en https://goo.gl/T4Gg2D):

En una misión a Marte, la tripulación se ve obligada a abandonar el planeta rojo 
ante una peligrosa tormenta de arena. Durante la evacuación, el astronauta Mark 
queda atrapado en el planeta, solo y sin muchos recursos para sobrevivir. El astro-
nauta Mark ha encontrado varios lugares de Marte con agua, pero no sabe si son 
aptas para consumo humano. Debe recurrir a la ciencia y a la ingeniería para poder 
descubrirlo y así sobrevivir hasta que sus compañeros consigan rescatarle.

A partir de esta situación problemática, se inicia un diálogo y debate con los es-
tudiantes (¿A qué problema nos enfrentamos?, ¿Qué retos debemos superar?), fina-
lizando con la concreción de la siguiente pregunta de investigación: ¿Qué fuente de 
agua tiene más calidad? Mediante esta pregunta de investigación se pretende estu-
diar algunos parámetros fisicoquímicos de la calidad del agua. Posteriormente, los 
estudiantes observan tres muestras de agua, que previamente habrán sido prepara-
das por el docente (Figura 5.4). Las muestras de agua están compuestas por:
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–– Muestra A: 450 ml de agua a 60-70 ºC, 100 g de arena, 10 hojas y ramitas de 
árbol, una pastilla de nitratos, una pastilla de cloro y 50 ml de vinagre.

–– Muestra B: 400ml de agua a más de 80 ºC, nada de arena, ninguna hoja ni ramita
de árbol, una pastilla de nitratos, una pastilla de cloro y 100 ml de vinagre.

–– Muestra C: 500 ml de agua a 20-25 ºC, 100 g de arena, 10 hojas y ramitas de 
árbol, ninguna pastilla de nitratos ni de cloro y tampoco contiene vinagre.

Figura 5.4. Muestras de agua A, B y C.

Los estudiantes observan estas muestras de agua y plantean sus hipótesis, justi-
ficando su respuesta ofreciendo argumentos. Algunos ejemplos de hipótesis plan-
teadas por los estudiantes son:

–– La muestra de agua A tiene más calidad que la B porque es más transparente.
–– La muestra de agua B tiene más calidad porque no tiene cosas flotando.
–– La muestra de agua C tiene menos calidad porque está muy oscura y sucia.
–– La sesión finaliza con una puesta en común de las hipótesis formuladas por

cada grupo de trabajo.

SESIÓN 2: Fase 3 (diseño experimental) de la indagación científica

En la segunda sesión, se introducen los parámetros fisicoquímicos que determinan 
la calidad del agua. Para ello, el maestro facilita a los estudiantes varios códigos QR 
que contienen información acerca de cuáles son los parámetros fisicoquímicos de la 
calidad del agua, con qué instrumentos y procedimientos se miden y cuáles son los 
rangos a los que se debe encontrar cada parámetro fisicoquímico para que el agua 
pueda considerarse apta para consumo humano.

Utilizando tabletas electrónicas, los estudiantes escanean los códigos QR, extraen 
y resumen la información necesaria, y completan el cuadro pertinente (figura 5.5 y 
tabla 5.3). Los parámetros que se analizan en esta propuesta didáctica son: la tem-
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peratura, los niveles de nitratos, el cloro, los sólidos en suspensión, la turbidez y el 
pH del agua. Para la recogida de datos, se emplean diferentes kits de medidas para 
determinar los niveles de nitratos, cantidad de cloro y pH del agua, se utiliza el disco 
Secchi para determinar la turbidez y los niveles de suspensión del agua, y se emplea 
una placa microcontroladora y un sensor para medir la temperatura del agua.

Figura 5.5. Estudiantes completando la tabla 5.3.

Tabla 5.3. Tabla a rellenar tras la búsqueda de información

Parámetros de la calidad 
 del agua Material para medir Valores adecuados

Una placa microcontroladora idónea para la etapa de Educación Primaria se deno-
mina BBC Micro bit. Se trata de un microordenador que se programa empleando un 
código visual por bloques. Utilizando diferentes sensores, la placa microcontroladora 
puede ser programada para convertirse en una herramienta para medir diferentes pa-
rámetros, como por ejemplo la temperatura. Siguiendo las instrucciones facilitadas por 
el docente (Cuadro 5.1), los estudiantes programan la placa microcontroladora para 
que sirva de instrumento de medida de la temperatura del agua. La sesión finaliza con 
una puesta en común y discusión de la información recogida a partir de los códigos QR.
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Cuadro 5.1. Programación del microcontrolador para medir temperatura

Paso 1: accede al enlace https://makecode.microbit.org/
Pase 2: selecciona el bloque de entrada al presionar el botón A y colócalo en la ventana de 
programación.
Paso 3: crea una nueva variable denominada temperatura. Para ello, abre la categoría variable, 
selecciona el bloque ejecuta una variable, e introduce el nombre de la nueva variable.
Paso 4: arrastra el bloque de variable establecer objeto para a la ventana de programación, 
conectándolo al bloque de entrada existente.
Paso 5: selecciona la variable temperatura pulsando encima del bloque establecer objeto para.
Paso 6: para registrar la temperatura, selecciona el bloque lectura analógica pin 1 y conéctala 
al bloque establecer temperatura para existente en la ventana de programación.
Paso 7: Selecciona el bloque básico mostrar número y conéctalo a continuación de los bloques 
existentes en la ventana de programación.
Paso 8: selecciona la variable temperatura y conéctala al bloque situado en la ventana de 
programación llamado mostrar número.

Paso 9: Conecta el sensor de temperatura al micro:bit. El cable negro debe conectarse en GND, 
el cable rojo en 3V y el cable azul en 1. 
Paso 10: Introduce el sensor de temperatura en el agua y pulsa el botón A del micro:bit. En la 
pantalla led aparecerá la temperatura registrada.

SESIÓN 3: Fase 4 (toma de datos y análisis) de la indagación científica

Se dedica la tercera sesión para la toma de datos, empleando el siguiente diseño ex-
perimental:

Variables

–– Variable dependiente: calidad del agua.
–– Variable independiente: turbidez, sólidos en suspensión, temperatura, nitra-

tos, cloro, pH.
–– Variable control: cantidad de muestra de agua.
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Materiales

Kits de medición y muestras de agua.

Desarrollo del experimento

De forma grupal, los estudiantes realizan las mediciones oportunas para deter-
minar la calidad de las tres muestras de agua, registrando los datos obtenidos 
(tabla 5.4) y elaborando gráficos. Para la utilización del material, los estudiantes 
emplearán la información recogida en la segunda sesión. La sesión finaliza con 
una puesta en común de los resultados obtenidos por cada grupo.

Tabla 5.4 Toma de datos (sesión 3)

Parámetros Muestra A Muestra B Muestra C

Temperatura

Nitratos

Cloro

pH

Sólidos en suspensión

Turbidez

Los parámetros que se analizan en esta propuesta didáctica son la temperatura, 
los niveles de nitratos, cantidad de cloro, los sólidos en suspensión, la turbidez y el 
pH del agua. Para la recogida de datos, se emplea una placa microcontroladora para 
medir la temperatura, un kit de pH y cloro, un kit analizador de nitratos y un disco 
Secchi para analizar la turbidez y los sólidos en suspensión en el agua. Para medir la 
temperatura de las muestras, se introduce en el agua el sensor de temperatura co-
nectado a la placa microcontroladora, se pulsa la tecla A y se anota el valor marcado 
en la pantalla LED de la placa microcontroladora. Los kits de pH, cloro y nitratos se 
han de emplear siguiendo las instrucciones que proporciona el fabricante corres-
pondiente. Finalmente, el disco Secchi se introduce en la muestra de agua, compa-
rando los niveles de turbidez entre las tres muestras. 

SESIÓN 4: Fase 5 (Informe y afianzamiento) de la indagación científica

Se analizan y discuten los resultados obtenidos, extrayendo las siguientes conclusiones:

–– La muestra de agua A es la que posee peores parámetros de calidad de agua
debido a una elevada concentración de arena, hojas y ramitas de árbol, alta tem-
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peratura, gran cantidad de nitratos y cloro, y elevada acidez por la gran cantidad 
de vinagre. Por ello, ninguno de los parámetros posee valores recomendados.

–– La muestra B posee valores poco recomendados en la temperatura, nitratos,
cloro y pH. No obstante, posee valores óptimos en cuanto a la turbidez y los 
sólidos en suspensión.

–– La muestra C posee valores poco indicados en la turbidez y los sólidos en sus-
pensión. Sin embargo, la temperatura, nitratos, cloro y el pH alcanzan niveles 
óptimos para consumo humano.

–– Se concluye que la muestra C es la que posee más parámetros fisicoquímicos
con valores adecuados. Sin embargo, para que sea apta para consumo humano 
requiere de un proceso de filtrado y depuración.

Se interpretan los resultados obtenidos en relación con las hipótesis planteadas, 
discutiéndose en qué medida se confirman o no. Posteriormente, cada grupo de tra-
bajo realiza un mural que recoge la información clave de cada una de las fases del 
método de indagación científica, prestando especial atención a relacionar la pregun-
ta de investigación planteada, las hipótesis formuladas y los resultados obtenidos. 
Finaliza la sesión con la presentación del mural.

5.4.2. Indagación 2 sobre métodos físicos de separación de mezclas

Para que los estudiantes comprendan los métodos físicos de separación de mezclas, se 
retoman los resultados de la indagación sobre la calidad del agua. En la cuarta sesión se 
concluyó que es necesario un proceso de depuración de la muestra C para que pueda ser 
apta para consumo humano. De este modo, se presenta una segunda situación proble-
mática que requiere de una nueva aplicación del método de indagación científica para su 
resolución. Durante el segundo proceso de indagación, se introducen diferentes méto-
dos físicos de separación de mezclas, se realiza una búsqueda de información en páginas 
especializadas de internet, y se profundiza en las técnicas de i) filtrado y ii) tamizado. Se 
experimenta con diferentes materiales para determinar su capacidad de filtrado en base 
a tres variables: i) tiempo de filtrado, ii) cantidad de sólidos en suspensión removidos, y 
iii) turbidez del agua mejorada. Se programa una placa microcontroladora como sensor
de volumen para determinar la rapidez de filtrado de cada material. Finalmente, se de-
terminan las propiedades de separación de cada material y se discute el más apropiado 
para depurar la muestra de agua C de la primera indagación. 

SESIÓN 5: �Fase 1 (preguntas de investigación) y 2 (hipótesis) 
de la indagación científica

Se retoman los resultados obtenidos en la primera indagación, en la que la muestra 
C poseía niveles adecuados de temperatura, nitratos, cloro y pH, y sin embargo, pre-
sentaba altos niveles de turbidez y muchos sólidos en suspensión. A partir de esta 
situación problemática, se inicia un diálogo y debate con los estudiantes (¿Cómo 
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podemos limpiar el agua?, ¿de qué forma?), concretándose una segunda pregunta de 
investigación: ¿Qué materiales debemos utilizar para filtrar el agua y mejorar su ca-
lidad? Los estudiantes observan y manipulan los diferentes materiales disponibles y 
plantean hipótesis argumentadas con respecto a las siguientes tres sub-preguntas 
de investigación: 1) ¿Qué material va a filtrar más cantidad de agua en un determi-
nado periodo de tiempo?; 2) ¿Qué material va a quitar más sólidos en suspensión del 
agua?; y 3) ¿Qué material va a mejorar más la turbidez del agua? Algunos ejemplos 
de hipótesis planteadas son:

H.1 ¿Qué material va a filtrar más cantidad de agua en un determinado periodo 
de tiempo? La rejilla con mucha porosidad filtrará más cantidad de agua que 
el resto de los materiales porque el agua la atravesará muy rápidamente.

H.2 ¿Qué material va a quitar más sólidos en suspensión del agua? El filtro de 
café filtrará más sólidos en suspensión porque al ser poco porosa, las ramas y 
hojas de los árboles se quedarán atrapadas en el filtro.

H.3 ¿Qué material va a mejorar más la turbidez del agua? El algodón es el mate-
rial que más mejorará la turbidez del agua porque absorberá toda la arenilla 
presente en el agua.

La sesión finaliza con una puesta en común de las hipótesis formuladas por cada 
grupo de trabajo.

SESIÓN 6: Fase 3 (diseño experimental) de la indagación científica

La sexta sesión se desarrolla de manera similar a la segunda sesión. La búsqueda de 
información es menos guiada que la anterior y la programación de la placa micro-
controladora para medir la cantidad de agua filtrada se realiza de forma autónoma 
por cada grupo de trabajo, sin apoyo por parte del docente. Las técnicas de separa-
ción de mezclas incluidas en esta sesión son: i) filtración, ii) tamizado, iii) imanta-
ción y iv) evaporación. Se realiza una puesta en común de la información recabada, 
profundizándose en la filtración y el tamizado. La placa controladora se programa 
siguiendo las mismas instrucciones recogidas en el cuadro 1, cambiando la variable 
temperatura por volumen. De esta forma, la placa microcontroladora se emplea para 
medir la cantidad de agua filtrada en un determinado tiempo (10 segundos), lo que 
permite contestar a la primera sub-pregunta de investigación. Es decir, comenzado 
el filtrado se anota en la libreta la cantidad de agua filtrada (indicada por el micro:bit) 
durante 10 segundos.

SESIÓN 7: Fase 4 (toma de datos y análisis) de la indagación científica

Se emplean tres diseños experimentales diferentes, uno para cada sub-pregunta de 
investigación, completándose la tabla 5.5:
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H.1 ¿Qué material va a filtrar más cantidad de agua? 

Variables

Variable dependiente: tiempo de filtrado.
Variable independiente: materiales.
Variable control: cantidad de agua.

Materiales

Muestra de agua C, vaso de tubo, cronómetro, micro:bit, materiales (rejilla metá-
lica muy porosa, rejilla metálica poco porosa, filtro de café, filtro de campana, 
papel de cocina, algodón).

Desarrollo del experimento

Se coloca el sensor de volumen, conectado al micro:bit, dentro del vaso de tubo. 
Posteriormente, se coloca cada material encima del vaso de tubo y se vierte la 
muestra de agua. Tras diez segundos, se anota el valor marcado del micro:bit, que 
representa la cantidad de agua filtrada en 10 segundos.

Tabla 5.5. Capacidad de filtrado de los materiales (sesión 7)

Tiempo (segundos)

Turbidez (JTU)

Sólidos en 
suspensión

Pocos (1)
Medios (2)
Muchos (3)

Pocos (1)
Medios (2)
Muchos (3)

Pocos (1)
Medios (2)
Muchos (3)

H.2 ¿Qué material va a quitar más sólidos en suspensión del agua?

Variables

Variable dependiente: sólidos en suspensión filtrados.
Variable independiente: materiales.
Variable control: cantidad de agua.
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Materiales

Muestra de agua C, vaso de tubo, micro:bit, materiales (rejilla metálica muy poro-
sa, rejilla metálica poco porosa, filtro de café, filtro de campana, papel de cocina, 
algodón).

Desarrollo del experimento

Se coloca cada material encima del vaso de tubo y se vierte 250 ml de la muestra 
de agua. Una vez filtrada toda la cantidad de agua, se examina la cantidad de só-
lidos en suspensión en la muestra filtrada.

H.3 ¿Qué material va a mejorar más la turbidez del agua?

Variables

Variable dependiente: turbidez de agua mejorada.
Variable independiente: materiales.
Variable control: cantidad de agua.

Materiales

Muestra de agua C, vaso de tubo, vaso con disco Secchi, micro:bit, materiales (re-
jilla metálica muy porosa, rejilla metálica poco porosa, filtro de café, filtro de 
campana, papel de cocina, algodón).

Desarrollo del experimento

Se coloca cada material encima del vaso de tubo y se vierte 250 ml de la muestra 
de agua. Una vez filtrada toda la cantidad de agua se vierte el agua filtrada en un 
vaso con disco Secchi, y se examina la turbidez del agua.

La sesión finaliza con una puesta en común de los resultados obtenidos por cada 
grupo.

SESIÓN 8: Fase 5 (informe y afianzamiento) de la indagación científica

Se analizan y discuten los resultados obtenidos, comparándose entre los distintos 
grupos. Se extraen varias conclusiones:

–– La capacidad de filtrado de los materiales depende de su porosidad. A mayor
porosidad, menos será el filtrado. 
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–– Los materiales menos porosos (por ejemplo, rejilla metálica) filtran el agua
más rápidamente, aunque los sólidos en suspensión finos no son filtrados. 

–– Algunos materiales son más resistentes que otros.

La sesión finaliza de manera similar a la 4ª sesión, relacionando las preguntas de 
investigación, las hipótesis formuladas y los resultados obtenidos. 

5.4.3. �Aplicación del método ingenieril para construir un filtro-depurador 
de agua

Se emplea el método ingenieril para otorgar la oportunidad a los estudiantes de 
aplicar los conocimientos adquiridos mediante la realización de las dos indagacio-
nes anteriores. En las primeras ocho sesiones, los estudiantes han aprendido a 
determinar de qué parámetros depende la calidad del agua, y han experimentado 
con diferentes materiales para analizar su capacidad de filtrado a través de la téc-
nica de filtración y tamizaje. Se concluye que la muestra de agua C es la que posee 
mejores parámetros fisicoquímicos; sin embargo, presenta altos niveles de turbi-
dez y sólidos en suspensión. Además, se determina que algunos materiales son 
más útiles que otros en la depuración y filtración de los sólidos en suspensión 
presentes en el agua. 

De este modo, se presenta una tercera situación problemática que requiere de 
la construcción del prototipo de un producto capaz de mejorar la turbidez y redu-
cir los niveles de sólidos en suspensión existentes en la muestra de agua C. Así, en 
las cuatro sesiones restantes de la UD., los estudiantes emplean el método de dise-
ño ingenieril para diseñar, construir y evaluar la eficacia de un prototipo de filtro-
depurador.

Los estudiantes prueban sus filtros-depuradores y analizan aquellos aspectos de 
su diseño que pueden ser mejorados en términos de i) tiempo de filtrado, ii) coste, 
iii) cantidad de sólidos en suspensión filtrados y iv) mejora de la turbidez del agua.
Finalmente, atendiendo a las conclusiones extraídas durante la primera (calidad del 
agua) y segunda indagación (métodos físicos de separación de mezclas) y, tras la 
aplicación del proceso ingenieril para la construcción de un filtro-depurador, los es-
tudiantes retoman la situación problemática inicial y resuelven el problema plantea-
do en la primera sesión.

SESIÓN 9: Fase 1 (problema) y 2 (producto) del método ingenieril

Se repasan los contenidos y las conclusiones extraídas en las dos indagaciones ini-
ciales. Así, se concluye que la muestra de agua C aún no posee una calidad apta para 
consumo humano debido a los altos niveles de turbidez y sólidos en suspensión, y 
que algunos materiales poseen más capacidad de depuración que otros. En base a 
estos resultados, se plantea la última situación problemática, relacionada con la 
creación de un producto que mejore los niveles de turbidez y sólidos en suspensión 
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de la muestra de agua. Se discuten y ejemplifican diferentes productos existentes 
para depurar el agua. 

Finalmente, los estudiantes buscan información sobre el funcionamiento de una 
depuradora industrial y sus diferentes fases, y se relaciona el proceso de depuración 
a gran escala con la función que realiza un filtro-depurador comercial que se emplea 
en los grifos de los hogares, introduciéndose de este modo el producto que deberán 
diseñar y construir: un filtro-depurador casero. Esta búsqueda se realiza asimismo 
de forma autónoma por cada grupo de trabajo, bien a través de internet o mediante 
el empleo de códigos QR.

SESIÓN 10: Fase 3 (diseño) del método ingenieril

Se introducen las características que debe tener el prototipo para considerarse efec-
tivo, así como los criterios que han de considerarse en su construcción. Los criterios 
están relacionados con el material, pudiéndose emplear solamente aquellos que han 
sido probados en la segunda indagación (p.ej.: rejilla metálica muy porosa, rejilla 
metálica poco porosa, filtro de café, filtro de campana, papel de cocina, algodón). 
Además, se limitará el número máximo de materiales que pueden ser empleados. En 
esta UD se ha limitado a cinco materiales en total.

En cuanto a la eficacia del filtro-depurador, esta se determinará empleando una 
rúbrica (tabla 5.6). Se otorgará una puntuación entre 1 y 3 puntos para cada uno 
de los siguientes criterios: coste del filtro depurador, tiempo de filtrado, turbidez, 
cantidad de sólidos en suspensión restantes. El coste de los materiales debe ser 
establecido por el docente. En esta UD se han establecido los siguientes precios: 
algodón (6€), filtro de campana (5€), filtro de café (4€), papel de cocina (2€), re-
jilla metálica poco porosa (4€), y rejilla metálica muy porosa (3€). Un filtro com-
puesto por un filtro de campana, un filtro de café, una rejilla metálica poco porosa 
y un papel de cocina ha obtenido la máxima puntuación en cada criterio. No obs-
tante, existen una multitud de combinaciones de materiales que pueden obtener 
asimismo la máxima puntuación. Además, ha de tenerse en cuenta la colocación de 
los mismos, pues el orden en el que se coloca los materiales puede hacer variar la 
eficacia del filtro-depurador. Por ejemplo, el papel de cocina es el material menos 
resistente de todos, por lo que colocarlo el primero sería una decisión poco acer-
tada. En definitiva, se trata de que los estudiantes apliquen en el diseño del filtro-
depurador lo aprendido en la segunda indagación sobre las propiedades de los 
materiales.

De forma grupal, se dibujan varios diseños del filtro depurador (figura 5.6). En 
cada diseño, se deben indicar los materiales que se van a emplear, la cantidad de los 
mismos, y su colocación en el filtro depurador. Finalmente, cada grupo discute las 
ventajas y desventajas de cada diseño, eligiendo el que consideran más adecuado 
para su posterior construcción.
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Tabla 5.6. Rúbrica para determinar la eficacia del filtro-depurador

Criterios
Puntuación

1 2 3

Coste Más de 26 € Entre 16 y 25 € Menos de 15 €

Tiempo de filtrado de 250 ml de agua Más de 181 
segundos

Entre 120 y 180 
segundos

Menos de 120 
segundos

Turbidez > 30 JTU 10 – 30 JTU < 0.5 JTU

Sólidos en suspensión restantes en el 
agua Muchos Pocos Ninguno

Figura 5.6. Ejemplo de diseño de filtro-depurador.

SESIÓN 11: Fase 4 (prototipo) del método ingenieril

Para construir el filtro depurador, cada grupo dispone de una botella de plástico de 
tamaño 1,5 litros, tijeras, y cinta adhesiva, que podrán ser utilizados sin límite algu-
no. Para cursos superiores, se ofrece libertad máxima tanto para el diseño y coloca-
ción de la botella como para la elección de los materiales que constituirán el filtro. 
Sin embargo, para cursos inferiores se facilitan varias instrucciones para recordar y 
colocar la botella de agua (cuadro 5.2). Posteriormente, se evalúa la eficacia del fil-
tro, registrando en la ficha correspondiente (tabla 5.7) los valores obtenidos en los 
cuatro criterios de calidad.
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Cuadro 5.2.  Creación del filtro depurador

Paso 1: con la ayuda de un adulto, corta la botella por la mitad y agujerea el tapón de la botella.
Paseo 2: de la parte restante, corta el fondo de la botella de tal forma que obtengas un soporte 
sobre el que colocar tu filtro.
Paso 3: coloca el vaso en el que vas a filtrar el agua dentro del soporte.
Paso 4: coloca la botella boca-abajo encima del soporte.
Paso 5: rellena la botella con el material que va a constituir tu filtro depurador.

Tabla 5.7.  Eficacia del filtro depurador (sesión 11)

Criterios Valor obtenido Puntuación 
obtenida

Coste (en €)

Tiempo de filtrado de 250 ml de agua (en segundos)

Turbidez (en JTU)

Sólidos en suspensión restantes en el agua (valoración 
cualitativa: muchos, pocos, ninguno)

Puntuación total =

SESIÓN 12: Fase 5 (mejora) del método ingenieril

Se evalúa la eficacia del filtro y se señalan aquellos aspectos que han obtenidos me-
nor puntuación. Se discute de forma grupal las limitaciones encontradas en el diseño 
propuesto y los aspectos que podrían mejorar aquellos criterios con peor puntua-
ción. Se vuelve a realizar un diseño tratando de mejorar los aspectos poco eficaces. 
En el caso de que se haya obtenido una máxima puntuación en cada apartado, se 
procurará reducir el coste del nuevo filtro aún más o reducir el número total de ma-
teriales empleados. Posteriormente, se evalúa el nuevo diseño y se analizan los cam-
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bios realizados y cómo estas modificaciones han ayudado (o no) a mejorar la eficacia 
del filtro. Finalmente, se resuelve el problema inicial de la primera sesión, emplean-
do los conocimientos adquiridos en las dos indagaciones y mediante la aplicación 
del método de diseño ingenieril.

5.5. Conclusiones

En este capítulo se introduce un modelo didáctico para la enseñanza integrada de las 
disciplinas STEM en la etapa de Educación Primara. El modelo propuesto concibe la 
educación STEM como la superposición y complementariedad entre las cuatro disci-
plinas a través de dos bloques diferenciados. El primero de ellos, enfocado en la ad-
quisición de los conocimientos científicos propios del currículo de Ciencias de la 
Naturaleza de la etapa de Educación Primaria a través del empleo de la metodología 
de indagación escolar; y el segundo diseñado para la aplicación práctica de dicho 
conocimiento a través del uso del método de diseño ingenieril. Así, se pretende fo-
mentar el aprendizaje de los contenidos objeto de estudio de una forma significativa, 
en conexión con otras disciplinas como la tecnología, la ingeniería y las matemáticas. 
De este modo, se abordan problemas socialmente relevantes y didácticamente atrac-
tivos y motivadores para los estudiantes, ofreciendo momentos para la experimen-
tación y la adquisición y el desarrollo de los procedimientos y competencias propias 
del quehacer científico e ingenieril, como la identificación de problemas o preguntas 
investigables, la formulación de hipótesis, el diseño y desarrollo de experiencias pa-
ra comprobar las hipótesis planteadas, el análisis de los datos recolectados y la dis-
cusión de los mismos en relación con el problema inicial.

El ejemplo propuesto en este trabajo ha sido implementado desde el 3er al 6o curso 
de Educación Primaria, con estudiantes cuya edad oscila entre los 8 y 11 años de 
edad. El modelo recogido en este capítulo ha mostrado ser eficaz en el fomento de 
actitudes favorables hacia la ciencia y en el desarrollo de las expectativas de éxito en 
ciencias (Toma y Meneses, 2018a, 2018b). La unidad didáctica descrita se postula 
más acorde para estudiantes de 5o y 6o curso. No obstante, esta ha podido ser imple-
mentada asimismo en cursos inferiores, reduciendo la cantidad de parámetros fisi-
coquímicos de la calidad del agua y ofreciendo mayor guía y apoyo por parte del 
profesor.
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Still on the Wrong Path: A Systematic Review and Evaluation of Attitude Test Development 

Practices in Science Education 

In recent years, there is a growing body of research on developing attitudes assessments in science education. In 

this study, we propose an updated framework for the development and validation of quantitative measurement 

instruments and we use it to examine whether recent attitude toward science assessments are robust in terms of 

theoretical conceptualization, item generation practices and psychometric properties. Following a systematic 

review procedure, a total of 62 attitude assessments published between 2004 and 2018 years were retrieved from 

the Web of Science and Scopus databases and in-depth reviewed. Overall, the results show that rigorous and 

psychometrically valid and reliable attitude assessments are still lacking in science education research. Most 

reviewed assessments lacked theoretical foundation, were mostly develop upon existing instruments with 

conceptually poor definition of the attitude construct and were limited in terms of validity and reliability 

psychometric evidence. Additionally, several methodological and transparency issues were identified, such as 

poorly informed decisions for item development, misapplication of psychometric tests, and a lack of clarity or 

missing information in the reporting of the results. Best practices and those that need improvement are discussed 

with a focus on offering guidelines for future research. 

Keywords: validity, reliability, psychometric properties, development, validation 

Introduction 

Test development and validation process is complex and requires the examination and 

scrutinise of several aspects related to item generation, theoretical analysis and psychometric 

evaluation. Without proper understanding of these aspects and an adequate training, test 

developers may not follow informed decision when developing assessments, often replicating 

weak or inconsistent procedures reported in other test validation studies of poor 

methodological quality. Reviews of published attitudes toward science assessments have 

shown that researchers fail to conduct and report critical psychometric analyses (Aydeniz & 

Kotowski, 2014; Blalock et al., 2008; Munby, 1983; Potvin & Hasni, 2014). The results of 

studies on students’ attitudes in science education and on the evaluation of scientific-driven 

educational intervention strongly depend on the quality of the assessments used. Marshall et 

al. (2000) empirically showed that studies results can differ when the assessments used are 

unreliable and not valid. Therefore, if measurement instruments with a lack of theoretical 

framework and poor psychometric properties are being used, the quality and trustfulness of 

the results in science education research are at stake and remain unclear. As Munby (1983) 

rightly stated, “Unless proper care is taken to determine the performance characteristics of a 

test used in research, (…) the results themselves cannot be considered trustworthy” (p. 162). 

Despite the proliferation of attitude assessments in the science education research field 

in recent years, an analysis of the quality of assessments published after Blalock et al. (2008) 

review is missing. For example, Aydeniz & Kotowski (2014) reported some conceptual and 

methodological issues in five commonly used assessments for measuring attitudes toward 

science, but their study was not systematic, nor exhaustive, and no inclusion criteria for the 

reviewed assessments were given. Potvin & Hasni (2014) provided information about only 

some attitudes assessments used in the literature, however, their analysis was descriptive and 

did not examined the assessments quality or their psychometric properties. 

Consequently, the primary goal of this study is to examine current practices in the 

development and validation of attitudes assessments in science education. To this end, 

traditional and recent recommendations with respect to decisions involved during the test 
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validation process are examined and a guiding framework that includes these established 

informed practices is advanced. Subsequently, a systematic review is performed. Using the 

proposed framework as a quality appraisal, assessments published between 2004 and 2018 are 

described and assessed in terms of item generation practices, and evidence of theoretical and 

psychometric properties analysis. Those aspects reflecting best practices and those needing 

improvements are highlighted and implications for science education research are discussed, 

with a special focus on offering recommendations to assist scholars in the field of science 

education research to develop attitudes toward science assessments that are consistent with 

recent test development standards. 

A case for attitudes toward science research 

Science education has a dual purpose and role. On the one hand, the education of 

individuals about science, its processes and procedures, and its appreciation is a central focus. 

On the other hand, it deals with the necessary training and education of the future generations 

of scientists that eventually will ensure the economic and technological development of 

countries (Millar & Osborne, 1998; Tytler & Osborne, 2012). Therefore, for the achievement 

of a democratic decision-making society, the development of scientifically literate citizenship 

is the desired outcome of science education (Laugksch, 2000; Millar, 1996). Thus, the 

promotion of interest in science and the development of positive attitudes towards science is 

one of the main components included within the scientific literacy agenda (OECD, 2006).  

Likewise, the importance of attitudes towards science is reflected in the literature 

reporting a strong relationship between enjoyment of science with expressed intentions to 

further engage in science learning experiences (Ainley & Ainley, 2011a; 2011b), and in the 

positive relationship between interest in science and performance and achievement (Bybee & 

McCrae, 2011; Freedman, 1998; Newell, Tharp, Vogt, Moreno & Zientek (2015).  

Given that students' attitudes toward science may affect their science performance, 

their desire to study science in the future, and the choice of science as a career (Koballa, 

1988), attitudes have perennially been a very significant line of research in science education, 

especially in recent years given the steady decline of individuals interested in studying 

science in secondary and tertiary education (Archer et al., 2010; Kennedy, Lyons, & Quinn, 

2014; Potvin & Hasni, 2014). This situation may affect economic stability and global security 

both because of the risk associated with not meeting the growing need for a STEM workforce, 

and also because scientific knowledge and interest in science have been identified as factors 

that impact people support of government-funded research (Besley, 2016; Miller, 1983; 

Motta, 2019). 

Defining Attitudes 

Defining attitudes is not an easy task, as they are not directly observable or 

measurable. Despite the existing of multiple different conceptualizations, there is a general 

agreement of conceiving attitudes as a multifaceted rather than unidimensional construct, 

which encompass cognitive, affective and behavioural aspects (Khine, 2015; Simpson, 

Koballa, Oliver, Crawley, 1994). Shaw and Wright (1968) considered that beliefs about a 

particular object (cognitive component) leads to affective reactions towards that particular 
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object (affective component) and that this may affect the behaviour towards that object 

(behavioural). Therefore, for these authors, there is a three-stage process that goes from the 

cognitive (beliefs), then to affective (affective reactions), and then to behavioural 

(predisposition to act in one way or another). Oppenheim (1992) associated the cognitive 

aspect to beliefs and images about a certain object and the affective component, much more 

stable and profound than the cognitive one, to the values related to that object. Therefore, 

attitudes are conceived as individual's evaluations (Ajzen, 1991), and that these favourable or 

unfavourable evaluations are formed as individuals develop beliefs about the object under 

study (Fishbein & Ajzen, 1975). In words of Eagly & Chaiken (1995), attitudes can be 

defined as “(…) a psychological tendency that is expressed by evaluating a particular entity 

with some degree of favor or disfavor" (p. 414). Thus, attitudes encompass those evaluative 

aspects of a cognitive, affective and behavioral nature referring to beliefs, thoughts, feelings 

and emotions towards a given object (e.g. science) or a behavior related with the object (e.g. 

studying science). 

Defining and Measuring Attitudes in Science Education 

Although in recent decades studies focused on diagnosing students' attitudes toward 

science have proliferated considerably, the concept under study remains unclear. Indeed, 

Osborne, Simon, & Collins (2003) stated that attitudes toward science are “(...) somewhat 

nebulous, often poorly articulated and not well understood” (p. 1049), a problem that has been 

warned since more than three decades (Munby, 1983). In this regard, Klopfer (1971) offered 

insight about the concept under study by categorizing the attitude toward science construct as 

a set of affective behaviors toward science as an enterprise, scientists, scientific inquiry, 

scientific careers and towards science-related activities in general. Similarly, Schibeci (1983) 

concluded that attitude toward science deals with several attitude objects, such as science as a 

discipline, the study of science, science lessons, among many others. Gardner (1975) provided 

further clarity by addressing the differences between “scientific attitudes”, conceived as those 

elements inherent to scientific thinking and research, and “attitudes toward science”, 

conceptualized as the sociological, psychological and affective conceptions and beliefs about 

science. In short, attitudes comprise various aspects, such as science in general, the subject of 

school science, scientific careers, science teachers or the teaching of science, with each one of 

these aspects being characterized by many more detailed facets (Kind, Jones, & Barmby, 

2007). 

Consequently, past studies focusing on attitudes toward science have incorporated 

many constructs such as anxiety toward science, self-esteem in science, motivation toward 

science, enjoyment of science (Tytler & Osborne, 2012), students affective feelings and 

cognitive judgments of science (e.g. Zhang & Campbell, 2011), unfavorable outlook of 

science (e.g. Abd-El-Khalick, Summers, Said, Wang, & Culbertson, 2015) and perception of 

scientists and value of science to society (e.g. Hillman, Zeeman, Tilburg, & List, 2016), 

among many others. Recently, few developed assessments of attitudes towards science based 

on social psychological theories like the Theory of Planned Behavior (TPB, Ajzen, 1991) or 

the Expectancy-value theory (EVT, Eccles & Wigfield, 1995; Eccles, Wigfield, Harold, & 

Blumenfeld, 1993; Wigfield & Eccles, 1992, 2000, 2002) to further explore student’s 

motivation, choice and persistence in studying science-related subjects and careers and others 
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behavioral beliefs about the consequences of engaging in science (Abd-El-Khalick et al., 

2015; Said, Summers, Abd-El-Khalick, & Wang, 2016; Summers & Abd-El-Khalick, 2018), 

thus broadening the definition of attitudes towards science even more. Therefore, while 

attitudes are still the main focus of research, new models for analyzing and predicting 

behavior -like Ajzen’s (1991) TPB- are receiving an increasing interest in later years to 

understand individuals career enrollment pattern (Tytler & Osborne, 2012), even though an 

consensual conceptualization of what constitutes attitudes toward science still does not exist. 

Thus, the access to valid and reliable instruments focused on measuring these attitudes and 

their interaction with other educational factors and decision-making in relation to career 

selection is of great importance. 

Attitude Conceptualization Adopted in this Study 

Because of the multifaced conceptualization of attitudes towards science, there is a 

need to first provide an operational definition of the concept under study before searching and 

selecting tests. A reasonable approach would be to assess the psychometric properties of those 

assessments that are developed according to existing theories or conceptualizations related to 

well established and investigated constructs such as self-efficacy or motivation. However, this 

approach would not be practical since attitude research in science education tend to lump 

together these and many others constructs under the attitude toward science umbrella without 

providing a working definition of what constitutes attitudes or what is being measured. 

Consequently, given the multifaceted conceptualization of attitudes toward science, any 

proposed definition of the trait under study should be as comprehensive and holistic as 

possible to be operative and include those assessments measuring the many facets that are 

swarmed together as attitude toward science constructs. Therefore, in this study a broad 

conception of attitudes toward science is embodied, and attitudes toward science are 

conceived as positive and negative cognitive and affective evaluative judgements of science, 

science related disciplines, science related studies or careers, its agents (e.g. scientists; 

science teachers), its processes, and its products stemming from individuals underlying views, 

opinions, images and motivations related to knowing, enjoying or engaging in scientific-

related issues. Following this conceptualization, tests measuring attitudes, views, opinions, 

images and motivations related to the scientific enterprise (i.e. science, scientists, scientific 

careers and school subjects, science learning, science teaching, etc.) are considered to be 

measuring attitude toward science.  

Test Development and Validation paradigms 

The test development and validation process require complex and systematic 

procedures of both theoretically and methodologically consistency. In the literature there are 

numerous classical and contemporaneous approaches that guided the development of many 

self-administration assessments in the social sciences (e.g. Arias, Lloreda, & Lloreda, 2014; 

Clark & Watson, 1995; DeVellis, 2017; Keszei, Novak, & Streiner, 2010; Morgado, Meireles, 

Neves, Amaral, & Ferreira, 2017; Nunnally & Bernstein, 1994). For example, Churchill's 

pioneering paradigm (1979) proposed an 8-step procedure in which the construct under study 

is first defined, items are generated, data are collected, items and number of dimensions are 

purified through exploratory factor analysis (EFA), and data are collected again to calculate 
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reliability, validity and other statistics of interest such as means and standard deviations for 

each item. Benson & Clark (1982) established a four-phase procedure consisting of 13 total 

steps. In the first phase, test developers formulate the statement of purpose of the proposed 

instrument and identify potentially relevant items by literature review and open-ended 

questionnaires to the target group. In the second phase, an initial pool of items is developed, 

and content validity is established. In the third phase, a pilot quantitative evaluation is 

performed by assessing item-related validity indices and reliability, which lead to a revised 

instrument that is administered in the fourth and last phase in which further validity and 

reliability is assessed. Anderson & Gerbing (1988) proposed a renewed paradigm in which the 

unidimensionality of the instrument is examined using confirmatory factorial analysis (CFA) 

after having performed exploratory factor analysis (EFA) and having established the 

reliability of the scale. Hinkin’s (1995) review of scale development practices established 

three phases: in the first phase, items are generated; then, the scale is administered, and its 

structural validity and reliability are studied; and finally, in the third phase, the criterion 

validity of the instrument is established by examining the existence of a nomological network 

with other variables of interest. More recently, DeVellis (2017) proposed an eight-step 

procedure, which involves very similar task as classical recommendations. 

While the development and validation of assessments does not follow a universal 

protocol, the American Educational Research Association, American Psychological 

Association, and the National Council on Measurement in Education (AERA et al., 2014) 

established the Standards for Educational and Psychological Testing to guide educational 

measurement efforts. Consistent with these and classic recommendations, the development 

and validation of an assessment can be conceived as a three-phase process. Figure 1 shows the 

process proposed in this study for developing and validating a test. This framework combines 

recommendations related to the test development process with the most recent psychometric 

properties taxonomies. 

[Insert Figure 1 here] 

During the first phase, named here as “item generation”, test developers should adopt 

a theoretical framework and develop or select items accordingly using deductive, inductive, or 

both methods. When a deductive strategy is used, items are selected and sometimes adapted 

from literature reviews or existing assessments. When using inductive methods, new items are 

generated by the test developers, sometimes based on empirical evidence stemming from 

interviews or focus groups with the target population under study or panel of experts. In 

addition, during this initial stage researchers also address other parameters related to the 

initial pool of items, such as clear and simple item redaction, response format, variability of 

responses, or administration instructions (DeVellis, 2017). 

In the second stage, called here “theoretical analysis”, the content validity should be 

examined by analyzing the relevance and representativeness of the items in relation to the 

theoretical construct. Ideally, content validity is established by involving both a panel of 

experts and a panel of the target population. Panel of experts are asked to assess the relevance 

of the items and if they appropriately represent the construct under study, and the target 
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population (i.e. potential test takers) are used to examine the understanding, difficulty and 

interpretation of the initial pool of items. 

In the third and last stage, named here “psychometric evaluation”, the newly 

developed assessment is administered to a large sample and the psychometric properties are 

examined to establish the reliability and validity of the assessment. To this end, test 

developers must subject the assessment to a series of rigorous analyses to provide evidence 

that the proposed assessment is free of measurement error and that it measures the construct it 

is supposed to be measuring (Scholtes, Terwee, & Poolman, 2011). Different psychometric 

indices are used to assess whether a test is of high quality based on reliability and validity 

measurement properties.  

As measurement concepts have evolved, and new ideas related to psychometric 

properties have been developed, different terminology and definitions of measurement 

properties are mounting, making the reporting of validity and reliability evidences a difficult 

and confusing task. In order to clarify and standardize the use of the different terms related to 

psychometric properties, Mokkink et al. (2010) developed the COnsensus-based Standards for 

the selection of health Measurement Tests (COSMIN) taxonomy through an international 

Delphi study. The COSMIN initiative reached consensus on which measurement properties 

are relevant, what are the terminology and definition of these measurement properties, and 

what are the design, requirements and preferred statistical methods for assessing these 

properties (Mokkink, Terwee, Knol, et al., 2010; Mokkink, Terwee, Patrick, et al., 2010). 

More recently, building on the COSMIN study, Polit (2015) and Polit & Yang (2016) 

proposed an updated taxonomy of psychometric properties. In the next subsection, this 

validity and reliability taxonomy that we adopted in our review is introduced. 

Validity 

In relation to the validity domain, the Polit-Yang taxonomy adopts the COSMIN 

conceptualizations which define validity as the degree to which a test “(…) measures the 

construct(s) it purports to measure” (Mokkink et al. 2010, p.743). There are three components 

related to the validity domain: (a) content and face validity, (b) criterion validity, and (c) 

construct validity.  

Content and face validity examines if the content of the test adequately measures the 

construct of interest. More specifically, face validity examines what the test appears to be 

measuring based on subjective evaluations related to whether the test looks as thought to be 

measuring the target construct. Similarly, content validity evaluates the “adequacy of content 

coverage and relevance for multi-item measures of a construct” (Polit, 2015, p.1750), but 

following a much more rigorous and systematic procedure. Although face validity is less 

advisable than content validity, it is usually first used with a group of experts to find critical 

flaws that can be identified and purified during initial stages of the test development (i.e. too 

explicit items;  items not related with the target construct). 

Criterion validity measures the extent to which the score of the proposed assessment 

reflects equivalent results as a gold-standard assessment measuring the same construct. In 

other words, an assessment has criterion validity when it is highly correlated with a 



Running head: A SYSTEMATIC REVIEW OF ATTITUDE TEST DEVELOPMENT PRACTICES 7 

 
 

previously validated assessment measuring the same construct and when it can predict 

something that it should theoretically predict (Trochim & Donnelly, 2006).  

Construct validity examines if the assessment scores “(…) supports the inference that 

the construct has been appropriately represented” (Polit, 2015, p. 1750). There are three 

subtypes of construct validity properties, mainly (a) structural validity, (b) hypothesis testing 

validity, and (c) cross-cultural validity. Structural validity examines if the assessment captures 

the theoretically expected dimensionality using exploratory factor analysis (EFA) and 

confirmatory factor analysis (CFA). Hypothesis testing validity examines whether scores on 

the focal measure are related to constructs with which conceptual convergence is expected 

(convergent validity), are not related to constructs with which conceptual convergence is not 

expected (discriminant validity), and whether the measures can discriminate between groups 

that are known to differ (discriminative validity). Finally, cross-cultural validity is used with 

translated assessments, which involves translation and back-translation and equivalent 

testing’s between the original and the translated version so that the meaning of the assessment 

is maintained and are linguistically and culturally appropriate to new context (Borsa, 

Damásio, & Bandeira, 2012; Cha, Kim, & Erlen, 2007; Haccoun, 1983; Robichaud-Ekstrand, 

Haccoun, & Millette, 1994). 

Reliability 

In the Polit-Yang taxonomy, reliability is defined as whether “(…) scores for people 

who have not changed are the same for repeated measurements, under several situations” 

(Polit & Yang, 2016, p. 25). This domain includes three types of reliability: (a) temporal 

reliability, which measures temporal stability or test-retest reliability of the assessment when 

trait have not changed (i.e. if scores are stable), (b) internal consistency, concerning whether 

items on a test are part of the same underlying construct, measured through Cronbach alpha, 

item-total correlation and split-half reliability, and (c) measurement error, which relates to the 

error in a participant score that is not related to true changes in the trait under study. 

Method 

Systematic Reviews 

Petticrew (2001) categorized literature reviews as "narrative reviews" or "systematic 

reviews". A systematic approach differs from a narrative review in the use of a structured, 

transparent, and readily reproducible approach to finding and reviewing of existing literature. 

While narrative reviews synthesize existing literature through the authors' perspective, 

systematic reviews adopt a more objective stance that allows readers to make their own 

judgments about the quality and significance of the evidence presented (Bearman et al., 

2012). Thus, systematic reviews differ from narrative reviews in that they are less prone to 

research bias by introducing more objectivity through detailing rigorously and explicitly the 

process for selecting the studies and the method used to review and evaluate them. Therefore, 

systematic reviews tend to be more comprehensive and reproducible than traditional 

revision(Andrews, 2005). In this sense, systematic reviews use a specific, transparent, and 

carefully defined approach to literature search, selection, and synthesis (Bearman et al., 2012; 

Judith Bennett, Dunlop, Knox, Reiss, & Torrance Jenkins, 2018). Systematic reviews are 
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characterized by key aspects such as (a) the establishment of predetermined objectives, (b) 

predefined eligibility criteria for the inclusion and exclusion of studies, (c) explicit and 

reproducible search and synthesis methodology, (d) systemic and comprehensive search with 

the aim of including all studies that meet the inclusion criteria and thus reduce the risk of bias, 

and (e) systematic presentation and synthesis of the characteristics and findings of the 

included studies (Andrews, 2005; Gough, 2007; Higgins, Churchill, Chandler, & Cumpston, 

2011). 

Systematic reviews have gained popularity and acceptance in recent years, and several 

initiatives promoting the use of systematic reviews have been established, such as the 

Campbell Collaboration, focused on the review of randomised controlled trial studies in 

education, criminology and other social sciences, or the Evidence for Policy and Practice 

Initiative Centre (EPPI-Centre) for the systematic review of existing literature in education 

(Bennett, Lubben, Hogarth, & Campbell, 2005). Advocates of systematic reviews emphasize 

its use as a source to inform policy decisions and changes in the area of interest (Bennett, 

Lubben, & Hogarth, 2007). Synthesized findings derived from systematic reviews could 

reveal existing strengths and deficiencies in current research and provide evidence and 

directions to inform practices for future research (Evans & Benefield, 2001). Consistent with 

the objectives of systematic reviews, this study aims at enabling researchers to quickly 

become acquainted with the existing literature in the area of science education research with 

respect to the development and validation of attitude assessments, to examine the reliability 

and validity of existing assessments by identifying the specific strengths and weaknesses of 

each one of them, and to report on the implications that these results have for future 

assessment development studies. In the next sections, the main features of systematic reviews 

are reported for the present study, following the PRISMA statement for transparent reporting 

of systematic reviews and meta-analyses (Liberati et al. 2009). 

Review Aims 

The aims of this systematic review are threefold: 

O1. Identify attitude assessments developed and validated in science education research, 

determining the evolution of the production of attitude assessments, their characteristics and 

structure, and the context in which they have been developed and validated. 

O2. Examine the extent to which attitude assessments have been submitted to psychometric 

properties tests for providing validity and reliability evidence. 

O3. Identify any conceptual and methodological issues related to the development and 

validation of attitude assessments in science education that can undermine their validity and 

reliability. 

Inclusion and Exclusion Criteria 

Studies were deemed relevant according to the following inclusion criteria:  

(a) Test validation study. The first criterion was set to encompass only studies which 

reports on the development and validation of assessments. Therefore, studies using attitudes 



Running head: A SYSTEMATIC REVIEW OF ATTITUDE TEST DEVELOPMENT PRACTICES 9 

 
 

assessments but not specifically focused on the development and validation of the assessment 

were excluded, regardless of whether validity and/or reliability evidence were provided. 

(b) Assessments measuring attitudes according to the attitude toward science 

definition adopted in this study. The second criterion was established to contextualize the 

search and selection of the articles. To this end, the comprehensive definition reported in 

previous sections was established and used for the selection and inclusion of the studies. 

(c) Assessments must be quantitative. The third and last criterion is consistent to the 

framework for test development and validation adopted. Since many of the indices used for 

assessing validity and reliability are quantitative in nature or require quantitative data (e.g. 

EFA or Cronbach α), it was decided to exclude qualitative assessments based on open-ended 

questions or interviews protocols. 

Search Strategy 

Potentially relevant articles were identified in the Web of Science Core Collection 

(WOS) and Scopus database. The selection of these two databases is consistent with 

recommendations for developing systematic review advising the use of more than one 

database in order to reduce risk of study selection bias. One of the main characteristics of 

systematic reviews is the first broad search that is subsequently analysed in order to select 

articles considered as relevant according to the aims of the study and inclusion criteria. 

Therefore, study selection bias can be introduced by including only articles indexed in one 

database or published in specific journals, which would affect the quality and the results 

arising from a systematic analysis of the existing literature. 

The complete search strategy is shown in Table 1. Consistent with the working 

definition of attitudes toward science adopted in this systematic review, the terms used in the 

search included attitude, view, opinion, image, and motivation. Consistent with the Standards 

for Educational and Psychological Testing (AERA et al., 2014) use of terms to refer to 

psychological tests, the following terms were used: scale, instrument, measure, survey, 

questionnaire, and tool. Finally, up to five different terms related to the development and 

validations of assessments were used. Additionally, a snowball technique was used by 

screening the reference list of eligible studies to include potentially relevant articles that were 

not found using the search strategy. 

[Insert Table 1 here] 

Search was restricted by the following filters: (i) articles, (ii) written in English or 

Spanish, (iii) indexed in the Education & Educational Research (in WOS) and Social Science 

categories (in Scopus), and (iv) published since 2004 to June 2018. The time period 

established builds on and updates Blalock et al.’s (2008) systematic review of science 

education assessments that included studies published up to 2004 year. Literature searches 

were performed on June 7th, 2018. 
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Data Abstraction and Quality Appraisal 

The included assessments were summarized using a data abstraction sheet covering 

information about the reference, year of publication, language, target population, number of 

items and constructs, and name of the constructs included. 

The psychometric quality of the attitude assessments included was assessed using a 

checklist based on the framework for test development and validation described in previous 

sections (Supplemental File 1). It consists of 17 aspects that determine strong methodological 

quality standards based on evidences related to theoretical framework adopted (one aspect), 

item development strategy used (two aspects), reliability (five aspects) and validity (ten 

aspects). For translated assessments, it includes additional validity evidence (i.e. cross-

cultural validation). Indeed, each assessment was examined to determine if it (i) was 

developed based on an existing theoretical framework, (ii) if items were developed following 

a deductive or inductive approach, (iii) if content validity was assessed based on expert panels 

and target population of study, and (iv) if psychometric evaluation reported evidence for 

validity and reliability. A descriptive analysis of the psychometric properties included in the 

studies was undertaken to identify the psychometric properties that are most and least used 

during the development and validation process, and the strengths and weaknesses of each 

attitude assessment based on their reported psychometric evidence. Additionally, based on the 

Standards for Educational and Psychological Testing (AERA et al., 2014), studies included in 

this systematic review were in-depth analyzed to detect several aspects that can potentially 

undermine the quality of the published attitude assessments were examined (e.g. 

administration instructions or lack of it; misuse of psychometric tests; ambiguity in reporting 

results; use of psychometric terms). 

In line with the literature on test validation paradigms and the revised taxonomy, an 

instrument will be deemed of high quality if developed following the standards and 

procedures summarized, all of which are considered essential by the Standards for 

Educational and Psychological Testing (AERA et al. 2014). Therefore, high quality 

assessment are expected to be (i) rooted in a theoretical framework, (ii) tested against content 

validity using both a panel of experts and a target population, especially when items where 

developed without using empirical-inductive methods, (iii) show evidence of low 

measurement error and high internal consistency, and temporal stability if intended to be used 

in longitudinal studies or intervention studies with pre-posttests designs, (iv) show evidence 

of at least one criterion validity, (v) show evidence of construct validity based on structural 

validity type, convergent and discriminant validity in multidimensional assessments, and (vi) 

in translated instrument, be adapted using cross-cultural procedures. 

Results 

Search Outcomes and Literature Identification 

Using the search methods described above, 1327 records were retrieved, of which 

1055 were excluded after applying search filters. Of the remaining 272 articles, 174 were 

excluded after reading title and abstracts for not meeting inclusion criteria. After removing 

duplicated records and searching for full articles copies, a total of 54 articles were deemed 
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relevant for review from the Web of Science Core Collection and Scopus databases. After 

full-text reading and examination of the reference list of eligible studies, 7 more articles were 

added for in-depth analysis, thus comprising a total of 61 relevant studies reporting on the 

development and validation of 62 attitude assessments (Figure 2). 

[Insert Figure 2 here] 

General Characteristics 

Source, age of publication, and language.  The included studies were published in a 

total of 32 journals. The International Journal of Science Education and the Journal of 

Research in Science Teaching were the ones with more test validation studies in the time 

period used, with 12 and 6 publications per journal, respectively. Four assessments were 

published in the Journal of Chemical Education and three in the Physical Review journal. The 

rest of the attitude assessments were published in a great variety of journals (Supplemental 

File 2, Table S1). 

Most assessments included in this review were published in 2016, followed by 2013 

and 2011. The year with less publication of test validation studies is 2005 and 2006 with only 

1 study each year, followed by 2007 and 2008 with only two studies per year (Supplemental 

File 2, Figure S1). 

When considering the studies included in this review and that attitude studies 

reviewed by Blalock et al. (2008), several trends can be identified with peaks in the frequency 

of publication (Supplemental File 2, Figure S2). Since the 1940s there has been an increasing 

interest in the publication of attitude assessments in science education, reaching a peak in the 

number of publications in the 1970s, with a total of 27 studies per decade. Subsequently, from 

the 1970s to the 1990s, a decreasing interest in the development of assessments has been 

identified, with only 12 tests published in the 1980s and only 2 in the 1990s. Finally, since the 

2000s there seems to be a new increase in the number of published attitudes tests, a trend that 

continues to rise until nowadays, with a total of 53 assessments published in the 2010th decade 

corresponding years. In other words, in the last 8 years, there have been published more 

attitude assessment validation studies than in the last 30 years combined, which shows that 

the development of attitude assessments in science education is on the rise more than ever. 

The included assessments were developed and validated in 13 languages, which show 

a global interest in the measurement of attitudes in science education (Supplemental File 2, 

Table S2). Most of them were, nonetheless, developed for English-speaking individuals (38 

out of 62, 61.3%). Up to 5 studies (8.1%) did not specify in which language the assessment 

was administered. Four of these studies used TIMSS data (i.e. Liou, 2014; Marsh et al., 2013; 

Sabah, Hammouri, & Akour, 2013; Tee & Subramaniam, 2018). The fifth study not 

specifying the language was developed in Taiwan (i.e. Chiang & Liu, 2014), however, test 

developers did not stated if the assessment was administered in Taiwanese of English 

language. 

Aims of the assessments.  An attempt was made to categorize assessments according 

to the aim and attitude construct for which they were developed and validated. However, this 

task has proved to be extremely difficult given the broad conceptualization of attitude existing 
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in the science education literature. Therefore, based on the conceptualization of attitude of 

each test developer, five distinct categories were created (Supplemental File 2, Table S3). 

Thus, included attitude assessments measured a range of different aspects, including (a) 

attitude toward a specific discipline, like science or chemistry, (b) attitudes toward a specific 

scientific course (or the teaching of it), (c) motivation to science or science learning, (d) 

beliefs about specific disciplines, like biology or physics, and (e) others, like interest, 

emotions, engagement, self-efficacy or social influence, among many others. The 

categorization of assessments was further complicated by the existing of others sub-categories 

in each one of the main categories mentioned or by the fact that many assessments were found 

to be measuring more than one construct that pertain to different categories. 

Attitude assessments have been identified at all educational levels (Supplemental File 

2, Table S4). Most assessments were developed for being used with middle school students 

(22 out of 62, 35.5%). There are few assessments for in-service teachers and elementary 

school levels. One assessment was validated using adult population in general (i.e. Morgan, 

Collins, Sparks, & Welch, 2018). Some assessments were validated for multiple grades. For 

example, Abd-El-Khalick et al.(2015), Hillman et al. (2016), Lamb, Annetta, Meldrum, & 

Vallett (2012), Summers & Abd-El-Khalick (2018), and Unfried, Faber, Stanhope, & Wiebe 

(2015) assessments can be used in elementary, middle and high school.. 

Structure. The attitude assessments reviewed varied greatly in terms of length, with 

the number of factors ranging from 1 to 9 and the number of items ranging from a minimum 

of 4 to a maximum of 70 (Supplemental File 2, Table S5). Some assessments were 

unidimensional (i.e. Caputo, 2017; Fortus & Vedder-Weiss, 2014; Hiller & Kitsantas, 2016; 

Sjaastad, 2013; Tosun & Genç, 2015; Wang, Fredricks, Ye, Hofkens, & Linn, 2016; You, 

2016), however, most assessments were multidimensional and thus were composed of several 

distinct factors. 39 out of 62 assessments included (63%) had more than 20 items. The 

shortest assessment was unidimensional and included only 4 items to measure attitude toward 

the learning of science subject (i.e. Caputo, 2017). The largest assessment was an adaptation 

of Frasers’s TOSRA (1978, 1981) into the Spanish language, thus comprising a total of 7 

factors and 70 items (i.e. Navarro, Förster, González, & González-Pose, 2016). 

Conceptual and Methodological Quality 

Theoretical framework and item generation. Up to 30 of the 62 reviewed 

assessments (48.4%) were developed without a clear conceptualization of the attitude 

construct and thus were not guided by any theoretical framework (Supplemental File 2, Table 

S6). Of the remaining 32 assessments referring to theory, some of them used strong 

theoretical foundation for their development, such as Ajzen (1991) Theory of Planned 

Behaviour (i.e. Abd-El-Khalick, Summers, Said, Wang, & Culbertson, 2015; Summers & 

Abd-El-Khalick, 2018), or the Eccles et al., (1983) Expectancy-Value theory (EVT) of 

achievement motivation (i.e. Andrews, Runyon, & Aikens, 2017; Oh, Jia, Lorentson, & 

LaBanca, 2013). However, most assessments used theory in a problematic way, like mixing 

theory constructs with other constructs (i.e. Andrews et al., 2017 used EVT theory but the 

expectancies for success construct was replaced by interest), or linking two theoretically 

distinct factors into the same construct (Unfried et al., 2015, mixed in one factor interest, self-
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efficacy and outcome expectancies items). Test developers not using a specific theoretical 

foundation often justified the development of the assessment by establishing links between 

previous literature findings and using the same constructs reported in already existing 

assessments (e.g. Ergün & Balçın, 2017; Hillman, Zeeman, Tilburg, & List, 2016; Kennedy, 

Quinn, & Taylor, 2016; Kind, Jones, & Barmby, 2007). 

Almost all assessments (n = 56, 90.3%) were developed using deductive methods for 

item generation, mainly using items from already existing assessments (85.5%). Twenty of 

the 62 assessments (32.3%) used inductive methods to develop new items, with very few of 

them (n = 8, 12.9%) derived from empirical approaches such as interviews or open-ended 

questionnaires with the target population (e.g. Cheung, 2009; Glynn, Brickman, Armstrong, 

& Taasoobshirazi, 2011; Morgan, Collins, Sparks, & Welch, 2018; Wang & Berlin, 2010). 

Psychometric quality. In general, the revised assessments have been submitted to low 

level of validation work. Although all assessments were presented as reliable and valid for the 

examination of attitudes, for the most part this was only supported by the reporting of few 

reliability and validity psychometric properties. An in-depth analysis of the psychometric 

assessments of each assessment is reported in Table 2. 

[Insert Table 2 here] 

Therefore, no study provided the maximum psychometric types of evidence, neither 

for reliability, nor for validity. 36 of the 62 assessments (58.1%) reported three or less out of 

nine validity evidence, with five assessments reporting only one validity evidence. Of the 62 

assessments, only two (3.2%) presented a total of seven validity evidence (i.e. Caputo, 2017; 

Velayutham, Aldridge, & Fraser, 2011) and only four (6.5%) reported up to three reliability 

evidence (i.e. Adams, Wieman, Perkins, & Barbera, 2008; Dermitzaki, Stavroussi, 

Vavougios, & Kotsis, 2013; Tosun & Genç, 2015; Wilcox & Lewandowski, 2016). As for 

reliability, 41 of the 62 assessments (66.1%) reported only one out of five existing reliability 

evidences. Frequency statistics on psychometric properties evidences reported in the reviewed 

assessments are summarized in Table 3 and Table 4.  

[Insert Table 3 here] 

[Insert Table 4 here] 

Validity evidences. Overall, test developers failed to provide consistent evidence for 

some types of validity psychometric properties. Thus, in up to 23 of the 62 assessments 

(41.9), evidence for content and face validity was inexistent, and for only 23 assessments 

(37.7%) the content validity was examined using interviews with the target population of 

study. As for criterion related validity, concurrent or predictive tests were missing in 49 of the 

62 assessments (79%). The concurrent validity was examined for only three assessments 

(4.8%) and the predictive validity was assessed in only 10 out of the 62 analysed assessments 

(16.1%).  

In relation to construct validity, all but two attitude assessments were submitted at 

least to one structural test, mainly EFA (n = 43, 69.4%) and CFA (n = 32, 51.6%). Eleven of 

the 62 assessments (17.7%) used Item Response Theory instead of Classical Test Theory to 

examine the structural validity of the proposed assessment (e.g. Fortus & Vedder-Weiss, 
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2014; Lamb, Annetta, Meldrum, & Vallett, 2012; Sha, Schunn, & Bathgate, 2015; Tee & 

Subramaniam, 2018). Information regarding hypothesis-testing validity was rather limited. 39 

of the 62 assessments (62.9%) were not tested for convergent validity and the discriminant 

validity was not assessed in 49 assessments (79%). The ability of the proposed assessments to 

correctly discriminate between groups it should be able to discriminate (i.e. discriminative 

validity) was not reported for 32 of the 62 assessments (51.6%). As for translated 

assessments, most of them performed back-translation procedures for translating the items (n 

= 11, 78.6%), although only one was validated against the original one through equivalence 

testing (i.e. Bayar & Karamustafaoğlu, 2015). Descriptive statistics on validity properties are 

summarized in Table 5. 

[Insert Table 5 here] 

Reliability evidences. Reliability properties were reported for all assessments, 

however, most test developers failed to examine some fundamental types of reliability. 

Consequently, temporal stability or test-retest reliability was reported in only 7 out of the 62 

assessments (11.3%, e.g. Bayar & Karamustafaoğlu, 2015; Xu & Lewis, 2011), however 

some of the method used for computing test-retest reliability were problematic and will be 

discussed in further detail in next sections. In addition, for internal consistency reliability, the 

Cronbach alpha was the test most used (n = 53, 85.5%), however, eleven assessments reported 

results below the minimum acceptable cut-off or alpha  70 for exploratory research (e.g. 

Douglas, Yale, Bennett, Haugan, & Bryan, 2014; Hillman et al., 2016; Maier, Greenfield, & 

Bulotsky-Shearer, 2013; Marsh et al., 2013). Only two out of the 62 reviewed assessments 

(3.2%) were subjected to split-half reliability and the item-total correlation reliability was 

reported for only 10 (16.1%) attitude assessments. Some assessments used Item response 

Theory (IRT) tests for examining internal consistency instead of Classical test Theory (CTT) 

tests (e.g. Sabah, Hammouri, & Akour, 2013; Sjaastad, 2013; You, 2016). The internal 

consistency of one assessment was not reported (i.e. Semsar et al., 2011). Finally, the 

measurement error was reported in only 6 out of 62 assessments (9.7%, e.g. Adams et al., 

2008; Liou, 2014; Tosun & Genç, 2015), so the extent to which the assessments adequately 

captures individuals attitudes remains somewhat unknown for the majority of the analysed 

assessments. Descriptive statistics on reliability properties are summarized in Table 6.  

[Insert Table 6 here] 

Other Issues 

This review has also identified some aspects that limit the validity and reliability of 

the included assessments, but which have not, however, been warned by existing literature 

reviews. 

Administration bias. Information regarding aspects that can be considered essential 

for the adequate use of the assessments (e.g. user’s guide, training needs, time completion, 

and method of administration or administration instructions) was virtually non-existent. In 

some cases, test developers described the assessments as easy to administer and no time-

consuming (e.g. Kennedy et al., 2016). However, since self-administration assessments rise 

concerns about several sources of bias, this information becomes necessary rather than trivial 
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to ensure consistency in the administration of the assessments (for example, what should the 

examiner do when misunderstandings about items or response options arise?). The Standards 

for Educational and Psychological Testing (AERA et al., 2014) clearly stated it so: “The test 

developer should specify in clear language (…) the contexts in which test scores are to be 

employed, and the processes by which the test is to be administered and scored” (p. 23). 

Social desirability, the tendency of individuals to report a positive image of 

themselves by offering responses that are compliant to socially acceptable standards (Johnson, 

Fendrich, & Mackesy-Amiti, 2012), is a serious threat to assessments validity (Huang, Liao, 

& Chang, 1998) and the information gathered (Adams et al., 2005; Van De Mortel, 2008), 

especially when examining sensitive topics (King & Bruner, 2000). A broad bias in teachers 

responses to the Attitudes toward Science teaching test (Korur, Vargas, & Serrano, 2016; van 

Aalderen-Smeets & Walma van der Molen, 2013) or the Reform-Oriented Science Teaching 

practices test (You, 2016) can be expected if individual privacy and confidentiality is not 

ensured, something that is very difficult to guarantee with paper-pencil assessments. The 

same may occur with assessments measuring students’ attitudes towards school science (e.g. 

Caputo, 2017; Cheung, 2009; Kennedy et al., 2016;). Social desirability responses might be 

expected from students if class teacher is involved in the assessment administration, maybe 

due to concerns of responses affecting academic results. The items “My science teachers are 

very good” (Abd-El-Khalick et al., 2015, p. 2653), “My science teachers make science 

interesting” (Lamb et al., 2012, p. 650), or “I participate in science courses so that the teacher 

pays attention to me” (Tuan et al., 2005, p. 654) are examples of socially sensitive items that 

may arise the described concerns. In these cases, assessment respondents may adapt their 

answer in a culturally approved-manner in order to obtain social approval and avoid criticism. 

Misapplication of psychometric tests. Several misapplications of some psychometric 

tests were identified. For example, Semsar, Knight, Birol, & Smith (2011) examined test-

retest reliability using two sub-samples from the same population cohort instead of responses 

from the same participants at two points in time: “(…) calculating a test-retest coefficient of 

stability on student responses from two equivalent populations (…) correlating all pre-

instruction responses between students in the Fall 2007 and Fall 2008” (p. 273). This 

procedure is suitable for examining test stability, however it provides none information on the 

temporal (i.e. test-retest) stability. On the other hand, many test developers reported the 

Cronbach alpha for the entire attitude assessment even if it was an multidimensional 

assessment (e.g. Guzey et al., 2014; Korur, Vargas, & Serrano, 2016; Tuan, Chin, & Shieh, 

2005). Given that alpha assumes unidimensionality of the assessment, using this test for an 

entire assessments with multiple factors violates this assumption (DeVellis, 2017; Tavakol & 

Dennick, 2011). Instead, each sub-dimension should be treated as a separate assessment, and 

therefore, the Cronbach alpha should be calculated for each of the constructs, without the 

need to report internal consistency results for the full assessment. 

Likewise, the procedure used for concurrent validity presents some problematic 

aspects that need to be raised. For example, Mahoney (2010) examined the concurrent 

validity by correlating the results of the proposed assessment with a semantic differential test 

that was not previously validated in the literature and for which none psychometric properties 

was provided. Navarro, Förster, González, & González-Pose (2016) provided only concurrent 
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validity evidence for two of the total seven constructs proposed, did not use all the items 

belonging to the gold standard assessment used, and the assessment used as gold standard 

lacked validity and reliability evidence, thus being wrongly considered a gold standard. 

Another misapplication was identified in Randler et al. (2011) study, which used a gold 

standard assessment measuring different constructs that the ones included in the proposed 

attitude assessment. 

Lastly, poorly informed decision related to conducting structural validity tests like 

EFA were common in the tests reviewed, mainly in relation to the method used to decide 

factor extraction and retention. For example, Kind et al., (2007) decided to retain a 7-factor 

structure, despite the scree-test clearly revealing a structure composed of less factors. 

Puvirajah et al., (2015) retained a 3-factor structure, although scree-test also suggested 

otherwise. Some test developers retained factors with less than three items (e.g. Abd-El-

Khalick et al., 2015; Glynn, Taasoobshirazi, & Brickman, 2009), something that is not 

suggested (Hair, Black, Babin, Anderson, & Tatham, 2010). Other test developers performed 

EFA with less than the smallest sample size of 5 individuals per item cut-off with a minimum 

of 100 cases (e.g. Oh et al., 2013; Romine et al., 2014; Tyler-Wood, Knezek, &Christensen, 

2010) which can lead to misleading factor-structure (Henson & Roberts, 2006; Karami, 2015; 

Kline, 2014) and therefore the construct validity of these assessments is threatened. Due to all 

these misapplications, future studies addressing the (mis)use of structural validity tests in 

science education attitudes assessments are worth to be investigated. 

Clarity and missing data. Test developers reported the validation results in no 

structured, clear and transparent format, making it difficult for readers to easily identify and 

judge the psychometric quality of the assessments. For example, psychometric properties 

were wrongly referred by different names, some psychometric test were performed without 

reporting enough information on the procedure followed or the results obtained, or some tests 

were used without explaining what type of validity or reliability it is measuring (e.g. 

performing interviews with students without referring to content validity). For example, 

Wilcox & Lewandowski (2016) erroneously argued that “Concurrent validity examines the 

extent to which E-CLASS scores are consistent with certain expected results” (p. 7), which is 

rather a definition of discriminative or predictive validity. As for missing or limited 

information about psychometric tests, some test developers used the scree-test for determining 

the numbers of factors to be extracted, however, the figure was not added in the text (e.g. 

Glynn et al., 2009). Other information not reported by nearly no study is related to the results 

of EFA analysis. When reporting the factor matrix, test developers only reported the loadings 

for the expected factor instead of all loadings (e.g. Cheung, 2009; Dermitzaki et al., 2013; 

Guzey et al., 2014; Kind et al., 2007; Navarro et al., 2016; Schumm & Bogner, 2016; Tuan et 

al., 2005; Unfried, Faber, Stanhope, & Wiebe, 2015). Some test developers argued that “For 

the sake of clarity factor loadings lower than .40 are omitted” (e.g. Bayar & Karamustafaoğlu, 

2015, p.45); others simply reported loadings of the intended factors, omitting the rest of the 

loadings or cross-loadings without giving any reason. As raised in the EFA literature, EFA 

results are very much dependent to the procedure adopted by test developers, so readers 

should be able to evaluate researchers decisions when conducting EFA (Conway & Huffcutt, 

2003; Fabrigar, Wegener, Maccallum, & Strahan, 1999; Ford, MacCullum, & Tait, 1986). 
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This requires that test developers using this procedure to be explicit about their practices and 

support their results by reporting extensive information. The lack of clarity identified in this 

review makes this task difficult, thus considerably limiting the scrutiny of the research 

community about the decisions made when developing and validating attitudes towards 

science assessments. 

Synthesis and Discussion 

Results of this review show that methodologically strong and psychometrically sound 

attitude assessments in science education are scarce. Among the reviewed assessments, only 

few were found to be somewhat consistent with recent recommendations for the development 

and validation of tests, thus most being of deficient quality and falling far short according to 

current standards. Nonetheless, the ones developed by Velayutham et al. (2011) and Cheung 

(2009) where found to have the best overall quality. As for Velayutham et al. (2011), authors 

developed a theoretically based motivation and self-regulation assessment for English-

speaking students enrolled in grades 8 to 10. Psychometric evidence was found for just one 

reliability property (i.e. Cronbach alpha), but several tests were used to examine the validity 

of the attitude assessment, including content analysis with both a panel of experts and target 

population, construct validity (i.e. EFA, convergent, discriminant and discriminative) and 

criterion validity (i.e. predictive). As for Cheung (2009), the test developer developed an 

assessment to measure Chinese secondary school student’s attitudes toward chemistry 

lessons. The test was rooted in the latent process viewpoint theoretical framework (Oskamp & 

Schultz, 2005) measuring cognitive, affective and behavioural processes. Several strategies 

were used to develop the items, including existing assessments, literature review and 

interviews with target population, and content validity was examined through an expert panel 

composed of secondary school teachers and target sample. Both Cronbach alpha and item-

total correlation tests were used to demonstrate internal consistency reliability and validity 

was examined though construct validity (i.e. CFA, convergent and discriminative). Additional 

assessments with acceptable overall quality are the ones developed by Andrews et al. (2017), 

van Aalderen-Smeets & Walma van der Molen (2013), Wang, Fredricks, Ye, Hofkens, & 

Linn (2016) and Oh et al. (2013). All of them were developed using a theoretical-framework, 

examined content validity by interviewing individuals from the target population, and 

reported reliability evidence (i.e. Cronbach alpha), structural (e.g. EFA/CFA) and hypothesis 

tests for construct validity, (e.g. convergent, discriminant, discriminative). 

Nonetheless, results of this review show that rigorous examination of the 

psychometric properties of attitude assessments is still lacking in science education research. 

In addition, some problematic issues that have been raised and criticized previously (e.g. 

Aydeniz & Kotowski, 2014; Blalock et al., 2008; Munby, 1983; Potvin & Hasni, 2014; 

Ramsden, 1998) are still relevant and continue to be reflected in assessments validated in 

recent years. Consequently, significant limitations were found in every published assessment, 

included the ones described above, either due to the lack of theoretical framework, lack of 

pilot testing of the items with the target population (i.e. content validity), limited or absence 

of psychometric analysis, or a combination of more than one of these limitations. 
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Lack of Conceptualization of the Attitude Construct 

While some assessments were rooted in a theory, no dominant framework informing 

the development and validation process was identified, so test developers used a wide range 

of theories to develop their assessments. This limited use and testing of a common attitude 

development framework may affect generalization and comparison of the results obtained on 

attitudes of students worldwide, from those with different backgrounds or those stemming 

from educational interventions. Furthermore, for the most part, assessments were validated 

without a reference to theory. While many test developers justified the inclusion of certain 

attitudes constructs based on previous studies on attitudes toward science, there were few test 

developers that explicitly conceptualized the proposed assessments from an attitude 

development theory. A very common misguided practice used by test developers was to 

conduct a literature review and include those constructs that had been previously used in 

existing assessments and that are thought to be measuring attitudes (e.g. Kennedy et al., 2016; 

Lamb et al., 2012; Morgan et al., 2018). Some test developers tried to link an adapted 

assessment to a theory, even if the original assessment was developed without any theory (e.g. 

Heredia & Lewis, 2012). These practices, combined with the extensive use of existing items 

or making slight changes in already validated assessments, leads to the development of 

conceptually poor assessments extremely similar to the existing ones, as adverted in previous 

literature reviews (i.e. Blalock et al., 2008). For example, inconsistent construct structure (e.g. 

Guzey, Harwell, & Moore, 2014), factors loadings not reflecting the intended attitude 

construct (e.g. Caputo, 2017), many cross loadings and redundant factors measuring the same 

construct (e.g. Dijkstra & Goedhart, 2012), or assessments showing different factor structure 

in subsequent studies [i.e. the CLASS assessment developed by Adams et al. (2006)] 

illustrates these concerns.  

Although some of these assessments may be presented as reliable and valid, the 

confident use of them is highly debatable.For example, the CLASS assessment (Adams et al., 

2006) was described as a “(…) new test designed to measure student belief about physics and 

about learning physics” (p. 1), however, an examination of the included items and constructs 

derived reveals that in fact, the CLASS assessments measures everything but beliefs. The 

relation between beliefs and the CLASS constructs like conceptual connections, personal 

interest, and problem solving or applied conceptual understanding is uncertain at best. 

Other assessments, like the one proposed by Kind et al. (2007) were found to be 

measuring attitudes toward science and science class and also attitudes toward school in 

general. These test developers criticized the lack of clarity and definition of the attitude 

toward science construct in existing literature, and defined attitudes toward science measure 

as “(…) a way of mapping students’ cognitive and emotional opinions about various aspects 

of science” (p. 873). Therefore, the inclusion of items assessing attitudes toward school in 

general is simply unreasonable and is completely inconsistent with the conception adopted, 

thus, compromising the construct validity of the proposed assessment.  

This lack of rational decisions was present in many other assessments. For example, 

Hillman et al. (2016) mixed attitudes toward science class with beliefs and desire to become a 

scientist. Bauer (2008) assessment measures interest and utility as one main construct, even if 
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it is well known that utility is a separate construct of multidimensional nature (Wigfield & 

Cambria, 2014). Dijkstra & Goedhart (2012) developed an assessment aiming at measuring 

attitudes towards climate change and science which is composed by such different factors as 

attitudes towards school science, societal implication of science, scientists, career in science, 

pro-environmental behavior, and urgency for climate change. Test developers stated that “All 

the attitude and behavior areas listed were chosen as areas that could possibly be affected by 

an initiative such as Carbo Schools”, which is clearly not a valid justification, nor an informed 

decision based on any theoretical framework for attitude development. Unfried, Faber, 

Stanhope, & Wiebe (2015) developed an attitude toward STEM assessment; however, these 

authors conceived engineering and technology as the same construct. In addition, a close 

examination of the constructs reveals several conceptual issues. For example, the attitude 

toward math construct is made up mainly by self-efficacy items, such as “Math is hard for 

me”; “I am good at math”, or “I can get good grades in math” (p. 630); however, the attitude 

toward science construct mixes items about the intentions to enroll in science [i.e. “I might 

choose a career in science” (p. 630)], self-efficacy items [i.e. “I can understand most subjects 

easily, but science is hard for me to understand” (p. 630)] and beliefs items like “When I am 

older, knowing science will help me earn money” (p. 630). The same issues are identified in 

the attitude toward engineering/technology construct. Test developers also included an “(…) 

construct measuring students attitudes toward 21st century skills.” (p. 625), which in fact does 

not measure attitude towards but just skills or at best self-efficacy as can be seen in the 

following items: “I can lead other to reach a goal”, “I can make my own goals for learning”, 

and “I can use time wisely when working on my own” (p. 631). If the assessment were to be 

measuring attitudes towards, thus a favorable or unfavorable disposition towards these skills, 

items should be redacted such as “I like leading others to reach a goal” or “Using time wisely 

when working on my own is very important for me”. In addition, the inclusion of a construct 

measuring general skills within an assessment aimed at measuring attitude toward STEM 

remains unclear, and clearly exemplifies the existing conceptual issue in attitude research in 

science education. 

Poor Item Selection and Development 

Another concern is related to the procedures followed in developing or selecting 

items. Studies using empirically developed items were minority in this review, with most test 

developers showing a clear preference for existing items or newly constructed items without 

empirical reference or pilot test. This practice has two main limitations. On the one hand, 

assessments using non-empirically derived items may typically reflect the researcher 

ideologies instead of accurately measure individuals attitudes [e.g. I study physics to learn 

knowledge that will be useful in my outside of school (Douglas et al., 2014)], compromising 

the validity of the assessment (Aikenhead & Ryan, 1992). On the other hand, if items are not 

derived from responses of the target population, it is possible that conceptually difficult, 

irrelevant and confusing aspects may to be included. For example, the relevance of the 

following items for K-12 students may be questionable: “The topics taught in my science 

class are important in the real world” (Lamb et al., 2012, p. 650), “Knowing science will help 

me earn a living” (Puvirajah, Verma, Li, & Martin-Hansen, 2015, p. 257), or “The primary 

purpose for learning science is to try to solve real world problems” (Zhang & Campbell, 
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2011, p. 605). These items appear to be measuring knowledge about the utility of science for 

the society instead of the test-taker, but not a positive or negative inclination towards this 

discipline. 

Lack of Psychometric Types of Evidence 

The psychometric analysis illustrates several problems with the available assessments, 

mainly related to the lack of evidence of their measurement properties. Overall, validity and 

reliability psychometric information was found to be lacking or too limited, and a declining 

pattern in assessments developed in recent years for examining content, criterion and 

hypothesis-testing construct validity was identified. Given the overwhelming amount of 

existing information available in the literature related to the development of attitude 

assessments, these results are not encouraging and are of concern. 

Furthermore, with some rare exceptions, like the Colorado Learning Attitudes about 

Science Survey (CLASS, Adams et al., 2006) and the Science Motivation Questionnaire 

(SMQ II, Glynn et al., 2011), assessments have not been tested beyond the validation study, 

therefore, lacking external validation. From thus that were used in subsequent studies, the 

CLASS (Adams et al., 2006) reported inconsistent results in relation to its factor structure. 

Regarding the SMQ II, Schumm& Bogner (2016) replicated the original factor structure; 

however, they reported that two items had insufficient model fit and two subtests will require 

further examination due to low convergent validity and cross loadings. You, Kim, Black, & 

Min (2018) examined the reliability and validity of the SMQ II assessment using IRT (i.e. 

Rasch-Andrich Rating test model), suggesting also the deletion of two items. 

The lack of studies reporting on the convergent and discriminant validity of the 

proposed assessments is also worrying. Considering that attitude is a multidimensional 

construct, these results are problematic and the construct validity of many assessments can 

therefore be questioned. This concern is even more problematic in assessments showing cross 

loadings between items (e.g. Adams et al., 2008; Dermitzaki et al., 2013; Romine, Sadler, 

Presley, & Klosterman, 2014). The importance of examining this hypothesis-testing validity 

properties in multidimensional tests is reflected by Owen et al. (2007) psychometric re-

evaluation of the Women in Science Test (WiSS). They reported that CFA analysis did not 

support the original three-factor model, with too high correlations between the original 

subtests (0.89 and above), which suggest that the structure of the original assessment 

measured almost the same factor and therefore its validity is dubious. Therefore, the lack of 

convergent and discriminant tests between sub-constructs calls into question the ability of 

most reviewed assessments to validly measure individuals’ attitudes. 

Likewise, temporal stability was not tested for almost all assessments reviewed, thus 

the extent to which the scores are consistent and accurate in repeated administrations of the 

assessment is a matter of doubt (AERA et al., 2014). Since assessment in science education is 

usually used to track the formation and evolution of a desired construct, and to examine 

interventions impact on the construct under study, the use of assessments lacking temporal 

stability evidence will lead to results which reliability is unknown at best or non-existent at 

worst. Without the confidence that the assessment used is reliable and that the results are both 

representative and stable over time, it will be difficult to determine whether the differences or 
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lack of it identified after the intervention are due to the (in)effectiveness of the educational 

intervention or because of inconsistencies issues of the assessment. Therefore, the use of 

assessments whose temporal reliability is unknown may camouflage the real effects of an 

intervention, which could have serious consequences on the implications and conclusions 

drawn. The same problem holds for longitudinal studies aimed at studying how attitudes 

develop throughout the education system, in which wrong conclusions stemming from the use 

of assessments that were not tested against temporal stability may affect the advancement in 

this line of research. 

Impacts of Purpose on Rigor 

Finally, beside the lack of evidence of most types of validity and reliability properties, 

it is of concern that authors continue to develop new assessment for their own work or 

projects instead of using existing ones, as already warned by Blalock et al. (2008). For 

example, Dijkstra & Goedhart (2012) developed a test suited for the Carboschools project, 

aimed at measuring science attitudes, pro-environmental behaviours, climate change attitudes 

and knowledge. However, half of the constructs (i.e. attitude towards school science, societal 

implication of science, attitude toward scientist, and attitude toward a career in science) were 

created by mixing items from different existing attitude test that also measured these very 

same attitude objects/constructs, instead of just using the original tests that in fact were more 

robust in terms of evidence of validity and reliability properties. Likewise, instead of using 

existing published attitude tests, Tytler-Wood, Knezek and Christensen (2010) developed a 

Likert-type and semantic differential assessments for the specific evaluation of the impact of 

the Middle Schoolers Out to Save the World project, with insufficient psychometric 

evaluation. Puvirajah, Verma & Martin-Hansen (2015) designed a test for the measurement of 

the impact of a Science-focused after-school program on underrepresented high-school 

students’ attitudes towards science that was also not justified given the many existing attitude 

tests measuring the same constructs as theirs. Kind, Jones and Barmby (2007) instrument was 

developed for the evaluation of the Lab in a Lorry initiative and, astonishingly and wrongly, 

authors used this informal science education program as the rationale behind the included 

constructs in the test: “All the attitude areas listed, with the exceptions of attitude towards 

school, were chosen as areas that could possibly be affected by an initiative such as Lab in a 

Lorry.” (p. 878).  

These non-exhaustive examples illustrate inadequate and misinformed methodological 

practices that ignore the conceptual and methodological advances in the literature related to 

the development and validation of measurement instrument (e.g. AERA, APA & NCME, 

2014; DeVellis, 2017). Given that in only four studies it was explicitly stated that the 

validation of the instrument was part of a larger project, it was not possible to establish a 

pattern of differences in the quality of the assessments presented in studies that developed 

their own test for a specific project in comparison with investigations that just focused on the 

development and validation of a test. However, a closer examination of Table 2 reveals that 

the studies discussed before reported significantly less psychometric properties, and that 

therefore fall way shorter in meeting the quality criteria for valid and reliable assessments 

than those developed in studies where the main focus was the instrument validation itself, 

instead of the evaluation of a specific project. 
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Implications 

Several implications arise from this review. First, a more comprehensive and clearly 

described conceptualization and concretion of the latent construct under study (i.e. attitude 

toward science) is required to reach consensus on which constructs should indeed be 

considered within the “attitude toward science” umbrella and which should not. This would 

make the assessment of attitudes toward science more operational, preventing test developers 

from developing new instruments for each specific project, and form using a random number 

of non-informed dimensions and items for assessing attitudes. Without this 

reconceptualization, the vagaries of the various conceptualizations identified in this review 

raise the question about whether the construct has any benefit to attitudes in science education 

research. Until then, it is advisable to abandon any attempt to further develop assessments 

based exclusively on existing literature and also to restrict the use of assessments that are not 

rooted in any theoretical framework or informed attitude conceptualization.  

Second, there is a need to consolidate a robust body of assessments reporting valid and 

reliable results that would allow comparisons between the attitudes toward science of students 

from different contexts and background and the results of different educational interventions 

carried out worldwide. Although educational intervention results are context-dependent, using 

a similar procedure and assessments for data collection would allow for better comparison of 

the results obtained. However, there is a need to first provide test-retest reliability evidence 

before using assessments for repeated measurement purposes. Thus, if the assessments were 

not tested in repeated administration and no temporal stability evidence was provided, then 

their use in quasi-experimental time-series design or intervention studies with pre-post test 

data collection phases should be restricted. 

Future studies should further validate the above mentioned existing assessments that 

have appeared to have acceptable quality. In addition, since assessments for elementary 

education are scarce, the studies aiming to develop new measures for this grades are strongly 

advised to use a comprehensive attitude development-theoretical framework like the 

Expectancy-Value (Eccles et al., 1983; Eccles, Wigfield, Harold, & Blumenfeld, 1993; 

Eccles, 2005; Eccles et al., 1983; Eccles & Wigfield, 1995; Wigfield et al., 2015; Wigfield & 

Eccles, 1992, 2000) or the Social Cognitive Career Theory (Lent & Brown, 1994; Lent, 

Brown, & Hackett, 2002) which have been shown in the literature to be effective. Also, when 

translating and validating existing assessments in other languages, test developers should pay 

attention to the translation process and use cross-cultural techniques and equivalence tests 

between the original and the translated version of the assessment.  

Third, test developers aiming at developing new attitude toward science measures 

should include empirically developed items and submit the assessment to content and face 

validity with the target population before large-scale validation. In addition, test developers 

should subject their newly developed assessment to more empirical work to evaluate more 

psychometric properties than those included in this review. Thus, following the 

comprehensive framework for test development outlined in this work, test developers should 

examine at least one psychometric property for temporal stability reliability (especially when 

the test is intended for measuring interventions outcomes or for time-series design 
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longitudinal studies), internal consistency reliability, criterion validity and construct validity 

through EFA or CFA. In addition, test developers should examine convergent and 

discriminant validity between the proposed assessment and existing ones or other 

theoretically related construct (e.g. attitudes and intentions). For criterion validity, the lack of 

quality of the existing assessments makes it difficult to choose a gold standard test for 

examining concurrent validity. However, an imperative criterion is to choose assessments that 

were validated to measure the same constructs and sub-domains as the newly proposed 

assessment. If there is no assessment that can be considered gold standard, which could easily 

be the case of attitudes assessments in science education, test hypothesis between the 

proposed assessment and measures of a construct with conceptual convergence should be 

tested (Polit, 2015).  

It is understandable that test development and validation is very time consuming and 

sometimes not worth to be included in a single publication; however, this is not what it is 

requested here. Rather, it is intended to emphasize the need for authors to abandon the 

dreadful pattern of developing their own test according to their own specific project instead of 

using existing ones. Therefore, since test development and validation is not an easy task, it is 

warned of the importance for an assessment to undergone several psychometric studies before 

being recommended as a valid tool for measuring attitudes toward science, and even more 

psychometric analysis before advising its use in interventions evaluation studies. 

Fourth and last, further studies dedicated to fill existing attitude assessments 

psychometric gaps or develop new ones should make an effort to report the results in a clear, 

transparent and exhaustive way. Explicit reference to the psychometric properties analyse 

should be mandatory, as this will help readers to examine the strengths and limitations of the 

test. The use of the measurement taxonomy proposed by Polit (2015), outlined in this work, 

would help to structure the reporting in this field. Nonetheless, given the extensive evidence 

of the suboptimal reporting of many of the studies included in this review, the development of 

a reporting guideline for studies evaluating psychometric properties of attitude toward science 

assessments may be required. In addition, clarity, completeness and missing data about the 

developed assessments are aspects worth addressing in future studies. As different modes of 

test administration has been proved to introduce biasing effects (Bowling, 2005), test 

administration method and instructions are a must. Although in the field of science education 

studies about the effect of different modes of administration are missing, in other fields such 

as health care-related research, many studies reported that there is an impact of method of 

administration in self-administered assessments (e.g. Chan, Orlando, Ghosh-Dastidar, Duan, 

& Sherbourne, 2004; McHorney, Kosinski, & Ware, 1994) and that bias can be reduced with 

adequate training (Cella et al., 2015).  

Strengths and Limitations 

The results presented in this review must be interpreted considering the following 

strengths and limitations. This review provides an in-depth evaluation of studies reporting on 

the development and validation of attitude toward science assessments using an exhaustive 

data extraction procedure based on recent recommended standards. The broad search strategy 

and the retrieval across WoS and Scopus databases captured 61 validation studies published in 
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the last fourteen years, proposing a total of 62 assessments. The study search strategy used 

was comprehensive; however, non-English and non-Spanish assessments, and those not 

published as articles were likely missed. In addition, as there is no clear conceptualization of 

what constitutes to measure “attitudes” in science education research, and because 

assessments for assessing attitudes are being indexed using a wide range of key words, the 

retrieval of some articles was particularly challenging and therefore a manual search was 

necessary. 

Another limitation may be related to the approach taken to examine the quality of the 

reviewed attitude assessments. The approach used in this review posits that for an assessment 

to be considered valid and reliable, it should have been submitted to as many psychometric 

tests as possible and through multiple studies. Nonetheless, it must be acknowledged that this 

review considered mostly whether the proposed assessments were subjected to several 

psychometric tests to assure validity and reliability. While this approach is consistent with the 

Standards for Educational and Psychological Testing (AERA et al. 2014) stating that “(…) 

unless a standard is deemed clearly irrelevant, inappropriate, or technically infeasible for a 

particular use, all standards should be met, making all of them essentially ‘primary’ for the 

context.” (p. 5), it may be that the more psychometric tests, the better approach used has 

limitations and, consequently, some assessments analysed may be of higher quality than it is 

stated in this study, even if they have undergone fewer psychometric tests than expected. The 

opposite is also likely to occur and find assessments that despite having been subjected to 

many psychometric tests, still have internal inconsistencies (like the CLASS assessment). For 

this reason, future studies that explicitly and thoroughly assess the quality of existing attitude 

assessment based on the psychometric results would be a desired complement of this study.  

Although the results of this systematic review should be taken within these limitations, 

this study provides an in-depth examination of the development and validation of attitudes 

assessments in science education research, with a specific interest in practices related to the 

reporting of the psychometric properties of the proposed assessments between 2004 and 2018. 

The results of this review can be useful as (a) it provides a framework for test development 

and validation studies based on up to date recommendations that can be used for further 

refining existing assessments or guide the development of new ones, (b) identifies practices 

within the development of attitude assessments in science education that need to be improved, 

and (c) highlights the strengths and limitations of 62 attitudes toward science assessments so 

that science education researchers and practitioners can make an informed choice when 

selecting assessments for their studies. 

Conclusions 

This study summarizes the range of psychometric properties recommended in recent 

specialized literature for developing and validating self-administering measurement 

assessments and examines the extent to which attitude assessments published between 2004 

and 2018 in science education research were validated following informed decision in relation 

to item generation, theoretical analysis, and psychometric evaluation. Using a systematic 

review procedure, this study provides an in-depth evaluation of 62 attitude assessment 

developed in science education. The results demonstrate that although a rather large body of 
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attitude assessment were developed and published in the science education field in the last 14 

years, the conceptual and methodological quality of most of them are below modern standards 

for educational and psychological testing. Most assessments lacked theoretical foundations 

and were almost based on existing assessments with conceptually poor definition of the 

attitude construct. In addition, many of the attitude assessments were limited in terms of 

validity and reliability psychometric evidence, and several limitations related to data reporting 

and misuse of some psychometric tests were also identified. 

While no assessment was virtually free of limitations, some performed better than 

others on the quality criteria used in this review and reached acceptable-quality standards, and 

so its use can be recommended. However, further information on assessments’ reliability, 

validity, and applicability are clearly necessary. Future refinement and validation studies of 

these assessments could lead to a robust body of reliable assessments measuring attitudes in 

science education. In addition, more research is needed to develop theoretically well-

grounded assessments. Particularly, a deeper understanding of the construct under study (i.e. 

attitudes) is paramount so that future attitude test development and validation studies can 

propose assessments with stronger theoretical background capable of assessing attitudes 

toward science with high standards of validity and reliability.  

In conclusion, the development and validation of valid and reliable assessments is a 

critical need for science education research. The findings of the psychometric quality 

assessment, however, suggest that attitude assessments published in science education in the 

last two decades are usually lacking theoretically framework and validity and reliability 

psychometric evidences. A deficiency of valid and reliable assessments utterly constrains the 

ability to understand and improve individual’s attitudes, and to evaluate science education 

interventions aimed at reducing the science pipeline. It is hoped that this review provides 

guidelines for researchers and contributes to the improvement of tests development and 

validation practices in science education. 
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Table 1.  

Search strategy 

Web of Science Core Collection database 

Topic  Title  Title  Topic 

attitud* 

view* 

opinion* 

image* 

motivation* 

AND 

scien* 

AND 

scale* 

instrument* 

measur* 

survey 

questionnaire* 

tool* 

AND 

validat* 

develop* 

psychometric* 

properties 

evaluate* 

Scopus database 

Title, abstract 

and key words 

 Title  Title  Title, abstract and 

key words 

attitud* 

view* 

opinion* 

image* 

motivation* 

AND 

scien* 

AND 

scale* 

instrument* 

measur* 

survey 

questionnaire* 

tool* 

AND 

validat* 

develop* 

psychometric* 

properties 

evaluate* 

Full search strategy 

attitud* OR view* OR opinion* OR image* OR motivation* AND scien* AND scale* OR 

instrument* OR measur* OR survey* OR questionnaire* OR tool* AND validat* OR 

develop* OR psychometric* OR properties OR evaluat* 
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Table 2.  

Psychometric quality of attitudes instruments in Science education 

Reference 

  Reliability  Validity 

Theory Items Reliability 
Internal 

consistency 

Measurement 

error 

 Content & 

face 

validity 

Criterion 

validity 

Construct validity 

 Structural 
Hypothesis 

testing 

Cross 

cultural 

Abd-El-Khalick et 

al.(2015) 

Yes ES, 

NE 

? CFA based 

reliability* 

?  EP, TP ? EFA, CFA ? ? 

Adams et al.(2006) ? ES, E Test-retest ? Yes  EP, TP Predictive EFA Discriminative n/a 

Adams et al. (2008)  ? ES, 

NE 

Test-

retest* 
Cronbach  Yes  EP, TP ? ? Discriminative n/a 

Andrews et al.(2017) Yes* ES, 

NE 

? Cronbach  ?  EP, TP ? EFA, CFA Convergent 

Discriminant 

n/a 

Bauer (2008) ? ? Test-retest Cronbach  ?  ? ? EFA Convergent 

Discriminant 

Discriminative 

n/a 

Bayar & 

Karamustafaoğlu(2015) 

? ES Test-retest Item-total r ?  TP ? EFA, CFA Convergent 

Discriminative 

Yes 

Blanco Blanco et al. 

(2016) 

Yes ES, 

NE 

? Cronbach  ?  EP ? EFA Discriminant* Yes 

Caputo(2017) Yes ES ? Cronbach  Yes  EP Predictive EFA, CFA Convergent 

Discriminant 

Discriminative 

n/a 

Cheung(2009) Yes ES, 

LR, E 

? Cronbach  

Item-total r 

?  EP, TP ? CFA Convergent 

Discriminative 

? 

Chiang &Liu(2014) Yes* ? ? Cronbach  

Item-total r 

?  ? ? EFA*, 

CFA 

Convergent 

Discriminant 

Discriminative 

n/a 

Dermitzaki et al.(2013) Yes ES ? Cronbach  

Item-total r 

Split-half 

?  TP ? CFA Discriminant Yes 

Dijkstra & 

Goedhart(2012) 

No ES ? Cronbach  ?  EP ? EFA Convergent 

Discriminative 

? 

Douglas et al.(2014) No ES ? Cronbach  ?  ? ? EFA, CFA ? n/a 

Ergün & Balçın (2017) ? ES ? Cronbach  

Item-total r 

?  TP ? EFA, CFA ? Yes 
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Table 2.  

Psychometric quality of attitudes instruments in Science education (continued) 

Reference 

  Reliability  Validity 

Theory Items Reliability 
Internal 

consistency 

Measurement 

error 

 Content & 

face 

validity 

Criterion 

validity 

Construct validity 

 Structural 
Hypothesis 

testing 

Cross 

cultural 

Fortus et al. (2014) Yes NE ? Cronbach  ?  EP, TP  EFA, IRT Discriminative n/a 

Glynn et al.(2011) Yes ES, E ? Cronbach  ?  TP ? EFA, CFA Convergent 

Discriminative 

n/a 

Glynn et al. (2009) Yes ES, E ? Cronbach  ?  ? ? EFA Convergent 

Discriminative 

n/a 

Guzey et al. (2014) Yes* LR ? Cronbach  ?  EP ? EFA Discriminative n/a 

Heredia & Lewis(2012) Yes* ES ? Cronbach  

Item-total r 

?  ? ? CFA ? n/a. 

Hiller & Kitsantas(2016) Yes ES ? Cronbach  ?  EP Predictive EFA, CFA ? n/a. 

Hillman et al. (2016) ? ES ? Cronbach  ?  EP ? ? ? n/a. 

Kennedy et al.(2016) ? ES, 

NE 

? Cronbach  

Beta 

Lambda 

?  TP ? EFA ? n/a. 

Kind et al.(2007) ? ES ? Cronbach  ?  ? ? EFA Convergent* n/a. 

Korur et al. (2016) Yes ES ? Cronbach  ?  ? ? CFA Convergent 

Discriminant 

Yes 

Lamb et al.(2012) ? ES ? Cronbach  ?  EP ? EFA, IRT ? n/a. 

Liou(2014) Yes* ES ? Cronbach  Yes  ? Predictive EFA, 

CFA, IRT 

? n/a. 

Mahoney(2010) ? ES ? Cronbach  ?  EP, TP Concurrent* EFA Discriminative n/a. 

Maier et al.(2013) ? ES, LR ? Cronbach  

Item-total r 

?  TP ? EFA, CFA Convergent 

Discriminative 

n/a. 

Marsh et al.(2013) Yes* NE ? Cronbach  ?  ? ? CFA Convergent 

Discriminant 

n/a. 

Morgan et al. (2018) ? E ? Cronbach  ?  ? Predictive* EFA, CFA ? n/a. 

Navarro et al. (2016) Yes ES ? Cronbach  ?  ? Concurrent* EFA, CFA Discriminant Yes 
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Table 2.  

Psychometric quality of attitudes instruments in Science education (continued) 

Reference 

  Reliability  Validity 

Theory Items Reliability 
Internal 

consistency 

Measurement 

error 

 Content & 

face 

validity 

Criterion 

validity 

Construct validity 

 Structural 
Hypothesis 

testing 

Cross 

cultural 

Oh et al. (2013) Yes ES,  

E 

? Cronbach  ?  EP, TP ? EFA, CFA Discriminant n/a. 

Owen et al.(2007) ? ES ? Cronbach  

Split-half 

?  ? ? EFA, CFA Discriminative n/a. 

Puvirajah et al.(2015) ? ES ? Cronbach  ?  ? ? EFA ? n/a. 

Randler et al.(2011) ? ES ? Cronbach  ?  ? Concurrent* CFA Discriminative n/a. 

Romine et al. (2017) ? ES, 

NE 

? Cronbach  ?  ? ? EFA 

IRT 

Discriminative n/a. 

Romine et al. (2014) ? ES ? Cronbach  ?  EP ? EFA*, 

CFA, IRT 

Discriminative

* 

n/a. 

Sabah et al.(2013) ? ES ? Item 

reliability 

indices 

?  ? ? EFA, IRT ? n/a. 

Salta &Koulougliotis 

(2015) 

Yes ES ? Cronbach  ?  TP  CFA Discriminative Yes 

Schumm & Bogner 

(2016) 

Yes ES ? Cronbach  ?  ? ? EFA Convergent 

Discriminative 

Yes  

Semsar et al.(2011) ? ES Test-

retest* 

? ?  EP, TP ? EFA Discriminative n/a. 

Sha et al., (2015) Yes NE ? Amor’s  ?  ? ? IRT Convergent n/a. 

Sjaastad(2013) Yes ES, E ? Cronbach  

Separation 

indices 

?  TP ? IRT ? n/a. 

Summers & Abd-El-

Khalick (2018) 

Yes ES, 

NE 

? CFA based 

reliability 

?  EP, TP ? CFA ? n/a. 

Tee & 

Subramaniam(2018) 

? ES ? Separation 

indices 

?  ? ? IRT ? n/a. 

Tosun & Genç (2015) ? ES ? Cronbach  

Item-total r 

Yes  ? ? EFA, CFA Discriminative Yes 

Tuan et al. (2005) ? ES ? Cronbach  ?  EP ? EFA Convergent 

Discriminant 

Discriminative 

n/a. 
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Table 2.  

Psychometric quality of attitudes instruments in Science education (continued) 

Reference 

  Reliability  Validity 

Theory Items Reliability 
Internal 

consistency 

Measurement 

error 

 Content & 

face 

validity 

Criterion 

validity 

Construct validity 

 Structural 
Hypothesis 

testing 

Cross 

cultural 

Tyler-Wood et al. (2010) ? ES ? Cronbach  ?  EP ? EFA Discriminative n/a. 

Tyler-Wood et al.(2010) ? ES ? Cronbach  ?  EP ? EFA Convergent n/a. 

Unfried et al.(2015) Yes* ES ? Cronbach  ?  EP, TP ? EFA, CFA ? n/a. 

van Aalderen-Smeets & 

Walma van der Molen 

(2013) 

Yes NE ? Cronbach  ?  TP Predictive EFA, CFA Convergent* 

Discriminative 

n/a. 

Velayutham et al.(2011) Yes ES, 

NE 

? Cronbach  ?  EP, TP Predictive EFA Convergent 

Discriminant 

Discriminative 

n/a. 

Villafañe & Lewis(2016) Yes ES ? Cronbach  ?  ? Predictive CFA Discriminative n/a. 

Wang et al. (2016) Yes E ? Cronbach  ?  EP, TP Predictive CFA Convergent n/a. 

Wang & Berlin(2010) ? ES  Cronbach  

Item-total r 

  EP, TP ? EFA Discriminative

* 

Yes 

Wendt & Rockinson-

Szapkiw (2018) 

Yes ES ? Cronbach  ?  EP ? CFA ? Yes 

Wilcox & Lewandowski 

(2016) 

? ES Test-

retest* 
Cronbach  

Item-total r 

?  ? ? EFA* Convergent 

Discriminative 

n/a. 

Xu & Lewis(2011) ? ES Test-retest Cronbach  ?  ? Predictive EFA, CFA Convergent n/a. 

Yasar &Anagün(2009) ? ES ? Cronbach  ?  ? ? EFA Discriminant n/a. 

You (2016) Yes ES ? Item 

separation 

indices 

Yes  ? ? IRT ? n/a. 

You et al. (2018) Yes ES ? Cronbach  

Item 

separation 

indices 

?  ? ? IRT Discriminative n/a. 

Zhang & Campbell(2011) Yes ES ? Cronbach  ?  EP ? CFA Convergent n/a. 

Note: 

? unknown/not reported, n/a. not applicable, *unclear or problematic; LR literature review, ES existing scales, E empirical (interviews/focus group), NE not empirical; EP 

Expert panel, TP Target population, EFA Exploratory Factor Analysis, CFA Confirmatory Factor Analysis, IRT Item Response Theory 
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Table 3.  

Frequency statistics for reliability evidences 

Reliability evidences N % 

1 41 66.1 

2 17 27.4 

3 4 6.5 

4 0 0 

5 0 0 

Total 62 100.0 

Note: 

The maximum reliability evidence is 5. 
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Table 4.  

Frequency statistics for validity evidences 

Validity 

evidences 
N % 

1 5 8.1 

2 9 14.5 

3 22 35.5 

4 10 16.1 

5 12 19.4 

6 2 3.2 

7 2 3.2 

8 0 0 

9 0 0 

Total 62 100.0 

Notes: 
aThe maximum validity evidence is 9. 
bCross-cultural was not considered, as it 

does only apply to translated tests. 
cIRT evidence was not considered since its 

use involves additional EFA and CFA tests. 
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Table 5.  

Descriptive statistics on validity psychometric evidences reported 

Validity evidences N % 

Content & face   

     Expert panel 27 43.5 

     Target population 23 37.7 

     Not reported 23 41.9 

Criterion   

     Concurrent 3 4.8 

     Predictive 10 16.1 

     Not reported 49 79.0 

Construct   

     Structural   

          EFA 43 69.4 

          CFA 32 51.6 

          IRT 11 17.7 

          Not reported 2 3.2 

     Hypothesis testing   

          Convergent 23 37.1 

          Discriminant 13 21.0 

          Discriminative 30 48.4 

          Not reported 19 30.6 

     Cross-culturala 11 78.6 

          Back-translation 11 78.6 

          Equivalence tests 1 7.1 

Note: 
aCross-cultural validity only applicable to 14 tests 
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Table 6.  

Descriptive statistics on reliability psychometric evidences reported 

Reliability evidences N % 

Test-retest 7 11.3 

Internal consistency   

     Cronbach  53 85.5 

     Item-total r 10 16.1 

     Split-half 2 3.2 

     Other 9 14.5 

Measurement error 6 9.7 
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Figure 1. Paradigm for test development and validation 
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Figure 2. Studies identification and selection flowchart 
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Supplemental File 1: Quality appraisal checklist 

In this online resource, we provide the quality appraisal checklist used to examine evidences of 

theoretical underpinnings and psychometric properties in attitude assessments published in 

science education research, as reported in the parent article entitled: “Still on the Wrong Path: A 

Systematic Review and Evaluation of Attitude Test Development Practices in Science 

Education”. 

Phases, steps, and indices Evaluation 

PHASE 1: ITEM GENERATION   
 

 

Theoretical framework     

The items, where developed according to an existing theoretical 

framework? 
Yes ? 

* 
n/a 

Item pool development     

Where deductive – literature review techniques used? Yes ? * n/a 

Where deductive – existing scales techniques used? Yes ? * n/a 

Where inductive – empirical techniques used? Yes ? * n/a 

Where inductive – not empirical techniques used? Yes ? * n/a 

PHASE 2: THEORETICAL ANALYSIS   
 

 

Content and face validity     

Was content and face validity examined using a panel of experts? Yes ? * n/a 

Was content and face validity examined by interviewing the target 

population? 
Yes ? 

* 
n/a 

PHASE 3: PSYCHOMETRIC EVALUATION 
    

Reliability domain     

Temporal reliability     

Was temporal stability (i.e. test-retest) examined? Yes ? * n/a 

Internal consistency     

Was the Cronbach α index examined? Yes ? * n/a 

Were item-total correlations examined? Yes ? * n/a 

Was the split-half index examined? Yes ? * n/a 

Measurement error     

Was the measurement error examined? Yes ? * n/a 

Validity domain     

Criterion Validity     

Was concurrent validity examined? Yes ? * n/a 

Was predictive validity examined? Yes ? * n/a 

Construct validity     

Was structural validity examined through EFA? Yes ? * n/a 

Was structural validity examined through CFA? Yes ? * n/a 

Was structural validity examined through IRT? Yes ? * n/a 
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Hypothesis testing     

Was convergent validity examined? Yes ? * n/a 

Was discriminant validity examined? Yes ? * n/a 

Was discriminative validity examined? Yes ? * n/a 

Cross-cultural validity     

When applicable, were assessments adapted at least using forward 

and back-translations?  
Yes ? 

* 
n/a 

Notes: 
If aspects were reported, circle Yes; if not, circle ? (unknown); if reported but problematic in terms of misinformed practices or unclear results, 

circle * (yes, but problematic); if not applicable, circle n/a (not applicable). 
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Supplemental File 2: Tables and Figures 

In this online resource, we provide additional Tables and Figures for the parent article entitled: 

“Still on the Wrong Path: A Systematic Review and Evaluation of Attitude Test Development 

Practices in Science Education”: 

List of tables: 

Table S1. Included assessments according to journal of publication  

Table S2. Language of included assessments  

Table S3. Aim of included assessments  

Table S4. Included assessments according to grade level 

Table S5. Structure of the included assessments 

Table S6. Descriptive statistics on theoretical framework and item development strategy used 

List of figures: 

Figure S1. Publication of attitude test development studies included in this review 

Figure S2. Publication of attitude test development studies per decade   
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Table S1.  

Included assessments according to journal of publication 

Journals 
Publications 

N % 

CBE Life Sciences Education  2 3.3 

Chemistry Education Research and Practice  2 3.3 

Early Childhood Research Quarterly  1 1.6 

Elementary Education Online  1 1.6 

Environmental Education Research  1 1.6 

Eurasia Journal of Mathematics, Science & Technology Education 2 2 3.3 

European Journal of Psychology of Education  1 1.6 

International Electronic Journal of Elementary Education  1 1.6 

International Journal of Assessment Tools in Education  1 1.6 

International Journal of environmental & Science Education  2 3.3 

International Journal of Research & Method in Education  1 1.6 

International Journal of Science and Mathematics Education  2 3.3 

International Journal of Science Education 12 19.7 

International Journal of Science Education, Part B  1 1.6 

Journal of Baltic Science Education  2 3.3 

Journal of Chemical Education  4 6.6 

Journal of Educational Psychology  1 1.6 

Journal of Educational, Cultural and Psychological Studies  1 1.6 

Journal of Psychoeducational Assessment  1 1.6 

Journal of Research in Science Teaching  6 9.7 

Journal of Science Education and Technology  2 3.3 

Journal of Science Teacher Education  2 3.3 

Journal of Technology and Teacher Education  1 1.6 

Journal of Turkish Science Education  1 1.6 

Learning and Instruction  1 1.6 

Learning Environments Research  1 1.6 

Physical Review  3 4.9 

REOP  1 1.6 

School Science and Mathematics  1 1.6 

Social Sciences  1 1.6 

Teaching and Teacher Education  1 1.6 

The Journal of Technology Studies  1 1.6 

TOTAL 61 100 
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Table S2.  

Language of included assessments 

Languagea 
Publications 

N % 

Arab 2 3.2 

Chinese 1 1.6 

Dutch 2 3.2 

English 38 61.3 

French 1 1.6 

German 2 3.2 

Greek 2 3.2 

Hebrew 1 1.6 

Italian 2 3.2 

Norwegian 1 1.6 

Spanish 4 6.5 

Taiwanese 1 1.6 

Turkish 5 8.1 

Not specified 5 8.1 

Note: 
aSome assessments were validated in more than 

one language.  
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Table S3.  

Aim of included assessments 

Aim of publication 
Publications 

N % 

Attitude toward discipline 16 25.8 

Attitude toward specific course 20 32.3 

Motivation 9 14.5 

Beliefs 8 12.9 

Others 9 14.5 

Total 62 100.0 
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Table S4.  

Included assessments according to grade level 

Grade levela N % 

Elementary 13 21 

Middle 22 35.5 

High school 18 29 

Undergraduates 17 27.4 

In service teachers 5 8.1 

Adults in general 1 1.6 

Note: 
aSome assessments were designed for multiple grade levels 
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Table S5.  

Structure of the included assessments 

Characteristics 
Publications 

N % 

Factors   

Unidimensional 7 11.3 

2/3 19 30.6 

4/5 22 35.5 

6/7 10 16.1 

8 or more 4 6.5 

Items   

1-10 9 14.5 

11-20 14 22.6 

21-30 21 33.9 

31-40 13 21 

41 or more 5 8.1 
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Table S6.  

Descriptive statistics on theoretical framework and item development strategy used 

Theory and item criteria N % 

Theoretical Framework   

     Yes 32 51.6 

     No 30 48.4 

Item development method   

     Literature review 3 4.8 

     Existing scales 53 85.5 

     Empirical 8 12.9 

     Not empirical 12 19.4 

     Not reported 2 1.6 
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Figure S1. Publication of attitude test development studies included in this review 
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Figure S2. Publication of attitude test development studies per decade. 

Represented are attitude studies included this and Blalock et al’s. (2008) review. 
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Abstract 

Research focused on factors affecting the decline in enrolments in science related university 

degrees has constantly struggled with poorly conceptualized and developed measurement 

instruments. This study reviews the theoretical and psychometric properties of the most 

relevant measurement instruments widely used in the Spanish science education research 

literature. Afterwards, the development and validation of an instrument for the assessment of 

Spanish-speaking elementary students’ expectancies of success in school science is reported. 

This new instrument is developed following modern psychometric standards and seeks to 

overcome the pitfalls identified in the reviewed existing instruments by rooting the items in a 

robust theoretical framework, using a panel of experts and cognitive interviews with the target 

sample for content validity and item readability and interpretation, principal component 

(PCA) and principal axis factoring (PAF) exploratory factor analysis for construct validity, 

and Cronbach α and item-total r for internal consistency reliability. The results reveal a short 

and parsimonious unidimensional scale composed of 6 Likert-type items that are consistent 

with theoretical expectations and that provide evidence for strong validity and reliability 

psychometric properties. This promising instrument can be used to advance research on 

factors affecting enrollments in science education careers from early stages of the educational 

system. 

 

Keywords: expectancies of success, elementary education, psychometric properties, scale, 

validation 

 

Funding: This study has received funding from the 2017-2021 edition of the University of 

Burgos PhD research fellowship and by the Spanish Ministry of Economy, Industry and 

Competitiveness (MINECO) through the project EDU2017-89405-R. The funders had no role 

in study design, data collection and analysis, decision to publish, or preparation of the 

manuscript. 

Conflict of Interest: On behalf of all authors, the corresponding author states that there is no 

conflict of interest. 

mailto:rbtoma@ubu.es
mailto:rbtoma@ubu.es
http://orcid.org/0000-0003-4846-7323
http://orcid.org/0000-0003-4846-7323
mailto:meneses@ubu.es
mailto:meneses@ubu.es
https://orcid.org/0000-0003-4839-0418
https://orcid.org/0000-0003-4839-0418


RUNNING HEAD: Development and Validation of the SUCCESS Instrument  1 

 

 

 

Development and Validation of the SUCCESS Instrument: Towards a Valid and Reliable 

Measure of Expectancies of Success in School Science 

Research focused on factors affecting the decline in enrolments in science related university 

degrees has constantly struggled with poorly conceptualized and developed measurement 

instruments. This study reviews the theoretical and psychometric properties of the most relevant 

measurement instruments widely used in the Spanish science education research literature. 

Afterwards, the development and validation of an instrument for the assessment of Spanish-

speaking elementary students’ expectancies of success in school science is reported. This new 

instrument is developed following modern psychometric standards and seeks to overcome the 

pitfalls identified in the reviewed existing instruments by rooting the items in a robust theoretical 

framework, using a panel of experts and cognitive interviews with the target sample for content 

validity and item readability and interpretation, principal component (PCA) and principal axis 

factoring (PAF) exploratory factor analysis for construct validity, and Cronbach α and item-total 

r for internal consistency reliability. The results reveal a short and parsimonious unidimensional 

scale composed of 6 Likert-type items that are consistent with theoretical expectations and that 

provide evidence for strong validity and reliability psychometric properties. This promising 

instrument can be used to advance research on factors affecting enrollments in science education 

careers from early stages of the educational system. 

Keywords: expectancies of success, elementary education, psychometric properties, scale, 

validation. 

Introduction 

Nowadays, due to a decreasing pattern in enrolments in STEM (science, technology, engineering 

and mathematics) related careers, the promotion of interest in these disciplines from an early age 

is postulated as one of the priority objectives of science curricula worldwide (Archer et al. 2010; 

Kennedy, Lyons and Quinn 2014; Lyons and Quinn 2010, 2015; Osborne, Simon and Collins 

2003; Potvin and Hasni 2014). Studies addressing these issues focused mostly on the 

development of favorable attitudes toward science from early stages (Osborne et al. 2003). 

Nevertheless, research on attitudes has faced a lack of conceptual clarity (Gardner 1975, 1995; 

Pearl 1974) and many methodological issues derived from the use of instruments with uncertain 

or poor psychometric properties (Blalock et al. 2008; Munby 1983, 1997). Indeed, Gardner 

(1975) questioned the validity of instruments that were used as unidimensional despite revealing 

a multidimensional structure. Munby (1983) review of existing instruments concluded that not 

much confidence can be placed in research on attitudes towards science due to the lack of validity 

and reliability evidences of the existing instruments. More recently, Blalock et al. (2008) 

reaffirmed these issues by identifying that there is no consensus established on which aspects 

should be addressed when investigating attitudes towards science and by revealing that science 

education measurement instruments published between 1935 and 2005 were mostly developed 

without a guiding theoretical framework and lacked rigorous validity and reliability psychometric 

evaluations. Authors (2019), after concluded that psychometrically valid and reliable instruments 
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are scarce in the Spanish-speaking context, especially for the elementary education stage, 

proposed a single-item attitude towards school science instrument measuring the six more 

evaluated attitude constructs in science education literature. While this instrument showed great 

validity and reliability psychometric properties, there are study design (e.g. intervention studies) 

where multiple-items instruments may be preferred for its greater sensitivity in detecting 

differences between groups, broader coverage of the construct under study, and less prone to 

interpretation bias.  

This situation requires the development and validation of valid and reliable instruments for 

the early detection of those factors that influence students' educational choices and preferences, 

so that appropriate policy measures and educational interventions aimed at promoting scientific 

vocations can be developed. Consistently, in this study we review the two most used instruments 

within the Spanish science education research to examine the extent to which these instruments 

present the conceptual and methodological issues identified internationally by Blalock et al. 

(2008) and Munby (1983), among many others. Subsequently, we present the development and 

validation of a theoretically driven, brief, self-reporting, paper and pencil instrument called 

SUCCESS, designed for rapid administration and easy assessment of elementary students’ 

expectancies of success in the school science subject. This instrument was designed to address 

and overcome the limitations found in the existing instruments, and thus allow further valid and 

reliable examination of factors affecting young students interest in school science. 

Existing measurement instruments for Spanish-speaking context 

 In Spain, this decline in enrollments in STEM fields has been largely addressed by 

examining the development and evolution of students’ attitudes toward science, using mainly two 

instruments, the ROSE and the COCTS, reaching together a high impact in science education 

research with up to 964 citations (Table 1).  

The ROSE is Vázquez and Manassero’s adaptation of Schreiner and Sjøberg’s (2004) 

instrument that was used in the international study entitled "Relevance of Science Education 

(ROSE)" (Schreiner & Sjøberg, 2004), which has subsequently been translated into numerous 

languages, including Spanish. This instrument is composed of 146 Likert type items with 4 

response options, focused on measuring 5 different aspects. Three subscales are directly related to 

science (i.e. Opinions about science and technology; Attitudes toward science classes, and 

Environmental challenges) and the remaining two scales are related with the desired future job 

and with experiences and participation in extracurricular activities. This instrument, or part of it, 

has been used in the Spanish context in up to 15 relevant studies with samples from elementary to 

preservice teachers. 

The COCTS is Vázquez, Manassero and Acevedo’s Spanish adaptation of Aikenhead and 

Ryan’s (1992) VOSTS instrument, originally designed for the measurement of students 

understanding of epistemological and sociological aspects of science and technology. Its Spanish 

version is composed of a total 35 multiple-choice items with a total of 222 response options. 

Each item consists of a caption in which a problem is advanced to the test taker, followed by a 
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range of response options that reveal naïve to informed conceptions. This instrument has been 

used in up to 11 Spanish studies involving secondary students to in-service teachers. 

Absence of theoretical framework for instrument development 

The attitude construct lends itself to many different conceptualizations. Eagly and Chaiken 

(1995) provided a widely accepted definition that conceives attitude as "(...) a psychological 

tendency that is expressed by evaluating a particular entity with some degree of favor or 

disfavor" (p. 414). Thus, attitudes encompass those evaluative aspects of a cognitive, affective 

and behavioral nature referring to beliefs, thoughts, feelings and emotions towards a given 

objective. More specifically to scientific education, Klopfer (1971) categorized attitudes towards 

science as a set of affective behaviors toward science, scientists, scientific research, scientific 

careers, and activities related to science in general. Due to this multiplicity of conceptualizations, 

it is paramount that attitudinal instruments are developed according to a specific theoretical 

framework (Summers and Abd-El-Khalick 2018; Pearl 1974; Messick 1989; Shrigley and 

Koballa 1992). 

Nevertheless, neither the ROSE nor the COCTS were developed according to a theoretical 

framework of attitudes and none of the 26 studies using these instruments (Table 1) in the 

Spanish contexts have discussed what conceptualization of attitudes toward science was being 

adopted. This absence of a guiding theoretical framework is reflected in the deficient design of 

both instruments. For example, the ROSE instrument is composed of several subscales measuring 

attitudes toward science, technology and school science indistinctively. Moreover, most items 

refer to both technology and science within the same subscale (i.e. “Science and technology can 

solve all problems”; Vázquez and Manassero 2004, p. 389). In addition, some subscales have 

double and triple-barreled items, like "Science and technology make our lives healthier, easier 

and more comfortable" (Vázquez and Manassero 2004, p. 389). As it is well known in the 

psychometric literature, items referring to different objects (i.e. science and technology) or with 

more than one meaning (i.e. easier, comfortable, healthier) introduce ambiguity and are therefore 

strongly discouraged; thus, a test-taker may consider that technology does make life easier and 

more comfortable but not healthier, or that science does help us solve problems while technology 

does not. Hence, this poor design clearly reveal a completely erroneous practice that ignores all 

the consensual recommendation from the literature related to the development and validation of 

measurement instrument (e.g. AERA, APA and NCME 2014, Crocker and Algina 1986; DeVellis 

2017; Nunnally and Bernstein 1994). 
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Table 1. Characteristics of the main instruments used in the Spanish context 

Instrument and studies 
Total 

citationsa 

Target 

audience 
Items and constructs Theoryb Validity Reliability Item sample 

ROSE 

Fernández-Cézar and Pinto-

Solano (2017); Fernández-

Cézar, Pinto-Solano, and 

Muñoz-Hernández (2018); 

Marbà-Tallada and Márquez 

(2010); Mazas and Bravo 

Torija (2018); Pérez-Franco, 

de Pro Bueno, and Pérez 

Manzano (2018); Vázquez and 

Manassero (2004, 2005, 

2008a, 2008b, 2009a, 2009b, 

2009c, 2009d, 2010, 2011). 

537 Elementary 

Secondary 

Preservice 

teachers 

Adults 

146 Likert type items: 

a) Opinions about science and 

technology 

b) Attitudes toward science 

classes 

c) Environmental challenges 

d) My future job 

e) Out of school experiences 

No Construct 

validity 

Item total  

r = .5 - .68 

for b 

subscale* 

 

α = .25 - 

.91 

- I would like to become a 

scientist. 

- The natural world is 

sacred and should not be 

bothered 

- Science will not be useful 

for my future job 

 

COCTS 

Acevedo, Vázquez, 

Manassero, and Acevedo 

(2002); Garcia-Ruiz, Maciel, 

and Vázquez (2014); 

Manassero and Vázquez 

(2001a, 2001b); Manassero, 

Vázquez, and Acevedo (2002, 

2004); Vázquez, Manassero, 

and Talavera (2010); Vázquez, 

Acevedo, Manassero, and 

Acevero (2006); Vázquez and 

Manassero (1998, 1999a, 

1999b) 

427 Secondary 

Undergraduates 

Graduates 

In-service 

teachers 

  

35 items and 222 multiple 

choice options: 

a) Science and technology 

b) Influence of the society in 

science and technology 

c) Influence of science and 

technology in society 

d) Scientists characteristics 

e) Social construction of the 

scientific knowledge 

f) Social construction of 

technology 

g) Nature of Science 

No 

 

Content 

validity 

 

No - Defining what is science 

is difficult, because science 

is complex and 

encompasses many things. 

But science 

PRINCIPALLY is: 

- A country's politics 

affects its scientists as they 

are a part of its society (i.e., 

scientists are not isolated 

from their society). 

a Refers to the total citation registered by Google Scholar for each set of studies using the reviewed instrument, as of 22 of April 2019. 
b Refers to whether the instrument was developed according to an attitude theoretical framework. 

*Authors used just 8 items instead of the 15 total items comprising the “Attitude toward science classes” subscale. 
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The lack of theoretical framework is also evidenced in the COCTS instrument. While 

Aikenhead and Ryan (1992) designed and refined this instrument for the measurement of 

individuals conceptions about the nature of science and technology authors using this instrument 

in the Spanish context conceived it as an instrument for the measurement of attitudes toward 

science and technology instead of epistemological conceptions. Indeed, Manassero, Vázquez and 

Acevedo (2004) developed a methodological procedure to derive from Aikenhead and Ryan’s 

(1992) original VOSTS an index that allegedly reflects individuals’ attitudes towards science and 

technology. While creative, this approach may seem problematic since nature of science is a 

cognitive salient that refers to knowledge about the epistemology of science (Lederman 1992) 

while attitudes towards science are considered as emotional and affective outcomes (Eagly and 

Chaiken, 1995; Klopfer, 1971). 

This lack of explicit conceptualization of the construct being studied, which has also been 

noted for decades internationally (e.g. Schibeci 1984, Shrigley and Koballa 1992), makes 

comparisons between studies problematic and, more critically, calls into question the extent to 

which the validity and reliability psychometric properties reported can be robust or the results 

derived from the use of these instruments can be trustworthy (Pearl 1974), given that high indices 

of reliability of instruments without clear conceptualization of the construct under study do not 

guarantee that the instrument can be used with confidence (Summers and Abd-El-Khalick 2018). 

Methodological issues and lack of validity and reliability evidences 

Although these instruments have been translated and widely used in the Spanish context, 

they have not been subjected to cross-cultural validation procedures involving back-translation 

(AERA et al. 2014) and rigorous and informed validation studies, nor have their psychometric 

properties been systematically reported in the literature. Thus, the COCTS instrument has been 

subjected only to content validity using a panel of experts. None of the 11 studies using it in the 

Spanish context has provided any evidence of other type of essential validity or reliability indices 

(Table 1). Similarly, authors using the ROSE instrument have reported only evidence of construct 

validity, although with misinformed practices and severe methodological issues. More 

specifically, Vázquez and Manassero (2004) subjected the “Opinions about Science and 

Technology” subscale to exploratory factor analysis (EFA), revealing a problematic structure 

composed of four constructs with three items displaying cross loadings between two constructs, 

and with one construct being measured by only two items. Authors wrongly argued that “(…) 

these three items have been assigned to the first factor because of its greater loading” [own 

translation] (Vázquez and Manassero, 2004, p. 392), which, in fact, is not the case when 

inspecting the EFA results (p. 391) where the 11th item was retained in the first factor despite 

showing greater loadings on the fourth factor (.503) than in the first one (.482). A better 

procedure would consist of repeating the factor analysis without the problematic items (Lloret-

Segura, Ferreres-Traves, Hernández-Baeza and Tomás-Marco 2014). 

Likewise, Vázquez and Manassero (2005) analyzed the factorial structure of the “Attitude 

toward science classes”, revealing four factors which also were problematic due to 5 items with 
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cross loadings that have not been deleted, factors with only two items, and factors with reliability 

results below the α > .70 cutoff established for exploratory studies (Nunnally and Bernstein 

1994). Moreover, Vázquez and Manassero (2009a) provided the factorial structure of the entire 

ROSE instrument, deriving up to 20 distinct factors, of which 12 showed deceptively low internal 

consistency results, and even one factor with a negative Cronbach α of -.196 (Vázquez and 

Manassero, 2009a, p. 323), highlighting clear methodological issues and misapplication of 

psychometric indices. Surprisingly and ominously, this new factorial structure was completely 

different from the one previously reported in Vázquez and Manassero (2004, 2005) studies, 

which again calls into questions about the validity of the results reported and the confidence with 

which the ROSE instrument can be used. In short, these examples show a clearly inadequate and 

misinformed methodological practice (Costello & Osborne 2005; Lloret-Segura et al. 2014) and 

raise important questions about the psychometric properties reported for the ROSE instrument. 

In terms of reliability evidence, item-total correlations for the ROSE instrument have been 

reported in only 2 studies (i.e. Fernández-Cézar and Pinto-Solano 2017; Fernández-Cézar, Pinto-

Solano and Muñoz-Hernández 2018) and the Cronbach α in only 5 of the 15 studies, although 

most of the times with results lower   α > .70 and with ranges varying from a minimum of α = .25 

to a maximum of α = .91. For example, Vázquez and Manassero (2009a) reported extremely low 

reliability results for 12 extracted factors, and Vázquez and Manassero (2009d) results of internal 

consistency were also extremely insufficient in two of the four factors retained. 

In addition to the lack of robust psychometric properties, there are other methodological 

issues related with the use of the ROSE instrument in the Spanish context. Surprisingly, most 

studies using the ROSE instrument (with few exceptions e.g. Ferández-Cézar and Pinto-Solano 

2017) analyzed the results without considering the factorial structure of each subscale. Instead, 

authors (e.g. Vázquez and Manassero 2008; Marbá-Tallada and Márquez 2010; Pérez-Franco, 

Pro-Bueno and Pérez-Manzano 2018) analyzed each item independently, making up to a total of 

25 individual comparisons, and in some cases even 50 comparisons when the gender variable was 

examined, without using any p value correction, so the likelihood that the results derived from 

these studies are only a reflection of type I errors rather than significant results is very high. 

This brief and non-exhaustive review reveals that two of the most used measurement 

instruments in the Spanish science education research have even worse limitations as the 

international instruments reviewed by Munby (1983) and Blalock et al. (2008). Despite this lack 

of validity evidences and the extremely low reliability of these instruments, they have been used 

and promoted as robust in up to 37 highly cited studies that informed educational interventions 

within the line of research concerning attitudes towards science in the Spanish context. It can 

therefore be concluded that the results derived from the use of the instruments reviewed are at 

least doubtful, and that the lack and limitations of the psychometric evidence provided make their 

use totally inadvisable. This situation reveals an urgent need to develop psychometrically robust 

measurement instruments for the assessment of factors that may influence the interest and 

vocational development of Spanish students towards scientific disciplines. 
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Aim and rationale for this study 

Given the multifaceted conceptualization of attitudes, the lack of consensus in the science 

literature about what is measured when attitudes towards science are approached (Osborne et al. 

2003; Ramsden 1998), and due to several and perpetual conceptual and methodological issues 

associated with measuring attitudes toward science, as reflected in previous sections and in 

extensive international literature reviews (e.g. Aydeniz and Kotowski 2014; Blalock et al. 2008; 

Munby 1983, 1997; Potvin and Hasni 2014), in this study we stray from attitudes toward science 

and draw on social psychology theories of achievement motivation to develop a theoretically 

driven and psychometrically valid and reliable instrument. This decision is also supported by past 

and recent research indicating that student’s self-efficacy and expectancies of success in science 

and mathematics are low (Sellami, El-Kassem, Al-Qassass and Al-Rakeb 2017; Wigfield and 

Eccles 1990; Wigfield 2004), factors that may negatively affect the development of intentions to 

enroll in future science studies. Given that students' self-efficacy influences the type of activities 

in which students judge themselves to be competent (Bandura, Barbaranelli, Caprara and 

Pastorelli 2001), and given that students with a high self-concept are more likely to persist in 

science and engineering careers (Mau 2003), the detection and understanding of expectancies of 

success in science from the elementary stages of the education system may be more beneficial for 

counteracting the loss of interest in science at later stages than the “(...) somewhat nebulous, often 

poorly articulated and not well understood” construct of attitudes toward science (Osborne et al. 

2003, p. 1049). Despite existing literature calling for the evaluation of expectancies of success 

from an early age, the Spanish instruments revised do not tackle this aspect and, therefore, there 

is a need to address this gap in the literature. Consequently, in the next sections, the development 

and validation of a valid and reliable instrument rooted in a conceptually valid theory and 

developed following modern psychometric standards is reported. 

Development and validation approach 

The process of developing and validating an instrument requires several phases and 

numerous steps involving informed theoretical and methodological decision. In the literature 

there are numerous classical (e.g. Churchill 1979; Nunnally and Bernstein 1994) and 

contemporary (e.g. Boateng, Neilands, Frongillo, Melgar-Quiñonez and Young 2018; DeVellis 

2017) approaches that guide this process. 

Consistently, the SUCCESS instrument was developed and validated following classical 

test theory (CTT) principles (Crocker and Algina 1986; DeVellis 2017; Nunnally and Bernstein 

1994) and the Standards for Educational and Psychological Testing (AERA et al. 2014). While 

the development and validation of an instrument does not follow a universal or consensual 

protocol, we have followed a procedure consisting of three phases and 5 total steps, based on that 

of Boateng et al. (2018), which groups together the recommendations of the specialized literature. 

The specific procedure followed in this study is reported in Fig. 1. 
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Fig. 1: Roadmap followed for instrument development and validation 

In the first phase, the construct under study (i.e. expectancy of success) was defined and 

specified by drawing on theories of achievement motivation. Next, based on the theoretical 

underpinnings adopted, a deductive approach based on literature review was used for the 

development and adaptation from existing literature an initial list of potentially relevant items. In 

the second phase, one panel of experts composed of university professors and elementary 

education teachers examined the content validity of the proposed items, leading to a refined pool 

of items. Next, the readability of the items was examined through cognitive interviews with the 

target population, which led to the final pool of items. Finally, in the third and last phase, the 

retained items were administered to a large-scale sample, consisting of Spanish elementary 

school students, and the psychometric properties in terms of item quality, construct validity, 

convergent validity and internal consistency reliability were analyzed. For in-depth details of the 

methods and procedures used in each phase and step, see Online Resource 1.  

Phase 1: Item generation 

Theoretical framework 

The SUCCESS instrument is based on Eccles and colleagues Expectation-Value theory 

(EVT), which aims to explain the relationship between motivations and academic achievement by 

linking performance, persistence and choice of a given that or activity with individual's beliefs 

about his or her expectancies of success and the value he or she places on that task or activity 

(Eccles et al. 1983; Eccles, Wigfield, Harold and Blumenfeld 1993; Eccles and Wigfield 1995; 

Wigfield and Cambria 2010; Wigfield and Eccles 1992, 2000, 2002). The first key construct of 

the theory is the "expectancies of success”, defined by Eccles et al. (1983) as an individual's 

beliefs about the success he or she will have in a given task or activity, whether in the immediate 

or long-term future. Conceptually, there are two dimensions that underlie individuals’ 

expectancies of success: (i) beliefs in one's own ability, which refers to the individual's 

perception of own competence to be successful in a given activity or task in the present, and (ii) 

expectations, which refers to the individual's perception of successfully performing that given 
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activity or task in the future. However, empirical studies have shown that beliefs and expectations 

are highly correlated and cannot be differentiated empirically (Eccles et al. 1993; Wigfield and 

Eccles 2000). Therefore, expectancies of success include internal beliefs about both the ability to 

perform a task in the present and in the future. For example, a student enrolled in elementary 

education may feel highly competent in learning science, which may lead to the development of 

positive beliefs about his or her ability to succeed in future science courses or subjects. This 

expectation may foster the selection of science subjects during secondary education or the 

engagement with extracurricular science activities, and, eventually, the selection of a science 

related degree. Recently, the EVT model has been used to explain the selection of STEM subjects 

(Andersen and Ward 2014), so it is postulated as an ideal theoretical framework for examining 

disinterest in STEM related degrees. 

Development of initial pool of items 

The potential items (Table 2) were selected from six existing expectancies of success 

instruments (i.e. Ball, Huang, Cotten and Rikard 2017; Guo, Marsh, Parker, Morin and Dicke 

2017; Guo, Marsh, Parker, Morin and Yeung 2015; Kosovich, Hulleman, Barron and Getty 2015; 

Thomas and Strunk 2017; Xu 2017). Following a cross-cultural adaptation procedure, items were 

forward and back-translated by two external bilingual university teachers until consensus was 

reached and the Spanish versions of the items were equivalent to the original language (Borsa, 

Damásio and Bandeira 2012). Next, items were adapted to refer to school science. For example, 

the item “If I don’t understand something in math, I often think I’ll never understand it” (Xu, 

2017, p. 13) was adapted to “If I don't understand something in school science classes, I often 

think I'll never understand it”. Likewise, items referring to a general domain, like “I am able to do 

my schoolwork well” (Ball et al. 2017, p. 337) were reformulated to tackle the school science 

domain (i.e. I am able to do my school science schoolwork well”. 

Phase 2: scale development 

Content validity 

The panel of experts reached an agreement above 80% on 11 out of the 18 items included 

in the initial pool (Table 2). The main reason for rejecting items was the length and the difficulty 

of them that could affect students' comprehension. Thus, long items or items composed by two 

sentences as “If I don't understand something in school science classes, I often think I will never 

understand it” or “Even if I do my school science homework, I don't understand anything during 

science classes" have been assessed as not relevant for elementary students, especially those 

enrolled in 3rd and 4th grade. In relation to items of very similar meaning, priority has been given 

to those whose wording was more intelligible. For example, the item “I learn things very quickly 

in school science” was deemed more relevant than “I'm sure I can understand teacher explanation 

of school science concepts”; or instead of “School science is not one of my strengths”, the item “I 

am not a student who does well in school science” was preferred. 
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Cognitive interviews with target audience 

Think-aloud interviews revealed comprehension problems and incongruent interpretations 

for three of the retained items. Most students were confused about the item “I know I can do well 

in school science” and while some students interpreted it in terms of being able to learn the 

school science content, others though that it assessed whether they are successful in passing 

school science exams school. In addition, the item “I think I can succeed in school science 

classes” led also to different interpretations among students. While the item was originally 

designed to measure students expectancies of success in terms of achievement (i.e. passing an 

exam with good grades), some 3rd and 4th graders understood the items in relation to being 

successful in “Bringing homework to class (…)”, “Knowing what to answer when the teacher 

asks you” or “Having classmates listen to you [when doing group work]”. Finally, the interviews 

revealed that the item “School science is more difficult for me than for the rest of my classmates” 

was poorly designed and did not measure expectancies of success. Rather, students argued that 

they cannot know their peer’s achievement and the difficulties they experience in school science, 

and that they do not know how to objectively respond to the item. For these reasons, these three 

items were excluded and an initial list of 8 items constituted the final questionnaire that was 

administered to a large-scale sample and submitted to construct validity (i.e. structural and 

convergent validity) and reliability (i.e. internal consistency) indices. Table 2 reports the process 

followed for retaining and excluding items. 

Table 2. Theoretical analysis of the items 

Initial item pool 
Panel of experts Students 

Agreement 1Decision 2Decision 

If I don't understand something in school science classes, I often think I will 

never understand it (r) 
37.5 Excluded - 

Even if I do my school science homework, I don't understand anything during 

science classes (r) 
50 Excluded - 

I am able to do my science schoolwork well 87.5 Retained Retained 

I can do well in school science exams 62.5 Excluded - 

I can learn the content of school science classes 50 Excluded - 

School science is very hard for me (r) 87.5 Retained Retained 

I can get good grades in school science 100 Retained Retained 

I am not a student who does well in school science (r) 87.5 Retained Retained 

I learn things quickly in school science 100 Retained Retained 

School science is more difficult for me than for the rest of my classmates (r) 75 Retained Excluded 

School Science is not one of my strengths (r) 37.5 Excluded - 

I know I can do well in school science. 87.5 Retained Excluded 

I think I can succeed in school science 87.5 Retained Excluded 

I'm sure I can understand teacher explanation of school science concepts 62.5 Excluded - 

I usually do well in school science 87.5 Excluded - 

Sometimes, I have difficulties understanding school science content (r) 87.5 Retained Retained 

It is very difficult for me to finish school science homework’s (r) 87.5 Retained Retained 

I am very good at school science 100 Retained Retained 
1Retained items after inter-rater agreement with panel of experts 
2Retained items after think-aloud interviews with students (in bold) 

 (r) Items that should be reverse scored 
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Phase 3: Psychometric evaluation 

Sample and procedure 

A sample of 442 elementary school students was constituted using a non-probability 

convenience sampling technique. Students participated in a week-long intensive curriculum 

enrichment program in the city of Burgos, Spain. The CRIEB school center aims to provide 

complementary education to students enrolled in schools located in rural areas of the province of 

Burgos by assisting to a week-long enrichment curriculum program in the urban area of Burgos. 

The students included in this study can be considered as representatives of students from rural 

schools in the province of Burgos, but not from urban students in Burgos.  

The instrument was administered in paper and pencil format upon arrival of the students at 

the CRIEB school center in the presence of the first author. In order to avoid socially desired 

responses, classroom teachers from the visiting schools were neither present nor involved during 

the administration of the instrument. Written informed consent was obtained from all students’ 

parents or legal custodians, and students were informed of the voluntary and anonymously nature 

of their participation and that the responses would not affect their school grades. At the moment 

of the instrument administration, students were enrolled in 3rd to 6th elementary grades. After 

excluding incomplete questionnaires, the valid sample was constituted by a total of 418 students 

(47.1% girls) ranging between 8 and 12 years old (M = 10.16, SD = 1.12). 

Item quality 

The descriptive analysis revealed that each response option has been endorsed in all items, 

although with a slight tendency in choosing option 4 out of 5. This is reflected in the mean of the 

items, in which all but one has a value close to 4, with a standard deviation of approximately ±1 

for each item. Skewness values ranged from -1.18 to -0.10 and kurtosis from -0.48 to 1.22, results 

that fit the recommended values in the literature (Table 3). 

Table 3. Descriptive statistics for initial pool of items 

Items 1 2 3 4 5 M SD Sk K 

I am very good at school science 7.9 8.6 29.7 35.4 18.4 3.48 1.13 -0.58 -0.22 

I am not a student who does well 

in school science (r) 
6.5 7.4 20.6 31.9 33.6 3.79 1.18 -0.82 -0.09 

I can get good grades in school 

science 
5.6 5.1 14.7 39.1 37.5 3.98 1.10 -1.18 0.96 

School science is very hard for 

me (r) 
6.2 10.3 28.3 29.5 25.7 3.58 1.16 -0.50 -0.48 

I learn things quickly in school 

science 
4.4 10 41 27.7 16.8 3.42 1.02 -0.23 -0.23 

I can do my science schoolwork 

well 
3.2 2.7 19.2 42.2 32.7 3.99 0.96 -1.04 1.22 

It is very difficult for me to finish 

school science homework 
8.6 12.9 19.4 26.8 32.3 3.61 1.29 -0.58 -0.77 

Sometimes, I have difficulties 

understanding school science 

content 

13.3 28.9 22.7 24.5 10.6 2.90 1.22 0.10 -1.02 
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n = 418 

M: mean; SD: standard deviation; SK: skewness; K: kurtosis. 

Construct validity 

The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was .815, indicating a 

high correlation between the variables and that the result derived from factor analysis will be 

robust (Lloret-Segura et al. 2014). Bartlett's test of Sphericity reached statistical significance (χ2 = 

550.683, p < .001), which suggest that the variables included in the correlation matrix can be 

subject to factor analysis. The sample size reached a 50:1 distribution, well above the minimum 

criterion set at 20:1 (20 individuals x 8 items = 160 minimum individuals needed), so the EFA 

results are expected to be reliable and accurate (Costello and Osborne 2005). 

Following Kaiser's criterion (1970), both PCA and PAF extraction methods revealed the 

existence of two factors with initial eigenvalues above the criteria K > 1 (Factor 1: 3.079; Factor 

2: 1.098). However, Cattell's (1966) scree plot indicated that a unidimensional factor structure 

suits best the data, decision that was further supported by results of Horn’s parallel analysis 

(1965) showing just one factor with eigenvalues exceeding those obtained from a randomly-

generated sample of the same size (8 items, 418 subjects, 100 replications), as reported in Fig. 2. 

Given that Kaiser's criterion is well-known for overestimating the number of factors to be 

extracted and retained (Costello and Osborne 2005; Kline 2014; Patil, Singh, Mishra and 

Donavan 2008), and because the existing consensus on considering Horn’s parallel analysis as 

the most reliable indicator for factor extraction decisions (Choi et al. 2001; Hayton et al. 2004), 

we decided to retain only one factor. This unidimensional factorial structure is also consistent 

with the theoretical conceptualization of the expectancies of success construct (Eccles and 

Wigfield 1995; Wigfield and Cambria 2010). 

 

Fig. 2: Comparison between scree plot and parallel analysis results 

When extracting a single-factor structure, both PCA and PAF revealed two items (i.e. 

Sometimes, I have difficulties understanding school science content; It is very difficult for me to 

finish school science homework’s) with communalities well below the criterion >.3, showing that 
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these items share little variance with the remaining ones. After removing these items, PCA and 

EFA was rerun and a parsimonious unidimensional structure composed of 6 items explaining a 

total of 45.606% of the variance was finally established (Table 4). All items included in this 

factor had loadings well above the >.30 criteria, with ranges between .634 and .734 for PCA and 

.535 and .671 for PAF. Communalities of retained items were above the minimum criteria 

established for PCA, with ranges between .401 and .538, however, one item (i.e. I am able to do 

my science schoolwork well) revealed a communality of .286 in the PAF extraction procedure. 

Given that the loading of this item was high, and since its exclusion reduces the internal 

consistency of the instrument, it was decided to retain it for the final factorial structure. In 

addition, since the EFA literature suggest retaining at least 3 or 4 items per factor extracted, with 

a sample of at least 200 cases (Fabrigar, Wegener, Maccallum y Strahan 1999; Lloret-Segura et 

al. 2014), the factorial results for the SUCCESS instrument can be considered robust. 

Table 4. Results of Principal Component Analysis (PCA) and Principal Axis Factoring (PAF) 

Items 

1PCA 2PAF 

Factor 

1 
h2 

Factor 

1 
h2 

School science is very hard for me (r) .734 .538 .671 .451 

I am not a student who does well in school science (r) .705 .497 .628 .395 

I am very good at school science .672 .451 .581 .338 

I can get good grades in school science .655 .428 .560 .314 

I learn things quickly in school science .648 .421 .556 .309 

I am able to do my science schoolwork well .634 .401 .535 .286 

Eigenvalues 2.736 

% of variance explained 45.606 
1Principal Component Analysis extraction method with Promax rotation 
2Principal Axis Factoring extraction method with Promax rotation 

h2: Items communalities 

(r): Items that should be reverse scored 

Convergent validity 

Spearman rho test revealed that the retained items from the SUCCESS instrument are 

moderately and statistically significant correlated (Table 5). The range of correlations varies 

between a minimum of r = .303 and a maximum of r = .477, results that confirm the convergent 

validity of the extracted factor. 

Table 5. Spearman rho correlation matrix 

Items 1 2 3 4 5 6 

1. I am very good at school science - -.402 .374 -.382 .348 .325 

2. I am not a student who does well in school science (r)  - -.469 .477 -.323 -.372 

3. I can get good grades in school science   - -.353 .325 .413 

4. School science is very hard for me (r)    - -.477 -.316 

5. I learn things quickly in school science     - .303 

6. I am able to do my science schoolwork well      - 

All correlations are significant at p < .01 
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Internal consistency reliability 

The set of retained items showed satisfactory levels of internal consistency (Table 6). 

Cronbach's α was .761, above the minimum criterion of .70 needed for exploratory studies 

(Nunnally and Bernstein 1994), and although apparently this value is not very high, it is 

consistent with recommendations related to the use of self-report scales with few items and for 

samples composed of young individuals (Newman and McNeil 1998). In addition, all items 

included in the extracted factor had item-total correlations higher than the minimum criterion of 

.30, with a range between .462 and .565, which provides additional evidence of acceptable 

internal consistency. 

Table 6. Internal consistency results  

Items 
Item 

total r  

Cronbach 

α 

School science is very hard for me (r) .565 

.761 

I am not a student who does well in school 

science (r) 
.533 

I am very good at school science .498 

I can get good grades in school science .482 

I learn things quickly in school science .474 

I am able to do my science schoolwork well .462 

Discussion 

This study provides a measure of expectancies of success which is, to the best of author’s 

knowledge, the first effort to develop and validate, following robust psychometric criteria, an 

instrument specifically focused on the school science domain and for its use with Spanish-

speaking elementary students. Through a multi-stage approach and multiple psychometric 

assessments, this study provides a conceptually robust and psychometrically valid and reliable 

measurement instrument that can be used to address from early stages of the educational system 

the decreasing pattern in STEM degrees enrollments. Overall, the SUCCESS instrument was 

found to have excellent indications of content and construct validity, promising reliability 

indices, and to be enough parsimonious for students enrolled as low as 3rd grade of elementary 

education. 

The development and validation of the SUCCESS instrument addresses validity and 

reliability concerns identified in both existing Spanish attitude instruments and international 

literature (Aydeniz and Kotowski 2014; Blalock et al. 2008). Theoretical and psychometric 

consideration during the development and validation of the SUCCESS instruments included: (i) 

the use of a solid theoretical model, (ii) the adaptation of existing items in the literature through 

an intercultural adaptation procedure, (iii) the use of an iterative process of item analysis with 

both a panel of experts and the target sample for rejecting irrelevant or difficult items, (iv) the use 

of a large sample of students and multiple robust psychometric tests to establish the structural and 

convergent validity, and the quality and reliability of the retained items, and (v) the adoption of 
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robust scale development and validation recommendations that are in line with modern 

psychometric standards. 

When compared with the ROSE or COCTS instrument, the SUCCESS scale clearly 

displays better psychometric properties and therefore it can be used with more confidence. 

Likewise, if the SUCCESS scale is assessed with the rubric used by Blalock et al. (2008), it is 

obtained that a final psychometric property score of 17 points (Theory = 3; Reliability = 2; 

Validity = 6; Dimensionality = 6), which is above the median score of 9.5 points reported by 

Blalock et al. (2008, p. 968) review. Indeed, the SUCCESS instrument score, and therefore its 

psychometric properties, are higher and of better quality than all but two (97%) of the 66 

measurement instruments published between 1935 and 2005 in science education research and 

analyzed by Blalock et al. (2008), being surpassed only by German’s (1988) Attitude Toward 

Science in School Assessment and by Noll’s (1935) Scientific Attitude instrument. 

Several implications for science education research are derived from this study. First, 

because of its short length and rapid administration, the SUCCESS instrument can be used to 

examine the relationship between students’ expectancies of success and other relevant 

educational outcomes (e.g., values or motivation related to studying science), especially in 

longitudinal studies where several data collection phases are needed (Campbell, Stanley and Cage 

1963). The results derived can contribute to a deeper understanding of the factors that may 

improve or hinder students' expectancies of success and to an understanding of students' 

declining interest towards STEM degrees. 

Second, future studies can validate the SUCCESS scale for students enrolled in middle and 

secondary school, thus allowing cross-sectional studies that will provide information on the 

development and progression of students' expectancies of success in science. This should be 

helpful in identifying at what point in the education system students’ expectancies of success in 

science starts to decrease. In this way, studies could be conducted to analyze what factors at that 

educational stage are causing this decline, and what educational measures should be taken to 

improve this situation. 

Finally, additional studies are required to further assess SUCCESS instrument reliability, 

especially test-retest reliability if the proposed instrument is planned to be used in intervention 

studies with pre-posttest designs. Although Nunnaly and Bernstein (1994) advocated against the 

use of test-retest indices for estimating reliability because of concerns related to carryover effects 

by respondent’s remembering previous responses, this form of reliability may be crucial when 

studies are focused on improving a salient attribute. In this situation, inferences from the efficacy 

of the intervention can only be made if the ability of the instrument to measure true change on the 

construct under study is first established (Polit 2015). Also, in response to the criticisms of 

Blalock et al. (2008) about the lack of studies that explore in greater depth the psychometric 

properties of the instruments beyond the original validation study, it would be necessary to study 

the construct validity of the SUCCESS scale using CFA and Item Response Theory (IRT) 

validation methods. None of these aspects could have been addressed in this article because IRT 
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validation methods require larger sample size than the one drawn in this study, and because CFA 

cannot be computed on the same sample used for EFA, being generally advised to randomly split 

the sample in two subsamples and perform EFA with one subsample and CFA with the other one 

(Lloret-Segura et al. 2014). Since our sample size was not large enough, we limited our construct 

validity through the study of the structural validity analysis by computing EFA. 

Despite these limitations, this study advanced a promising measure to evaluate the 

expectancies of success of Spanish students enrolled in elementary education and used a robust 

protocol that can inform future scale development and validation studies in science education 

research. Unlike most existing measures used internationally or in the Spanish context, the 

SUCCESS has been specifically developed following a theoretical framework and has been 

submitted to rigorous psychometric evaluations, so it could be therefore considered as a valuable 

instrument for advancing research on factors affecting enrollments in science education degrees 

from early stages of the educational system. 
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Electronic Supplementary Material 1: Development and Validation Approach 

Online resource for the parent article entitled: “Development and validation of the SUCCESS 

instrument: towards a valid and reliable measure of expectancies of success in Science in 

Elementary Education”. 

Introduction 

In this online resource, we provide full details of the method and analysis procedure used during 

the development and validation of the SUCCESS instrument, aimed at measuring Spanish 

students’ expectancies of success in the school science subject. 

Phase 1: Item generation 

Development of initial pool of items 

To create an initial list of items, authors reviewed extant expectancies of success instruments, 

including the original instruments first advanced by Eccles and colleagues (Eccles et al. 1983; 

Eccles, Wigfield, Harold, and Blumenfeld 1993; Eccles and Wigfield 1995), and other recent 

research measuring expectancies for success. Authors reviewed up to 43 studies focused on 

measuring expectancies of success in different educational domains, and jointly decided to 

include those items that required less adaptation to the focus of this study (i.e. school science), 

drawn from six existing studies. 

Phase 2: scale development 

Content validity 

Method and procedure. Content validity refers to whether the items included in the 

instrument are adequate and relevant measures of the construct under study. More specifically, 

content validity ensures the “(…) adequacy of content coverage and relevance for multi-item 

measures of a construct” (Polit 2015, p. 1750). A panel of experts composed of two university 

professors, one with extensive experience in science education and another with expertise in 
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psychology research, and six elementary school teachers assessed the extent to which the items 

were adequate to measure students' expectations of success in school sciences according to the 

theoretical framework adopted, using a Likert scale of 5 responses (0 - not appropriate at all; 1- 

not appropriate; 2 - somewhat appropriate; 3 - appropriate; 4 - very appropriate). The panel of 

experts have met and jointly decided the reasons for rejecting and retaining the items, for which 

an agreement of at least 80% was established among experts in the evaluation of each item 

(Stemler 2004), which means that only those items evaluated with a score of 3 and 4 by all 

components of the expert panel were retained. 

Cognitive interviews with target audience 

Method and procedure. The content validity of the selected items was further examined 

by a panel composed of the target population. Twelve students enrolled in grades 3, 4, 5 and 6 of 

Elementary Education (three for each grade) were interviewed using Think-aloud interviews 

(Beatty and Willis 2007) to assess students' understanding and interpretation of the items. The 

protocol consisted of providing each student with a copy of the retained items, asking them to 

explain aloud what they were thinking when reading and answering each item. Only those items 

that did not show difficulties for students in all school years were retained. 

Phase 3: Psychometric evaluation 

Item quality 

Method and procedure. The initial quality of the items was examined through descriptive 

statistics. Ideally, each response options should be endorsed, and the mean of each item must be 

close to the intermediate value of the scale (DeVellis 2017), and items should have an adequate 

level of skewness and kurtosis, with values in the range of ±2 (Gravetter and Wallnau 2014). 
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Construct validity 

Method and procedure. Construct validity refers to “(…) the degree to which evidence 

about a measure’s scores supports the inference that the construct has been appropriately 

represented.” (Polit 2015, p. 1750). To establish the construct validity of the SUCCESS 

instrument, we examined its structural validity, which is one of the most important form of 

construct validity, that “Tests whether a measure captures the hypothesized dimensionality of a 

construct, using factor analysis” (Polit 2015, p. 1750). 

The Kaiser-Meyer-Olkin (KMO) measure with KMO criterion > .80 and Bartlett’s 

sphericity test with a significance value of p < .05 (Barlett 1950,1954) were used to determine the 

sampling and correlation matrix adequacy for factor analysis. The appropriate sample size was 

determined using the 20:1 criterion, which determines that for each item there must be at least 20 

valid responses. This criterion has been shown to be very useful in producing accurate factorial 

solutions (Costello and Osborne 2005). 

Items were subjected to both the Principal Component Analysis (PCA) and Principal Axis 

Factoring (PAF) extraction method, as the latter is more advisable for extracting underlying 

factors (de Winter and Dodou 2012; Gaskin and Happell 2014; Henson and Roberts 2006; 

Howard 2016; Norris and Lecavalier 2010). According to the theoretical framework adopted, 

only one factor is expected to be extracted, so factors were not rotated. To ensure that the number 

of factors extracted was adequate, Kaiser's criterion > 1 (Kaiser 1970; Williams, Onsman, and 

Brown 2010), Catells’ scree test (Catell 1966), and parallel analysis (Horn 1965) were used. 

Parallel analysis is the test that provides the greatest reliability for factor extraction decisions 

(Choi, Fuqua and Griffin, 2001; Hayton, Allen and Scarpello 2004), and consists of comparing 

and maintaining only those factors whose eigenvalues exceed those obtained from a randomly 

generated data matrix of the same size and number of variables as the original dataset (Hayton et 
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al. 2004). Only items with communalities and loadings of at least .30 were further retained. When 

items were deleted, the extraction procedure was repeated until the most parsimonious factor 

solution was established.  

The statistical software SPSS v.24 (IBM 2016) was used for the principal component 

(PCA) and principal axis factoring (PAF) analyses, and the Monte Carlo PCA (Watkins 2000) 

software for parallel analysis. 

Convergent validity 

Method and procedure. The convergent validity of the SUCCESS instrument was also 

examined, which is another construct validity form that examines the extent to which the items of 

a construct are correlated with each other (Trochim and Donnelly 2006). More specifically, 

convergent validity was examined using Spearman's correlation between the items of the 

extracted factor using the statistical package SPSS v.24 (IBM 2016), since the assumption of 

normal distribution of the sample is violated, according to the Kolmogorov-Smirnov test. 

Internal consistency reliability 

Method and procedure. Reliability refers to whether “(…) scores for people who have not 

changed are the same for repeated measurements, under several situations” (Polit y Yang 2016, p. 

25). One of the main reliability forms is the internal consistency of an instrument, which 

examines the “(…) degree to which the items on a scale are measuring the same underlying 

construct” (Polit 2015, p. 1747). Reliability of the SUCCESS instrument was determined through 

two internal consistency tests. We estimated the Cronbach α, with a value of α > .70 as 

acceptable cutoff to demonstrate good internal consistency (Field 2009; Nunnally and Bernstein 

1994), and the item-total correlation, with a criterion of r > 0.30 to consider satisfactory results 

(Field 2009), using the statistical package SPSS v.24 (IBM 2016). 
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ABSTRACT 
Background: The importance of valid and reliable instruments for the assessment of 
factors affecting students’ interest in science encouraged the development and 
validation of a brief Spanish instrument for the measurement of expectancies of 
success in school science, named SUCCESS. In this study, the psychometric properties 
of the SUCCESS instrument are further evaluated using different psychometric tests 
and a different sample than the one included in the original validation study. 

Material and methods: A sample of 313 Spanish elementary school students enrolled 
in 4th to 6th grade was drawn by means of convenience sampling techniques. Responses 
were analyzed in terms of construct and criterion validity, and two reliability indices. 

Results: Results from confirmatory factor analysis established the unidimensional 
structure of the instrument, with great model fit indices. Correlation coefficients 
between the SUCCESS and external measures (i.e. intentions to enroll, enjoyableness, 
difficulty, auto-efficacy, utility and relevance of school science) provided evidence of 
criterion validity. Cronbach α and item-total correlation indices supported the internal 
consistency reliability of the instrument. 

Conclusions: Taken together, this study further provide evidence to consider the 
SUCCESS as a valid and reliable tool for the measurement of Spanish elementary school 
students expectancies of success in school science. 

Keywords: elementary education, expectancy of success, psychometric properties, 
school science education 

 

INTRODUCTION 
Science education worldwide continues to face a steady decline in students interested in scientific-related careers 
(Archer et al., 2010; Kennedy, Lyons, & Quinn, 2014; Lyons & Quinn, 2010, 2015; Osborne, Simon, & Collins, 2003; 
Potvin & Hasni, 2014). At the same time, the existence of valid and reliable instruments that would help understand 
the factors affecting students lack of engagement in science continue to be scarce in the science education literature 
(Blalock et al., 2008; Gardner, 1975; Munby, 1983, 1997). 

This problem is even more pronounced in the Spanish context. Studies conducted in Spain about the factors 
influencing students’ engagement and interest in science mainly focused on attitudes toward science construct (e.g. 
Marbá-Tallada & Márquez Bargalló, 2010; Pérez Manzano & de Pro Bueno, 2018; Vázquez-Alonso & Manassero–
Mas, 2011). Although these studies contributed to the diagnosis of students’ unfavorable attitudes towards science, 
the instruments used have severe limitations when faced with modern psychometric standards, with a great 
absence of validity and reliability evidence, or with practices in the development of the instrument not consistent 
with current standards (Toma & Meneses Villagrá, 2019a). For example, studies whose sample includes students 
from elementary school have mostly used the ROSE (e.g. Marbá-Tallada & Márquez Bargalló, 2010; Vázquez-
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Alonso & Manassero–Mas, 2011; Vázquez-Alonso & Manassero–Mas, 2008) or the PANA questionnaire (e.g. de Pro 
& Pérez Manzano, 2014; Pérez Manzano & de Pro Bueno, 2018) without providing information on their 
psychometric properties (Toma & Meneses Villagrá, 2019a). When validity evidence was provided, there were 
critical methodological misapplications, like retaining items with cross loadings between factors (i.e. Vázquez-
Alonso & Manassero-Mas, 2004), that undermined the quality of the results reported. 

In response to this lack of valid instruments, and because persistence has been linked with self-efficacy and 
expectancies of success (Ceci & Williams, 2007; Chachashvili-Bolotin, Milner-Bolotin, & Lissitsa, 2016; Guo, Parker, 
Marsh, & Morin, 2015; Sellami, El-Kassem, Al-Qassass, & Al-Rakeb, 2017), Toma and Meneses Villagrá (in press) 
have developed a short instrument to measure elementary school Spanish students’ expectancies of success in 
school science (SUCCESS). Given Blalock et al. (2008) concerns about the lack of validity and reliability of 
measurement instruments used in science education research, who noted that among weak psychometric 
properties and methodological issues in the development and validation of instruments there was a proliferation 
of instruments that where only used in a single study with no follow-up psychometric re-analysis, in this study 
further psychometric analysis of the SUCCESS instrument is provided. More specifically, this study addressed one 
of the concerns raised by Blalock et al. (2008) about the need to subject measurement instruments to several 
psychometric evaluations before they can be presented as valid and reliable. 

Therefore, in order to establish a cohesive and robust instrument, we follow Blalock et al. (2008) call related to 
the need for replication studies to generalize findings and refine instruments by submitting them to both 
exploratory (EFA) and confirmatory factor analysis (CFA). This practice is consistent with the Standards for 
Educational and Psychological Testing (American Educational Research Association, American Psychological 
Association, & National Council on Measurement in Education [AERA, APA, & NCME], 2014) which states that 
the validation of an instrument is an ongoing process that does not end with the original validation study. 
Consequently, while Toma and Meneses Villagrá (in press) evaluated the psychometric properties of the SUCCESS 
instrument through different reliability and validity tests, the instrument would benefit of further analysis to 
establish its validity and reliability beyond the original sample included in the validation study. 

BRIEF REVIEW OF PSYCHOMETRIC THEORY 
Psychometric theory is concerned with the properties of measurements instruments used in social sciences and 

involves the development and refinement of approaches to measure latent traits (Nunnally & Bernstein, 1994). The 
two aspects most relevant to psychometric assessment are validity and reliability (Figure 1). Validity relates to 
whether an instrument measures the trait it should be measuring, and reliability focused on the extent to which an 
instrument is free of measurement error (Mokkink et al., 2010). 

The validity of an instrument is determined upon three types of validity indices (Mokkink et al., 2010a; Mokkink 
et al., 2010a, 2010b). Firstly, content and face validity examine if the construct is adequately represented by the 
included items in the instrument, and whether these items are correctly interpreted and understood by the 
population under study. Secondly, construct validity determines if the instrument is consistent with theoretical 
expectations and with initial hypothesis. In other words, an instrument would demonstrate construct validity if it 

Contribution of this paper to the literature 

• Further evaluation of the psychometric properties of a promising expectancy of success instrument. 
• The SUCCESS instrument has strong content, construct and criterion validity, and internal consistency 

reliability. 
• This study paves the way for future research related to the measurement of expectancy of success in school 

science. 

 
 (i)   (ii)   (iii) 
Figure 1. An illustration of validity and reliability, based on Linn and Gronlund (1995). (i) Neither valid nor reliable; (ii) Reliable but 
not valid; (iii) Both valid and reliable 
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captures the dimensionality of the trait being studied, if it does not measure aspects that should not be measuring, 
and if it can discriminate between groups that have been hypothesized to be different regarding the focal trait (Polit, 
2015). Lastly, criterion validity measures if the proposed new instrument is consistent with existing instruments that 
can be considered “gold standards” in the measurement of that particular trait under study (Polit & Yang, 2016). 
However, in the absence of a gold standard, it should be examined to what extent the new instrument is correlated 
to external measures of constructs with which conceptual convergence is expected (Polit, 2015). 

The reliability domain measures mainly two aspects related to the internal consistency and the measurement 
error of change scores. Internal consistency examines the degree to which “(…) the items on a scale are measuring 
the same underlying construct” (Polit, 2015, p. 1747). The measurement error measures the variation in a set of 
scores to examine the extent to which “(…) scores are stable and reproducible” (Polit, 2015, p. 1748), with the 
assumption that an reliable instrument should be able to discriminate between “(…) random temporal fluctuations 
(unreliability) and true change on an attribute” (Polit, 2015, p. 1749). Likewise, a reliable instrument would correctly 
measure a trait that has not changed over time. 

THE SUCCESS INSTRUMENT 
More than two decades ago, Bandura (1977, 1997) proposed in his social cognitive theory that self-efficacy is 

one of the key motivational aspect that affects individual’s choice, achievement, and persistence (Bandura, 
Barbaranelli, Caprara, & Pastorelli, 2001). Bandura defined self-efficacy as individuals’ beliefs in their own ability 
to effectively perform a given task or problem. He distinguished between “outcomes expectations”, which are 
individuals’ beliefs about whether a specific behavior or task will lead to a certain result or outcome (e.g. studying 
daily will improve science achievement), and “efficacy expectations”, which relates to individual’s beliefs about 
whether he/she will be able to perform that specific behavior or task (e.g. being able to study long enough to 
improve science achievement). 

Closely related to Bandura’s (1997) theory is Eccles and colleague’s expectancy-value model of achievement 
motivation (EVT, Eccles et al., 1983; Eccles, Wigfield, Harold & Blumenfeld, 1993; Eccles & Wigfield, 1995; Wigfield 
& Cambria, 2010; Wigfield & Eccles, 1992, 2000, 2002). The EVT model posits that choice, motivation and persistence 
in a given task are directly influenced by individuals’ expectancies of success and the values related to that specific 
task. The first key construct of the theory is the “expectancies of success”, defined by Eccles et al. (1983) as an 
individual’s beliefs about the success he will have in a given task or activity, whether in the immediate future or in 
the long term. Although conceptually the expectancies of success refers to individual’s internal beliefs related to 
both the ability to perform a task in the present and in the future, this differentiation has not been yet empirically 
distinguished (Eccles et al., 1993; Wigfield & Eccles, 2000). 

The SUCCESS instrument is rooted in the Expectancy-Value (EVT) model of achievement motivation postulated 
by Eccles and colleagues (Eccles et al., 1983, 1993). More specifically, this instrument is composed by a total of six 
Likert type items that focuses on the first key construct of the EVT theory, called “expectancies of success”. 
Consistent with the EVT model, it is postulated that individuals will tend to become involved and persist in those 
tasks or activities in which they feel highly competent. Therefore, high levels of expectancies of success among 
young students may lead to the development of positive beliefs about their ability to succeed in future science 
courses or subjects, which may promote the selection of additional science subjects in secondary education or 
extracurricular activities in science, and eventually the enrolment in a science-related career (Andersen & Ward, 
2014). Table 1 displays SUCCESS items in both English and Spanish language. 

Previous Psychometric Evaluation of the SUCCESS Instrument 
The SUCCESS instrument has been validated by addressing concerns that have been highlighted as 

compromising the validity and reliability of many existing instruments in science education (Aydeniz & Kotowski, 
2014; Blalock et al., 2008). Thus, the items included in this instrument have been selected from an initial pool that 
was examined by a panel of experts composed of science educators and psychology university professors and 

Table 1. The SUCCESS instrument 
Spanish English 
1. Las clases de Ciencias de la Naturaleza me resultan muy difíciles para mí (r) 1. School Science is very hard for me (r) 
2. No soy un estudiante al que se le dé bien Ciencias de la Naturaleza (r) 2. I am not a student who does well in school science (r) 
3. Soy muy bueno en Ciencias de la Naturaleza 3. I am very good at school science 
4. Soy capaz de obtener buenas notas en Ciencias de la Naturaleza 4. I can get good grades in school science 
5. Aprendo cosas muy rápidamente en Ciencias de la Naturaleza 5. I learn things quickly in school science 
6. Puedo hacer bien las tareas de Ciencias de la Naturaleza 6. I can do my science schoolwork well 
(r) refers to items that must be reverse scored 
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elementary education teachers, and have been tested through think-aloud interviews (Beatty & Willis, 2007) with 
elementary education students, which provides strong evidence of content and face validity.  

Subsequently, the instrument was administered to 418 Spanish elementary school students and the construct 
validity and reliability of the instrument were examined. The results of exploratory factor analyses reported an 
unidimensional structure consistent with the theoretical expectations postulated by Eccles et al. (1983). Factorial 
loadings where higher than .40 and with satisfactory reliability indices (Cronbach α = .761), given the young nature 
of the sample studied (Newman & McNeil, 1998). To date, this is the first instrument in Spanish that has been 
validated following modern psychometric recommendation for the specific measurement of elementary school 
Spanish students’ expectancies of success in school science.  

Therefore, while the original validation study provided evidence for face, content and construct validity, as well 
as for the reliability of the SUCCESS instrument, in this study, the psychometric properties of the SUCCESS 
instrument are further examined by submitting it to construct validity through CFA, criterion validity using 
external measures, and various reliability indices. 

METHOD 

Sample 
The sample was drawn from 15 elementary schools situated in the province of Burgos, located in the north of 

Spain. The initial sample was composed of 313 students, however, since goodness of fit statistics are known to be 
sensitive to abnormal data, Mahalanobis distance was used to detect multivariate outliers. After excluding 32 
questionnaires identified as multivariate outliers, a final sample size of 281 elementary school students enrolled in 
4th (n = 66), 5th (n = 96) and 6th grades (n = 119) was established. Half of the sample size were girls (50.2%), and the 
mean age of the participants was 10.35 years old (SD = 1, range 8-12 years). 

The sample size reached approximately a 47:1 distribution (47 valid cases for each item included in the 
instrument). Therefore, the sample size is well above the minimum criterion set at 5:1, 10:1 and 20:1 in the literature 
for factor analysis (de Winter & Dodou, 2012). 

Measures 
The Spanish-School Science Attitude Survey (S-SSAS) adapted by Toma and Meneses Villagrá (2019a) from the 

Kennedy, Quinn, & Taylor (2016) instrument was used as an external measure. The S-SSAS is a short instrument 
composed of 7 Likert-type items and 3 semantic differential items that measures the six most common attitudes 
toward school science constructs explored in the literature. Four constructs (intention to enrol in future school 
science, enjoyableness of school science, perceived difficulty of school science, and perception of self-efficacy in 
school science) are examined through single-item measures, and the remaining two constructs (usefulness of school 
science, and relevance of school science) are measured through two and four items, respectively. Table 2 displays 
S-SSAS instrument items in both English and Spanish language. 

In the original validation study (Toma & Meneses Villagrá, 2019a) the S-SSAS reported a Cronbach α of .704, 
with item-total correlations ranging from .243 to .560. In subsequent studies (Toma & Meneses Villagrá, 2019b), the 
S-SSAS instrument reported a Cronbach α of .763, with item-total correlation ranging from .313 to .552. For the 
present study, the Cronbach α was .758 and item-total correlation ranged from .341 - .596. Based on these results, it 
can be concluded that the S-SSAS is a reliable instrument that can be used as an external measure for computing 
the criterion validity of the SUCCESS instrument. It is worth noting that both S-SSAS and SUCCESS instruments 
are concerned with the school science domain and not with science in general, which is consistent with the literature 
suggesting that school science may be a better predictor of students’ interest and future enrolment in science studies 
than science in general (Osborne et al., 2003). 
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Data Analysis 

Construct validity 
Construct validity was examined using CFA, which is a structural equation modelling technique (Brown, 2006). 

Exploratory factor analysis (EFA) aims to find a model that fits the data, so different alternative models are specified 
until establishing a final model that fits the data and that has theoretical support (Schumacker & Lomax, 2010). 
However, the CFA approaches seek to statistically verify the significance of the factorial model that has been 
previously established through EFA, thus providing more evidence of construct validity (Schumacker & Lomax, 
2010). Therefore, CFA is appropriate when the structure of the latent construct is known based on theory, empirical 
research, or both (Byrne, 2010), just as in the case of the SUCCESS instrument. 

For the CFA, the maximum likelihood estimation method (ML) was used through the AMOS v.23 software 
(Arbuckle, 2014). Following consensual recommendations in the literature (Brown, 2006; Hair, Black, Babin, 
Anderson, & Tatham, 2010; Kline, 2005), the following six fit indices were examined to establish model fit:  

• Chi-square (𝜒𝜒2). The 𝜒𝜒2 measures the extent to which the variance and covariance matrices differ between 
the observed and the implicit model. A non-significant p value is desired, however, 𝜒𝜒2 is sensitive to sample size, 
so a sample greater than 200 cases drastically increases the probability of obtaining a significant p value. 

• Comparative Fit Index (CFI). The CFI indicates the degree of fit of the proposed model compared to a null 
model, based on the sample size. CFI values of ≥ .90 indicate an appropriate fit. 

• Goodness of Fit Index (GFI). The GFI measures the relative amount of variance and covariance that is 
explained by the proposed model. GFI values of ≥ .90 indicate an appropriate fit. 

• Adjusted Goodness of Fit Index (AGFI). The AGFI is similar to the GFI, however it measures the relative 
amount of variance and covariance adjusted to the degrees of freedom of the proposed model. AGFI values of ≥ .90 
indicate an appropriate fit. 

• Root Mean Square Residual Index (RMR). The RMR index represents the average value of all standardised 
residuals. RMR values of ≤ .05 indicate an appropriate fit. 

• Root Mean Square Error of Approximation (RMSEA). The RMSEA examines the degree of error in the 
proposed model considering the sampling approximation error. RMSEA values of ≤ .08 indicate an appropriate fit. 

Criterion validity 
The Pearson correlation coefficient was used to examine the correlation between the SUCCESS instrument and 

six other external measures with which conceptual convergence is expected, using the statistical package SPSS v. 
24 (IBM, 2016). 

Table 2. The Spanish School Science Attitude Scale (S-SSAS) 
(I) Intention to enroll in further science 

1. I am very likely to enroll on a science course in Year 11 1. Es muy probable que me apunte a Ciencias de la Naturaleza en la 
ESO 

(E) Enjoyableness of school science 
2. I think science is (boring – fun) 2. Pienso que Ciencias de la Naturaleza es (aburrida – divertida) 
(D) Perceived difficulty of school science 

3. I struggle with completing the assignments for science class 3. Me cuesta terminar las tareas para la clase de Ciencias de la 
Naturaleza 

(S) Perception of self-efficacy in school science 
4. I think I am very good at science 4. Pienso que soy muy bueno en Ciencias de la Naturaleza 
(U) Usefulness of science to careers 
5. A job as a scientist would be interesting 5. Un trabajo como científico sería interesante 
6. For my planned career, knowledge of school science will be (SD 
worthless – required) 

6. Para mis futuros estudios, el conocimiento de las clases de 
Ciencias de la Naturaleza es (inútil – útil) 

(R) Relevance of school science 
7. Science helps to make life better 7. La ciencia ayuda a mejorar la vida 
8. I want to learn about plants in my area 8. Quiero aprender sobre las plantas de mi entorno 
9. For my everyday life, I think school science is (irrelevant – 
relevant) 

9. Para mi vida diaria, creo que Ciencias de la Naturaleza es (poco 
importante – muy importante) 

10. I want to learn about electricity and how it is used in the home 10. Quiero aprender sobre la electricidad y saber cómo se usa en 
una casa 
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Reliability 
The reliability of the SUCCESS instrument was examined through the Cronbach alpha coefficient with a 

minimum criterion of α > .70 (Nunnally & Bernstein, 1994), and through item-total correlation with a minimum 
criterion of r > .30 using the statistical package SPSS v. 24 (IBM, 2016). 

FINDINGS 

Construct Validity 
CFA results revealed that the hypothesized single-factor model obtained an optimal fit in five of the six model 

fit indices. The index obtaining only adequate fit was 𝜒𝜒2 with a value of p = .054, although this is a parameter that 
is affected by the sample size, as indicated previously. 

The degree of fit of the proposed model was adequate, as shown by the CFI value greater than .90. The relative 
amount of variance explained by the model was also adequate, obtaining values greater than .90 in both GFI and 
AFGI indices. The fit of the model was also appropriate when considering the overall amount of error, with the 
RMR reaching a value lower than .05 and the RMSEA a value lower than .08. These results are reported in Table 3. 

All items loadings were statistically significant. As can be seen in Figure 2, the lowest value was obtained for 
the item “I learn things quickly in school science”, with a value of λ = .50. The strongest loadings were obtained for 
both reversed items “I am not a student who does well in school science” and “School science is very hard for me”, 
with a value of λ = .63. These results confirm the initial hypothesis that the SUCCESS instrument consists of a 
unidimensional scale that measures the expectancies of success in school science. 

Criterion Validity 
Pearson correlation coefficient revealed that the SUCCESS instrument was significantly correlated to six 

external attitudes toward school science measures. The correlation ranged from r = .193 to r = .740. More specifically, 
a significant, small and positive correlation was found between students’ expectancies of success and their 

Table 3. Model fit indices 
Fit indices Recommended values 1 factor model Evaluation 

𝜒𝜒2 p > .05 𝜒𝜒2= 15.274, p = .054 Adequate 
CFI ≥ .90 .980 Optimal 
GFI ≥ .90 .984 Optimal 

AGFI ≥ .90 .958 Optimal 
RMR ≤ .05 .034 Optimal 

RMSEA ≤ .08 .054 Optimal 
 

 
Figure 2. Confirmatory factor analysis results 
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intentions to enroll in further science courses. A statistically significant, large and positive correlation between 
students’ expectancies of success and self-efficacy and a significant, moderate and negative correlation between 
students’ expectancies of success and their perceived difficulty of school science was identified. Finally, a 
significant, moderate and positive correlation was found between students’ expectancies of success and their 
perceived relevance of school science, and perceived usefulness of school science. These results are reported in 
Table 4. 

Reliability 
Cronbach’s α was .775 for the entire instrument, with ranges between .720 and .759 if items were deleted. Since 

the Cronbach α does not improve considerably after deleting items, it means that all items included in the 
instrument are relevant and measure the same underlying construct. These results, which are above the minimum 
.70 criteria required for exploratory studies (Nunnally & Bernstein, 1994), coincide with the original validation 
study.  

In addition, the items included in the SUCCESS instrument are highly correlated with each other, with item-
total correlation ranging from .446 to .602. These results also satisfy the minimum criterion of r > .30, and likewise 
coincide with those obtained in the original validation study. Taken together, these results provide additional 
evidence of the internal consistency of the SUCCESS instrument, confirming that it is a instrument with satisfactory 
levels of reliability. Table 5 shows the internal consistency results of the SUCCESS instrument. 

DISCUSSION 
This study provides further evidence on the psychometric properties of the SUCCESS instrument. In relation to 

reliability, the internal consistency results are in line with the results of the original validation study and are above 
minimum recommended values for exploratory studies (Nunnally & Bernstein, 1994). Regarding validity 
evidences, the structural validity of the SUCCESS instrument was confirmed with fit model indices results above 
the recommended values in the CFA literature (Brown, 2006; Hair et al., 2010; Kline, 2005). Likewise, evidence of 
criterion validity has been provided using external measures that have already been validated in Spanish and 
postulated as robust instruments. In this regard, the extent to which the SUCCESS instrument correlates with a 
total of six external measures with which conceptual convergence was expected was assessed. 

Firstly, given that expectancies of success greatly influence individuals’ decisions regarding career choice and 
persistence (Lent & Brown, 1994; Lent, Brown, & Hackett, 2002), it was hypothesized that the SUCCESS instrument 
would be positively related to students’ intentions to enroll in future school science courses, assumptions that have 
been confirmed in this study. 

Secondly, since expectancies of success are defined as individuals’ beliefs about the success of performing a 
given task or activity (Eccles et al. 1983), it was hypothesized that the SUCCESS instrument will be negatively 
related to students perceived difficulty of school science and positively related to students’ self-efficacy in studying 
school science. The results of this study are also in line with these theoretical assumptions. 

Table 4. Pearson correlation coefficient between the SUCCESS instrument and external measures 
External measures SUCCESS instrument 
Intentions to enrol .1931 

Enjoyableness .353 
Difficulty - .485 

Auto-efficacy .740 
Perceived utility .201 

Perceived relevance .322 
1All correlation were significant at p < .01 level 

Table 5. Reliability results 
SUCCESS items Item-total r Cronbach 𝜶𝜶 after removing items 

I am very good at school science .602 .721 
I am not a student who does well in school science (r) .598 .720 

I can get good grades in school science .458 .757 
School science is very hard for me (r) .493 .748 

I learn things quickly in school science .446 .759 
I can do my science schoolwork well .532 .739 

(r) refers to items that must be reverse scored 
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Finally, since participation in tasks or activities that require knowledge and skills application in demanding 
situations enhances students’ self-efficacy (Van Dinther, Dochy, & Segers, 2011), and since enjoyment, interest and 
satisfaction have been identified as factors influencing student self-efficacy (Hutchison, Follman, Sumpter, & 
Bodner, 2006), it was hypothesized that the SUCCESS instrument will be positively related to students enjoyment, 
perceived usefulness, and perceived relevance of school science. These initial theoretical expectations have also 
been confirmed in this study. 

Taken together, these results confirm that the SUCCESS is a valid and reliable instrument with great construct 
and criterion validity, as well as with structural and content validity, as assessed and reported in the original 
validation study (Toma & Menéses Villagrá, in press). 

IMPLICATIONS AND AVENUES FOR FUTURE RESEARCH 
Several implications are derived from this study. To the best of the author’s knowledge, the original study 

(Toma & Menéses Villagrá, in press) and this follow-up study represent the first efforts to develop and validate an 
instrument that specifically tackle Spanish-speaking elementary school students’ expectancies of success in school 
science. Since both studies show that the SUCCESS instrument is valid and reliable according to modern 
psychometric standards, it can be used by science teachers and researchers to examine whether different activities 
and teaching methodologies are successful at improving students’ expectancies of success in school science. 
Therefore, the SUCCESS instrument could be used in studies aimed at the development of learning strategies for 
the improvement of students’ expectancies of success in school science, which could tackle students decline in 
interest toward school science from early stages where scientific vocations can be more easily fostered (Lindahl, 
2007). 

Another implication derived is related to the need to develop large-scale studies to identify at what stage of 
elementary education students experience a decline in their expectancies of success. Also, given the short 
administration time of the proposed instrument, it could be used in conjunction with other relevant measures to 
identify those variables that may influence students’ expectancies of success.  

Additionally, although expectancies of success have been linked to persistence (Chachashvili-Bolotin et al., 
2016; Guo et al., 2015), it is not clear to what extend high levels of expectancies of success may be related to an actual 
increase in students desire and interest in enrolling in science courses at later stages of the educational system, 
aspect that requires future empirical research. In addition, given that gender has been identified as a critical variable 
in the development of interest and attitudes toward science (Osborne et al., 2003; Sellami et al., 2017; Toma & Greca, 
2018), it would be interesting to test in future validation studies the measurement invariance of the SUCCESS 
instrument and to compare its latent factor mean in girls and boys enrolled in elementary education. This would 
guarantee the integrity of the results by reducing the possibility of obtaining contradictory results derived from 
different factorial structures of the SUCCESS instrument in girls and boys.  

Furthermore, the test-retest reliability of the SUCCESS should be examined in future research, which will allow 
the use of this instrument in longitudinal studies that requires several data collection phases. Finally, future studies 
should focus on validating this instrument for middle and high school students, which would allow cross-sectional 
and longitudinal studies focusing on those stages of the Spanish educational system in which a greater decrease in 
students interest in science has been identified (MECD, 2016). 

CONCLUSIONS 
The results of this second psychometric evaluation of the SUCCESS instrument reveal that the proposed 

instrument is conceptually consistent with the “Expectancies of success” construct first introduced by Eccles et al. 
(1983), and methodologically robust in terms of modern validity and reliability psychometric evidences. 
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Abstract

The development of positive attitudes toward science is one of the main priorities in science

education. However, there is a lack of reliable and valid instruments to measure Spanish-

speaking elementary students’ attitudes towards school science. In this study, the transla-

tion and validation of the Spanish School-Science Attitude Survey (S-SSAS) is reported.

The instrument was administered to 643 students enrolled in 3rd to 6th elementary grades.

Psychometric evaluation of the S-SSAS provided sound evidence for validity (face, content,

construct and criterion) and reliability (internal consistency and temporal stability). Content

validity was confirmed through a panel of experts who reached great consensus in linking

items to attitudinal constructs, with an ICC = .956. Think-aloud interviews confirmed that stu-

dents have easily understood and correctly interpreted all items included, thus providing

face validity for the S-SSAS. Consistent with theoretical expectations, predictive validity ran-

ged between -.334 to 543 and concurrent validity was examined through S-SSAS correla-

tion with two external measures of conceptual convergence that ranged from.301 to .560,

thus confirming criterion validity. Construct validity was assessed by obtaining consistent

results with the original scale in terms of reporting no statistically significant differences in

attitudinal profiles towards school science between girls and boys and between students

from urban and rural schools. Cronbach αfor the entire scale was .704, with item-total corre-

lation ranging from .243 to .560, which reports acceptable internal consistency. Temporal

stability with a 10-days span was good, with ICC = .873 and r = .464–790. Taken together,

these results indicate that the Spanish single-items School-Science Attitude Survey is easy

to administer and equally interpreted by both girls and boys enrolled in rural and urban ele-

mentary schools, thus being a valid and reliable instrument for measuring attitudes towards

school science.

Introduction

In the last decade, there have been significant changes in science education post-compulsory

courses enrolments, with a steady decline in students interested in Science, Technology, Engi-

neering and Mathematics (STEM) disciplines [1–3]. Therefore, the promotion of positive
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attitudes towards STEM disciplines is considered nowadays a priority objective in science edu-

cation [4–7].

To date, attempts to measure attitudes have mainly focused on the administration of

Likert-type scales that not always reported adequate psychometric properties and that often

were too extensive to be implemented at elementary education stage. For example, the instru-

ments with the strongest psychometric properties from Blalock et al. review [8] were validated

with secondary school students [9–11] and posed administration problems due to their length

[10]. Nonetheless, there are few newer instruments to measure attitudes toward science specifi-

cally developed and validated for elementary education: the 30-item BRAINS instruments

[12], the 28-item Three-Dimension Elementary Science Attitude Survey [13], the 28-items atti-

tude toward STEM instrument [14] or the 30-item Attitudes toward Science Class instrument

[15]. However, some of these scales are focused on the measurement of attitudes towards sci-

ence in general and are still to extensive, especially for longitudinal studies where educational

interventions intended to improve attitudes are the main focus and therefore multiple data col-

lection are needed [16].

This problem is further accentuated for scales in Spanish, with a great absence in the litera-

ture of validated scales for elementary stages. For example, some studies [17,18] have used

extensive questionnaires in Spanish in both elementary and secondary schools, however,

authors did not report on their psychometric properties. On the other hand, although Navarro,

Förster, González, & González-Pose [19] have validated Fraser’s TOSRA scale [11,20] for

Spanish-speaking students, the questionnaire is made up of a total of 70 Likert-type items, is

focused on measuring attitudes towards science in general, and has also been validated only

with students in higher grades than the Primary Education stage. Therefore, there is a need for

valid and reliable quantitative instruments of easy and quick administration that facilitates the

study of students’ attitudes toward school science at this stage. Consequently, the aim of this

paper is to study the translation and validation of the Spanish single item instrument proposed

by Kennedy, Quinn, & Taylor [21] called School Science Attitude Survey (SSAS). Considering

the potential usefulness of brief measures of attitude toward school science, this study aims to

provide sound evidence for the translation procedure used (face & content validity), for con-

struct and criterion validity, and for internal consistency, sensitivity and temporal stability

reliability.

Theoretical underpinning of attitudes toward science

Although studies about students’ attitudes toward science have been mounting in the last

decades, what is meant by attitudes toward science is still “(. . .) somewhat nebulous, often

poorly articulated and not well understood” [6] p.1049, and no clear definition have been pro-

vided yet. Klopfer [22] offered insight about the concept under study by categorizing the atti-

tude construct as a set of affective behaviors toward science as an enterprise, scientist,

scientific inquiry, scientific careers and towards science-related activities in general. Gardner

[23] provided further clarity by addressing the differences between «scientific attitudes», con-

ceived as those elements inherent to scientific thinking and research, and «attitudes toward sci-

ence», conceptualized as the sociological, psychological and affective conceptions and beliefs

about science. Research developed at elementary level reported the existence of many sub-con-

structs underlying the attitudes toward science construct, including (i) students affective feel-

ings and cognitive judgments of science [13], (ii) unfavorable outlook of science [24] and (iii)

perception of scientists and value of science to society [25], among many others.

Recent results of past research indicating that, in general, students tend to have positive atti-

tudes toward science but negative attitudes toward school science, stressed the need of

Spanish-School Science Attitude Survey (S-SSAS)
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advancing research about factors affecting students’ intentions and likehood of enrolling in

science related activities and careers. Therefore, there is a shift from focusing on attitudes

toward science in general, to focusing on attitudes toward school science, which may be a bet-

ter predictor of student’s behavior than attitudes toward science in general [6]. Consequently,

recent studies adopted various psychological theories like the Theory of Planned Behavior

(TPB) [26] or the Expectancy-value theory (EVT) [27–31] to further explore student’s motiva-

tion, choice and persistence in studying science-related subjects and careers. Thus, attitudes

are being studied by examining students enjoyment, self-efficacy, perceived difficulty [21] and

others behavioral beliefs about the consequences of engaging in science [8,12,24,32].

Literature review

Existing attitude instruments for Spanish-speaking elementary students

Research on attitudes towards science has been dealing with methodological issues caused by a

lack of rigor in the development and use of attitude measurement instruments. Munby [33]

first concluded that authors do not take the necessary steps to develop valid and reliable atti-

tude toward science instruments. Thus, for example, the presence of discrepant and contradic-

tory results is very common in attitude toward science research and may be explained by the

lack of psychometrically robust instruments [34]. In more recent years, Blalock et al. [8]

underlined these issues by concluding that the vast majority of attitude instruments used in

science education research the area of scientific education are lacking in terms of validity and

reliability psychometric properties evidences.

Attitude toward science research conducted in Spain is no stranger to this problem. The

most relevant attitude studies in Spain have used questionnaires that have not been subjected

to reliability and validity tests and therefore, the extent to which the results reported in these

studies are valid and reliable remains unclear (Table 1).

These studies have mainly used the ROSE instrument and the PANA questionnaire. In rela-

tion to the ROSE instrument, it is an adaptation of the Schreiner & Sjøberg [45]scale, originally

developed in English and subsequently translated into several languages, including Spanish.

The PANA questionnaire has been specifically designed by the authors. In both cases, the lack

of validity, reliability and resistivity evidences is worryingly absent. None of the studies using

the PANA questionnaire have provided information on their psychometric properties, and

only one study of the six included in the Table 1 using the ROSE questionnaire provided infor-

mation on the validity and reliability of the instrument, albeit with clear methodological prob-

lems. For example, Vázquez-Alonso & Manassero-Mas [41] have submitted the ROSE

questionnaire to Exploratory Factor Analysis (EFA), obtaining cross loadings on three items.

Instead of eliminating these items and redoing the factor analysis, the authors decided to keep

the items, which is clearly a methodologically inadequate practice [46,47]. In short, these

results demonstrate the need to develop psychometrically valid instruments, especially for the

Spanish context.

The school science attitude survey (SSAS)

The SSAS [21]is a web-based visual-analogue scale designed to examine student’s attitudinal

profile (AP) to the area of school science through ten items that addresses the six common atti-

tudinal constructs (AC) used in the literature of attitudes toward science (Table 2).From an

initial pool of 46 items based on existing instruments and 22 newly developed, authors selected

those that best represented each construct based on interviews with target sample, internal

constancy results, and four dimensionality tests.

Spanish-School Science Attitude Survey (S-SSAS)
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Four AC–intentions for future enrolment (I), enjoyableness (E), difficulty (D) and self-effi-

cacy in school science(S)–were unidimensional and the remaining two AC–usefulness (U) and

relevance of school science (R)–were found to be multidimensional.More specifically,

Table 1. Psychometric quality of the instruments used in Spanish attitude toward science studies.

Instrument Authors Items and constructs Grades Reliability Validity Sensitivity
PANA De Pro Bueno & Pérez Manzano [17] 6 items measuring 6

constructs

6–10 No No No

Pérez Manzano & De Pro Bueno[35] 17 items measuring 6

constructs

6–10 No No No

ROSE Marbá-Tallada& Márquez Bargalló[36] 16 items measuring 3

constructs

6–10 No No No

Pérez-Franco & De Pro Bueno[37] 19 items measuring 3

constructs

10 No No No

Vázquez-Alonso &Manassero-Mas[38] 24 items measuring 3

constructs

4—

undergraduates

No No No

Vázquez-Alonso &Manassero-Mas[39] 80 items measuring 4

constructs

10 No No No

Vázquez-Alonso &Manassero-Mas[40] 149 items measuring 5

constructs

10 No No No

Vázquez-Alonso &Manassero-Mas[41] 16 items measuring 4

constructs

10 Yes Yes1 No

Vázquez-Alonso &Manassero-Mas[42] 24 items measuring 3

constructs

4–12 Yes No No

COCTS Vázquez-Alonso, Acevedo Dı́az, Manassero-Mas &

Acevedo Romero[43]

202 items measuring 28

constructs

11–12 No No No

WAREING and

PAC

Vázquez-Alonso &Manassero-Mas[44] 50 items measuring 10

constructs

8 -undergraduates Yes Yes2 No

1The Exploratory Factor Analysis revealed 3 items with cross loadings between factors.
2 Authors only provided evidence of content validity.

https://doi.org/10.1371/journal.pone.0209027.t001

Table 2. The original SSAS [21].

Attitudinal construct Item
(I) Intention to enroll in further science 1. I am very likely to enroll on a science course in Year 11(LT)

(E) Enjoyableness of school science 2. I think science is (SD boring–fun)

(D) Perceived difficulty of school science 3. I struggle with completing the assignments for science class

(LT)

(S) Perception of self-efficacy in school science 4. I think I am very good at science (LT)

(U) Usefulness of science to careers¼
usþup

2

(Us)Usefulness of school science to scientific

careers

5. A job as a scientist would be interesting (LT)

(Up) Usefulness of school science to personal

career choice

6. For my planned career, knowledge of school science will be

(SD worthless–required)

(R) Relevance of school science¼
rsþrp

2

(Rs) Relevance of school science to society 7. Science helps to make life better (LT)

(Rp) Personal relevance of School science

¼
Rp1þRp2þRp3

3

(Rp1) What do I want to learn about? 8. I want to learn about plants in my area (LT)

(Rp2)How applicable is school science to

my everyday life?

9. For my everyday life, I think school science is (SD irrelevant–

relevant)

(Rp3) Biological vs physical science 10. I want to learn about electricity and how it is used in the

home

https://doi.org/10.1371/journal.pone.0209027.t002
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usefulness of science for a future career in science (Us) and usefulness of science for personal

career choice (Up) are the two dimensions underlying the usefulness (U) attitudinal construct.

Finally, relevance to society (Rs) and personal relevance (Rp) of school science are the two

dimensions underlying the relevance (R) attitudinal construct. Both the unidimensional and

the dimensions underlying the multidimensional AC are measured through single-item mea-

sures with five response options, either Likert-type (totally disagree–totally agree) or semantic

differential scales (i.e. fun–boring) with only extreme options being labeled.

The SSAS was selected for its translation and validation for Spanish speaking students for

several reasons. Firstly, because it is consistent with recent recommendations on measuring

attitudes toward the school science subjectinstead of science in general. In addition, it is an

instrument that includes the main attitudinal constructs studied in this line of research.

Finally, it is a short and easy to administer instrument, ideally for contexts in which time con-

straints limit the application of longer instruments, particularly in elementary education with

younger students. Although SSAS uses single-items measures to examine all its constructs and

sub-dimensions,which is in contrast to trends characterized by measuring a construct across

multiple items, the initial validation results of the Kennedy et al. study [21] have shown that

the SSAS reports robust results. Although multi-item instruments are more stable, reliable and

accurate [48], single-item measures can be as psychometrically valid as long measures. For

example, studies that have adapted extensive instruments into single-item scales have shown

equally reliable and valid results as its multi-item version, such as the single item self-esteem

scale [49]or the SIMP [50], which measures the Big Five personality with one item per

construct.

Method

Psychometric properties

The quality of a measurement instrument is assessed through different psychometric tests that

examines reliability and validity properties [51–54]. In the literature, different terminology

and definitions are used to refer to the psychometric properties that should be examined dur-

ing the scale validation process. The COSMIN initiative was an international effort in clarify-

ing and standardizing the uses of the different terms related to psychometric properties of

measurement instruments. Thus, through an international Delphi study, the COnsensus-

based Standards for the selection of health Measurement INstruments (COSMIN) taxonomy

was developed [55].

In this study we use the Polit-Yang taxonomy[56,57], which builds on the COSMIN study.

In short, in the Polit-Yang taxonomy, reliability is defined as “(. . .) scores for people who have

not changed are the same for repeated measurements, under several situations”[56] p. 25. The

validity domain is defined as whether an instrument “(. . .) measures the construct(s) it pur-

ports to measure” [55] p.743.

Relating reliability, the Polit-Yang taxonomy differs between (i) temporal reliability (i.e.

weather scores are stable over time when traits have not changed), (ii), internal consistency

(i.e. items measuring the same underlying construct), (iii) measurement error (i.e. error in

score not related to true changes in the construct). As for validity, there are three components:

(i) content and face validity, referring to “(. . .) the degree to which a content of an instrument

adequately reflects the construct being measured” [57] p.1750, (ii) criterion validity (i.e.

whether the proposed instrument is correlated with scores of existing instruments measuring

the same constructs), and (iii) construct validity (i.e. if the construct under study is appropri-

ately represented and conceptualized). Construct validity can be examined through structural

validity tests like exploratory factor analysis (EFA) or confirmatory factor analysis (CFA), and

Spanish-School Science Attitude Survey (S-SSAS)
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through hypothesis testing validity tests, like convergent validity (i.e. items measuring the

same constructs should be highly correlated), discriminant validity (i.e. constructs should

measure different traits and therefore items from different constructs should be poorly corre-

lated), and discriminative validity (i.e. whether the instrument discriminate between groups

that are known to differ). For translated instruments, the cross-cultural validity should also be

examined, which involves translation and back-translation and equivalent testing between the

original and the translated version [58]. Finally, in addition to reliability and validity, an

instrument should also provide evidence of sensitivity, meaning that it should be able to detect

the spectrum of differences in the construct under study [59]. Fig 1 shows the theoretical

framework adopted for scale translation and validation.

Sample and procedure. Participants were 643 students (47.9% girls, Mage = 10 years,

SDage = 1.26, range 8–13) enrolled in 3rd (n = 75), 4th (n = 142), 5th (n = 174) and 6th (n = 252)

grades of 21 elementary education schools from Burgos, in Spain. Students were enrolled in

both rural (48%) and urban (52%) schools. The Spanish version of the SSAS questionnaire was

administered in a paper-pencil format upon students’ arrival at a week-long intensive curricu-

lum enrichment program developed at an Innovative Education School Center located in

Burgos.

Among all the participants, 117 students were randomly selected (52.1% girls, Mage = 9.32

years, SDage = 1.14, range 8–13) for computing the concurrent validity of the scale and 88 stu-

dents were randomly selected (46.6% girls, Mage = 9.55, SDage = 1.41; range 8–12) for assessing

the temporal stability of the Spanish SSAS instrument. No significant differences were found

in neither age or in attitudes towards school science between the whole sample and both sub-

samples generated for concurrent and temporal stability validity.

Informed written consent was obtained from all participants’ parents.The study has been

approved by the University of Burgos Education PhD Doctorate Commission and by the Vice-

rectorate for Research and Knowledge Transfer.

Measures. Two external measures were used to examine the criterion validity of the

S-SSAS by exploring its relationship with two other attitude scales previously validated in the

literature. The first instrument, named Scale of Attitudes Toward Science [60], measures three

attitudinal constructs (i.e. positive affect toward science, self-confidence in learning science,

students valuing science) through 7 Likert-type items. The second instrument, named «Ara-

bic-Speaking Students’ Attitudes toward Science Survey» (ASSASS) [24] measures five attitu-

dinal constructs (i.e. attitudes toward science and school science, unfavorable outlook of

Fig 1. Theoretical framework for scale validation, based on Polit & Yang [56] taxonomy. Psychometric properties

in grey quadrants were not measured in this study.

https://doi.org/10.1371/journal.pone.0209027.g001
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science, control beliefs about ability in science, behavioral beliefs about the consequences of

engaging with science, and intentions to pursue science) through 32 Likert-type items. For this

study, the «intentions to pursue science» subscale, composed of six items, was used. These two

external measures were selected for computing criterion validity due to items and construct

similarities with the S-SSAS (see S1 Table). For example, the «intention to pursue science» sub-

scale of the ASSASS [24]is conceptually identical to the conceptualization of the “intention”

construct from the S-SSAS. The «positive affect toward science» construct of the Sabah et al.

scale [60] measures how much students enjoy science class (i.e. “I enjoy learning science”

p. 695), sharing similarities with the enjoinment construct of the S-SSAS. The «self-confidence

in learning science» construct of the Sabah et al. scale (i.e. “I usually do well in science, p. 695)

is conceptually similar to the S-SSAS constructs «perceived difficulty of school science» and

«perception of self-efficacy in school». Finally, the «students valuing science» construct of the

Sabah et al. scale (i.e. I think learning science will help me in my daily life; I need science to

learn other school subjects, p. 695) issimilar to the S-SSAS «usefulness of school science» and

«relevance of school science».

Results and discussion

Translation and cross-cultural validity

The SSAS was translated into Spanish following a cross-cultural translation procedure [58]. In

the first stage, a bilingual professor translated the SSAS from English into Spanish. In the sec-

ond stage, another bilingual professor back-translated the Spanish version of the scale into the

original language (i.e. English). In the third stage, both professors jointly reviewed the equiva-

lence between the original and back-translated version suggesting minor modifications to the

Spanish version: «Year 11» from the item assessing intention for future enrolment (i.e. I am

very likely to enroll on a science course in Year 11) was translated as «E.S.O», which is the

Spanish acronym that refer to the studies that begin at the end of Primary Education (i.e. mid-

dle school, students aged 12–16). In the fourth and final stage, six Elementary Education teach-

ers were asked to verify that items wording were appropriated for the reading level of 3rd to

6thelementary grade students. Consequently, the adjective «required» from the semantic differ-

ential item assessing usefulness of school science (i.e. For my planned career, knowledge of

school science will be worthless/required)was translated as «useful», which is a better Spanish

antonym for worthless. Original response format was maintained in all items, with the excep-

tion that the questionnaire was applied in a written rather than a web-based format. Original,

Spanish and back-translation of the SSAS is outlined in Table 3.

Content and face validity

Content and face validity was determined before large-scale administration using both a panel

of experts and target population. An expert committee composed of a university professor in

the field of psychology with extensive experience in instrument development and validation,

and one university professor with expertise in science teaching and teacher training assessed

the content validity of the translated version of the SSAS. Each expert was provided with the

ten single-items scales comprising the SSAS and was asked to link each item to the attitudinal

constructs or sub-constructs they consider to be measuring, and to evaluate how well each

item represented the intended AC (i.e. 1-bad; 2-good; 3-great). Intraclass correlation (ICC)

was used to examine agreement between experts in linking items to AC and for evaluating the

representativeness of each item, which seems to be the most appropriate statistical method

[61,62]. Following Koo & Li [63] guidelines for selecting and reporting Intraclass Correlation

Coefficients, ICC estimates and their 95% confident intervals were calculated using the SPSS

Spanish-School Science Attitude Survey (S-SSAS)
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v.24 statistical software based on single rater, absolute agreement, two-way mixed-effects

model.

Intraclass correlation coefficient (ICC) of .956 with 95% confident interval = .833 - .989

revealed a «good» to «excellent» inter-rater reliability in linking items to attitudinal constructs

(AC). However, the psychology professor failed at assigning two items to the correct AC. More

specifically, he assigned the item «I want to learn about plants in my area” to the «biological vs

physical science» AC, and the item «I want to learn about electricity and how it is used in the

home» to the «What do I want to learn about?» AC, instead of the other way around.

ICC coefficient of .800 with 95% confident interval = .408 - .945 revealed a «bad» to «excel-

lent» agreement between the raters in evaluating each item representativeness (Koo and Li,

2016). While the professor with background in science teaching considered item «I want to

learn about plants in my area» to be a great representativeness of the «What do I want to learn

about?» AC, the psychology professor considered it to be only good. Taken together, these

results seem to confirm that the SSAS has acceptable content validity.

After establishing the content validity of the S-SSAS, a cognitive interviewing approach

known as Think-Aloud Protocol [64] was used with twelve students (three students from 3rd,

4th, 5th and 6th elementary grades, respectively) to assess face validity by examining student’s

comprehensibility of the items and if their interpretation was similar to that intended by the

researchers. Each student was given a copy of the survey and wasindividually prompted to

explain what they think when reading and answering each item.

The Think-Aloud Protocol indicated that students have easily understood and correctly

interpreted all items. However, some students found it difficult to understand two words.

Thus, the adjectives «irrelevant–relevant» from the semantic differential item assessing per-

sonal relevance of school science (i.e. For my everyday life, I think school science is irrelevant/

relevant) were worded in Spanish as «not important–very important», fostering understanding

of lower grades students. No evidence of administration fatigue was identified, with most

Table 3. Original, translated and back-translated S-SSAS.

Original SSAS Spanish SSAS Back-translation into English
1. I am very likely to enroll on a

science course in Year 11

Es muy probable que me apunte a

Ciencias de la Naturalezaen la ESO

It is very likely that I will enroll in

School Science course in ESO /

Year 11.

2. I think science is (boring–fun) Pienso que Ciencias de la Naturalezaes

(aburrida–divertida)

I think school science is

(boring–fun)

3. I struggle with completing the

assignments for science class

Me cuesta terminar las tareas para la clase

de Ciencias de la Naturaleza

I have difficulties in completing

my homework for school science

class.

4. I think I am very good at science Pienso que soy muy bueno en Ciencias de

la Naturaleza

I think I am very good at school

science

5. A job as a scientist would be

interesting

Un trabajo como cientı́fico serı́a

interesante

A job as a scientist would be

interesting.

6. For my planned career,

knowledge of school science will be

(worthless–required)

Para mis futuros estudios, el

conocimiento de las clases de Ciencias de

la Naturalezaes (inútil– útil)

For my future studies, knowledge

of school science class will be

(useless–useful).

7. Science helps to make life better La ciencia ayuda a mejorar la vida Science helps to improve life.

8. I want to learn about plants in

my area

Quiero aprender sobre las plantas de mi

entorno

I want to learn about plants in my

surroundings.

9. For my everyday life, I think

school science is (irrelevant–

relevant)

Para mi vida diaria, creo que Ciencias de

la Naturaleza es (poco importante–muy

importante)

For my daily life, I think school

science is (not important–very

important)

10. I want to learn about electricity

and how it is used in the home

Quiero aprender sobre la electricidad y

saber cómo se usa en una casa

I want to learn about electricity

and how it is used in a home.

https://doi.org/10.1371/journal.pone.0209027.t003

Spanish-School Science Attitude Survey (S-SSAS)

PLOS ONE | https://doi.org/10.1371/journal.pone.0209027 January 2, 2019 8 / 18

https://doi.org/10.1371/journal.pone.0209027.t003
https://doi.org/10.1371/journal.pone.0209027


students taking approximately ten minutes (M= 9.16, SD = 1.05) to complete the task, time

that is considerably reduced when students do not have to orally justify and explain their

answers. A table with the researchers’ interpretation of the item and examples of students’

responses can be found in the S2 Table. Instructions for S-SSAS administration can be found

in S1 File.

Criterion validity

Predictive validity. Predictive validity was provided using Pearson product-moment cor-

relation coefficient within S-SSAS attitudinal constructs. More specifically, consistent with the

literature, the Spanish version of the SSAS would demonstrate criterion validity if there is a

positive correlation between intentions and enjoyableness [65–67], between intentions and

self-efficacy [68–70], and between usefulness and relevance [71,72].

As for predictive validity, the relationship within the expected S-SSAS AC reported medium

to large Pearson’s r correlation coefficients that ranged from -334 to .543 (Table 4). More spe-

cifically, there was a strong-positive correlation between «intention to enroll in science

courses» and «enjoyableness», r = .543, p< .01 and a medium-positive correlation between

«intention to enroll in science courses» and «self-efficacy» r = .371,p< .01, «perceived useful-

ness» r = .357, p< .01 and «perceived relevance» r = .360, p< .01 attitudinal constructs. In

addition, «enjoyableness of school science» was positively correlated with «self-efficacy» r =

.414, p< .01, «perceived usefulness» r = .345, p< .01 and «perceived relevance» r = .311, p<

.01 attitudinal constructs. As expected, «perceived difficulty» was negatively correlated with

«self-efficacy» r = -.334, p< .01, and «perceived usefulness» was positively correlated with

«perceived relevance» r = .431, p< .01. Taken together, these results are in line with theoretical

expectations and previous literature results, thus confirming the criterion validity of the Span-

ish version of the SSAS.

Concurrent validity. The relationship between S-SSAS’s «intention to enroll in further

science»ACand ASSASS’s «intention to study science» subscale was measured. The concurrent

validity of the remaining S-SSAS’s AC’s was assessed by studying the relationship between

Table 4. Pearson’s r correlation for criterion and construct validity and item-total correlation for internal consistency.

Attitudinal constructs Criterion and construct validity Internal consistency
1 2 3 4 5 6 7 8 9 10 Item-total r

1. Intention - .543� .171� .371� .357� .360� .552� .338� .225� .298� .560

2. Enjoyableness - .178� .414� .345� .311� .390� .560� .468� .352� .560

3. Difficulty - -.334� .073 .053 -.107 -.236� -.522� -.037 .243

4. Self-efficacy - .224� .232� .215� .169 .301� .180 .501

5. Usefulness - .431� .592� .380� .079 .428� .410

6. Relevance - .416� .356� .160 .406� .401

7. ASSASS - .397� .076 .439�

8. PATS - .264� .268�

9. SCS - .189�

10. SVS -

�. Correlation is significant at the 0.01 level (2-tailed)

ASSASS refers to the intention subscale of Abd-El-Khalick et al. instrument[24]

PATS refers to positive affect toward science subscale of Sabah et al. instrument[60]

SCS refers to pelf-confidence in learning science subscale of Sabah et al. instrument[60]

SVS refers to students’ valuing science subscale of Sabah et al. instrument[60]

https://doi.org/10.1371/journal.pone.0209027.t004
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«enjoyableness of school science» S-SSAS’s AC and Sabah et al.’s «positive affect toward sci-

ence» subscale; between «perceived difficulty of school science» and «perception of self-effi-

cacy in school» S-SSAS’s AC and Sabah et al.’s «self-confidence in learning science» subscale;

and finally, between «usefulness of school science» and «relevance of school science» S-SSAS’s

AC and Sabah et al.’s «students’ valuing science» subscale.

In relation to concurrent validity, the relationship between S-SSAS AC’s and the scales

developed by Abd-El-Khalick et al. [24] and Sabah et al. [60] reported medium to large Pear-

son’s r correlation coefficients that ranged from .301 to .560 for the expected attitudinal con-

structs (Table 4).

More specifically, there was a strong, positive correlation between «intention to enroll in

science courses» AC’s of both scales, r = .552, p< .01, and between «enjoyableness» AC’s of

both scales, r = .560,p< .01. Also, there was a strong, negative correlation between the S-SSAS

«difficulty» AC and Sabah et al. [60] «self-confidence in learning science» subscale, r = -.522,

p< .01. Finally, there was a medium, positive correlation between the «self-efficacy» AC’s of

both scales r = .301, p< .01, «usefulness» AC’s of both scales r = .428, p< .01, and «relevance»

AC’s of both scales r = .406, p< .01. These results seem to indicate that the S-SSAS shares satis-

factory variance with other validated instruments intended to measure students’ attitudes

toward science, thus further confirming the criterion validity of the S-SSAS.

Construct validity

Discriminant validity. Discriminant and discriminative tests were used to provide evi-

dence for hypothesis testing construct validity. Discriminant validity was examined using

Pearson Product-Moment correlation coefficient within S-SSAS attitudinal constructs. Consis-

tent with recent recommendations, moderately-strong correlation between factors are accept-

able[73], however, correlation must be below the .80 cut off to consider that the translated

S-SSAS provides evidence for discriminant validity [74].

Relating the discriminant validity of the S-SSAS, Pearson’s r correlation coefficient within

S-SSAS attitudinal constructs were lower than the .80 cutoff (Table 4), thus discriminant valid-

ity is confirmed.

Discriminative validity. For discriminative validity, SSAS results were analyzed in terms

of gender (girls and boys) and school type (rural and urban schools) differences to determine

if they are consistent with the original SSAS results [21]. Specifically, independent sample t test

with Bonferroni correction were computed using the SPSS v.24 statistical software[75].

The independent sample t-test revealed no statistically significant differences in attitudinal

profiles towards school science between girls and boys (Table 5), neither between students

from rural and urban schools (Table 6).

Taken together, these results are consistent with the original SSAS [21], supporting that the

Spanish SSAS items are understood and interpreted like-ways by both boys and girls, regard-

less of whether they are enrolled in rural and urban schools. This further corroborates the

valid applicability of the Spanish SSAS.

Reliability

Internal consistency. Cronbach’s α cannot be computed for single-item measures [53],

and for multidimensional instruments, it should be computed for every construct [76, 77].

However, since the SSAS scale was originally developed to measures students’ attitudinal pro-

file toward the school science construct, Cronbach’s α was computed for the entire scale,

which should report tentative results about the internal consistency of the instrument. The α
> .70 threshold for acceptable reliability was used [54]. To further examine internal
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consistency and provide more robust estimates than the Cronbach α, corrected item-total cor-

relation for each of the six S-SSAS AC were calculated, with correlation above .3 suggesting

good internal consistency [54,76, 78].

The Spanish SSAS reported good internal consistency (Table 4), with all corrected item-

total correlations but the one measuring perceived difficulty of school science being far above

the lower limit of .3 that has been suggested in the literature. Cronbach alpha for the entire

scale was moderate (α = .704). This value can be considered acceptable for preliminary

research. This results indicates that items included in this instrument does correlate very well

with the overal scale assesing attitudes toward school science and therefore confirms that the

translated SSAS has aceptable internal consistency.

Temporal stability. To assess the temporal stability of the Spanish version of the SSAS, a

subgroup of students (n = 88) ranging from third to sixth grade of elementary education com-

pleted the scale at two times with a 10-days interval. A 10-days’ time span was used as it’s been

considered in previous literature as adequate for computing test-retest reliability [79]. The first

and second administration scale was done 10 days before and upon student’s arrival at the

Table 5. Attitudinal profiles towards school science according to gender variable SSAS.

SSAS constructs Gender M SD t-test
t-value df p

Intention Girls 3.17 1.09 1.41 436 .159

Boys 3.02 1.15

Enjoyableness Girls 3.58 1.15 .58 436 .561

Boys 3.52 1.18

Difficulty Girls 3.77 1.18 127 436 ,204

Boys 3.62 1.29

Self-efficacy Girls 3.48 1.05 - .845 436 ,399

Boys 3.57 1.03

Usefulness Girls 4.01 .81 .508 436 ,612

Boys 3.97 .93

Relevance Girls 3.76 .75 - 1.610 436 ,108

Boys 3.88 .76

https://doi.org/10.1371/journal.pone.0209027.t005

Table 6. Attitudinal profiles towards school science according to school type variable.

SSAS constructs Gender M SD t-test
t-value df p

Intention Urban 3.08 1.10 -.397 436 .692

Rural 3.11 1.16

Enjoyableness Urban 3.54 1.14 -.146 436 .884

Rural 3.56 1.21

Difficulty Urban 3.71 1.25 .384 436 .701

Rural 3.66 1.19

Self-efficacy Urban 3.46 1.03 -1.584 436 .114

Rural 3.62 1.05

Usefulness Urban 3.97 .87 -.494 436 .622

Rural 4.01 .88

Relevance Urban 3.83 .73 .209 436 .835

Rural 3.81 .79

https://doi.org/10.1371/journal.pone.0209027.t006
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week-long intensive curriculum enrichment program, respectively. Pearson product-moment

correlation coefficient was used to compute students’ responses between time 1 and time 2. In

addition, as Intraclass correlation (ICC) seems to be more suitable than Pearson correlation

coefficient when performing temporal stability reliability analysis [80], ICC was used to further

estimate test-retest reliability by taking into account the measurement error [61]. More specifi-

cally, ICC estimates and their 95% confident intervals were calculated using the SPSS v.24 sta-

tistical software based on single ratter, absolute agreement, two-way mixed-effects model [63].

The relationship between each student S-SSAS global result at Time 1 and Time 2 revealed

a significant large Pearson’s r correlation coefficients, r = .779, p< .01. According to each AC,

the test-retest reliability of the S-SSAS ranged from medium to large significant Pearson’s r
correlation coefficients (r = .464 - .790). In Table 6 Pearson’s correlations results between

SSAS at Time 1 and Time 2 are reported. Examination of this table reveals that «enjoyableness

of school science» is the AC with lowest test-retest reliability, and that «relevance of school sci-

ence to society», and «intention to enroll in further science» AC’s reported the best temporal

stability reliability.

ICC of .873 with 95% confident interval = .805 - .917 revealed a «good» to «excellent» test-

retest reliability for the S-SSAS global results, with a mean difference between the two adminis-

trations (Time 2 –Time 1) of only .07. Intraclass coefficient results for each S-SSAS attitudinal

construct confirms the temporal stability of the S-SSAS scale, with all but one AC (i.e.

enjoyableness of school science) revealing a Intraclass correlation above .7 (Table 7).Among

the S-SSAS constructs, «Enjoyableness of school science» has reported less test-retest reliabil-

ity, suggesting that it may be an attitudinal construct that is more sensitive to classroom vari-

ables (e.g. science content, teaching methodology, classroom activities). In contrast, «relevance

of school science to society» and «intention to enroll in further science» AC’s seems as the

most stable over time, coinciding with earlier studies that show how difficult it is to change stu-

dent’s intentions to enroll in a scientific career [81]. Overall, these results indicate that the

Spanish version of the SSAS has a good temporal stability with a 10-days span between the first

and second administration.

Sensitivity

Scale sensitivity of the translated SSAS was explored by computing (i) the distribution of

responses according to the spectrum of responses categories for each item, (ii) mean, standard

deviation, observed range, (iii) item variance and (iv) skewness and kurtosis. Response distri-

bution and mean of each item should confirm no evidence of ceiling effect, namely, response

distribution should be predominantly close to the center of the range of possible scores or

Table 7. Intraclass correlation between S-SSAS constructs at Time 1 and Time 2.

SSAS AC r Intraclass
correlation

95% Confidence Interval Mean difference
(Time 2 –Time 1)Lower Bound Upper Bound

Intention .771 .868 .798 .913 .11

Enjoyableness .464 .597 .374 .739 .39

Difficulty .556 .716 .566 .814 -.02

Self-efficacy .595 .748 .615 .835 .01

Usefulness .631 .776 .657 .853 .02

Relevance .790 .880 .817 .921 -.05

Total .779 .873 .805 .917 .07

r refers to Pearson’s correlation between SSAS constructs at Time 1 and Time 2

https://doi.org/10.1371/journal.pone.0209027.t007
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responses [53]. In addition, items with high variance are desirable, which would confirm that

the translated SSAS is capable of discriminate among individuals with different attitudinal pro-

files towards school science [53]. In relation to skewness and kurtosis, several recommendation

from the literature were followed: Kline [82] suggested indices not higher than 3 for skewness

and 10 for kurtosis and others have established ±2 as acceptable limits [74,83,84].

The distribution of responses covered all the spectrum of response categories (Table 8).

Most of responses were concentrated in the middle range of the scale, however, responses to

item 3 (measuring perceived difficulty of school science) were concentrated in the first two

responses categories (60.3%), indicating that the majority of students do no perceive school

science as a difficulty subject. Similarly, items 6 and 7, measuring usefulness and relevance of

school science, respectively, reported responses concentrated in the last two responses catego-

ries (78.7% and 73.1%), indicating that in general students perceive school science as useful

and relevant.

The mean scores of most items were the middle point of the scale, ranging from 2.31 to 4.16

on a scale from 1 to 5 (Table 9). As shown by the negative skewness of all but item 3, responses

were weighted towards the positive end of the 5-point response format. However, the values of

skewness and kurtosis fall within the acceptable range of ±2 limits [74,83,84], suggesting that

the scale did not report evidence of ceiling effects. Based on these results, the Spanish School

Science Attitude survey (S-SSAS) has satisfactory sensitivity.

Table 8. Distribution of responses.

SSAS
items

Response category (%)
1 2 3 4 5

Item 1 13 8.7 46.1 20.8 11.4

Item 2 8.2 8.2 26.5 34.5 22.6

Item 3 33.1 27.2 21.9 11.2 6.6

Item 4 5.5 8.0 31.7 37.9 16.9

Item 5 7.1 7.8 19.6 26.7 38.8

Item 6 3.4 2.3 15.5 32.4 46.3

Item 7 2.3 4.6 20.1 31.3 41.8

Item 8 6.8 10.7 36.3 29.5 16.7

Item 9 3.0 8.0 32.0 29.0 28.1

Item 10 7.5 11.9 19.6 28.3 32.6

https://doi.org/10.1371/journal.pone.0209027.t008

Table 9. Descriptive statistics of translated SSAS items.

SSAS
items

Range M SD Variance Skewness Kurtosis

Item 1 1–5 3.09 1.12 1.267 -.244 -.319

Item 2 1–5 3.55 1.17 1.360 -.631 -.281

Item 3 1–5 2.31 1.23 1.501 .628 -.582

Item 4 1–5 3.53 1.04 1.078 -.572 .046

Item 5 1–5 3.82 1.23 1.504 -.842 -.240

Item 6 1–5 4.16 1 .995 -1.298 1.519

Item 7 1–5 4.06 1 1.006 -.935 .387

Item 8 1–5 3.38 1.1 1.198 -.353 -.336

Item 9 1–5 3.71 1.1 1.107 -.434 -.409

Item 10 1–5 3.67 1.3 1.568 -.642 -.624

https://doi.org/10.1371/journal.pone.0209027.t009

Spanish-School Science Attitude Survey (S-SSAS)

PLOS ONE | https://doi.org/10.1371/journal.pone.0209027 January 2, 2019 13 / 18

https://doi.org/10.1371/journal.pone.0209027.t008
https://doi.org/10.1371/journal.pone.0209027.t009
https://doi.org/10.1371/journal.pone.0209027


Conclusion

The purpose of this study was to translate the single-item SSAS survey [21]for its use by ele-

mentary Spanish-speaking students and to test its validity and reliability. Through a multistage

translation approach and multiple psychometric evaluations, the current study provides evi-

dence that the S-SSAS is a valid and reliable instrument for measuring elementary students’

attitudes toward school science.

Regarding translation validity, the Think-Aloud structured interviews indicated that the

S-SSAS is easily understood and interpreted by Spanish students in 3rd to 6th grades of Elementary

Education. Additionally, the panel of experts shared acceptable agreement in the assignments of

items to each attitudinal construct. These results provide face and content validity for the scale.

Psychometric evaluation of the S-SSAS indicated an adequate level of internal consistency

reliability and that response were well distributed along the response categories, showing great

sensitivity and no evidence of extreme response tendency. Intraclass correlation coefficient

supported the temporal stability reliability of the translated SSAS, with a 10-days span between

first and second administration. Pearson correlation coefficient reported acceptable predictive

validity with strong correlation between expected attitudinal constructs based on results

reported in specialized literature of attitudes, and also great concurrent validity, thus obtaining

high correlation between the attitudinal constructs of the S-SSAS scale and two attitudes mea-

sures of conceptual convergence already validated in the literature. In addition, discriminative

validity between S-SSAS constructs was confirmed and parametric and non-parametric tests

indicated that the translated version of the SSAS replicates similar results to those of its original

version in terms of sex and rural or urban school variables, thus confirming discriminative

validity and further supporting the applicability of the S-SSAS.

One main limitation should be acknowledged. The concurrent validity was assessed using

two other scales that weren’t previously validated for Spanish-speaking students. Ideally,

S-SSAS results should have been correlated with other Spanish scales in order to obtain more

reliable results. However, given the absence of validated Spanish scales for elementary educa-

tion, we were forced to use two scales that were validated in another language. To counter this

limitation, both Abd-El-Khalick et al. [24] and Sabah et al. [60] scales were translated into

Spanish using the same multistage translation approach as for the S-SSAS. Future studies

should consider subscales from the Spanish version of the TOSRA [19] to further examine the

concurrent validity of the S-SSAS. Although the Navarro et al.’s [19] TOSRA was validated

with high school students, it’s psychometric properties for Spanish speaking students are more

likely to be stronger than those of the instruments used in this study. In addition, future studies

should administer the original and the Spanish SSAS to a bilingual sample and compute equiv-

alence tests between both scores, thus further examining the S-SSAS applicability.

Taken together, in can be concluded that the Spanish SSAS represents a first effort to pro-

vide a valid and reliable measure to examine attitudes toward school science of Spanish-speak-

ing elementary students, especially when there are time constraints for data collection. This

instrument is easy to administer and quick to answer because it consists of only ten single-

item measures equally interpretable by both girls and boys from rural and urban schools.

Therefore, it can be useful in quasi-experimental time-series designs where several data mea-

surement is needed.
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Supervision: Jesús Ángel Meneses Villagrá.
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Resumen: Las estadísticas de matriculación en carreras de ciencia, tecnología, ingeniería y matemática (STEM)
evidencian una gran infrarrepresentación de las mujeres en la mayoría de estas disciplinas, especialmente en física
e ingeniería.  En este estudio se analiza el  interés  de niñas y  niños de Educación Primaria  (n = 733) por el
contenido de disciplinas científicas de física y de biología utilizando un método de análisis cuantitativo basado en
técnicas  de  agrupamiento por  conglomerados K-Medias,  analizándose  las  diferencias  en las  actitudes de  los
estudiantes hacia la ciencia escolar en función de su interés por estas disciplinas científicas. Los resultados revelan
la  existencia  de  un  perfil  actitudinal  sesgado sexualmente,  caracterizado  por un  alto  interés  por  contenidos
propios de ciencias biológicas y un bajo interés por el aprendizaje de la física por parte de las niñas, y resultados
opuestos en el caso de los niños. Además, en comparación con los niños, las niñas han mostrado menos interés
por contenidos de física, han sido mayoría en los perfiles actitudinales caracterizados por un bajo interés general
por  contenidos  científicos  y  han sido  minoría  en  los  perfiles  caracterizados  por  un alto  interés  por  ambas
disciplinas.  Estos resultados parecen mostrar que el  interés  por disciplinas  científicas de física o de biología
empieza a forjarse desde niveles elementales del sistema educativo, hecho que podría dar lugar a la posterior
segregación de género en las disciplinas STEM. Se discuten las implicaciones educativas y de investigación de
estos resultados.

Palabras clave: actitudes hacia la ciencia, K-medias, conglomerados, ciencias biológicas, ciencias físicas

Preference for physics or biology scientific content in Elementary Education: a cluster analysis

Abstract: Statistics on enrolment in science, technology, engineering and mathematics (STEM) show a large
under-representation of  women in most of  these disciplines. This study analyses the preferences of  elementary
education girls and boys (n = 733) for the content of  physics and biology using a quantitative analysis method
based on clustering  techniques (K-Means)  and by  analyzing  the  differences in  their  attitudes toward  school
science according to their preferences. The results reveal the existence of  a sexually biased attitudinal profile,
characterized by a high preference for the content of  the biological sciences and a low preference for learning
physics among girls, and opposite results in the case of  boys. In addition, in comparison with boys, girls showed
less interest in physics science content than boys, were majority in the attitudinal profiles characterized by a low
overall interest in science content and minority in the profiles characterized by a high interest in both disciplines.
These results seem to show that the preference for scientific disciplines in physics or biology are beginning to
form from elementary levels of  the educational system, which could lead to the subsequent gender segregation
existing in STEM disciplines. The educational and research implications of  these findings are discussed.

Keywords: attitudes towards science, K-mean, cluster analysis, biology, physics
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R.B. TOMA, J. Á. MENESES VILLAGRÁ               PREFERENCIA POR CONTENIDOS DE FÍSICA O DE BIOLOGÍA

Introducción

En 2013  más  de  la  mitad  de  los  títulos  de  estudios  superiores  en  disciplinas  de  ciencia,
tecnología,  ingeniería  y matemática (STEM) de los países miembros de la  Unión Europea
fueron obtenidos por mujeres, sin embargo, apenas un 30% de los graduados en ingeniería
eran mujeres (OECD, 2013).  Además,  en la  etapa de Educación Secundaria,  cuyas edades
comprenden en los 14 y 18 años de edad, las alumnas son una minoría en asignaturas de física,
un patrón generalizado en diversos países como Francia (Rapoport y Thibout 2018), Holanda
(Buser,  Niederle  y  Oosterbeek  2014)  o  Australia  (Collins,  Kenway  y  McLeod  2000).  En
términos de ocupación STEM, las mujeres siguen representando un porcentaje muy inferior
en comparación con los hombres (Beede  et al.  2011; Deloitte 2016; INE 2017; NSF 2013;
UNESCO 2017).  España no es una excepción.  Si  bien el  número de mujeres en estudios
universitarios  de  ciencias  ha  aumentado  recientemente,  aún  persiste  la  disparidad  entre  el
porcentaje de mujeres y de hombres en algunas disciplinas STEM. Así, apenas un 25.4% de las
matriculaciones en titulaciones universitaria de ingeniería y arquitectura pertenecen a mujeres.
Además, apenas un 2.5% del total de egresados en estudios superiores en física y matemáticas
son mujeres (INE 2017; MECD 2016). Por lo tanto, la retención de las mujeres en STEM
resulta crítica en la actualidad.

En  la  literatura  existen  numerosos  estudios  que  indican  que  el  comportamiento  y  las
elecciones de los estudiantes pueden verse moldeadas por sesgos implícitos derivados de la
exposición a estereotipos culturales generalizados que conciben la Ciencia como una profesión
masculinizada (Dasgupta 2011) y a las mujeres como menos competentes (Eagly y Mladinic
1993), siendo estos estereotipos sostenidos y exhibidos por ambos géneros (Nosek, Banaji y
Greenwald 2002). Aunque numerosas investigaciones han confirmado la existencia de sesgos
de género en ámbitos familiares y educativos en cuanto a las competencias matemáticas y
científicas de las niñas y los niños (Dickhauser y Meyer 2006; Gunderson, Ramirez, Levine y
Beilock 2012), aún no resulta claro a partir de qué edad estos estereotipos podrían tener efecto
en las vocaciones y el interés de los estudiantes por las disciplinas STEM. Por ello, en este
estudio se pretende identificar el interés de las niñas y los niños de Educación Primaria por
contenidos de física o de biología y analizar si existen diferencias en sus intereses según la
variable sexo y edad. Además, se pretende examinar si existen diferencias en las actitudes hacia
la asignatura de Ciencias de la Naturaleza en función de los intereses por sus contenidos. Más
específicamente,  se  pretende  descubrir  si  desde  una  temprana  edad  se  pueden  identificar
diferencias en los intereses de los niños y las niñas por disciplinas científicas de física y de
biología y, en caso afirmativo, determinar si existen diferencias en las actitudes hacia Ciencias
de la Naturaleza en los grupos que tienen mayor interés por una u otra disciplina. Las tres
preguntas de investigación que guían el presente estudio son:

P1.  ¿Cómo  afecta  el  sexo  y  el  curso  escolar  a  las  preferencias  por  estudiar  contenidos
científicos de física y de biología?

P2. Las preferencias, ¿simulan patrones de matriculaciones identificadas en etapas secundarias
y terciarias?

P3. ¿Existen diferencias en las actitudes de los estudiantes hacia la asignatura de Ciencias de la
Naturaleza en función de su preferencia por estudiar contenidos de física o de biología?

De acuerdo con los datos nacionales de matriculación (MECD 2016), se espera identificar un
subgrupo de niñas que se caracteriza por un bajo interés por contenidos de física y un alto
interés por contenidos propios de las ciencias biológicas, y resultados opuestos en el caso de
los  niños.  Además,  en  consonancia  con  investigaciones  pasadas  que  señalan  actitudes
desfavorables hacia la Ciencia por parte de las niñas, (p. ej.: de Pro Bueno y Pérez Manzano
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2014;  Denessen,  Vos,  Hasselman y  Louws 2015;  Marbá-Tallada  y  Márquez Bargalló  2010;
Vázquez y Manassero 2008), se espera identificar otro subgrupo de niñas con bajo interés
tanto por la física como por la biología. Por último, dado el patrón generalizado reportado en
la literatura de actitudes hacia la Ciencia señalando diferencias significativas a favor de los
niños  (Caleon y  Subramaniam 2008;  DeWitt  y  Archer  2015;  George  2006;  Hacieminoglu
2016), se espera encontrar una mayor proporción de niñas que de niños con bajo interés tanto
por la física como por la biología y un mayor número de niños que de niñas con un alto
interés tanto por la física como por biología.

Justificación

En este  apartado  se  adopta  una  triple-argumentación  para  justificar  por  qué  los  actuales
patrones  de  matriculaciones  en  ciencias  en  las  etapas  secundarias  y  terciarias  del  sistema
educativo resultan problemáticos; es decir, por qué resulta preocupante la baja presencia de
mujeres  en  determinadas  disciplinas  STEM como la  física  o  la  ingeniería.  Así,  entre  los
muchos  argumentos  que  subrayan la  necesidad  e  importancia  de  aumentar  el  número de
mujeres matriculadas en las disciplinas científicas en las que su presencia es minoritaria, en este
trabajo se adopta como fundamentales los siguientes tres: (I) alfabetización científica integral e
inclusiva, (II) necesidad de capital humano científicamente alfabetizado, y (III)  diversidad en
intereses y visiones científico-tecnológicas. 

Alfabetización científica integral e inclusiva

Probablemente uno de los principales argumentos a favor de la inclusión de las niñas en todos
los estudios y disciplinas STEM se basa en los derechos humanos (UNESCO 2017). Desde
hace décadas, numerosos informes internacionales (AAAS 1993; EC 2013; NRC 2012; OECD
y UNESCO 2003; Osborne y Dillon 2008), así como leyes educativas nacionales, como la Ley
Orgánica  para  la  Mejora  de  la  Calidad  Educativa  (LOMCE  2013),  vienen  resaltando  la
importancia  de  alfabetizar  científicamente  a  los  estudiantes.  La  igualdad  de género  en  las
disciplinas STEM se postula como importante para garantizar que los niños y las niñas puedan
adquirir los beneficios asociados con la alfabetización STEM (UNESCO 2017), algo que no
sucederá a menos que se reduzca la gran segregación de género en determinadas disciplinas,
como la  física.  Las escasas  matriculaciones  en estudios  de física  por  parte  de las  mujeres
resultan aún más preocupantes con la nueva actual ley educativa, en la que los estudiantes
configuran su trayectoria académica desde el tercer curso de la etapa Educación Secundaria
Obligatoria  (ESO)  y  deben decidir  si  se  matriculan  en  asignaturas  propias  de  la  rama de
Ciencias o no. Si desde etapas elementales las niñas no desarrollan actitudes positivas e interés
por la física, es muy probable que en Secundaria opten por asignaturas diferentes, por lo que la
segregación  se  produce  mucho  antes  en  el  sistema  educativo,  resultando  más  difícil  aún
despertar su interés por disciplinas de física en etapas posteriores.

Necesidad de capital humano

En la  actualidad,  la  falta  de  mujeres  en  algunas  disciplinas  STEM supone  una  situación
problemática  tanto  para  la  inclusión  educativa  como también  para  la  consecución  de  las
demandas  del  mercado laboral  (Beede  et  al.  2011;  EC 2004).  La  existencia  de ciudadanos
cualificados  en  disciplinas  STEM es  crucial  para  la  capacidad  innovadora  y  el  desarrollo
tecnológico de los países.  En la actualidad,  se estima que existe una ausencia  de personal
cualificado  para  cubrir  los  puestos  laborales  necesarios  en  STEM  (Berkhout,  Sattinger,
Theeuwes  y  Volkerink  2012).  La  falta  de  personal  cualificado  combinado  con  el
envejecimiento de la fuerza laboral en STEM suscita un panorama preocupante (Morrell y
Parker 2015). Por lo tanto, el aprovechamiento del progreso científico-tecnológico requiere del
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mayor número posible de talentos,  suponiendo un gran déficit  la falta  de inclusión de las
mujeres en estas disciplinas (Blickenstaff  2005).

Diversidad en intereses y visiones científico-tecnológicas

La escasa representación de las niñas en las disciplinas STEM es problemática no solo por
cuestiones de inclusión educativa o necesidad de capital humano, sino también debido a las
limitaciones  que  esto  supone  al  desarrollo  de  las  innovaciones  científicas.  Dado  que  los
hombres y las mujeres pueden albergar intereses y concepciones diferentes, las innovaciones
científico-tecnológicas podrían verse obstaculizadas por la falta de diversidad de género en
determinadas disciplinas científicas (Sikora y Pokropek 2012). Por ejemplo, en ingeniería, una
disciplina predominantemente masculina, se definió la altura y el peso medio de la población
estadounidense masculina como la norma y objeto principal de estudio en pruebas de choque
(AGARD 1996). La falta de atención a otros segmentos de la población (por ejemplo, las
mujeres)  durante  la  fase  de  diseño  de  mecanismos  de  seguridad  resultó  en  daños  no
intencionales  dado  que  los  cinturones  de  seguridad  convencionales  no  se  ajustan  a  las
necesidades de las  mujeres embarazadas,  por lo que los accidentes automovilísticos son la
principal causa de muerte fetal (Weiss, Songer y Fabio 2001). Una mayor presencia de mujeres
en estas disciplinas hubiese dado lugar a una visión más holística durante la fase de diseño,
siendo las perspectivas diferenciadas aportadas a la Ciencia por las mujeres necesarias para
moldear  las  innovaciones  tecnológicas  y  el  propio  conocimiento  científico  de  manera
significativa (Heybach y Pickup 2017). Las distintas experiencias e inquietudes de las mujeres
pueden  dar  lugar  al  desarrollo  de  nuevas  preguntas  de  investigación  y  perspectivas
investigadoras, siendo numerosas las evidencias que manifiestan el impacto de las mujeres en
el  desarrollo  de  diferentes  disciplinas  científicas  y  que  subrayan  la  necesidad  de  mayor
inclusión de las mujeres en la Ciencia (Bug 2003; Conkey 2003; Schiebinger 2003). Sirva de
ejemplo Gendered Innovations (Schiebinger et al. 2011), una iniciativa que proporciona numerosos
estudios de casos que ilustran la forma en que las aportaciones de género en la ciencia, la
medicina, la ingeniería y en investigación medioambiental condujo a nuevos descubrimientos e
innovaciones.

Fundamentación teórica: actitudes hacia la Ciencia

La literatura sobre actitudes en la Enseñanza de las Ciencias se ve afectada por la falta de
claridad y conceptualización del objeto de estudio, es decir, las actitudes (Osborne et al. 2003).
Por tanto, la investigación en actitudes hacia la Ciencia se enfrenta a la ausencia de una clara
conceptualización  de  lo  que  constituye  las  actitudes  hacia  la  ciencia  y  también  sobre  los
diferentes  términos  utilizados  para  referirse  a  las  actitudes.  En  relación  con  la
conceptualización de las actitudes, Klopfer (1971) ofreció una visión sobre el concepto objeto
de estudio al categorizar las actitudes como un conjunto de comportamientos afectivos hacia
la  Ciencia,  los  científicos,  la  investigación  científica,  las  carreras  científicas  y  hacia  las
actividades relacionadas con la ciencia en general. Gardner (1975) definió las actitudes hacia la
Ciencia  como  la  evaluación  favorable  o  desfavorable  de  la  ciencia.  Con  respecto  a  los
diferentes  términos,  Ramsden (1998)  llegó a la  conclusión de que términos  como interés,
opiniones, imágenes, creencias y valores se utilizan indistintamente y que sus significados a
menudo  se  superponen.  A  pesar  de  los  numerosos  términos  y  concepciones  sobre  las
actitudes, éstas son esencialmente una medida de las preferencias y sentimientos expresados
hacia un objeto, en este caso, la Ciencia y lo científico (Osborne et al. 2003). No obstante, esta
conceptualización es demasiado amplia y aún no se ha alcanzado un consenso acerca de qué
aspectos  constituyen las  actitudes  hacia  la  Ciencia,  por  lo  que los estudios  anteriores  han
incorporado muchos componentes como la autoestima, la motivación hacia la Ciencia o el
disfrute de la Ciencia, entre muchos otros (Osborne et al. 2003).

1104-4



Revista Eureka sobre Enseñanza y Divulgación de las Ciencias 16(1), 1104 (2019)            FUNDAMENTOS Y LÍNEAS TRABAJO

Mientras que la actitud hacia la Ciencia fue un foco de investigación importante en Didáctica
de las Ciencias, las teorías de la psicología social han influido en el estudio de las actitudes
hacia la ciencia, por lo que en los últimos años el comportamiento, más que las actitudes en sí,
se  ha  convertido  en  un foco de  interés.   Por  lo  tanto,  muchos  investigadores  adoptaron
modelos y teorías conductuales tales como la Teoría de la Conducta Planificada (Ajzen 1991)
para comprender mejor la relación entre las actitudes y la conducta de los estudiantes. La
teoría de Ajzen (1991) hace una clara distinción entre las actitudes hacia un objeto (es decir,
actitudes hacia la ciencia) y las actitudes hacia una acción que debe realizarse con respecto al
objeto (p. ej.: actitud hacia matricularse en una carrera en ciencias o actitud hacia participar en
actividades científicas extracurriculares). 

Por  lo  tanto,  dado  que  las  actitudes  hacia  la  acción  son  mejores  predictoras  del
comportamiento de las personas que las actitudes hacia el objeto mismo (Ajzen y Fishbein
1980), en este estudio nos enfocamos en examinar la actitud de los estudiantes hacia el estudio
del contenido de la física o la biología (actitud hacia la acción a realizar sobre el objeto) en
lugar de las actitudes de los estudiantes hacia el contenido de la física o la biología (actitud
hacia el objeto). Este enfoque es consistente con modelos como el de la Teoría de Conducta
Planeada (Ajzen 1991), y, por lo tanto, nos ayudará a examinar la interacción entre el género, el
curso escolar y las actitudes hacia el estudio de la física y la biología.

Método

Participantes y contexto

Los datos de este estudio provienen de un extenso proyecto de investigación enfocado al
desarrollo de un modelo de enseñanza STEM integrado para la etapa de Educación Primaria,
por lo que la muestra está compuesta por 733 estudiantes (Medad = 10.11, DEedad = 1.18; 46.9%
niñas) matriculados en el 3er (n  = 65), 4º (n = 149), 5º (n = 232) y 6º (n = 287) curso de
Educación Primaria.  Los  estudiantes  provenían  de  un total  de  29  Colegios  de  Educación
Infantil y Primaria (CEIPs) situados en la provincia de Burgos (España), que han participado
en  un  programa  intensivo  de  enriquecimiento  curricular  de  una  semana  de  duración
desarrollado en el Centro Rural de Innovación Educativa de Burgos (CRIEB). 

Instrumento y procedimiento

Se ha empleado el instrumento School Science Attitudes Survey (SSAS) (Kennedy, Quinn y Taylor,
2016) en su versión en castellano (Toma y Meneses Villagrá en prensa) (Tabla 1). Se trata de un
instrumento diseñado para medir las actitudes de los estudiantes de Educación Primaria hacia
la asignatura de Ciencias de la Naturaleza en base a los seis constructos actitudinales (CA) más
comunes en la literatura de actitudes hacia la Ciencia. Los CA (I) intenciones de matricularse
en Ciencias de la Naturaleza,  (II)  disfrute de las clases de Ciencias de la Naturaleza,  (III)
autoeficacia en el aprendizaje de Ciencias de la Naturaleza, y (IV) dificultad percibida de las
clases de Ciencias de la Naturaleza poseen una naturaleza unidimensional. Los dos constructos
restantes, (V) utilidad y (VI) relevancia de las clases de Ciencias de la Naturaleza, poseen una
naturaleza  multidimensional.  Más  concretamente,  el  constructo  ‘utilidad  de  las  clases  de
ciencias’ está compuesto por dos dimensiones llamadas ‘utilidad para las carreras científicas’ y
‘utilidad para la elección de otras carreras’. Por último, el constructo “relevancia de las clases
de Ciencias de la  Naturaleza” está formado a partir  de las dimensiones ‘relevancia para la
sociedad’  y  ‘relevancia  para  la  vida  personal’.  Tanto  los  CA  unidimensionales  como  las
dimensiones subyacentes a los CA multidimensionales se miden a través de escalas de ítem
único,  bien  de  tipo  Likert  de  cinco  opciones  (totalmente  en  desacuerdo–  totalmente  de
acuerdo) o de diferencial semántico (p. ej.: divertido – aburrido).
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Esta escala ha sido previamente validada con estudiantes españoles de Educación Primaria,
mostrando resultados que indican que la versión española del SSAS comparte una varianza
satisfactoria con otros instrumentos destinados a medir las actitudes de los estudiantes hacia la
Ciencia y su aprendizaje, confirmando así la validez convergente del SSAS en castellano. Se
trata de un instrumento de reducida extensión y rápida administración, postulándose en su
versión  en  castellano  como  un  instrumento  adecuado  para  medir  las  actitudes  de  los
estudiantes hacia las clases de Ciencias (Toma y Meneses Villagrá en prensa). En este estudio, la
confiabilidad del instrumento se ha medido empleando dos pruebas de consistencia interna.
Así, el Alfa de Cronbach ha sido .763, resultados que se encuentran por encima del criterio
mínimo de .70 estipulado para estudios exploratorios (Nunnally y Bernstein 1994) y que están
en consonancia con recomendaciones relacionadas con el uso de escalas de autoinforme con
pocos ítems y para muestras con estudiantes de poca edad (Newman y McNeil 1998). Además,
las  correlaciones  ítem-total  oscilaron  entre  .313  y  .552,  resultados  asimismo superiores  al
criterio mínimo .30 (Nunnally y Bernstein 1994). Por tanto, en base a ambas pruebas, se puede
concluir que la confiabilidad del instrumento empleado es satisfactoria.

El cuestionario empleado fue administrado en presencia del primer autor y en ausencia de los
tutores convencionales  de aula  a  la  llegada de los estudiantes al  CRIEB tras  informar del
carácter voluntario y anónimo de su participación.

Tabla 1. Constructos e ítems de la escala SSAS
Constructo Ítems

(I) Intenciones 1. Es muy probable que me apunte a asignaturas de CN al terminar
Educación Primaria (LT)

(II) Disfrute 2. Pienso que CN es: (SD aburrida – divertida)

(III) Dificultad 3. Me cuesta terminar las tareas para la clase de CN (LT)

(IV) Autoeficacia 4. Pienso que soy muy bueno en CN (LT)

(V) Utilidad

Utilidad para estudios de ciencias 5. Un trabajo como científico sería interesante (LT)

Utilidad para estudios personales 6. Para mis futuros estudios, el conocimiento de las clases de CN
será: (SD inútil – útil)

(VI) Relevancia

Relevancia social 7. La ciencia ayuda a mejorar la vida (LT)

Relevancia personal 8. Quiero aprender sobre las plantas de mi entorno (LT)

9. Para mi vida cotidiana, creo que CN es (SD poco importante –
muy importante)

10. Quiero aprender sobre la electricidad y saber cómo se usa en
una casa (LT)

Notas: CN: Ciencias de la Naturaleza; LT: ítems de tipo Likert de 5 opciones (totalmente en desacuerdo – total -
mente de acuerdo); SD: ítems de tipo diferencial semántico de 5 opciones de respuesta.

Análisis de datos

El interés por contenidos de biología y de física se ha determinado a partir del análisis de los
ítems 8. Quiero aprender sobre las plantas de mi entorno (biología) y 10. Quiero aprender sobre la electrici-
dad y saber cómo se usa en una casa (física) de la dimensión ‘relevancia para la vida personal’.

En relación con la primera pregunta de investigación, se empleó el estadístico  t de Student
para muestras independiente para comparar el interés de las niñas y los niños por contenidos
de física y de biología y varias ANOVAs univariantes para comparar el interés por contenidos
de física y de biología en función de la edad. Se empleó una corrección de Bonferroni estable-
ciéndose un valor de significancia más estricto (p < .01) y así evitar errores de tipo I. 
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Para la segunda pregunta de investigación, se empleó un método de análisis cuantitativo basa-
do en técnicas de agrupamiento llamado clúster o de conglomerados. El análisis clúster es una
técnica analítica centrada en sujetos que proporciona una manera de examinar cómo se combi-
nan las variables dentro de los individuos (Everitt, Landau, Leese y Stahl 2011). Por lo tanto, el
análisis clúster tiene por objeto la clasificación de los sujetos en diferentes grupos que poste-
riormente son analizados en búsqueda de características similares y distintivas que diferencia a
cada subgrupo. En la literatura, se ha comprobado la utilidad del análisis clúster en su aplica-
ción para la identificación de subgrupos significativos en contextos académicos (Battaglia, Di
Paola y Fazio 2017; Fazio, Battaglia y Di Paola 2013; Paciello, Ghezzi, Tramontano, Barbarane-
lli y Fida 2016). Las técnicas de análisis clúster pueden ser divididas en dos grupos: jerárquico
y no jerárquico (Everitt et al. 2011). En este estudio, se empleó el análisis clúster bietápico con
medida de distancia logarítmica de verosimilitud y criterio de información bayesiano (BIC)
(Schwarz 1978) para la determinación del número de clústeres a extraer. Posteriormente se
empleó un método de clúster no jerárquico, llamado K-Medias para la extracción de los con-
glomerados que han determinado los perfiles de interés por contenidos de física o de biología
de cada estudiante. Asimismo, se realizaron dos pruebas de independencia estadística Chi-cua-
drado para examinar si los estudiantes estaban uniformemente representados en los perfiles en
función del nivel escolar y el sexo y así determinar si las preferencias de las niñas y de los niños
de Educación Primaria simulan patrones de matriculaciones de etapas secundarias y terciarias.

Para  la  tercera  y  última pregunta  de  investigación,  se  efectuaron una serie  de  pruebas  de
MANOVA, ANOVA y t de Student con corrección de Bonferroni para analizar las diferencias
entre los cuatro perfiles de interés en términos de actitudes hacia la asignatura Ciencias de la
Naturaleza.  Más  específicamente,  se  examinaron  las  diferencias  entre  cada  subgrupo  en
términos de cinco constructos actitudinales (CA): (I) intenciones de matricularse en ciencias,
(II) disfrute durante las clases de Ciencias de la Naturaleza, (III) dificultad de las clases de
Ciencias de la Naturaleza, (IV) percepción de autoeficacia en Ciencias de la Naturaleza, y (V)
utilidad percibida de las clases de Ciencias de la Naturaleza.

Resultados

P1. ¿Cómo afecta el sexo y el curso escolar a las preferencias por estudiar contenidos
científicos de física y de biología?

La prueba t para muestras independientes señaló que no hay diferencias significativas en el in-
terés por contenidos de biología entre niñas (M = 3.23, SD = 1.12) y niños (M = 3.36, SD =
1.21). Sin embargo, los niños reportaron un interés significativamente mayor por contenidos
de física que las niñas, t (731) = -5.33, p < .001. Estos resultados aparecen en la figura 1.

Figura 1. Comparaciones según sexo para interés en biología o física
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Al controlar la variable sexo, el ANOVA univariante indicó que las niñas matriculadas en el 6º
curso de Educación Primaria poseen un interés significativamente menor por el contenido de
biología en comparación con las niñas matriculadas en el tercer curso, F(3, 340) = 3.9, p = .
009. También se ha identificado un descenso en el interés de las niñas por contenidos de física
a medida que aumenta el curso escolar, sin embargo, los resultados no alcanzaron significancia
estadística. En cuanto a los niños, se ha identificado que a medida que aumenta el curso esco-
lar, su interés por contenidos de biología disminuye y su interés por contenidos de física au-
menta, aunque ninguno de los dos resultados es significativo. Estos resultados aparecen en la
figura 2.

                Figura 2. Comparaciones según nivel escolar para interés en (I) biología y (II) física

P2. Las preferencias,  ¿simulan patrones de matriculaciones identificadas en etapas
secundarias y terciarias? 

La prueba clúster bietápica reveló la existencia de siete clústeres con medida Silhouette de
cohesión y separación adecuada (.5). No obstante, dado que los clústeres formados con pocos
estudiantes pueden resultar poco relevantes desde un punto de vista pedagógico (Battaglia et al.
2017),  se  realizaron  sucesivos  análisis  clúster  de  tipo  bietápico  especificando  un  menor
número de clústeres a extraer, obteniéndose que una solución de cuatro subgrupos posee la
medida de Silhouete más adecuada (.6), y una estructura de conglomerados razonable (Struyf,
Hubert y Rousseeuw 1997). Determinado el número de subgrupos a extraer, se efectuó un
análisis K-Medias para extraer perfiles en función del interés por contenidos de física o de
biología.

El  análisis clúster K-Medias reveló una solución de cuatro clústeres (iteración = 3). El MA-
NOVA reveló diferencias significativas entre los cuatro clústeres en ambos ítems, Wilks Lamb-
da = .100, F (6, 1456) = 525.362, p < .001, h2 = .684. Dos pruebas ANOVA mostraron que el
efecto principal de la pertenencia a los subgrupos fue igualmente significativo tanto por la pre -
ferencia de contenidos de biología F (3, 729) = 401.8, p < .001, como por física F (3, 729) =
746.9, p < .001. Las comparaciones post-hoc de Bonferroni revelaron la existencia los cuatro
siguientes perfiles (Figura 3):
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i. «Interés por física», con 72 estudiantes (Medad = 10.28;  DEedad = 1.10) que mostraron
un interés significativamente mayor por contenidos de física que por contenidos de
biología.

ii. «Interés por biología», con 221 estudiantes (Medad = 10.02; DEedad = 1.20) con un inte-
rés por contenidos de biología significativamente mayor que por los propios de física.

iii. «Bajo interés general», con 85 estudiantes (Medad = 10.29; DEedad = 1.10) que reporta-
ron un bajo interés tanto por contenidos de física como de biología.

iv. «Alto interés general», con 355 estudiantes (Medad = 10.10; DEedad = 1.21) que mostra-
ron un alto interés por ambos contenidos de física y de biología. 

Figura 3. Perfiles según el interés por contenidos de física o de biología

En relación con el nivel escolar, la prueba de independencia estadística Chi-cuadrado reveló
que los participantes estaban uniformemente representados en los cuatro perfiles,  c 2 (9, n =
733) = 5.125, p = .823, phi = .82. Sin embargo, con respecto al sexo de los estudiantes, se en-
contraron diferencias significativas en la distribución de estos, c 2 (3, n = 733) = 20.843, p < .
001, phi = .17. Así, se encontró una significativa sobrerrepresentación de  las niñas (126 de
221, 57%) con respecto a los niños (95 de 221, 43%) en el perfil «interés por biología», y una
significativa infrarrepresentación de las niñas (28 de 72, 38.9%) en el perfil «interés por física»
con respecto de los niños (44 de 72, 61.1%). Además, hubo significativamente más niñas (48
de 85, 56.5%) que niños (37 de 85, 43.5%) agrupadas en el perfil «bajo interés general», y sig-
nificativamente menos niñas (142 de 355, 40%) que niños (213 de 355, 60%) en el perfil «alto
interés general». La figura 4 muestra la distribución de los estudiantes según sexo en cada per-
fil de preferencia.

Figura 4. Distribución de los estudiantes en los perfiles derivados según sexo
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P3.  ¿Existen diferencias en las  actitudes de los  estudiantes hacia la asignatura de
Ciencias de la Naturaleza en función de su preferencia por contenidos de física o de
biología?

El MANOVA reveló diferencias significativas en los CA entre los cuatro perfiles de interés,
Wilks Lambda = .837, F (12, 1921) = 11.142, p < .001, 2 = .058. Cinco ANOVAs univariantes
con corrección de Bonferroni revelaron diferencias significativas para cuatro de los cinco CA:
«intención de matricularse en Ciencias de la Naturaleza» F (3, 729) = 29.829, p < .001, 2 = .
62, «disfrute durante las clases de Ciencias de la Naturaleza» F (3, 729) = 30.768, p < .001, 2

= .62, «percepción de autoeficacia en Ciencias de la Naturaleza» F (3, 729) = 7.702, p < .001,
2 = .75, y «utilidad de las clases de Ciencias de la Naturaleza» F (3, 729) = 145.204, p < .001,
2 = .16.

Las comparaciones post-hoc de Bonferroni reportaron que los estudiantes del  grupo ‘alto
interés general’ son los que poseen significativamente más intenciones de seguir estudios de
ciencias  y los que han manifestado significativamente mayor disfrute durante las clases de
ciencias, especialmente en comparación con los estudiantes del perfil «bajo interés general» e
«interés  en  física».  Asimismo,  los  estudiantes  del  perfil  «alto  interés  general»  mostraron
significativamente  mayor  autoeficacia  en  ciencias  que  los  otros  tres  grupos,  siendo  los
estudiantes  con ‘bajo  interés  general’  los  que reportaron menor autoeficacia  de  todos  los
grupos. Por último, los estudiantes del perfil «alto interés general» asimismo concibieron las
clases de Ciencias de la Naturaleza como significativamente más útiles que los demás perfiles.
Estos resultados se recogen en la figura 5.

Figura 5.  Comparaciones entre actitudes hacia Ciencias de la Naturaleza según el interés por contenidos de
biología o de física 

Interpretación y discusión 

En conjunto,  los  resultados de este estudio confirman las  premisas de inicio.  Así,  se han
identificado al menos cuatro aspectos que resultan de gran preocupación para la educación
científica en España.

En primer lugar, se ha identificado un perfil actitudinal caracterizado por un alto interés por
contenidos de biología en el que predominaban las niñas y un perfil que se caracteriza por un
alto  interés  por  física,  representado mayoritariamente  por  niños.  Estos  resultados  resultan
preocupantes  porque evidencian que ya desde etapas elementales  del  sistema educativo se
pueden identificar patrones de interés en ciencias muy similares a los registrados por los datos
nacionales de matriculación en estudios universitarios (MECD 2016). De este modo, las niñas
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tienen más interés por contenidos de biología y menos por los propios de física, sucediendo lo
contrario en el caso de los niños, siendo ésta una diferencia que se plasma en las estadísticas de
matriculaciones en estudios terciarios pero que no ha sido previamente estudiada a nivel de
Educación Primaria.

En segundo lugar, se ha observado que las niñas son mayoría en un perfil caracterizado por un
bajo interés general, y son minoría en el perfil con un alto interés tanto por contenidos de
biología como de física. Estos datos son asimismo preocupantes ya que coinciden con los
resultados  registrados  en  Educación  Secundaria  a  nivel  nacional  (de  Pro  y  Pérez  2014;
Vázquez y Manassero 2008) e  internacional (Caleon y Subramaniam 2008;  Denessen  et  al.
2015; DeWitt y Archer 2015; George 2006; Hacieminoglu 2016) y que muestran una tendencia
menor de las niñas por la Ciencia que los niños. Si bien los estudios mencionados han sido
desarrollados principalmente con estudiantes de Educación Secundaria,  el  presente estudio
evidencia que este patrón comienza desde la etapa de Educación Primaria.

En tercer lugar, se ha identificado un descenso en el interés de las niñas tanto por contenidos
de física como de biología a medida que aumenta el nivel escolar, lo que coincide con estudios
anteriores que señalan que las niñas pierden más rápidamente el  interés por la Ciencia en
cursos superiores en comparación con los niños (Marginson, Tytler, Freeman y Roberts 2013).
Estos datos resultan  preocupantes debido a que las aspiraciones profesionales podrían estar
mayormente formadas a la edad de 13 años, especialmente en las niñas (Lindahl 2007), siendo
cada vez más difícil involucrarlas en disciplinas científicas en niveles posteriores. 

Por último, al examinar las actitudes de los estudiantes hacia la asignatura de Ciencias de la
Naturaleza  en función del  perfil  de interés,  se ha observado que aquellos  estudiantes con
mejores actitudes poseen asimismo un alto interés general tanto por contenidos de física como
de biología. La mayoría de las niñas de esta muestra han sido categorizadas dentro del perfil
«alto interés general», seguido por «interés en biología», por lo que se podría concluir que en
Educación Primaria  las  actitudes  aún son positivas,  aunque ya  se  advierten diferencias  de
género en cuanto al interés y las preferencias y un descenso en las actitudes, especialmente en
las  intenciones  de  seguir  estudios  de  ciencias,  que  ha  sido  el  constructo  actitudinal  peor
valorado,  seguido  por  el  disfrute  de  las  clases  de  ciencias,  resultados  coincidentes  con
investigaciones previas (Denessen et al. 2015).

Implicaciones educativas y de investigación

Los resultados de este estudio subrayan la necesidad de diseñar y desarrollar intervenciones
educativas desde edades tempranas para despertar el interés y retener a las niñas en la Ciencia,
especialmente en aquellas disciplinas en las que se encuentran más infrarrepresentadas, como
la física. Estas intervenciones deberían realizarse antes de la etapa de Educación Secundaria,
tal  y como se viene resaltando en la literatura (Marbá-Tallada y Márquez Bargalló 2010) y
además debido a que, tal y como muestran los resultados de este estudio, el interés por la física
y la  biología  parecería  forjarse desde la  Educación Primaria.  Las intervenciones educativas
deben  abordar  al  menos  dos  aspectos  esenciales:  el  uso  de  metodologías  activas  para  la
enseñanza y el aprendizaje de las ciencias, y la reducción de sesgo de género en el rendimiento
académico en ciencias. 

En cuanto al uso de metodologías activas, la indagación escolar o el aprendizaje basado en
problemas han mostrado ser efectivas en aumentar la participación de los estudiantes durante
las clases y en mejorar la percepción de utilidad de las ciencias y el disfrute durante las clases
de ciencias (Demirel y Dagyar 2016; Romero-Ariza 2017; Schroeder, Scott, Tolson, Huang y
Lee 2007; Toma y Greca 2018). Dado que las diferencias entre los niños y las niñas se atribuye
a  factores  de  aversión  al  riesgo  y  a  la  competitividad,  favoreciendo  a  los  niños  (Booth,
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Cardona-Sosac  y  Nolen,  2014;  Niederle  y  Vesterlund  2010)  y  a  que  las  niñas  tienden  a
subestimar sus habilidades en la elección de trayectorias profesionales (Rapoport y Thibout
2018), las metodologías de enseñanza y aprendizaje activas podrían ser efectivas para reducir el
nivel de competitividad durante las clases de ciencias estructurando grupos de trabajos que
fomenten la participación colaborativa y la búsqueda conjunta de perspectivas y de resolución
de problemas (Gillies 2003).

En relación con la existencia de sesgos de género, parecería que las expectativas de los padres
y de los maestros en cuanto a las competencias de los niños y las niñas posee sesgos de género
y podrían influir negativamente en las actitudes y el rendimiento de las niñas, disminuyendo su
autoconcepto (Gunderson et al. 2012). Además, se ha comprobado que los maestros evalúan
las capacidades de las niñas como inferiores a las de los niños (Dickhauser y Meyer 2006). Si
bien  estos  resultados  están  más  relacionados  con  las  matemáticas,  existen  evidencias  que
indican la existencia de asociaciones estereotipadas que vinculan a los hombres con carreras
profesionales en ciencia y a las mujeres con las artes y la familia (Nosek, Banaji y Greenwald
2002),  así  como a  las  mujeres  menos competentes  en  ciencias  que  los  hombres  (Eagly  y
Mladinic 1993).

Por último, en este estudio se ha identificado que el interés por contenidos de física o de
biología comienza a establecerse a partir de la etapa de Educación Primaria. Futuros estudios
deberían abordar estos resultados para examinar qué factores intervienen para que desde una
edad tan temprana pueda haber una preferencia tan marcada y diferenciada según el género de
los estudiantes. 

Conclusiones

La  presente  investigación  busca  entender  mejor  a  partir  de  qué  edad  se  produce  una
segregación horizontal de las mujeres en las disciplinas científicas mediante el análisis de las
preferencias de 344 niñas y 389 niños de Educación Primaria por contenidos de física o de
biología. Además, se ha examinado las actitudes hacia las clases de Ciencias de la Naturaleza
en función de las preferencias por unos u otros contenidos.  El análisis de conglomerados
reveló la existencia de un perfil  actitudinal sesgado sexualmente,  caracterizado por un alto
interés por el contenido de las ciencias biológicas y un bajo interés por el aprendizaje de la
física  por  parte  de  las  niñas,  y  resultados  opuestos  en  el  caso  de  los  niños.  Además,  en
comparación  con  los  niños,  las  niñas  han  sido  mayoría  en  los  perfiles  actitudinales
caracterizados por un bajo interés por la física y la biología, y han sido minoría en los perfiles
caracterizados por un alto interés por ambas disciplinas.

El análisis de los constructos actitudinales de los miembros pertenecientes a los diferentes
perfiles  ilustraron  que  el  grupo  de  los  estudiantes  con  un  alto  interés  general  por  los
contenidos de física y de biología reportaron mejores actitudes hacia la ciencia escolar que el
resto de los grupos, lo que sitúa a las niñas con este tipo de perfil en riesgo de exclusión
educativa en ciencias, ya desde la Educación Primaria.

En conjunto, estos resultados señalan que las trayectorias académicas y profesionales de los
estudiantes, así como su interés por disciplinas científicas de física o de biología, se empiezan a
conformar desde niveles  elementales del sistema educativo, suceso que podría  dar lugar al
posterior  descenso  de  mujeres  matriculadas  en  carreras  universitarias  de  ciencias.  La
importancia de estos resultados reside en subrayar la necesidad de desarrollar intervenciones
educativas  desde  la  etapa  de  Educación  Primaria  para  reducir  las  diferencias  de  género
detectadas sobre actitudes hacia la ciencia escolar e interés por disciplinas científicas. 
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Resumen: Durante décadas, numerosas investigaciones han identificado la existencia de imágenes estereotipadas
sobre los científicos  mediante el empleo del método Draw-a-Scientist-Test (DAST). No obstante, las limitaciones
metodológicas  asociadas al  DAST cuestionan los  resultados obtenidos y resaltan la  necesidad de desarrollar
nuevos protocolos para evaluar las concepciones de los estudiantes acerca de los científicos. En este trabajo, tras
revisar  las  deficiencias  metodológicas  del  DAST,  se  proponen  algunas  modificaciones  al  protocolo  original
probadas en una prueba piloto con 149 estudiantes de 2º a 6º curso de Educación Primer de diversidad cultural.
Los resultados iniciales muestran que las modificaciones realizadas ayudan a reducir algunos de los problemas
metodológicos identificados en el uso del DAST, permitiendo identificar e interpretar de manera más fiable las
concepciones de los estudiantes sobre los científicos.

Palabras clave: imagen de científico, DAST, estereotipos sobre ciencia, educación primaria, diversidad cultural

A revision of  the Draw-a-Scientist-Test (DAST) 

Abstract: For decades, studies have shown the existence of  a stereotypical image of  scientist between children
among  the  world  using  the  Draw-a-Scientist-Test (DAST)  method.  However,  the  methodological  limitations
associated with the DAST question the results obtained and highlight the need to develop new protocols to
evaluate  students’  conceptions  about  scientists.  In  this  paper  the  methodological  deficiencies  of  the  DAST
instrument are reviewed and some changed made to the original protocol are described. The pilot test carried out
with  149 students  of  cultural  diversity  enrolled  in  2nd to  6th grades  of  Elementary  School  shows that  this
modification allows a more reliable identification and analysis of  students’ conceptions, reducing some of  the
methodological problems identified in the use of  DAST.

Keywords: image of  scientist, Draw-a-Scientist-Test, science stereotypes, primary school, cultural diversity
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Introducción 

Varios estudios muestran que los estudiantes que poseen concepciones negativas sobre los
científicos son poco  proclives a interesarse por carreras científicas (Finson 2002; McCann y
Marek  2016).  La  exploración  y  comprensión  de  estas  percepciones  es  relevante  para  la
comunidad  educativa,  habiéndose  desarrollado  numerosas  investigaciones  de  diagnosis  y
análisis  de  las  concepciones  de  los  estudiantes.  El  uso  del  Draw a  Scientist  Test  (DAST)
(Chambers 1983) se ha convertido en una práctica común para investigar estas percepciones,
especialmente con niños. Usando este método, los investigadores han documentado que los
estudiantes tienden a retratar a los científicos como varones de mediana o avanzada edad, con
aspecto descuidado, confinados en un laboratorio, rodeados de instrumentos y disoluciones
peligrosas y quienes, además, desarrollan experimentos de dudosa moralidad (DeWitt, Archer
y Osborne 2013; Ruiz-Mallén y Escalas 2012). 
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No  obstante,  los  resultados  obtenidos  están  siendo  cuestionados  por  inconsistencias
metodológicas relacionadas con los instrumentos y los procedimientos utilizados (Andersen,
Krogh y  Lykkegaard  2014;  Losh,  Wilke  y  Pop 2008;  Reinisch,  Krell,  Hergert,  Gogolin  y
Krüger 2017). Dado que la persistencia de estos estereotipos puede afectar al desarrollo de
vocaciones científicas y al interés por la ciencia, es necesario desarrollar nuevos protocolos de
administración y análisis para diagnosticar de forma más eficaz las percepciones de las niñas y
niños sobre los científicos. 

El objetivo de este trabajo es presentar algunas modificaciones realizadas al DAST que han
mostrado ser efectivas para superar algunas de las principales limitaciones relacionadas con el
instrumento en sus versiones  anteriores.  Para ello,  se realiza  en primer  lugar  una revisión
detallada de la literatura especializada en el diagnóstico de las imágenes sobre los científicos,
prestando especial énfasis a las limitaciones relacionadas con el uso del DAST en su versión
original.  Posteriormente,  se  describen  las  modificaciones  realizadas  y  se  presentan  los
resultados de un estudio piloto desarrollado con 149 estudiantes de Educación Primaria con
diferentes antecedentes culturales y de diferentes edades. Finalmente, se discute la eficacia y las
limitaciones de los cambios propuestos y se señalan vías para futuras investigaciones.

Revisión de la literatura

La hipótesis que defiende la existencia de percepciones estereotipadas de los científicos entre
los estudiantes fue propuesta inicialmente en la década de los años 50 del siglo XX por Mead y
Métraux (1957), cuyo estudio reveló una imagen de científico como “Un hombre que lleva una
bata blanca y trabaja en un laboratorio. Es de mediana o avanzada edad y usa gafas. Está
rodeado de instrumentos: tubos de ensayo, quemadores bunsen, frascos y botellas, tubos de
vidrio y máquinas extrañas con diales. Pasa sus días haciendo experimentos” (Mead y Métraux
1957, pp. 386-387 [traducción propia]). Desde entonces, esta descripción es considerada la
imagen estereotipada clásica de un científico.

Décadas  más  tarde,  Chambers  (1983)  desarrolló  el  Draw-a-Scientist  Test  (DAST),  un
instrumento  cuya  administración  no  requería  respuestas  escritas  pues  solicitaba  a  los
participantes dibujar un científico. En el análisis posterior, Chambers identificó siete atributos
que aparecían  sistemáticamente  en  los  dibujos:  bata  de  laboratorio  (generalmente  blanca),
gafas, vello facial (barba, bigote o patillas anormalmente largas),  símbolos de investigación
(instrumentos  científicos),  símbolos  de  conocimientos  (libros  y  librerías),  tecnología
(productos  de  la  ciencia)  y  frases  relevantes  (¡Eureka!  y  similares).  Chambers  también
identificó la presencia de criaturas místicas y personajes literarios (Frankenstein; Doctor Jekyll
y  el  Señor  Hyde),  representaciones  mágicas  de  laboratorios  alquímicos  y  científicos  locos
practicando  torturas.  Años  más  tarde,  Finson  Beaver  y  Cramond  (1995)  desarrollaron  la
rúbrica DAST-C (DAST checklist) añadiendo nueve indicadores adicionales que incorporaban la
raza y el sexo de los científicos, así como otros elementos repetidamente presentes en estudios
anteriores pero que no fueron incorporados a la lista original del instrumento. Adaptaciones
más  recientes  del  DAST  original  son  el  E-DAST  (Enhanced Draw-A-Scientist  Test),  que
consiste en la realización de un conjunto de tres dibujos sobre los científicos para estudiar
cómo varían las concepciones en sucesivas representaciones (Farland-Smith y McComas 2006)
o el mDAST (modified DAST), que solicita a los estudiantes incluir explícitamente información
sobre la apariencia, el lugar de trabajo y la actividad, permitiendo así obtener aquellos datos
menos probables de ser incluidos por los alumnos en sus dibujos (Farland-Smith 2012). 

En conjunto, tanto la versión original como las sucesivas adaptaciones del DAST muestran
que los estereotipos sobre los científicos son persistentes y que estos se repiten en todos los
niveles  académicos,  acentuándose y consolidándose a medida que aumenta el  nivel  escolar
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(Medina-Jerez, Middleton y Orihuela-Rabaza 2011; Özel 2012; Ruiz-Mallén y Escalas 2012).
Así, en los dibujos predomina la presencia de científicos varones, de rasgos caucásicos, con
gafas  y  vello  facial,  que  visten  batas  de  laboratorio  y  que  mayormente  realizan  trabajos
relacionados con la química (DeWitt et al. 2013; Finson 2002; Özgelen 2012; Türkmen 2008;
Vázquez y Manassero 1998; Zhai, Jocz y Tan 2014). Además, varios estudios indican que los
niños poseen concepciones más estereotipadas que las niñas (Newton y Newton 1998; Ruiz-
Mallén  y  Escalas  2012)  y  que  la  cultura  y  procedencia  de  los  participantes  tiene  un alto
impacto  en  la  formación  de  imágenes  de  científicos.  Por  ejemplo,  (Farland-Smith  2009)
registró  diferencias  en  las  representaciones  de  los  estudiantes  estadounidenses,  que
concibieron a los científicos trabajando en laboratorios con productos químicos mientras que
las  representaciones  de  estudiantes  de  origen  asiático  mostraban  científicos  en  fábricas
creando robots.

Limitaciones metodológicas del DAST

En los últimos años, las críticas relacionadas con el uso del DAST para la identificación de
concepciones  sobre  los  científicos  han  ido  en  aumento,  discutiéndose  si  los  estereotipos
pueden resultar  de la  falta  de habilidad artística y no de los prejuicios arraigados,  o si las
imágenes  dibujadas  reflejan  los  estereotipos  de  la  sociedad  presentes  en  los  medios  de
comunicación en lugar de la propia idea que poseen los estudiantes sobre los científicos. Losh
et al. (2008) señalan la falta de consideración del diferente desarrollo madurativo entre niñas y
niños como uno de los principales  defectos del  DAST. Así,  las  diferencias  en los dibujos
pueden deberse al mayor control fino de las niñas en comparación con los niños (Boyd y Bee
2006) y no a una diferencia de concepciones, sucediendo lo mismo con los estudiantes con
mayor talento artístico o aquellos de niveles superiores.

Otras  críticas  están  relacionadas  con  la  interpretación  de  los  dibujos.  Losh  et  al.  (2008)
encontraron  una  gran  cantidad  de  representaciones  en  las  que  el  sexo  de  los  científicos
mostraba  un elevado grado de  ambigüedad.  Andersen  et  al.  (2014),  utilizando  entrevistas,
obtuvieron que, a diferencia de la mayoría de estudios anteriores que emplearon el DAST,
muchas de las opiniones que tenían los estudiantes sobre los científicos eran realistas y los
rasgos estereotipados solían ser positivos, como, por ejemplo, considerar que los científicos
desean descubrir nuevos conocimientos, son curiosos, lógicos y analíticos.

Otra principal limitación está relacionada con la fiabilidad del protocolo DAST, en particular,
con las diferentes formas de administrar el instrumento (solicitar un dibujo o varios) y con las
instrucciones  facilitadas  que  podrían  introducir  sesgo  en  la  respuesta  del  participante.
Maoldomhnaigh y Hunt  (1988)  solicitaron a 76 estudiantes de  quinto nivel  de Educación
Primaria que realizaran varios dibujos de científicos. La frecuencia en la aparición de aspectos
místicos y caricaturescos fue mayor en el segundo dibujo de los participantes, lo que parece
mostrar que un mismo estudiante puede tener varias visiones sobre los científicos, y que un
solo dibujo no es suficiente  para captar la  totalidad de las  concepciones.  Farland-Smith y
McComas (2006) utilizaron un enfoque similar y su estudio reveló que en el 76% de los casos,
el  primer  dibujo  de  los  estudiantes  difiere  significativamente  de  los  posteriores.
Maoldomhnaigh y Mhaolái (1990) pidieron a un grupo de participantes dibujar un científico y
a otro grupo dibujar un hombre o una mujer científica. Los resultados mostraron que las
instrucciones  facilitadas  alteraron  significativamente  el  tipo  de  dibujos  realizados  por  los
participantes. Mientras que en el primer grupo tan solo el 28% de las niñas han dibujado
científicas mujeres, en el segundo grupo el 49% de los dibujos de las niñas representaban a
una mujer científica. 
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En definitiva, el estudio de las concepciones de los estudiantes sobre los científicos ha de tener
en cuenta los siguientes aspectos: (I) el desarrollo madurativo es diferentes en los niños y las
niñas;  (II)  las  habilidades  artísticas  son  muy  diferentes  entre  el  alumnado;  (III)  las
instrucciones en la administración del instrumento deben reducir el sesgo; y, (IV) el uso solo
de dibujos puede ser insuficiente para captar la totalidad de la concepción de los estudiantes.
Por lo tanto, existe una clara necesidad de desarrollar protocolos alternativos y mejorados para
evaluar qué imagen de científico tienen los niños y las niñas de Educación Primaria. 

Descripción del nuevo protocolo

Para superar algunas de las limitaciones relacionadas con el DAST, se propone un protocolo
multidimensional en el que se estudia la imagen de los estudiantes a través de dos fases: una
primera, cuantitativa, que consiste en realizar un dibujo sobre los científicos; y, una segunda
fase, cualitativa que consta de preguntas cortas que se han de responder de forma escrita y una
prueba de selección de imágenes. A través de estas fases, se pretende abordar cinco aspectos
diferentes de las concepciones de los estudiantes: (I) apariencia de los científicos, (II) origen,
(III) lugar de trabajo, (IV) actividad, y (V) forma en que realizan dicha actividad. La tabla 1
recoge qué limitaciones de las señaladas en la literatura pretenden reducir cada una de las fases
del protocolo propuesto.

Tabla 1. Limitaciones del DAST que se pretenden reducir mediante el protocolo propuesto

Limitaciones del DAST Dibujo
Preguntas

escritas

Selección
de

imágenes
Diferente desarrollo madurativo (Losh et al. 2008) x x x
Habilidades artísticas dispares (Losh et al. 2008; Reinisch et al. 2017) x x x
Sexo del científico ambiguo (Losh et al. 2008; Reinisch et al. 2017) x x
Edad del científico ambiguo (Reinisch et al. 2017) x
Etnia/nacionalidad del científico ambigua (Reinisch et al. 2017) x x
Dibujos socialmente reconocibles (Finson y Pederson 2011) x x
Los  dibujos  proporcionan  información  limitada  (Ehrlen,  2009;

Reinisch et al.,2017) x x

Resultados  dependientes  de  la  administración  del  instrumento
(Farland-Smith y McComas 2006;  Maoldomhnaigh y Mhaoláin
1990; Maoldomhnaigh y Hunt 1988)

x x x

Posible  existencia  de  más  de  una  imagen  de  científico  en  cada
participante (Farland-Smith y McComas 2006; Finson et al. 1995)

x x x

Dibujo

Se  ha  modificado  la  instrucción  original  “Dibuja  un  científico”  (Chambers  1983,  p.  256
[traducción propia]) por “Imagina que vas de viaje a ver cómo se hace ciencia. Dibuja quién
hace  ciencia,  cómo es,  dónde  trabaja  y  qué  hace”,  basada  en  Farland-Smith  (2012).  Esta
instrucción  solicita  de  manera  explícita  que  se  incluya  en  el  dibujo  información  sobre  la
apariencia del científico, su trabajo y el lugar en el que lo realiza. Nótese que se ha suprimido la
palabra “científico” dado que, en castellano, a diferencia del inglés, esta palabra hace referencia
explícita al género masculino. Además, se ha evitado cualquier referencia a personas (p. ej.
Dibuja a una persona que hace ciencia) a fin de evitar introducir sesgo en las representaciones
y reducir en mayor medida las limitaciones asociadas con resultados dependientes de la forma
en que se  administra  el  instrumento  (Farland-Smith y  McComas 2006;  Maoldomhnaigh y
Mhaoláin 1990; Maoldomhnaigh y Hunt 1988). Otras modificaciones están relacionadas con la
administración del protocolo. Se ha estandarizado los materiales disponibles, entregándose a
cada estudiante cinco lápices de colores para reducir los problemas resaltados en la literatura
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con respecto a la diferencia de detalles dibujados por las niñas y los niños (Losh et al. 2008;
Reinisch et al. 2017) y la falta de material para transmitir las propias concepciones (Reinisch et
al. 2017).

Para evaluar esta dimensión del protocolo, se emplea una categorización (Tabla 2) adaptada a
partir  de Farland-Smith (2012),  en la que se evalúan tres aspectos (apariencia,  ubicación y
actividad)  de  los  dibujos  en  función  de  cuatro  posibles  concepciones  (sensacionalista,
tradicional-estereotipada,  alternativa-no  estereotipada,  y  aspectos  imposibles  de  determinar
por falta de información o dibujos no interpretables). 

Tabla 2: Categorización para analizar los dibujos

Aspectos
Concepciones

Imposible de
determinar

Sensacionalista Tradicional-
estereotipada

Alternativa-no
estereotipada

Apariencia

Figuras de palo;
otra profesión; no

se puede
identificar.

Caricatura;
monstruo; científico

loco.

Varón caucásico;
bata de laboratorio;
mediana-avanzada

edad.

Minorías étnicas;
extranjeros; mujeres

Actividad que
realizan

No aparece; no se
puede identificar

Actividades
peligrosas

(explosiones, fuego,
pociones); torturas.

Propias de
laboratorio;

experimentos
químicos; trabajo

individual.

Actividades
diferentes a las de un

laboratorio
convencional

(redacción); trabajo
grupal.

Lugar de
trabajo

No aparece; no se
puede identificar.

Sótano; cueva;
caverna; lugares

secretos.

Laboratorio
tradicional,

particularmente de
química

Lugares diferentes a
un laboratorio

tradicional
(yacimientos

arqueológicos)

Las modificaciones realizadas están relacionadas con el apartado actividad que realizan los
científicos. Así, mientras que en la rúbrica original se consideraba una concepción alternativa-
no estereotipada en tanto el dibujo represente “(…) actividades realistas que reflejan el trabajo
de un científico (…) con las herramientas apropiadas y necesarias” (Farland-Smith 2012 p. 116
[traducción propia]);  en la  adaptación de la  categorización se  ha  estimado más  apropiado
considerar  como  concepciones  alternativas-no  estereotipadas  a  aquellos  dibujos  que
representen actividades  diferentes  a  las  propias  de  un laboratorio convencional  y  aquellos
dibujos  que  representan  varios  científicos  trabajando  de  forma  grupal.  Las  razones  que
justifican este cambio son las siguientes: dibujar un científico trabajando en un laboratorio,
especialmente realizando experimentos de química, es uno de los estereotipos más comunes
encontrados en la literatura, con independencia de si se representan los materiales necesarios
para dicha actividad. Además, los elementos dibujados pueden poseer diferentes significados
para el participante y para el investigador (Reinisch et al. 2017), por lo que la interpretación de
si  se  han representado las  herramientas  necesarias  resulta  muy ambigua.  Otro  estereotipo
común encontrado en la literatura es considerar al científico como una persona solitaria y
aislada  socialmente.  Por  ello,  parecería  más  apropiado incluir  en  la  categoría  “tradicional-
estereotipada” aquellos dibujos que representen a un científico trabajando de forma individual
o  realizando  experimentos  propios  de  un  laboratorio  convencional  (p.  ej.  Mezclas  y
disoluciones, uso de probetas y pipetas), y en la categoría “alternativa-no estereotipada” los
dibujos que representen científicos trabajando de forma grupal o actividades diferentes a las
de laboratorio (p. ej.: redacción de artículos, búsqueda de información, toma de muestra en la
naturaleza). Por último, se ha prescindido del sistema de puntuación original según el cual, en
función del grado de estereotipia, los dibujos obtenían una puntuación que variaba entre 0 y 9
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puntos totales (Farland-Smith 2012, p. 115-116). Así, cada aspecto de los dibujos es catalogado
en cada categoría según las cuatro concepciones descritas anteriormente.

Preguntas escritas

En esta dimensión, se solicita a los participantes contestar de forma escrita a una serie de
preguntas  relacionadas  con  el  dibujo,  lo  que  permitiría  superar  hándicaps  de  habilidades
artísticas y de diferente desarrollo madurativo, y, además, proporciona más información que
ayuda a interpretar  el  dibujo realizado, siendo estos aspectos señalados como importantes
limitaciones del DAST (Ehrlén 2009; Reinisch et al. 2017). Las preguntas, situadas en el reverso
del  folio  bajo  el  epígrafe  “Contesta  a  las  siguientes  preguntas  sobre  tu  dibujo”,  son:  (I)
¿Quiénes son?; (II) ¿Cómo son?; (III) ¿Dónde trabajan?; (IV) ¿Qué hacen?; y (V) ¿Qué objetos
utilizan? Los estudiantes han dispuesto de una hora para la realización del dibujo y de las
preguntas escritas.

Prueba de selección de imágenes

En la tercera dimensión del protocolo propuesto, se emplea una entrevista con fotografías,
método útil en la investigación cualitativa con niños (Cappello 2005). La prueba consiste en
solicitar  a  los  participantes  responder  a  las  preguntas  que  realiza  el  entrevistador,
seleccionando  aquellas  (o  ninguna)  imágenes  que  representen  su  respuesta.  Para  la
administración  de  la  prueba,  se  facilita  la  siguiente  instrucción  “Voy  a  realizarte  varias
preguntas. Para contestar, debes seleccionar una, más de una, o ninguna de las fotografías que
te voy a enseñar. Explica tu elección”. A continuación, el investigador realiza una pregunta
(tabla  3,  segunda columna)  y  muestra  las  tres  imágenes  correspondientes  (tabla  3,  tercera
columna). 

Tabla 3. Rúbrica para analizar la prueba de selección de imágenes.

Aspectos Pregunta Descripción de las fotografías

Apariencia ¿Quién hace 
ciencia?

1. Científico loco, varones, realizando experimentos peligrosos.
2. Científico varón, mediana-avanzada edad, con bata blanca, trabajando 
en un laboratorio.
3. Científica femenina, joven y apariencia normal.

Origen ¿Cómo es? 1. Figura o persona de apariencia ficticia real, con rasgos de mutaciones 
extrañas/robots. 
2. Rasgos caucásicos
3. Personas negras o extranjeros.

Lugar de 
trabajo

¿Dónde trabaja? 1. Cuevas, sótanos o laboratorios subterráneos y secretos.
2. Laboratorio convencional, principalmente con elementos de química.
3. Cualquier lugar real diferente a un laboratorio convencional, como 
observatorios o yacimientos arqueológicos.

Actividad ¿Qué hace en su 
trabajo?

1. Experimentos de dudosa moralidad, como bombas, torturas o 
pociones.
2. Actividades propias de un laboratorio de química.
3. Actividades propias de otras disciplinas científicas: astronomía, 
arqueología. 

Forma de 
trabajar

¿Cómo trabaja? 1. Aislado socialmente y con rasgos de estar exhausto.
2. En solitario.
3. De forma grupal.

Nota:  1.  Fotografía  con concepciones  sensacionalistas;  2.  Fotografía  con  concepciones  tradicionales-estereotipadas;  3.
Fotografía con concepciones alternativas-no estereotipadas. 

Las  imágenes  han  sido  seleccionadas  para  representar  las  tres  posibles  categorías  de
concepciones de los estudiantes: sensacionalista, que representa motivos y actividades que no
son  propias  del  quehacer  científico;  tradicional-estereotipado,  que  recoge  visiones
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estereotipadas comúnmente identificadas en la literatura; alternativas-no estereotipadas, que
representa aspectos no estereotipados sobre los científicos y su trabajo. La inclusión de la
prueba de selección de imágenes pretende recabar más información sobre las concepciones de
los  estudiantes  y  así  determinar  con  mayor  exactitud  aquellos  aspectos  señalados  como
deficiencias metodológicas del DAST. Más específicamente, en relación con las limitaciones
sobre el sexo, apariencia y etnia de los científicos (Losh et al. 2008, Reinisch et al. 2017), en la
prueba  de  imágenes  se  han  incluido  fotografías  de  científicos  de  ambos  sexos  (Tabla  3,
apariencia), y de rasgos caucásicos, asiáticos y personas negras (Tabla 3, origen). Asimismo, se
han incluido imágenes sobre científicos trabajando de forma solitaria y grupal (Tabla 3, forma
de trabajar).  Además, al permitir al alumnado seleccionar más de una imagen, se supera la
limitación relacionada con la  coexistencia  de más de una concepción en cada participante
(Farland-Smith  y  McComas  2006;  Finson  et  al.  1995),  lo  que  permitiría  reducir
considerablemente la falta de información derivada del dibujo realizado (Ehrlén 2009; Reinisch
et al. 2017). Las elecciones de los estudiantes se evalúan clasificándose en función de las tres
posibles  concepciones  (sensacionalista,  tradicional-estereotipada,  alternativas-no
estereotipadas). 

Prueba piloto

Metodología

Participantes y procedimiento

Para estudiar la efectividad del protocolo propuesto con alumnado de diversas capacidades,
destrezas y rendimiento académico, se conformó una muestra de conveniencia de diversidad
cultural compuesta por un total de 149 estudiantes de 2º (n = 26), 3º (n = 13), 4º (n = 17), 5º
(n = 33) y 6º (n = 60) de Educación Primaria. Se han incluido estudiantes españoles (n = 80),
inmigrantes de segunda generación (n = 41) y alumnado español de etnia gitana (n = 28). Los
estudiantes españoles provenían de un colegio con bajo porcentaje de estudiantes inmigrantes
o de etnia gitana situado en una zona de clase media-alta de la ciudad de Burgos (España) Los
inmigrantes de segunda generación asistían a una escuela con una muy alta diversidad cultural,
también situado en la ciudad de Burgos. La totalidad de los estudiantes de segunda generación
habían nacido en España; sin embargo, sus padres provenían de otros países, la mayoría de
ellos del este de Europa.  Por último, los alumnos españoles de etnia gitana asistían a una
escuela segregada en la que la totalidad de los estudiantes eran gitanos, situada en una zona
periférica de Valladolid (España).

Para la fase cualitativa, se conformó un segundo muestreo, seleccionando aleatoriamente un
número de participantes de la fase cuantitativa. Inicialmente, se pretendía seleccionar un 20%
del número total de participantes, sin embargo, debido a limitaciones de tiempo de los centros
educativos,  la  muestra cualitativa  fue  menor,  con un total  de 15 estudiantes  (12,7% de la
muestra total),  de los cuales  cinco fueron españoles (3 niñas),  seis extranjeros de segunda
generación (2 niñas) y cuatro españoles de etnia gitana (2 niñas). El dibujo y las preguntas
escritas se realizaron en una misma sesión para todos los participantes. La prueba de selección
de imágenes se desarrolló en el mismo día en el que fue administrado el dibujo y las preguntas
escritas en el caso de los estudiantes españoles de etnia gitana, y un día más tarde en el caso de
los estudiantes españoles y de los extranjeros de segunda generación.

Análisis

Para estudiar la efectividad del protocolo propuesto, se han seguido varios procedimientos
diferentes  de  análisis.  En primer  lugar,  para  la  fase  cuantitativa,  todos  los  dibujos  fueron
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analizados utilizando la tradicional rúbrica DAST-C (Finson et al. 1995), otorgando un punto
por  cada estereotipo identificado en el  dibujo  de cada participante.  En segundo lugar,  se
analizaron  nuevamente  los  dibujos  utilizando  la  categorización  propuesta  en  este  estudio,
comparando y discutiendo los resultados obtenidos con respecto a la rúbrica DAST-C. 

En base a los resultados reportados en la literatura, se han efectuado, para ambas rúbricas,
comparaciones según las variables sexo, etnia/procedencia y nivel escolar de los participantes,
empleándose pruebas estadísticas no paramétricas debido a la violación de la presunción de
distribución de probabilidad normal (p < .001), indicada por la prueba Kolmogorov-Smirnov
con  corrección  de  Lilliefors.  Además,  para  determinar  la  robustez  en  la  utilización  de  la
categorización propuesta se empleó el índice de Kappa para calcular la concordancia inter-
observador.  Para  ello,  los  primeros  dos  autores  de  este  estudio  evaluaron  de  forma
independiente un conjunto de imágenes seleccionadas de forma aleatoria (n = 30).

Finalmente, para la fase cualitativa de la prueba piloto, se han analizado las preguntas escritas y
la  prueba  de  selección  de  imágenes,  determinando  si  coincide  con  el  dibujo  realizado  y
discutiendo aquellos aspectos positivos que añade a la interpretación de los mismos.

Resultados y discusión

Análisis de los dibujos empleando la rúbrica DAST-C

Los dibujos analizados representaron una imagen generalizada del científico como un varón,
especialmente en el caso de los niños, de rasgos caucásicos, que está vestido con una bata y
que realiza investigaciones en un laboratorio de forma individual. Estos estereotipos persisten
en ambos sexos y en todos los niveles escolares, siendo “trabajo individual”, “laboratorio”,
“investigación”  y  “varón  de  rasgos  caucásicos”  los  indicadores  estereotipados  más
representados por los participantes (Tabla 4).

Tabla 4. Porcentaje de participantes que han dibujado los indicadores de la rúbrica
DAST-C (n = 149)

Indicadores estereotipados
Niños Niñas

2º
E.P.

3º
E.P.

4º
E.P.

5º
E.P.

6º
E.P.

% % % % % % %
Apariencia Creatura mística 16.7 8.2 11.8 18.2 0 18.8 12.3

Bata laboratorio 56.9 65.6 52.9 54.5 62.5 65.6 61.4
Gafas 44.4 41.0 23.5 36.4 62.5 34.4 49.1
Vello facial 4.2 0 5.9 0.0 0 3.1 1.8
Varón 88.9 45.9 47.1 81.8 68.8 62.5 77.2
Caucásico 83.3 100.0 100.0 90.9 75.0 93.8 91.2
Edad avanzada 16.7 18.0 5.9 18.2 18.8 9.4 24.6
Loco-enfadado 25.0 14.8 0.0 36.4 18.8 34.4 15.8

Actividad Investigación 88.9 90.2 76.5 72.7 87.5 96.9 93.0
Conocimiento 22.2 23.0 5.9 27.3 25.0 31.3 21.1
Productos 22.2 11.5 41.2 45.5 18.8 12.5 7.0
Expresiones 16.7 18.0 23.5 45.5 6.3 6.3 19.3
Símbolos peligro 15.3 9.8 11.8 9.1 0.0 15.6 15.8
Individual 88.9 86.9 94.1 72.7 81.3 90.6 89.5

Lugar de 
trabajo

Secreto 0.0 1.6 0.0 0.0 6.3 3.1 0.0
Laboratorio 80.6 90.2 64.7 81.8 87.5 84.4 91.2
Clandestino 2.8 4.9 17.6 9.1 0.0 0.0 1.8
Bombillas 6.9 6.6 5.9 9.1 6.3 6.3 7.0

En cuanto a la variable sexo, el estadístico U de Mann-Whitney reveló que no hay diferencias
significativas en el número total de indicadores estereotipados dibujados por los niños y las
niñas, U = 1811.500, z = -.902, p = .367, r = .08. No obstante, atendiendo a la tipología de los
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indicadores,  se  obtuvo  que  las  niñas  han  dibujado  significativamente  más  estereotipos
relacionados  con el  lugar  de  trabajo de  los  científicos  en comparación con los  niños,  U =
1674.500, z = -2.317, p = .02, r = .20. La figura 1 muestra el número medio de estereotipos
dibujados por las niñas y los niños.

Figura 1. Número medio de estereotipos dibujados según el sexo de los estudiantes

El estadístico Kruskal-Wallis reveló que no hay diferencias significativas en el número total de
indicadores estereotipados dibujados  por los  estudiantes españoles,  extranjeros de segunda
generación y  españoles  de  etnia  gitana,  χ2 (2,  n  = 127)  = 1.920,  p  = .383.  Sin embargo,
atendiendo a los estereotipos según su tipología, se registró que los estudiantes de etnia gitana
han dibujado un mayor número de estereotipos relacionados  con el  lugar  de  trabajo de los
científicos que los estudiantes extranjeros y que los españoles, χ2 (2, n = 127) = 6.714, p = .
035. La figura 2 muestra el número medio de estereotipos dibujados según el nivel escolar.

Figura 2. Número medio de estereotipos dibujados según el nivel escolar de los estudiantes

Asimismo, en relación con el nivel escolar, el estadístico Kruskal-Wallis reveló que tampoco
hay diferencias significativas en el número total de indicadores estereotipados dibujados, χ2 (4,
n  =  127)  =  1.386,  p  =.847.  Tampoco  se  encontraron  diferencias  significativas  en  las
dimensiones apariencia de los científicos, χ2 (4, n = 127) = 4.679, p = .322, lugar de trabajo χ2 (4, n =
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127) = .629, p = .960, ni en la actividad que realizan χ2 (4, n = 127) = 3.463, p = .484. La figura 1
muestra el número medio de estereotipos dibujados por los estudiantes españoles, extranjeros
de segunda generación y españoles de etnia gitana.

Figura 3. Número medio de estereotipos dibujados según los antecedentes culturales de los estudiantes

Análisis de los dibujos empleando la rúbrica modificada

En general, los dibujos de los estudiantes han mostrado concepciones estereotipadas sobre los
científicos.  Así,  un  57,1%  de  los  dibujos  han  plasmado  concepciones  estereotipadas  y
sensacionalistas  sobre  la  apariencia  de  los  científicos,  un  68.5% sobre  el  trabajo  que  realizan,  y
finalmente un 81,9% sobre el  lugar en el que desempeñan su labor. Más específicamente, la
mayoría de los dibujos han representado científicos varones, de rasgos caucásicos, con bata de
laboratorio  y  mediana-avanzada  edad,  trabajando  de  forma  individual  en  un  laboratorio
convencional realizando actividades propias de laboratorio, como experimentos químicos. La
apariencia  de  los  científicos ha  sido  la  categoría  que  ha  registrado  un  mayor  número  de
concepciones alternativas-no estereotipadas (32.9%). Por el contrario, la actividad de los científicos
ha sido la categoría con un mayor número de dibujos que muestran imágenes sensacionalistas
(21.5%). Estos resultados se desglosan a continuación y se recogen en las tablas 5, 6 y 7.

Para la  apariencia de los científicos  (Tabla 5), el test de independencia de Chi-cuadrado reveló la
existencia  de  diferencias  significativas  en la  distribución de los  participantes  en las  cuatro
categorías de concepciones sobre los científicos para la variable sexo, χ2 (3, n = 149) = 13.117,
p  =  .004,  y  nivel  escolar,  χ2  (12,  n = 149)  = 47.881,  p  < .001.  Atendiendo a  la  variable
etnia/procedencia  de  los  estudiantes,  no  se  identificaron  diferencias  significativas  en  su
distribución χ2  (6,  n = 149) = 8.844,  p = .183. Así, en la categoría tradicional-estereotipada,
predominaron los dibujos realizados por los niños (65%), y, por el contrario, han sido las niñas
las  que  han  plasmado  un  mayor  número  de  dibujos  categorizados  como  alternativos-no
estereotipados (67.3%), representando minorías étnicas, extranjeros y/o mujeres en lugar de
hombres  caucásicos  o  caricaturas/científicos  locos.  Además,  los  estudiantes  de  niveles
superiores han sido mayoría en la categoría sensacionalista (52%) y tradicional-estereotipada
(51.7%)  que  los  de  niveles  inferiores,  especialmente  en  comparación  con  los  de  2º  de
Educación  Primaria,  con  apenas  un  12%  y  3.3%  de  dibujos  categorizados  como
sensacionalistas y tradicionales-estereotipados, respectivamente.
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Tabla 5. Categorización de los dibujos según la apariencia de los científicos

Sin determinar Sensacionalista Tradicional
estereotipada

Alternativa
no estereotipada

(%) (%) (%) (%)
Niñas 40 36 35 67.3
Niños 60 64 65 32.7
2º E.P. 66.7 12 3.3 22.4
3º E.P. 6.7 8 13.3 4.1
4º E.P. 6.7 0 15 14.3
5º E.P. 0 28 16.7 30.6
6º E.P. 20 52 51.7 28.6
Españoles 40 76 48.3 53.1
Extranjeros 33.3 20 7 30.6
Etnia gitana 26.7 4 0 16.3
Total n =15 (10) n = 25 (16.8) n = 60 (40,3) n = 49 (32.9)
Nota: El porcentaje corresponde a cada una de las categorías (sin determinar, sensacionalista, tradicional
estereotipada, alternativa-no estereotipada) y para cada variable (sexo, nivel escolar, etnia/procedencia)

Para la  actividad que realizan los científicos  (Tabla 6),  el test de independencia de Chi-cuadrado
reveló la existencia de diferencias significativas en la distribución de los participantes en las
cuatro categorías de concepciones sobre los científicos para la variable nivel escolar, χ2 (12, n
= 149) = 47.622,  p < .001. No se encontraron diferencias según la variable sexo,  χ2  (3,  n =
149) = .747, p =.862, ni tampoco según la variable etnia/procedencia de los estudiantes, χ2 (6,
n =  149)  =  8.503,  p  =  .204.  Más  específicamente,  en  las  categorías  sensacionalistas  y
tradicionales-estereotipadas  han  predominado  dibujos  de  estudiantes  de  niveles  escolares
superiores. En otras palabras, los estudiantes de niveles superiores (50%) conciben la actividad
de los científicos de una forma más estereotipada que los de niveles inferiores (2.9%). No
obstante,  también  son  los  estudiantes  de  niveles  superiores  quienes  poseen  visiones  más
alternativas-no estereotipadas sobre  las  actividades  que  realizan los  científicos,  con casi  la  mitad
(46.2%) de los dibujos categorizados como alternativos-no estereotipados perteneciendo al 6º
nivel de EP. Si bien no se han registrado diferencias significativas según la etnia/procedencia
de los estudiantes, la mayoría de dibujos de la categoría alternativa-no estereotipada para la
actividad representada han sido realizados por estudiantes españoles (57.7%) y extranjeros
(38.5). Sin embargo, también han sido los españoles quienes han dibujado un mayor número
de dibujos sensacionalistas (62.5%). 

Tabla 6. Categorización de los dibujos según la actividad que realizan los científicos

Sin determinar Sensacionalista Tradicional
estereotipada

Alternativa
no estereotipada

(%) (%) (%) (%)

Niñas 52.4 40.6 47.1 46.2
Niños 47.6 59.4 52.9 53.8
2º E.P. 47.1 21.9 2.9 19.2
3º E.P. 9.5 15.6 5.7 7.7
4º E.P. 9.5 0 20 3.8
5º E.P. 9.5 28.1 21.5 23.1
6º E.P. 14.3 34.4 50 46.2
Españoles 42.9 62.5 51.4 57.7
Extranjeros 28.6 25 24.3 38.5
Etnia gitana 28.6 12.5 24.3 3.8
Total n = 21 (14.1) n = 32 (21.5) n = 70 (47) n = 26 (17.4)
Nota: El porcentaje corresponde a cada una de las categorías (sin determinar, sensacionalista, tradicional
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estereotipada, alternativa-no estereotipada) y para cada variable (sexo, nivel escolar, etnia/procedencia)

Para la dimensión  lugar de trabajo de los científicos  (Tabla 7),  el test de independencia de Chi-
cuadrado reveló la existencia de diferencias significativas en la distribución de los participantes
en las cuatro categorías de concepciones sobre los científicos para la variable nivel escolar, χ2

(12, n = 149) = 46.167, p < .001. No se encontraron diferencias según la variable sexo, χ2 (3, n
= 149) = .469,  p =.926, ni tampoco según la variable etnia/procedencia, χ2  (6,  n = 149) =
6.187, p =.403. Por tanto, los estudiantes de niveles superiores son quienes asimismo conciben
el lugar de trabajo de los científicos de una forma más estereotipada en comparación con los de
niveles inferiores. Así, casi la mitad de los dibujos (48.5%) que han representado laboratorios
de ciencia convencionales pertenecen a estudiantes de 6º nivel. Por otro lado, los estudiantes
de  niveles  inferiores  son  los  que  más  dibujos  sensacionalistas  han  dibujado  (66.7%),
representando cuevas,  sótanos  o  lugares  secretos.  En línea  con la  actividad  que  realizan  los
científicos,  han  sido  los  estudiantes  españoles  quienes  han  mostrado  una  visión  más
estereotipada sobre los lugares de trabajo de los científicos, con un 66.7% y 57.4% de los
dibujos sensacionalistas y tradicionales-estereotipados dibujados por ellos.

Tabla 7. Categorización de los dibujos según el lugar de trabajo de los científicos. 

Sin determinar Sensacionalista Tradicional
estereotipada

Alternativa
no estereotipada

(%) (%) (%) (%)
Niñas 52.4 50 45.5 42.9
Niños 47.6 50 54.5 57.1
2º E.P. 57.1 66.7 5.9 19
3º E.P. 9.5 0 7.9 14.3
4º E.P. 9.5 0 13.9 4.8
5º E.P. 9.5 16.7 23.8 23.8
6º E.P. 14.3 16.7 48.5 38.1
Españoles 42.9 66.7 57.4 42.9
Extranjeros 28.6 33.3 23.8 42.9
Etnia gitana 28.6 0 18.8 14.3
Total n = 21 (14.1) n = 6 (4) n = 101 (67.8) n = 21 (14.1)
Nota:  El  porcentaje  corresponde  a  cada  una  de  las  categorías  (sin  determinar,  sensacionalista,
tradicional  estereotipada,  alternativa-no  estereotipada)  y  para  cada  variable  (sexo,  nivel  escolar,
etnia/procedencia)

En conjunto,  los  resultados  de  la  rúbrica  propuesta  contradicen y  complementan  algunos
datos  obtenidos  utilizando la  rúbrica  DAST-C.  De este  modo,  mientras  que  utilizando  la
rúbrica DAST-C se ha obtenido que las niñas poseen una visión  más estereotipada sobre  el
lugar de trabajo de los científicos en comparación con los niños, los resultados de la dimensión
representativa no soportan estas evidencias, sugiriendo que tanto niñas como niños conciben
el lugar de trabajo de los científicos de manera similar. También se han identificado discrepancias
entre  las  dos  rúbricas  en  cuanto  a  las  variables  nivel  escolar  y  etnia/procedencia  de  los
estudiantes. Según la rúbrica DAST-C, los estudiantes de todos los niveles escolares poseen
concepciones  similares,  siendo  los  de  etnia  gitana  los  que  conciben  de  forma  más
estereotipada  el  lugar  de  trabajo de  los  científicos.  Estos  resultados  no  coinciden  con  los
obtenidos  empleando  la  nueva  rúbrica  propuesta,  que  muestra,  por  un  lado,  que  los
estudiantes de niveles superiores conciben de forma más estereotipada tanto la apariencia de los
científicos, la actividad que realizan, así como el lugar de trabajo. Además, empleando la nueva rúbrica
propuesta  no  se  han  encontrado  diferencias  entre  las  concepciones  de  los  estudiantes
españoles, de etnia gitana y de los extranjeros. 

Por  otro  lado,  las  modificaciones  realizadas  a  la  rúbrica  han  permitido  establecer  nuevas
diferencias entre las concepciones de los estudiantes. A diferencia de la rúbrica DAST-C, la
dimensión representativa  ha  señalado diferencias  significativas  en  las  concepciones  de  los
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estudiantes sobre la apariencia de los científicos, siendo los niños los que han realizado un
mayor  número  de  dibujos  sensacionalistas  (64%)  y  tradicionales  estereotipados  (65%).
Además, la rúbrica DAST-C no ha encontrado diferencias según el nivel escolar en ninguna de
las  dimensiones  de  los  dibujos,  sin  embargo,  la  nueva  rúbrica  propuesta  ha  permitido
identificar  que  a  medida  que  aumenta  el  nivel  escolar  también  aumentan  las  imágenes
estereotipadas sobre los científicos, tanto en relación su apariencia, como sobre la actividad que
realizan y el lugar en el que desempeñan su trabajo.

En cuanto a la categorización de los dibujos siguiendo la rúbrica propuesta, el índice de Kappa
mostró un índice  alto de concordancia  inter-observador  (k = .85)  (Landis  y Koch 1977),
sugiriendo que la categorización de los dibujos empleando la rúbrica propuesta es fiable.

Preguntas escritas y prueba de selección de imágenes

En este apartado, se recogen los resultados obtenidos durante la fase cualitativa que respaldan
el uso de la nueva rúbrica.  Además,  se ejemplifican las ventajas que reporta la  adición de
preguntas  escritas  y  una  prueba  de  selección  de  imágenes  para  superar  algunas  de  las
principales limitaciones reportadas en la  literatura relacionada con el  uso del  DAST. Estas
ventajas son:

● Aportan nueva información que ha sido imposible de determinar a partir del dibujo

En  la  fase  cuantitativa  se  han  identificado  dibujos  que  presentaban  habilidades  artísticas
dispares (Losh  et  al.  2008,  Reinisch  et  al.  2017) o que presentaban información limitada o
confusa (Ehrlén, 2009; Reinisch et al. 2017). Así, la figura 4 representa una visión tradicional-
estereotipada de la  apariencia de los científicos,  sin embargo, no incluye suficiente información
para determinar el trabajo que realiza el científico ni el lugar en el que lo realiza. Tanto las preguntas
escritas  como  la  prueba  de  selección  de  imágenes  han  ayudado  a  suplir  esta  falta  de
información,  identificando  que  el  estudiante  posee  asimismo  una  concepción  tradicional-
estereotipada sobre el lugar de trabajo y la tarea que realiza. Así, el estudiante ha escrito que “(…)
trabaja en un laboratorio utilizando máquinas bien grandes y haciendo experimentos guais”, y
ha seleccionado la segunda imagen, que representa visiones tradicionales-estereotipadas, de
cada uno de los apartados de la prueba de selección de imágenes (ver tabla 3).

Otros ejemplos de dibujos con información limitada o confusa son las figuras 5 y 6. Si bien en
la  figura  5  se  identifica  una concepción tradicional-estereotipada del  lugar  de  trabajo,  no se
puede saber con certeza si la concepción de su apariencia y actividad que realiza es sensacionalista
o tradicional-estereotipada, y el sexo del científico dibujado resulta ambiguo, siendo esta otra
de las principales críticas recurrentes con el uso del DAST (Losh  et al. 2008; Reinisch  et al.
2017). Las respuestas de la estudiante ayudaron a clarificar que se trata de un varón y de una
concepción sensacionalista,  dado que ha  argumentado que “Es un científico  loco y  viejo.
Tiene el pelo gris y los ojos negros. A veces es muy torpe y se lía con los componentes.
Trabaja  en un laboratorio  utilizando componentes  peligrosos.”  La prueba de selección de
imágenes ha ayudado a confirmar la  concepción tradicional-estereotipada sobre  el  lugar  de
trabajo (seleccionando la imagen que representa un laboratorio) y la concepción sensacionalista
sobre la actividad que realiza, puesto que ha seleccionado la imagen que representa experimentos
de dudosa moralidad, como pócimas, y la primera imagen que representa a un científico con
rasgos de estar cansado trabajando de manera aislada socialmente. No obstante, en relación
con la apariencia, la alumna ha seleccionado las primeras dos fotografías que representan, por
un lado,  un científico  varón realizando experimentos  peligrosos,  y  por  otro,  un  científico
varón, de mediana-avanzada edad, con bata blanca, trabajando en un laboratorio (ver tabla 3),
lo que parece sugerir la coexistencia de más de una imagen sobre los científicos que no ha
podido ser plasmada mediante un solo dibujo (Farland-Smith y McComas, 2006; Finson et al.
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1995).

La figura 6 representa una situación similar. Las preguntas escritas ayudaron a confirmar que la
alumna posee una visión sensacionalista sobre la apariencia de los científicos y a determinar
una visión sensacionalista sobre el  trabajo  que  realizan y una visión tradicional-estereotipada
sobre el  lugar de trabajo, argumentando que “Es feo, bajo y loco. Sabe hacer pociones. Utiliza
probetas y otros artilugios que están en el laboratorio”. En cuanto a la prueba de selección de
imágenes, permitió confirmar la visión sobre el  trabajo que realiza y el  lugar de trabajo. No
obstante, la alumna argumentó que los científicos trabajan tanto de forma individual como en
grupo, lo que sugiere una visión alternativa-no estereotipada sobra la  forma de trabajar de los
científicos.

Figura 4. Niño etnia gitana, 3º 
E.P.

Figura 5. Niña española, 5º E.P. Figura 6. Niña extranjera, 6º E.P.

● Aclaran detalles del dibujo

Además  de  los  ejemplos  anteriores,  en  ocasiones,  no  se  puede  interpretar  la  etnia  o  la
nacionalidad de los científicos dibujados (Reinisch et al. 2017), siendo este el caso de la figura
7,  en  la  que  no  resulta  claro  si  el  estudiante  ha  coloreado  a  la  persona  dibujada  para
representar su etnia o nacionalidad. La prueba de selección de imágenes ha permitido arrojar
más luz a este aspecto, sugiriendo que el estudiante posee una visión tradicional-estereotipada
sobre la apariencia  del  científico al  haber seleccionado la imagen de un hombre caucásico
(pregunta 1) y de rasgos occidentales (pregunta 2). Además, el estudiante no ha aportado más
información en las preguntas escritas sobre la nacionalidad o etnia del científico dibujado, lo
que parecería sugerir que el participante no posee concepciones alternativas sobre quién hace
ciencia, sino que ha coloreado al científico por costumbre o por ser una práctica común, al
igual que los estudiantes que realizaron los dibujos de las figuras 5 y 8.

Otra limitación está relacionada con representar a los científicos trabajando de forma solitaria.
Investigaciones pasadas han mostrado que esto podría deberse más a la falta de tiempo o de
habilidad artística (Reinisch  et  al.  2017),  y  no tanto por  considerar  que los  científicos  son
personas solitarias. Por ejemplo, en la figura 6, se ha representado a un solo científico, sin
embargo,  en la  prueba de selección de imágenes la  estudiante  ha seleccionado también la
fotografía que muestra a los científicos trabajando en grupo, argumentando que al su trabajo
requiere realizar cosas complicadas, por lo que necesitan ayuda.  Si  bien las modificaciones
realizadas en este estudio con respecto al protocolo DAST no ha solventado esta limitación, sí
han permitido identificar la posible coexistencia de más de una concepción sobre la forma en
que trabajan los científicos, permitiendo a los estudiantes más oportunidades para compartir
sus concepciones, algo que no sucede con la rúbrica DAST original según la cual la forma de
trabajar  de  la  científica  representada  en  la  figura  6  sería  solitaria,  concibiéndose  que  el
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estudiante posee una visión estereotipada sobre la manera de trabajar de los científicos.

Figura 7. Niño extranjero, 4º E.P. Figura 8. Niña española, 6º E. P. Figura 9. Niño español, 6º E.P.

● Aporta más información acerca de imágenes socialmente reconocibles 

Finson  y  Pederson  (2011)  argumentaron  que  los  estudiantes  podrían  estar  plasmando
determinados estereotipos ligados a los científicos con el fin de que su dibujo sea socialmente
reconocible.  Las preguntas escritas  y la  prueba de selección de imágenes muestran que la
figura 9 es un ejemplo de ello. Así, mientras que el estudiante ha representado concepciones
sensacionalistas sobre la apariencia y el trabajo de los científicos, en la dimensión escrita ha
justificado que “Tienen muchos estudios. Pueden tener algunos defectos de cualquier tipo.
Como todo el mundo. Nadie es perfecto” y, además, en la prueba de selección de imágenes ha
seleccionado las fotografías que muestran visiones tradicionales-estereotipadas y alternativas
en los apartados “¿Quién hace ciencia?”, “¿Qué hace en su trabajo?” y “¿Cómo trabaja?” (ver
tabla 3), lo que muestra que su concepción de los científicos es menos estereotipada de lo que
plasmó en su dibujo. Así, la inclusión de preguntas escritas y de la prueba de selección de
imágenes no solo ha puesto de relieve las limitaciones del protocolo DAST original, sino que
además ha permitido que la categorización del dibujo se realice de una forma más objetiva y
con mayor precaución.

● Aporta información acerca de aspectos psicológicos de los científicos

Además de concepciones relacionadas con la apariencia  o el  trabajo de los científicos,  los
estudiantes poseen creencias sobre la ciencia o el que hacer de los científicos como una carrera
difícil de alcanzar y solo destinada para personas muy inteligentes. Por tanto, parecería que los
factores  psicológicos  asociados  a  la  ciencia  y  a  los  científicos  podrían  estar  frenando  las
aspiraciones a seguir una carrera en ciencias (DeWitt y Archer 2015). Así, parecería necesario
que un protocolo que aspira a diagnosticar las concepciones que poseen los estudiantes sobre
los científicos sea capaz de identificar también aspectos psicológicos sobre los mismos. De
este  modo,  la  inclusión  de  las  preguntas  escritas  ha  permitido  identificar  que  estas
concepciones relacionadas con componentes psicológicos de los científicos están presentes
desde niveles elementales del sistema educativo. A continuación, se recogen algunos extractos
que aluden a la capacidad brillante de los científicos o a su inteligencia: 

“Es muy listo (…)”. Niño de etnia gitana de 6º de Educación Primaria.

“Suelen ser alto [sic], esbeltos, inteligentes, muy estudiosos, experimentadores. Son muy majos y hablan de cosas
interesantes. No tienen ningún defecto.” Niño extranjero de 6º de Educación Primaria.

“Tienen muchos estudios”. Niño español de 6º de Educación Primaria.

“Es muy listo.” Niña española de 5º de Educación Primaria.

“Joven, guapa y lista. Siempre aprovecha el tiempo y le encanta hacer experimentos con colores.” Niña española
de 6º de Educación Primaria.
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Conclusiones

En este trabajo se han detallado las modificaciones realizadas al protocolo DAST y se han
reportado los resultados obtenidos en un estudio piloto. En general, los resultados sugieren
que los cambios propuestos son efectivos en la identificación y análisis de las percepciones e
imágenes de los estudiantes acerca de los científicos, reduciendo algunos de los problemas
metodológicos identificados en el uso del DAST. La prueba piloto realizada con estudiantes de
Educación Primaria de diversidad cultural parece indicar que estos cambios permiten avanzar
hacia el desarrollo de un protocolo más fiable y exacto en la identificación de las concepciones
que poseen los estudiantes sobre los científicos, aunque aún hay aspectos que necesitan de
futuros estudios.

De este modo, en primer lugar, la modificación de la rúbrica de evaluación de los dibujos ha
permitido registrar más diferencias entre las concepciones de los participantes de diferente
edad  y  etnia  o  antecedentes  culturales  gracias  a  una  evaluación  más  holística  de  lo
representado y no a la mera cuantificación del número de estereotipos plasmados, permitiendo
asimismo  superar  los  problemas  derivados  de  habilidades  artísticas  dispares  entre  los
estudiantes. Además, la estandarización de su administración y de las instrucciones facilitadas a
los estudiantes ha permitido disminuir los problemas identificados en la literatura con la falta
de material o tiempo para plasmar las propias concepciones.

En segundo lugar, la utilización de la nueva rúbrica ha mostrado ser robusta, obteniéndose una
gran coincidencia entre las  categorizaciones realizadas a una muestra de dibujos de forma
independiente por dos investigadores diferentes, lo que sugiere que los resultados obtenidos
de su uso poseen un alto grado de fiabilidad.

Finalmente, la adición de las preguntas escritas y de la prueba de selección de imágenes ha
confirmado los resultados obtenidos mediante la nueva rúbrica, y, además, ha complementado
algunas  de  las  interpretaciones.  De  este  modo,  se  han  disminuido  algunos  problemas
metodológicos de versiones anteriores del DAST, consiguiendo (I) añadir más información
sobre las concepciones de los estudiantes que no han podido ser determinadas a partir del
dibujo, como por ejemplo el sexo y la etnia o nacionalidad de los científicos dibujados, (II)
aclarar aspectos confusos del dibujo, como por ejemplo el material que utilizan o el lugar en el
que trabajan, y (III) aportando información sobre las concepciones que poseen los estudiantes
acerca de los factores psicológicos de los científicos y no solo sobre su apariencia o quehacer
científico.

Pese  a  todo  lo  anterior,  las  mejoras  propuestas  en  este  estudio  no  están  exentas  de
limitaciones. Si bien se ha intentado reducir en todo lo posible el sesgo introducido por las
instrucciones de administración de los dibujos, la frase empleada (“Imagina que vas de viaje a
ver como se hace ciencia. Dibuja quién hace ciencia, cómo es, dónde trabaja y qué hace”)
podría implícitamente inducir al estudiante a dibujar una sola persona. La prueba de selección
de  imágenes  parece  soportar  esta  presunción,  dado  que  la  mayoría  de  estudiantes  han
seleccionado la imagen que representa a científicos trabajando de forma grupal, pese a haber
dibujado  a  un  solo  científico.  Por  tanto,  se  trata  de  un  aspecto  que  requiere  de  futuros
estudios.  Otro aspecto está  relacionado con las  preguntas escritas.  Mientras que estas  han
permitido  acceder  a  las  concepciones  que  poseen  los  estudiantes  sobre  las  características
psicológicas de los científicos, esto se ha dado de forma implícita. Por consiguiente, parecería
necesario  desarrollar  en  futuros  estudios  procedimientos  que  soliciten  de  forma  explícita
información  acerca  de  estos  factores  tan  importantes  en  el  desarrollo  de  las  vocaciones
científicas  de  los  estudiantes.  Por  último,  la  muestra  empleada  para  la  fase  cualitativa  del
estudio ha sido muy irregular en términos de edad de los participantes. Si bien el objetivo
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principal de este estudio consistió en probar un nuevo protocolo basado en el DAST y no
diagnosticar en sí las imágenes que poseen los estudiantes sobre los científicos, la baja muestra
de alumnado ha limitado las conclusiones que podrían extraerse de la fase cualitativa. A este
respecto, convendría realizar futuros estudios en los que se conforme una muestra cualitativa
más amplia y regular, seleccionando un número similar de participantes de cada categoría de
concepciones (sensacionalista, tradicional-estereotipada y alternativa-no estereotipada), lo que
permitiría  caracterizar mejor las  diferencias  y similitudes entre los estudiantes en cuanto a
variables de edad, sexo y etnia o nacionalidad. 

En definitiva,  en este trabajo se avanza en el desarrollo de protocolos más fiables para la
identificación de imágenes sobre los científicos.  Las modificaciones realizadas al  protocolo
DAST original redujo algunas de las deficiencias metodológicas reportadas en la literatura y
permitió acceder de una forma más holística y fiable a las concepciones de los estudiantes. La
inclusión de preguntas escritas y la prueba de selección de imágenes parecerían ser críticas
pues revelaron las concepciones subyacentes que no han podido ser identificadas a partir de
los dibujos, lo que ayuda a definir mejor los significados de algunas imágenes ambiguas y a
confirmar el significando de otros aspectos plasmados en los dibujos.
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ABSTRACT
Background: There is a growing interest in investigating attitudes
towards science and views of Nature of Science among elementary
grade students in terms of gender, cultural backgrounds, and
grade level variables.
Purpose: The purpose of this study is to examine the attitudes
toward science and views of Nature of Science among Spanish
students, Spanish students of gypsy ethnicity and second-genera-
tion Spanish students with east-European heritage, and to deter-
mine if their attitudes are related to their views of Nature of
Science.
Sample: Data for this study was gathered from seven elementary
schools in Spain, forming a convenience sample of 149 students
enrolled from 2nd to 5th grade.
Design and Methods: The Nature of Science Instrument (NOSI)
and an adaptation of the Test of Science Related Attitudes scale
(TOSRA) were used. Follow-up structured interviews were per-
formed with 15 participants.
Results: Regarding gender, boys had better attitudes toward
Science than girls but more naïve views of the empirical Nature
of Science. In relation to cultural background, second generation
Spanish students with east-European heritage reported signifi-
cantly better attitudes toward Science than Spanish students and
Spanish students of gypsy ethnicity. No differences in Nature of
Science views were found. Concerning grade level, third graders
had more positive attitudes toward Science than fifth and sixth
graders and more informed views of the tentative Nature of
Science. Finally, no relation between Nature of Science views and
attitudes towards Science were identified.
Conclusion: This study stress the need to address the steady
decline in positive attitude toward Science and to improve stu-
dents’ views of Nature of Science from early elementary grades,
and to use gender and culturally inclusive science teaching
strategies.
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1. Introduction

Many studies have investigated attitudes towards science and views of Nature of
Science (NOS) at secondary school level (Abd-El-Khalick and Lederman 2000; Chai
et al. 2010; Kalman 2010; Khishfe and Lederman 2007; Vázquez-Alonso et al. 2014),
although the same research questions at elementary grade levels are only
approached in a few studies. Indeed, literature reviews by Osborne, Simon, and
Collins (2003), in which the authors reviewed attitudes toward science studies, and
Deng et al’s. (2011) NOS literature review has identified few studies focusing on the
elementary stage. For example, from among the 105 empirical studies examined by
Deng et al. (2011), fewer than 13% included primary school students. Moreover, even
more worrying is the exclusion of some social groups from these studies, especially in
NOS-related research. In the case of the USA, after examining 112 NOS research
studies, Walls (2016, 1557–1558) stated that ‘(. . .) white students and teachers
emerged as the majority racial group under study’ and that NOS research is ‘(. . .)
operating completely oblivious to the narratives, voices, and stories of Black and
other students and teachers of colour, instead relying on and valuing only the voices,
narratives and stories provided by White participants’.

Hence, the aim of this study is to determine what attitudes towards science and views
of NOS elementary students have, in the case of Spain. The aim is also to study how
attitudes and NOS views may be different according to students’ gender, cultural back-
grounds and school levels. Finally, it is also intended to study whether the attitudes
towards science among those students are related to their views of NOS. The results of
this study can contribute to clarifying the effect of age, gender and cultural backgrounds
on the development of attitudes toward science and NOS views in elementary school
students. Additionally, this study can shed more light to the relationship between
attitudes towards science and views of NOS, and may therefore be useful in guiding
educational interventions focused on preventing the development of negative attitudes
towards Science and naïve NOS views from early childhood. The improbability of
changes in the aspirations of secondary school students is argued in a substantial corpus
of recent studies. In fact, students aged between 10 and 14 years old are in a critical
period when interventions can successfully focus on shaping student attitudes and
aspirations towards science careers (Tai et al. 2006). Therefore, the elementary stage
appears decisive for developing positive attitudes toward science and informed views
on NOS. In the next section, the most relevant results from the literature related to
elementary students’ attitudes towards science and their views of NOS are presented.
Information on the Spanish educational system and the cultural diversity of its students
is also included.

2. Background

2.1. Studies on the attitudes towards science among elementary students

Research into the attitudes of students towards science points to different variables
influencing their development during early childhood. These variables are mainly gen-
der, age, and cultural backgrounds/nationality.
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Regarding the first variable, most studies show that boys hold more positive attitudes
and aspirations towards science than girls (Caleon and Subramaniam 2008; De Pro
Bueno and Pérez Manzano 2014; Denessen et al. 2015; DeWitt and Archer 2015;
George 2006; Hacıeminoğlu 2016; Vázquez and Manassero 2008). More specifically,
girls appear to experience lower levels of enjoyment when learning science and tech-
nology (Denessen et al. 2015) and show greater indecision over their preferences for
science-related careers (Caleon and Subramaniam 2008). In contrast, boys have stronger
aspirations in science (DeWitt and Archer 2015). Nonetheless, despite boys having more
positive attitudes towards science, George (2006) reported that the attitudes of boys in
contrast to those of girls, diminishes as grade levels increase. Nevertheless, this gender
effect remains a controversial question. Akpinar et al. (2009) found more interest in
science among girl participants, and some studies had an absence of this gender effect
in the attitudes of elementary students towards science (Khishfe and Boujaoude 2014;
Said et al. 2016).

Some studies have revealed consistent data on age and grade level, showing
a declining pattern in attitudes towards science as the age and grade level of the
students increases (Akpinar et al. 2009; Ali et al. 2013; Denessen et al. 2015; DeWitt
and Archer 2015; George 2006; Said et al. 2016; Vázquez Alonso and Manassero-Mas
2008). Students from upper elementary and middle school grades show negative
attitudes towards the enjoyment of science lessons (Ali et al. 2013; DeWitt and Archer
2015), especially during 8th grade, when the sharpest decline in attitudes towards
science takes place (Akpinar et al. 2009). Two studies reported that while attitudes
towards the importance of science remained positive, attitudes towards school science
decreased drastically over middle school and high school years (Akpinar et al. 2009;
George 2006).

Several studies have explored attitudes toward science based on nationality and
cultural background at secondary level (a comprehensive review can be found in
Osborne, Simon, and Collins 2003), concluding that students belonging to different
cultural groups hold differing perceptions on science, so ethnicity and cultural variables
may appear to affect the formation of attitudes toward science. However, few studies
have compared student attitudes towards science based on ethnicity or cultural back-
ground and existing results are contradictory. For example, DeWitt and Archer (2015)
explored variables connected to science aspirations at elementary school level, finding
that students from ethnic minority backgrounds appeared to show stronger aspirations
for science careers. Khishfe and Boujaoude (2014) showed that students from develop-
ing countries appeared to have more positive attitudes towards science than those from
developed countries, but Said et al. (2016) obtained opposite results with Qatari stu-
dents. Although these results show some relation between student attitudes towards
science and cultural backgrounds, it is not clear how ethnicity and cultural background
variables may influence the development of student attitudes and further studies are
needed to determine this relationship.

2.2. Studies on views of the nature of science among elementary students

At elementary level, most articles have focused on creative, tentative, empirical, and sub-
jective constructs of NOS (i.e. Akerson et al. 2014; Cakici and Bayir 2012; Abd-El-Khalick,
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Masters and Akerson 2015; Quigley, Pongsanon, and Akerson 2010), reporting that, in
general, students tend to hold naïve views about this NOS tenets (Cakici and Bayir 2012;
Abd-El-Khalick et al. 2015; Khishfe 2008; Khishfe and Abd-El-Khalick 2002; Metin and
Leblebicioğlu 2015), even at earlier stages of the educational system (Akerson and
Donnely 2010; Akerson et al. 2014).

Few studies have explicitly examined NOS views based on gender, grade level and
cultural backgrounds or nationality variables. Therefore, the little available evidence
appears to indicate that there is no difference in the NOS views of boys and girls, who
seem to both hold naïve views (Kang, Scharmann, and Noh 2005). The results are
inconclusive when considering the grade levels. Some studies stated that at higher
grade levels, students developed more informed conceptions of NOS especially in the
empirical and tentative constructs (Hacıeminoğlu et al. 2015; Yoon, Suh, and Park 2014)
and in the subjective, observational and inferential constructs (Yoon, Suh, and Park
2014). But, other studies have shown that students from higher grades have more
naïve views on the imaginative and creative aspects of NOS than students from lower
grades (Hacıeminoğlu et al. 2015). Others studies reported no clear differences between
6th, 8th and 10th graders NOS views, with the majority of students holding absolutist/
empiricists views (Kang, Scharmann, and Noh 2005).

Finally, to the best of the authors’ knowledge, there is no study at the elementary
level that is directly focused on the impact of nationality and cultural background on the
development of students’ NOS views, particularly in the Spanish context. However, there
are several NOS studies performed with students from different cultural backgrounds.
Thus, Yoon, Suh, and Park (2014) explored the perceptions of five NOS constructs
(empirical, tentative, observation, subjective, and creative NOS) among Korean students,
reporting that as grade level increased, scores for empirical NOS decreased and more
students perceived school science as passively listening to a lecture rather than perform-
ing lab activities. In addition, none of the 3rd graders held appropriate views on
tentative, creative, and subjective aspects of the NOS, and only a few 7th and 10th
grade students had more acceptable knowledge of the NOS. Kang, Scharmann, and Noh
(2005) also studied Korean students’ views of NOS, reporting that, in comparison with
students from western countries, Korean students possessed a more pragmatic view of
NOS. These results were explained by the characteristics of the Korean culture, which
conceives science as ‘(. . .) one of the most effective means to be an internationally
competitive country’ (323–324). Finally, Walls (2012) reported that the 23 African-
American students in the 3rd grade of elementary schooling in his study have also
naïve views about NOS, since they viewed experimentation as a way for preparing
potions and ‘mixing colourful liquids’, following specific steps, procedures, and rituals.
However, the reasons for these views were inconclusive and were not specific to African-
Americans students.

2.3. Cultural diversity in the Spanish educational system

Spain has experienced strong migratory flows over the past two decades. In 2016, a total
of 4.618.581 immigrants were registered on the Spanish census, representing 9.92% of
the total population (INE 2017). These results represent an increase of 8.32% of the
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foreign population compared to two decades ago. Thus, the Spanish education system
has witnessed continuous growth in cultural diversity. Nowadays, 34.3% of the students
enrolled in elementary education have an immigrant background (see Supplemental
Figure 1), among who only 6.4% will continue on to study at middle and high school
(MECD 2017). On the other hand, the gypsy population is estimated at around 725.000
to 750.000, all of whom are living in Spain, which correspond to approximately 1.6% of
the total population (ERTF 2016).

In this study, cultural background refers to the sets of knowledge, beliefs and
behavioural patterns shared by a social group that characterize them and that therefore
differentiate them from other groups. We adopt the conceptualization of culture
advanced by Bennet (1990, 64), in which culture is ‘(. . .) a system of shared knowledge
and belief that shapes human perceptions’. Therefore, cultural backgrounds are
a multidimensional system of ideas, public expressions, practices and behaviours of
individuals from a particular group (Atran, Medin, and Ross 2005). The Royal Academy
of the Spanish Language (RAE) uses the term ‘Spanish’ to refer to the people that are
natives of Spain and the term ‘gypsy’ to refer to a ‘(. . .) person belonging to the people
originating from India, spread over several countries, who is largely nomadic and has
retained his own physical and cultural characteristics’ (RAE 2014). On the other hand,
people born in Spain with both parents being not natives of Spain are known as 2nd
generation Spanish people or Spanish people with immigrant heritage. Therefore, in this
study the following terms are used: Spanish students, to refer to students’ natives of
Spain that represents the dominant culture; Spanish student of gypsy ethnicity to refer
to Spanish gypsy students, and 2nd generation Spanish students to refer to students
that were born in Spain and have Spanish nationality but whom parents are both from
another country, thus having an immigrant heritage and also pertaining to minority
cultures. In this study, we will focus on second-generation immigrants from Eastern
European countries (i.e. Spanish students of Romanian, Russian and Bulgarian heritage),
because the nationalities of 2nd generation immigrant students enrolled in Elementary
Education in Spain are mainly Romanian, Ukrainian, and Russian (MECD 2017).

Second generation Spanish students and Spanish students of gypsy ethnicity have
cultural backgrounds (i.e. traditions, habits, religious and moral values, ideas and prac-
tices) that all differ from those adopted by the dominant group in the Spanish contexts.
Mainly, Spanish people of gypsy ethnicity belong to minority groups at risk of social and
educational exclusion, and their culture differs greatly from non-gypsy-Spanish citizens,
in particular due to the use of a different language (see ERTF 2016). At the age of 17,
more than 58% of Spanish students of gypsy ethnicity drop out of school, and fewer
than 1 out of every 10 Spanish students of gypsy ethnicity enroll in high school (see
Supplemental Figure 2) (EDUCACNIIE 2014), a percentage that is below the average of
other European Union Member states (FRA 2012).

In relation to students with immigrant heritage, longitudinal studies conducted in both
the USA (Rumbaut and Portes 2011) and in Spain (Gómez-Quintero and Fernández-Romero
2014; Portes, Aparicio Gómez, and Haller 2013) have shown that while some 2nd generation
immigrant students tend to integrate well into the mainstream culture of the new country,
others have difficulties with their inclusion in the new dominant culture. So, many 2nd
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generation Spanish students face educational disadvantage, presenting higher dropout
rates, lower educational performance, and greater difficulties accessing higher education
in comparison with their Spanish peers (Portes, Aparicio Gómez, and Haller 2013; EC 2008).
Although foreign, 2nd generation Spanish students and Spanish students of gypsy ethnicity
are not segregated in different schools in the Spanish educational system, there is
a tendency towards segregation given that parents from the dominant culture tend to
withdraw their children from schools with high percentages of immigrants, Spanish stu-
dents with immigrant heritage or Spanish students of gypsy ethnicity,1 generating dispa-
rities between schools and increasing social and educational inequalities among the
population over time (EC 2008).

To the best of the authors’ knowledge, there is an absence of studies in the Spanish
context on how different cultural backgrounds may affect the attitudes towards science
of elementary students and their views of NOS. This gap in the literature also appears to
exist at an international level, as pointed out in previous sections.

2.4. Elementary school science education in the Spanish context

The Spanish legislation on Science Education has undergone several changes over
recent decades. The LOGSE (1990, Ley Orgánica de Ordenación General del Sistema
Educativo [Organic Law on General Regulation of the Educational System]) outlined
a subject curriculum at elementary school level called ‘Knowledge of the Natural,
Social and Cultural Environment’, designed to improve scientific literacy. Some years
later, a new law called the LOE (2006, Ley Orgánica de Educación [Organic Law of
Education]) emphasized the need to provide science education based on the knowl-
edge of children and using manipulative and reflective activities that foster child
motivation for science-related issues. However, despite these demands from the
educational system, in their description of the Spanish science education, Porlán
et al. (2010) noted that teachers employ rote-learning as the predominant model
for science education in Spain.

Recently, the urgent need for active teaching methodologies was highlighted in
the new educational law called LOMCE (2013, Ley Orgánicapara la Mejora de la
Calidad Educativa [Organic Law for the Improvement of Educational Quality]). This
new law recognizes the importance of Science Education at an elementary stage, so
it divides the subject of ‘Knowledge of the Natural, Social and Cultural Environment’
introduced in the LOGSE law into two different subjects called ‘Social Sciences’ and
‘Natural Sciences’, increasing the number of teaching hours assigned to science
education, from one to two teaching hours per week. There is also specific content
called ‘Initiation in scientific inquiry’ that demands teacher participation with stu-
dents in inquiry-based activities in the school science syllabus of all Primary educa-
tion grades. Nonetheless, there is still a lack of inquiry-based activities in science
classrooms, as highlighted by Gil (2014), who reported that the most common
practice during science classes was reading from textbooks and memorizing facts
and laws, and that the activities for teaching science used least of all were planning
and conducting experiments and research.
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3. Design and methods

3.1. Purpose

As indicated earlier, the aims of this study are to determine, in the case of Spain, the
attitudes of elementary students towards Science and to establish their views of NOS in
relation to gender, cultural background, and school grade variables. Since most science
education reform efforts have suggested the need to foster the development of
informed conceptions of NOS to ensure the scientific literacy of students (McComas
2015; McComas and Olson 1998), the aim here is to find the relationship between
attitudes towards science and views of NOS. These results would be of great interest
in order to know which aspects educational interventions should focus in order to
improve attitudes towards science. The research questions of this study are:

RQ 1. What effects do gender, cultural background and school grade have on elemen-
tary students’ attitudes towards Science?

RQ 2. What effects do gender, cultural background, and elementary school grade level
have on views of NOS among elementary students?

RQ 3. To what extent do attitudes towards science relate to views of NOS?

3.2. Sample and procedure

Participants in this study were drawn from six elementary schools in Burgos and one
from Valladolid, Spain, by means of convenience sampling. Regarding cultural back-
grounds, both Spanish, second-generation Spanish students and Spanish students of
gypsy ethnicity were included in the sample of this study. Spanish students were
recruited from five state schools located in the city of Burgos in middle to upper-class
area, with a low percentage of second-generation immigrant students and immigrant
students. 2nd generation Spanish students included in this study were born in Spain,
but their parents were mostly from Eastern European countries, with both parents born
outside Spain. These students were attending a school in Burgos with a high presence of
multicultural students (more than 50% of students enrolled were foreigners or 2nd
generation Spanish students). The Spanish students of gypsy ethnicity from this sample
were attending a segregated school specifically for that ethnicity (100% of students
enrolled in this school were of gypsy ethnicity) located in a peripheral zone of Valladolid,
a city near Burgos.

Two scales, an adapted version of the Test of Science Related Attitudes (TOSRA) and
the Nature of Science Instrument (NOSI) were administered at the beginning of
the second semester of the 2015–2016 school year. Students had 60 minutes to answer
all the items individually. The first author of this study was present to ensure the
questionnaires were administered in the same way in each school. Subsequently,
some participants were randomly selected for interview, broadening the quantitative
data (n = 15). Although all students included in this sample could write and speak
fluently in Spanish (the language in which the questionnaires were administered), some
data were missing: no 2nd grade student was capable of completing the scales used in
this study, while three 3rd and two 4th graders failed to answer more than half of the
items in both scales, leaving blank answers. After discarding these cases (found in all the
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different groups considered), a total sample was obtained of 118 valid questionnaires
from 64 boys and 54 girls. Table 1 shows the gender and the school grade of valid
participants and Table 2 displays the gender and the cultural background of the valid
participants.

In order to gain richer insights and to elaborate further the quantitative findings by
allowing students whose literacy was poor to express themselves more fully, structured
interviews were carried out with several students. A qualitative sample was randomly
selected from each sample subgroup for the interviews (Patton 2002). Initially, the aim
was to select 20% of the total number of participants. However, interviews could only be
conducted at the schools during school time, a fact which considerably reduced the
available time and the potential advantages of using interviews. Therefore, the qualita-
tive sample was lower, comprising a total of 15 students enrolled in 5th and 6th grades
(12.7% of the total sample), of whose 5 were Spanish (three girls), 4 were 2nd generation
Spanish students with Romanian heritage (2 girls), and 6 were Spanish students of gypsy
ethnicity (2 girls). One Spanish girl and two Spanish boys of gypsy ethnicity that
participated in the interview were 5th graders; the rest of the qualitative sample was
formed by 6th graders. Interviews were performed from 5 to 7 days after the adminis-
tration of the quantitative scales.

3.3. Measures

3.3.1. Test of science related attitudes (TOSRA)
The first scale to be administered was the adapted Test of Science related Attitudes
(TOSRA) (Fraser 1978, 1981), used to assess seven attitudes towards science con-
structs. This scale was adapted from the original 70 items to only 14 items (2 for each
construct), which was thought more suitable for elementary students. First, all
negatively formulated items were discarded, in order to enhance the understanding
of participants. Then, from the remaining original items, two authors of this paper
independently selected four items for each attitude towards the science constructs
under consideration that were considered to be the closest to student’s maturational
stage. For example, rather than ‘Public money spent on science in the last few years
has been used wisely’ (Fraser 1981, 15), ‘Money spent on science is well worth

Table 1. Participants’ gender and school year.

Gender
3rd
grade

4th
grade

5th
grade

6th
grade Total

Male 5 11 16 32 64
Female 5 4 16 29 54
Total 10 15 32 61 118

Table 2. Participants’ gender and cultural background.

Gender Spanish
Second generation

immigrants Gypsy Spanish Total

Male 33 22 9 64
Female 34 8 12 54
Total 67 30 21 118
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spending’ was preferred, due to its shorter length and less complicated vocabulary,
especially in Spanish language. Cohen’s Kappa index was calculated, obtaining
moderate inter-ratter agreement (k = .75) on the selected items (McHugh 2012).
Finally, the items were translated into Spanish and a pilot test was performed
(n = 24; 4th grade students). Preliminary results showed student fatigue and scale
administration was time demanding, so low-reliability items (Cronbach’s α < .65)
were removed, and a few items were re-phrased to form a final version of 14 total
items (two per construct). The Cronbach’s α of the final scale administered in this
study was .80. This reduced version of the scale has already been used in the
literature with Spanish speaking students, reporting reliable results (Toma and
Greca 2018).

Attitudes towards science constructs included in the final scale were: (1) social
implications of science (e.g. ‘It is worth spending money on science so that scientists
can make new discoveries’); (2) normality of scientists (e.g. ‘Scientists are normal
people who look like anyone else’); (3) attitude to scientific inquiry (e.g. ‘It is better
to discover the answer by experimentation rather than by asking the teacher’); (4)
adoption of scientific attitudes (e.g. ‘I am curious about the things around me and the
world in which I live’); (5) enjoyment of science lessons (e.g. ‘Science is the most
interesting subject and I really like it’); (6) leisure interest in science (e.g. ‘I would like to
receive scientific materials to do experiments at home.’); and, (7) career interest in
science (e.g. ‘When I grow up, I want to study something related to science’). All items
were measured on a five-point Likert scale, ranging from ‘1 = strongly disagree’ to
‘5 = strongly agree’.

3.3.2. Nature of science instrument (NOSI)
The second scale was then administered, the Nature of Science instrument (NOSI),
developed by Hacıeminoğlu, Yılmaz-Tüzün, and Ertepınar (2012) for use with elementary
school students. This instrument measures students views related to the following NOS
tenets: (1) Observation and inferences (e.g. ‘Scientists believe that atoms exist from what
they already know, but they cannot be certain’); (2) tentative NOS (e.g. ‘Everything
scientists say in books will never change’); (3) Empirical NOS (e.g. ‘Scientists may reach
different conclusions when looking at the same data’); and (4) Creative and imaginative
NOS (e.g. ‘Science could never involve imagination and creativity because this would
result in incorrect or wrong findings’). All items were measured on a three-point Likert
scale, where ‘1 = wrong’, ‘2 = do not know’, ‘3 = right’. The same group of 4th grade
students (n = 24), as with the TORSA, participated in the pilot testing of the scale, after
which four items were re-phrased. Cronbach’s α was found to be .71, similar to the study
by Hacıeminoğlu, Yılmaz-Tüzün, and Ertepınar (2012) where Cronbach’s α was .76. In
both cases, this value can be considered acceptable for preliminary research (Nunnally
1978).

3.3.3. Structured interviews
For attitude toward science, the first part of the interview consisted of asking the
qualitative sample to elaborate on their answers to both items that relate to the
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‘Enjoyment of science lessons’, so as to examine their reasoning and to relate it to the
results obtained for this construct on the quantitative scale. Specifically, students were
asked to (1) rate and value science subjects in comparison to other school subjects,
and to (2) explain their answer to the items ‘Science is the most interesting subject and
I really like it’ and ‘We should have more science classes each week’ that examines
enjoyment of science lessons.

The second part of the interview, again seeking to gain deeper insights into
students views about the NOS, consisted of administering a questionnaire based on
the Views of Nature of Science questionnaire (Lederman et al. 2002). The ques-
tionnaire was administered orally to overcome literacy barriers derived from poor
writing abilities, especially in Spanish students of gypsy ethnicity. Only items
measuring the same dimensions as the quantitative scale (i.e. NOSI) were selected:
(1) observation and inferential NOS (i.e. ‘How do scientists develop new ideas that
explain our world?’); (2) tentative NOS (i.e. ‘After scientists have developed
a scientific theory, does that theory ever change?’); (3) empirical NOS (i.e. ‘What,
in your view, is science?’); and (4) creative and imaginative NOS (i.e. ‘Do scientists
use their creativity and imagination during their investigations?’).

3.4. Data analysis

Two types of analyses were performed. Attitudes towards science and views of NOS
scales were analyzed through descriptive and inferencial tests using the SPSS v.24
statistical software package, and the interviews were analyzed by means of conventional
content analysis (Hsieh and Shannon 2005). More specifically, in relation to the inter-
views, the transcripts were edited to facilitate analysis at sentence level. The responses
of each student were grouped, through a process of decomposition, by interview
question and similarity of response. Once the answers had been grouped under each
interview question, subgroups of answers sharing similar information among the parti-
cipants were created.

Statistical analyses were completed in three steps. First, descriptive analyses with
both scales (NOSI and TOSRA) provided simple summaries on participants and mea-
sures (i.e. mean scores and standard deviation). Second, significant differences in data
between participants by cultural background, school grades levels, and gender vari-
ables were analyzed with inferential statistics. Kolmogorov-Smirnov with Lilliefors
correction and Shapiro-Wilks tests were run on both scales and their dimensions to
calculate whether the variables were adjusted to a normal probability distribution. The
results for the variable ‘gender’ were significant (p < .001) in both tests, suggesting
a violation of the assumption of normality distribution. Therefore, the gender variable
was analyzed using non-parametric statistics, and cultural background (p = .217) and
grade level (p = .854) variables using parametric statistics.

Third, Pearson correlation and multiple regressions tests were used to measure the
inter-relations between the NOSI dimensions and the TOSRA constructs.
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4. Findings

4.1. RQ 1. What effects do gender, cultural background and school grade have
on elementary students’ attitudes towards science?

Having considered a maximum score of 5 (positive attitude) and a minimum of 1
(negative attitude), the participants of this study reported a range of indifferent to
somewhat negative attitudes towards science. Analyzing TOSRA by its constructs, the
highest scores were reported in ‘social implication of science’ and the lowest scores in
‘career interest in science’ and ‘enjoyment of science lessons’. However, the standard
deviation was quite high in both dimensions, indicating that some students were highly
interested in a scientific career and thoroughly enjoyed science lessons, while others
showed no interest at all in science careers and the science lessons were not enjoyable
for them. Table 3 reports the descriptive results from the TOSRA scale.

4.1.1. Gender
In a gender comparison, boys scored higher in attitudes towards science compared to
girls. Girls had more negative attitudes than boys in both ‘enjoyment of science lessons’
and ‘career interest in science’ dimensions. Analyzing gender effects, the Mann-Whitney
U Test indicated that boys and girls differed significantly in their attitudes towards
science as measured on the TOSRA scale. On average, boys had better attitudes towards
science than girls (U = 1347.5; p = .04; effect-size r = .19).

4.1.2. Cultural background
Comparing by cultural backgrounds, 2nd generation Spanish students reported slightly
better attitudes towards science than Spanish students and those of gypsy
ethnicity. Second generation Spanish students enjoyed science lessons more than any
others and they were also the ones who reported positive attitudes towards a career in
science. Spanish students of gypsy ethnicity were the ones that enjoyed science lessons
the least, and Spanish students showed the least interest in following a scientific career.

A one-way ANOVA was conducted to compare the effect of cultural background on
student attitudes towards Science. The results indicated that Spanish, 2nd generation
Spanish students, and Spanish students of gypsy ethnicity differed significantly in their

Table 3. TOSRA scale descriptive results.
N SI NS SI SA ES LI CI TOT

All 118 3.40 (.66)a 2.83 (.89) 2.8 (.98) 3.26 (.76) 2.32 (1.10) 2.89 (.91) 2.3 (1.10) 2.84 (.47)
Girls 54 3.30 (.70) 2.74 (.82) 2.71 (1.00) 3.16 (.88) 2.21 (1.10) 2.83 (.91) 2.18 (1.10) 2.74 (.49)
Boys 64 3.45 (.63) 2.90 (.94) 2.90 (.95) 3.35 (.63) 2.41 (1.10) 2.94 (.92) 2.47 (1.00) 2.92 (.44)
3rd graders 10 3.10 (.69) 2.65 (.63) 3.50 (.85) 3.55 (.64) 3.6 (.46) 3.70 (.54) 3.20 (.79) 3.32 (.33)
4th graders 15 3.13 (.81) 2.17 (.75) 2.83 (.98) 3.33 (.59) 3.03 (.92) 3.33 (.90) 2.40 (1.24) 2.89 (.49)
5th graders 32 3.48 (.57) 2.88 (.90) 2.48 (1.01) 3.47 (.74) 2.10 (.87) 2.95 (.79) 2.30 (1.10) 2.81 (.44)
6th graders 61 3.48 (.65) 2.99 (.89) 2.87 (.93) 3.10 (.80) 2.10 (1.10) 2.61 (.92) 2.20 (1.01) 2.76 (.46)
Spanish 67 3.43 (.65) 3.07 (.87) 2.81 (.97) 3.28 (.78) 2.22 (1.10) 2.78 (.86) 2.11 (1.04) 2.81 (.45)
Foreign 30 3.33 (.71) 2.70 (.89) 3.10 (.82) 3.38 (.69) 2.87 (1.08) 3.25 (.93) 2.95 (1.00) 3.10 (.42)
Gypsy 21 3.38 (.67) 2.30 (.68) 2.43 (1.12) 3.05 (.80) 1.86 (.84) 2.74 (.96) 2.17 (.87) 2.66 (.45)

SI (social implication of science); NS (normality of scientists); SI (attitudes to scientific inquiry); SA (adoption of scientific
attitudes); ES (enjoyment of science lessons); LI (leisure interest in science); CI (career interest in science); TOT (global
results of TOSRA scale).

aM (SD): Mean (Standard deviation).
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attitudes towards science, as measured with the TOSRA scale [F(2, 115) = 8.763; p = .000;
ηp

2 = .132]. A Bonferroni post-hoc analysis indicated that the attitudes of 2nd generation
Spanish students towards science were significantly more positive than the attitudes of
both Spanish and Spanish students of gypsy ethnicity. However, no significant differ-
ences were found between the attitudes of these two groups towards science.

An in-depth scale analysis reported significant differences in three attitudes towards
science constructs: Spanish, 2nd generation Spanish students and Spanish students of
gypsy ethnicity differed significantly in their attitudes towards ‘normality of scientists’
[F (2, 115) = 7.574; p = .001; ηp2 = .116], ‘enjoyment of science lessons’ [F (2, 115) = 6.574;
p = .002; ηp

2 = .103] and ‘career interest in science’ [F (2, 115) = 7.588; p = .001; ηp
2 = .117]. A Bonferroni post-hoc analysis indicated that the attitudes of Spanish students
towards ‘normality of scientists’ was significantly more positive than the attitudes of
students of gypsy ethnicity; that the attitudes of 2nd generation Spanish students
towards ‘enjoyment of science lessons’ were significantly more positive than the atti-
tudes of Spanish and Spanish students of gypsy ethnicity; and that the attitudes of 2nd
generation Spanish students towards ‘career interest in science’ were significantly more
positive than the attitudes of Spanish and Spanish students of gypsy ethnicity. The
Bonferroni Post-hoc results are reported in Table 4.

4.1.3. School grade
A one-way ANOVAwas conducted to compare the effect of grade level on student attitudes
towards science. The results indicated that student attitudes towards science measured on

Table 4. Bonferroni post-hoc results for TOSRA scale according to participants cultural background.
Dependent
variable

Cultural
background (I)

Cultural
background (J)

Mean
Difference Std. Error p. value

TOT Spanish Foreign −.27 1 .022
Gypsy .26 .11 .068

Foreign Spanish .27 1 .022
Gypsy .52 .13 .000

Gypsy Spanish −.26 .11 .068
Foreign −.52 .13 .000

NS Spanish Foreign .40 .19 .098
Gypsy .78 .21 .001

Foreign Spanish −.40 .19 .098
Gypsy .38 .24 .346

Gypsy Spanish −.78 .21 .001
Foreign −.38 .24 .346

ES Spanish Foreign −.64 .23 .017
Gypsy .37 .26 .478

Foreign Spanish .64 .23 .017
Gypsy 1 .29 .003

Gypsy Spanish −.37 .26 .478
Foreign −1 .29 .003

CI Spanish Foreign −.84 .22 .001
Gypsy −.05 .25 1

Foreign Spanish .84 .22 .001
Gypsy .78 .29 .021

Gypsy Spanish .05 .25 1
Foreign −.78 .29 .021

TOT (global results of TOSRA scale); NS (normality of scientists); ES (enjoyment of science lessons); CI (career interest in
science)
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the TOSRA scale differed significantly across different grade levels [F (3, 114) = 4.62; p = .004;
ηp

2 = .108]. A Bonferroni post-hoc analysis indicated that the attitudes towards science of
students in the 3rd grade were significantly more positive than the attitudes of students in
5th and 6th grades.

Further analysis showed that, according to grade levels, student attitudes
towards ‘normality of scientists’ [F (3, 114) = 3.879; p = .011; ηp

2 = .093], ‘scientific
inquiry’ [F (3, 114) = 3.058; p = .031; ηp

2 = .074], ‘enjoyment of science lessons’ [F (3,
114) = 10.554; p = .000; ηp

2 = .217], ‘leisure interest in science’ [F (3, 114) = 6.504;
p = .000; ηp

2 = .146] and ‘career interest in science’ [F (3, 114) = 2.722; p = .048;
ηp

2 = .067] differed significantly. A Bonferroni post-hoc analysis showed that the
attitudes of 6th graders towards ‘normality of scientists’ was significantly more
positive than the attitudes of 4th graders; that the attitudes of students in the 3rd
grade towards ‘scientific inquiry’ was significantly more positive than the attitudes of
5th graders; that students in the 3rd grade enjoyed significantly more science lessons
than 5th graders and 6th graders, and the same was true between 4th graders and
5th and 6th grade students; that the attitudes of 3rd graders towards ‘leisure interest
in science’ were significantly more positive than the attitudes of 6th grade students,
and the same held true between the attitudes of students in their 4th and in their
6th grade; and finally, that the attitudes of students in the 3rd grade towards ‘career
interest in science’ were significantly more positive than the attitudes of students in
their 6th grade. The Bonferroni Post-hoc results are reported in Table 5.

4.1.4. Summary of research question 1
In relation to the first research question, the results show that gender, age and cultural
background variables have a significant impact on students’ attitudes towards science,
favouring students in lower grades of elementary education, 2nd generation Spanish
students, and boys in general, who have shown more favourable attitudes towards
science, especially in the ‘enjoyment of science lesson’ attitudinal construct.

Given the low number of students that were interviewed, the interview findings cannot
be linked with any significance to gender, grade level or cultural background variables.
However, they are presented in order to offer further insight into some aspects of the TOSRA
scale. Thus, only the interview results related to the construct ‘enjoyment of science lessons’
are reported here, because attitudes towards the enjoyment of science lessons are far less
positive as grade level increases, so much so that none of the participants interviewed
(n = 15) confessed to enjoying their science lessons. Most students (n = 11) said that the
science subject was their least favourite and that they were not on good terms with their
science teachers. Arguments against science as a subject were: science lessons are boring
(10 out of 15 students), a lot of homework (12 out of 15 students), and no experimentation
or practical activities during lessons (12 out of 15 students). Three students reported that
they usually carried out experiments at school. However, these experiments were either very
simple, consisted of only watching the teacher performing the experiment, or involved
‘things that I have already done at homewhen I was a child’. Finally, some students said that
they would like to go to science laboratory instead of studying science in their conventional
classroom setting. These further insights from the interview tend to support a view that
science teaching at elementary level in this sample of schools in Spain is still very traditional
and teacher-centred.
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4.2. RQ 2. What effects do gender, cultural background, and elementary school
grade level have on views of NOS among elementary students?

According to the NOSI scale, participants are poorly informed about NOS-related con-
structs. Regarding the NOSI-related dimensions, more informed views of NOS were
obtained in the empirical NOS dimension and more naïve views in the tentative NOS
construct. Table 6 reports the descriptive results from the NOSI scale.

4.2.1. Gender
Boys scored lower on NOS constructs compared to girls. The Mann-Whitney U test
showed no significant differences in NOS views by student gender when measured on
the NOSI scale (U = 1650; p = .671; effect-size r = −.03). However, analyzing each NOSI
scale construct, the results showed that girls had significantly more informed views of
empirical NOS than boys (U = 1336.5; p = .026; effect-size r = .19).

Table 5. Bonferroni Post-Hoc results for TOSRA scale according to participants grade level.
Dependent
Variable

Grade
(I)

Grade
(J)

Mean
Difference

Std.
Error

p.
value

Dependent
Variable

Grade
(I)

Grade
(J)

Mean
Difference

Std.
Error

p.
value

TOT 3rd 4th .43 .18 .124 ES 3rd 4th .57 .40 .933
5th .52 .16 .012 5th 1.52 .35 .000
6th .56 .15 .002 6th 1.53 .33 .000

4th 3rd −.43 .18 .124 4th 3rd −.57 .40 .933
5th .08 .14 1 5th .96 .30 .013
6th .13 .13 1 6th .97 .28 .005

5th 3rd −.52 .16 .012 5th 3rd −1.52 .35 .000
4th −.08 .14 1 4th −.96 .30 .013
6th .05 1 1 6th .01 .21 1

6th 3rd −.56 .15 .002 6th 3rd −1.53 .33 .000
4th −.13 .13 1 4th −.97 .28 .005
5th −.05 1 1 5th −.01 .21 1

NS 3rd 4th .48 .35 1 LI 3rd 4th .37 .35 1
5th −.23 .31 1 5th .75 .31 .105
6th −.34 .29 1 6th 1.09 .29 .002

4th 3rd −.48 .35 1 4th 3rd −.37 .35 1
5th −.71 .27 .057 5th .38 .27 .948
6th −.83 .25 .007 6th .72 .25 .026

5th 3rd .23 .31 1 5th 3rd −.75 .31 .105
4th .71 .27 .057 4th −.38 .27 .948
6th −.12 .19 1 6th .34 .19 .434

6th 3rd .34 .29 1 6th 3rd −1.09 .29 .002
4th .83 .25 .007 4th −.72 .25 .026
5th .12 .19 1 6th −.34 .19 .434

SI 3rd 4th .67 .39 .540 CI 3rd 4th .80 .42 .366
5th 1 .35 .024 5th .90 .38 .106
6th .63 .33 .332 6th 1 .35 .032

4th 3rd −.67 .39 .540 4th 3rd −.80 .42 .366
5th .35 .30 1 5th .10 .32 1
6th −.04 .28 1 6th .20 .30 1

5th 3rd −1 .35 .024 5th 3rd −.90 .38 .106
4th −.35 .30 1 4th −.10 .32 1
6th −.38 .21 .407 6th .10 .23 1

6th 3rd −.63 .33 .332 6th 3rd −1 .35 .032
4th .04 .28 1 4th −.20 .30 1
5th .38 .21 .407 6th −.10 .23 1

TOT (global results of TOSRA scale); NS (normality of scientists); SI (attitudes to scientific inquiry); ES (enjoyment of
science lessons); LI (leisure interest in science); CI (career interest in science)
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4.2.2. Cultural background
NOS constructs were very similar between participants with different cultural back-
grounds, with the Spanish students obtaining slightly higher scores. A one-way
ANOVA was conducted to compare the effect of cultural background on students’
views of NOS, obtaining that cultural background variables have not a significant impact
on students NOS views, neither in the overall score nor in each NOSI dimensions [F(2,
115) = .150; p = .861; ηp

2 = .003].

4.2.3. School grade
Views on NOS remained very similar across grade levels, with a slight decrease in scores
in the older grade levels. Interestingly, as the grade level increased, students gave lower
ratings to the tentativeness of science and rated its empirical character more highly.
Table 4 shows the descriptive results for the NOSI scale. A one-way ANOVA was
conducted to compare the effect of grade level on student views of NOS. No effect of
grade level on student views of NOS was found [F (3, 114) = .570; p = .636; ηp

2 = .015].
However, separate analysis of each NOSI dimension, by grade levels, showed that views
of the tentative NOS construct differed significantly among students [F (3, 114) = 5.615;
p = .0001; ηp

2 = .129). Thus, the Bonferroni post-hoc test reported that the tentative
views of NOS among students in the 3rd grade were significantly more informed than
the views of students in the 5th and 6th grade. The Bonferroni Post-hoc results are
reported in Table 7.

4.2.4. Summary of research question 2
In relation to the second research question, the results show that gender and
school year have a significant impact on student’s views of NOS. Cultural backgrounds
variables have found to not significantly impact students’ NOS views. Thus, girls have
more informed views about the empirical aspect of NOS and that students developed
more naïve views about the tentative aspect of NOS as grade level increase. Content
analysis of student responses during the interview supported the naïve views of NOS
reflected on the NOSI scale. In relation to empirical NOS (i.e. ‘What, in your view, is
science?’), students held mixed views and considered science as a tool used by people to
learn about the world and nature. Students’ defined science as ways used to ‘learn about
nature, plants and trees’, to ‘make discoveries’ or to ‘investigate things that are very

Table 6. NOSI scale descriptive results.
N Observation & inferences Tentative Empirical Imagination & creativity Total

All 118 2.22 (.48)a 1.99 (.63) 2.62 (.41) 2.10 (.29) 2.20 (.22)
Girls 54 2.14 (.49) 1.96 (.58) 2.70 (.39) 2.10 (.31) 2.21 (.22)
Boys 64 2.30 (.47) 2.01 (.65) 2.55 (.41) 2.10 (.27) 2.20 (.21)
3rd graders 10 2.15 (.53) 2.57 (.45) 2.20 (.55) 2.10 (.30) 2.23 (.22)
4th graders 15 1.97 (.35) 2.27 (.59) 2.29 (.47) 2.10 (.40) 2.16 (.23)
5th graders 32 2.22 (.46) 1.84 (.52) 2.73 (.30) 2.19 (.26) 2.24 (.22)
6th graders 61 2.30 (.50) 1.90 (.63) 2.72 (.33) 2.01 (.25) 2.19 (.21)
Spanish 67 2.28 (.44) 1.84 (.61) 2.73 (.34) 2.08 (.28) 2.21 (.20)
Foreign 30 2.27 (.54) 2.12 (.58) 2.40 (.50) 2.07 (.31) 2.19 (.26)
Gypsy 21 2.00 (.50) 2.25 (.59) 2.60 (.36) 2.07 (.30) 2.22 (.20)

aM (SD): Mean (Standard deviation).
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difficult for most people’. Student responses to observation and inferential NOS and to
creative and imaginative NOS revealed naïve constructs. For example, the answers of
respondents to the interview questions ‘How do scientists develop new ideas that
explain our world?’, and ‘Do scientists use their creativity and imagination during their
investigations?’, students consistently referred to experimentation as the basis of scien-
tific knowledge and that experiments are performed following some specific steps and
techniques that are unique to scientists and that must be learned before becoming
a scientist. For example, one student said that scientists ‘look at some cells of an animal
to see if they can invent a medicine or something to cure diseases. They go to their
laboratories; when they discover something, they call everybody’. Another participant
argued that scientists ‘use animals as guinea pigs to make medicines’. Finally, students
consider scientific knowledge as ‘discoveries never seen before’ and that ‘no one knows
about’, which suggest naïve conceptions because it considers science as mysterious
discovering or objective truths that are not influenced by social, cultural or personal
aspects like creativity or imagination.

4.3. RQ 3. To what extent do attitudes towards science relate to views of NOS?

A Pearson correlation was performed to establish whether student attitudes towards
science and their views of NOS were related: no significant relation [r(118) = .225,
p > .05] was found. A multiple regression was conducted to see whether NOS constructs
could predict students’ attitudes towards science. Here, it was found that student views
of NOS explained a non-significant amount of the variance in student attitudes towards
science [F = (4, 113) = 1.158, p = .333; R2adjusted = .005). The analysis showed that none of
the NOSI scale dimensions do significantly predict the values of student attitudes
towards science: empirical NOS (Beta = −.076; t(−.811); p = .419); observation and
inferential NOS (Beta = .128; t(1.375); p = .172); tentative NOS (Beta = .105; t(1.117);
p = .266); and creative and imaginative NOS (Beta = .031; t(.335); p = .739).

5. Discussion

This study reports results related to students’ attitudes towards Science and their
views of Nature of Science according to gender, cultural background and grade level

Table 7. Bonferroni post-hoc results for tentative NOS dimension according to partici-
pants grade level.

Grade (I) Grade (J) Mean Difference Std. Error p. value

3rd graders 4th graders .30 .24 1
5th graders .73 .21 .004
6th graders .67 .20 .007

4th graders 3rd graders −.30 .24 1
5th graders .43 .18 .116
6th graders .37 .17 .192

5th graders 3rd graders −.73 .21 .004
4th graders −.43 .18 .116
6th graders −.07 .13 1

6th graders 3rd graders −.67 .20 .007
4th graders −.37 .17 .192
5th graders .07 .13 1
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variables. Taken together, these results suggest that gender, cultural background, and
school grade had an impact on student attitudes towards science. For example, boys
from this sample had better attitudes towards science than girls; 2nd generation
Spanish students reported more enjoyment of science lessons and more interest in
science-related careers than Spanish and Spanish students of gypsy ethnicity; and at
higher grade levels, student attitudes towards science decreased, especially after 3rd
grade of elementary education. Specifically, students from higher grade level reported
less enjoyment of science lessons, less interest in science-related activities during
leisure time, and fewer aspirations to follow a scientific career. However, the effect
size of the differences was small in all cases. This result suggests that in our sample,
gender, cultural background and school grade variables do not have as much impact
on student attitudes towards science as might be expected or reported in other
studies (DeWitt and Archer 2015; Khishfe and Boujaoude 2014). However, gender
results from this study are similar to previous results obtained in the literature
showing better attitudes towards science in boys (Caleon and Subramaniam 2008;
De Pro Bueno and Pérez Manzano 2014; Denessen et al. 2015; DeWitt and Archer
2015; George 2006; Hacıeminoğlu 2016; Vázquez Alonso and Manassero-Mas 2008).
Nevertheless, the differences found in this study between students’ attitudes are not
as great as in the studies cited above. As for cultural background, the results reported
in this study relating to 2nd generation Spanish students are similar to those pre-
viously reported in the literature showing that ethnic minority students have better
attitudes towards scientific careers (DeWitt and Archer 2015). However, it must be
highlighted that the cultural background and the nationality of the students included
in this study differ from those students in the DeWitt and Archer (2015) study;
therefore, this comparison should be made with caution until new research can
further clarify these findings. Still, in this study, the attitudes of 2nd generation
Spanish students towards scientific careers in this sample appear to confirm that
students from developing countries have higher science-related aspirations (2nd
generation Spanish students from our sample were mostly from east-European coun-
tries: e.g. Romania, Bulgaria), as stated previously by Khishfe and Boujaoude (2014).

The results of attitudes towards science according to grade level are similar to
previous results in the literature, confirming the steady decline in positive attitudes
towards Science as grade levels increase (Akpinar et al. 2009; Ali et al. 2013; Denessen
et al. 2015; DeWitt and Archer 2015; George 2006; Said et al. 2016; Vázquez Alonso and
Manassero-Mas 2008). Participants studying elementary grades in Spain appear not to
enjoy science lessons, in a similar way to UK students (DeWitt and Archer 2015). The
interview results showed dissatisfaction among elementary students in relation to
science teaching methodology and the activities performed during science lessons.
This finding is similar to Hacıeminoğlu’s (2016) study where the author stated that
rote-learning might lead to negative attitudes towards science. So, although children
appeared to begin school with positive attitudes towards science, as they progressed
in schooling, they began to lose interest, probably due to traditional science-teaching
methodology that is teacher-centered and that relies mainly on textbooks and ‘chalk-
and-talk’ methods.

Regarding NOS, this study has shown that gender and cultural background have no
effect on student views of NOS. In general, students included in this study showed naïve
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views of NOS, similar to those obtained by previous studies (e.g. Yoon, Suh, and Park 2014;
Quigley, Pongsanon, and Akerson 2010). Comparing this results with other studies using
the NOSI instrument (Hacıeminoğlu, Yılmaz-Tüzün, and Ertepınar 2012), sixth-grader
Spanish students held views on NOS that were more informed than the views of Turkish
students in terms of ‘Empiricism’ and ‘Observation and Inference’ and more naïve in terms
of ‘Tentativeness’ and ‘Imagination and Creativity’. An interesting result from our study
is that, although no significant differences were found in students general NOS views
based on grade level, students from upper grades had less informed views on ‘tentative’
NOS than students from lower grades, which may be a result of the use of traditional
teaching strategies and teachers lack of NOS knowledge. As stated in previous studies that
explored NOS instruction for improving student understanding of NOS (i.e. Akerson and
Donnely 2010; Akerson et al. 2014; Abd-El-Khalick et al. 2015), NOS constructs are more
likely to change when explicit-reflective NOS strategies are used during science lessons.
However, in Spain, elementary teachers do not have specific training in science, and their
knowledge of scientific issues and science-teaching strategies is very limited
(García-Carmona and Acevedo Díaz 2016; Toma, Greca, and Meneses Villagrá 2017;
Vázquez-Alonso et al. 2014). Given this lack of knowledge, teachers are unlikely to include
more informed NOS views during their science lessons, which may contribute to no
improvements in the naïve NOS views of students throughout elementary education.

According to the correlation analysis, there seems to be no relation between student
views of Nature of Science and their attitudes towards Science. Although the results are
inconclusive, it seems that both attitudes towards Science and NOS views develop
independently throughout Elementary education grades. Further studies should explore
this relationship including a more representative sample and also specific NOS and
attitudes instruments developed and validated using Spanish-speaking students in
order to obtain more valid and reliable results.

There are some limitations that may be found in this study. First, the sample was quite
small and students’ distribution by grade level and cultural background was irregular.
A larger sample, with similar numbers of students at each grade level and from each cultural
background would be preferable. The authors also acknowledge that grouping students
according to cultural background may be limited, especially in the case of 2nd generation
Spanish students. Future investigation is suggested to address this limitation. Second, the
greater part of the data was collected from responses to self-administered scales, which may
not be ideal for lower grade students. An attempt was made to overcome this limitation by
performing interviews with selected students. However, due to their availability and the
time constraints imposed by school centres, the authors were unable to take maximum
advantage of the interviews. Even so, the results from the interviews appear to support the
results obtained from the self-administrated questionnaires.

6. Implications for science education

There are several implications for Science education that are linked to this study. Firstly,
there is concern over the steady decline in positive attitudes towards science that
elementary students experience as they become older and their grade-levels at school
increase. In this regard, numerous studies have pointed to the need for more active
teaching pedagogies. A meta-analysis revealed that problem-based learning is an
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effective teaching strategy for fostering positive attitudes towards school science among
students (Demirel and Dağyar 2016). More recently, Hellgren and Lindberg (2017)
concluded that authentic experiences that create opportunities for students to connect
school science contexts to authentic science may improve the motivation of students
towards learning science.

Secondly, gender inclusion strategies to reduce the gender gap (Scutt et al. 2013)
should be included during science classes. Many studies argue that Science pedagogy
and curricula need to be adapted in order to address the interests and learning methods
of girls and to improve their self-efficacy in Science (Baker 2013). Jones et al. (2000)
pointed out that girls are less competitive than boys, tend to follow the instructions of
the teacher and classroom guidelines more than boys, and that girls may benefit more
from cooperative-based learning activities. Additionally, gender discrepancies in science
education are more likely to be reduced by offering similar experiences and opportu-
nities to both girls and boys, and by engaging them in laboratory-type and hands-on
activities (Cavallo and Laubach 2001). Also, gender-inclusive science curricula tend to
include real-life context-based activities that foster collaboration and communication
between peers in supportive environments, as pointed out by Brotman and Moore
(2008) in their review of science education literature related to the inclusion of girls in
science. Additionally, preventive educational measures should be adopted to assist girls
from an early age in shaping their self-efficacy, academic performance and expectations
of success in science, and in improving their scientific identity through mentoring
programs and exposure to scientific role models (Cadaret et al. 2017).

Thirdly, teachers should plan science lessons acknowledging the differences that arise
from cultural and gender variables between students, otherwise science reforms may not
fit all student needs. For example, science teachers should foster inclusive participation of
both boys and girls, ensuring that girls do not feel inhibited by boys and feel that they can
participate in hand-on activities (Parker and Rennie 2002). In addition, teachers should not
pass on unconscious messages about gender expectations in science achievement, as past
research reported that teachers’ expectations influence girls’ performance (Elwood 2005)
and they also should plan their classes attending to the possible existing differences in
learning between boys and girls. For example, Chetcuti (2009) found that science teachers
consider that boys tend to be more participative and engage more in hands-on activities,
and that girls are less competitive and prefer to actively listen to explanations. In relation
to culturally inclusive science teaching, Yoon, Kim, and Martin (2016) proposed a culturally
inclusive science teaching model (CIST) that could be used in classes with culturally and
linguistically diverse students as found in this study.

Finally, the results of this study have stressed the need to improve knowledge of the
Nature of Science from early educational grades. In this regard, there is evidence on the
effectiveness of an explicit-reflective instruction approach for this matter (Akerson and
Donnely 2010; Akerson et al. 2014; Cakici and Bayir 2012; Abd-El-Khalick et al. 2015;
Khishfe 2008; Quigley, Pongsanon, and Akerson 2010).

7. Conclusions

The aim of this study was to contribute to the efforts in determining the influence of
cultural background, gender, and grade-level on the attitudes of elementary students

510 R. B. TOMA ET AL.



towards science and on their views of NOS. Identifying and understanding the relation-
ship between these traits will be vital for attaining scientific literacy for all students.

Finally, the need to investigate the attitudes of elementary school students towards
science in greater depth has also been stressed, especially attitudinal constructs related
to the enjoyment of science lessons and leisure interests in science; two constructs that
assist scientific and technological vocation and that may awaken science-related career
aspirations.
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El propósito de este estudio fue identificar las dificultades que presentan maestros en formación para elaborar
programaciones  didácticas  de  ciencias  naturales  para  educación  primaria  utilizando  una  metodología  de
indagación. Se analizan 157 unidades didácticas, primero clasificándolas atendiendo al grado de indagación que
proponen. En aquellas con tipología más indagatoria, se identifican los componentes principales del proceso
indagatorio  que  contienen,  siguiendo  una  rúbrica  elaborada  a  partir  del  protocolo  ‘Reformed  Teaching
Observation Protocol’  (RTOP).  Los resultados muestran que solamente un tercio de las unidades didácticas
permitirían desarrollar una indagación, y parecen indicar que muchos estudiantes tienden a concebir la indagación
como un quehacer práctico en el laboratorio, descontextualizado en la mayoría de las ocasiones, existiendo una
dicotomía entre lo que recoge el marco teórico y la praxis que plantean los futuros docentes.

Palabras clave: Metodología de indagación, formación inicial de maestros, ciencias en primaria, unidades didácticas.

Elementary pre-service teachers’ difficulties for designing science-teaching units by inquiry

The purpose of  this study was to identify  the difficulties  that pre-service teachers show to develop science
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Introducción

La metodología didáctica basada en la indagación, cuyo rasgo característico es el papel activo
de los estudiantes  involucrados en actividades enfocadas a la resolución de problemas para
aprender sobre ciencias y sobre la naturaleza de las ciencias, se propone como un elemento
central para la reforma de la enseñanza de las ciencias naturales (American Association for the
Advancement  of  Science  1993;  Artigue,  Baptist,  Dillon,  Harlen  y  Léna  2010;  National
Research  Council  2000;  Rocard,  Csermely,  Jorde,  Lenzen,  Walwerg-Henriksson  y  Hemmo
2007).  Esta metodología permitiría  abandonar las concepciones repetitivas,  fragmentadas y
memorísticas, fruto del enfoque tradicional basado en el libro de texto como principal material
didáctico en las aulas de primaria (Cañal, Criado, García-Carmona y Muñoz 2013; García y
Martínez 2003). Sin embargo, la realidad muestra una muy discreta - casi inexistente- presencia
de la indagación en las aulas de ciencias (Confederación de Sociedades Científicas de España
2011; Escobar y Vílchez 2006; Osborne y Dillon 2008). 
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Además, las no poco erróneas percepciones sobre la indagación por parte del profesorado
favorecen la dicotomía entre su práctica docente y la correcta aplicación de esta estrategia
didáctica (Crawford 1999; Roth, Boutonneâ, Mcrobbie, y Lucas 1999; Windschitl, Thompson
y Braaten 2008). Así, por ejemplo, se considera el debate de ideas como el principal elemento
de la indagación (Carnes 1997), desviarse de la planificación curricular como símil de indagar
(Keys y Kennedy 1999) o confundir estar involucrado y activo físicamente con estar motivado
y activo intelectualmente (Couso 2014). 

Para que los maestros en formación puedan aplicar correctamente esta metodología deben
disponer  de  conocimientos  apropiados,  es  decir,  que respondan a  las  cinco características
esenciales  de  la  indagación,  descritas  en  el  informe  de  referencia  del  National  Research
Council  (NRC 2012).  Por  tanto,  los  maestros  en  formación  poseerán  los  conocimientos
necesarios para utilizar esta metodología en sus clases en la medida en que consigan plantear
preguntas científicamente orientadas, que permitan a sus alumnos desarrollar explicaciones a
partir  de  evidencias  empíricas  y  ser  capaces  de  comunicarlas  y  justificarlas.  Además,  las
explicaciones de los alumnos deberán poder ser conectadas con el conocimiento científico y, a
su vez, con el currículo de ciencias. En la literatura, ya encontramos varias propuestas para la
formación de maestros en la metodología de la indagación, tanto a nivel internacional como
en España (Cortés y Gándara 2006; Gil, Martínez, De la Gándara, Calvo y Cortés 2008; Gil y
Martínez, 2005; Martínez Chico, López Gay y Jiménez 2013; Martínez Chico, Jiménez Liso y
López  Gay  2015;  Vílchez  González  y  Bravo  Torija  2015).  En  general,  los  maestros  en
formación  valoran  positivamente  estas  propuestas,  a  pesar  de  sus  déficits  iniciales.  Sin
embargo,  aún son escasos  los  estudios  que  muestren  las  dificultades  que  presentan  estos
mismos maestros en formación para implementar esta metodología en las aulas de ciencias de
la escuela primaria. 

Un primer paso en este sentido consiste en estudiar si son capaces de diseñar programaciones
didácticas  acordes  con  esta  metodología  didáctica.  Aunque  del  diseño  a  la  efectiva
implementación hay un largo camino, es el primer paso. Por ello, el objetivo de este trabajo es
identificar el dominio que tienen los estudiantes del Grado de Maestro en Educación Primaria
sobre la metodología que nos ocupa, a partir del análisis de las Unidades Didácticas (U.D.) que
elaboraron durante el curso académico 2013-2014, en la asignatura ‘Investigación e Innovación
en  el  aprendizaje  del  Conocimiento  del  Medio’  en  la  que  se  trabaja  explícitamente  la
metodología  de  la  indagación.  Para  ello,  primero  presentaremos  lo  que  entendemos  por
indagación, así como el contexto de formación en didáctica de las ciencias experimentales de
los estudiantes analizados.

Fundamentación teórica 

Para  los  maestros,  dada su  limitada  formación en y  sobre  ciencias  (Abell  2007)  cualquier
reforma metodológica  en esta  área,  que vaya  más  allá  del  uso del  libro  de texto,  implica
muchos  desafíos.  Además,  para  el  caso  particular  de  la  metodología  de  la  indagación,  la
mayoría de los maestros no han tenido la oportunidad de aprender ciencias a través de su uso
o  realizar  investigaciones  científicas  y  no  disponen  del  conocimiento  y  las  habilidades
necesarios para utilizarla de forma reflexiva y adecuada en el aula. De hecho, los resultados de
la investigación (entre otros, Cañal 2000; Greca 2016; Murphy, Neil y Beggs 2007; Porlán,
Martín, Rivero, Harres, Azcárate y Pizzato 2010) muestran que, en general, los maestros tienen
puntos de vista de y sobre las ciencias a menudo incompatibles con las concepciones que
aparecen  en  la  investigación  y  en  las  propuestas  de  reforma:  un  conocimiento  científico
fragmentado,  superficial  y  poco  sólido,  tanto  conceptual  como  procedimental  y  una
concepción empírico-inductivista de la naturaleza de la ciencia, que les lleva a enseñar ciencias
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en  primaria  mayoritariamente  de  forma  tradicional,  con  el  libro  de  texto  como principal
recurso. 

Antes  de  avanzar,  es  necesario  definir  qué  es  lo  que  entendemos  por  metodología  de
indagación en la enseñanza de las ciencias, dado existen diferentes interpretaciones. Nosotros
hemos adoptado la  que plantea  el  National  Research Council  (NRC 2000,  2012),  con los
siguientes componentes:

a)  Los  saberes,  eventos  o  fenómenos  abordados  deben  poseer  un  interés  científico  que
conecte con los conocimientos propios de los alumnos, y que les cree un conflicto cognitivo
que impulse el desarrollo de sus ideas previas.

b) Los alumnos deben involucrarse en experiencias manipulativas que entrañen la formulación
y  comprobación  de  hipótesis,  la  resolución  de  problemas  reales,  y  la  generación  de
explicaciones del fenómeno estudiado a partir del análisis y la interpretación de datos y la
síntesis de ideas propias.

c)  Durante  el  proceso  de  indagación  es  necesario  que  los  alumnos  construyan  modelos,
aclaren  conceptos  y  amplíen  conocimientos  y  habilidades  aplicables  a  otras  situaciones,
además  de  ir  aprendiendo  también  algunos  elementos  centrales  sobre  la  forma  de  hacer
ciencia.  

d) Debe haber una revisión conjunta entre el alumnado y el profesorado para evaluar el qué y
el cómo se ha aprendido.

Desde  esta  perspectiva,  el  uso  de  la  metodología  de  la  indagación  no  implica  solamente
potenciar el desarrollo de “destrezas indagativas”, sino también contenidos conceptuales de
ciencia (leyes, teorías y modelos) y contenidos sobre la naturaleza de la ciencia. En relación a
los modelos, cabe resaltar que están, salvo algunas excepciones, ausentes de la enseñanza en la
escuela primaria, tanto porque persisten las ideas de que a los niños sólo debe enseñárseles los
componentes más simples (Schauble, Glaser, Duschl, Schulze, y John 1995) así como a las
propias dificultades de los maestros (Anderson 2002; Hayes 2002).

Los  maestros  en  formación,  igual  que  los  que están  en  activo,  presentan  semejantes
concepciones inadecuadas sobre la naturaleza de la ciencia (Campbell y Bohn 2008; Guisasola
y Morentin 2007; Windschitl 2002;): una visión positivista y un énfasis en la ciencia como
producto. Sin embargo, algunas investigaciones muestran que pueden llegar a puntos de vista
congruentes con los articulados por los especialistas, si participan en auténticas investigaciones
científicas como parte de su formación (Haefner y Zembal-Saul 2004; Seung,  Park y Jung
2014; Windschitl 2002). 

No  obstante,  desarrollar  mejores  comprensiones  sobre  contenidos  científicos  o  sobre  el
quehacer científico no garantiza que los maestros en formación puedan ser capaces de diseñar
U.D. basadas en esta metodología sin percepciones erróneas acerca de su uso en el aula de
primaria.  Recordemos  que  el  diseño  de  unidades  didácticas  se  constituye  en  el  elemento
central de los docentes para la implementación efectiva del currículo (Brown 2009; Remillard
2005), cuando, al usar sus recursos personales (conocimientos, creencias, identidades, entre
otros)  interactúan  con  el  material  curricular  disponible,  interpretándolo,  criticándolo,
seleccionándolo y  adaptándolo.  En el  caso del  diseño de U.D. por  indagación los  futuros
maestros parten en general  de recursos curriculares (libros,  experiencias  en internet,  entre
otros)  insuficientes  o  de  nivel  muy  dispar  que  deberían  modificar  usando  sus  recursos
personales,  que  incluyen  en  general  un  dominio  limitado  de  la  materia  y  sus  propias
concepciones de lo que entienden por indagación. De hecho, investigaciones previas muestran
que  los  docentes  en  formación  tienen  dificultades  para  articular  diseños  que  estén  en
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consonancia con una metodología de indagación, lo que les impide luego ponerlos en práctica
(Abell 2007; Blumenfeld y Krajcik 2000; Davis, Petish y Smithey 2006; Seung,  Park y Jung
2014; Zembal-Saul, Blumenfeld y Krajcik 2000). 

Contexto y antecedentes

Al  planificar  la  programación  de  las  asignaturas  obligatorias  del  área  de  didáctica  de  las
ciencias experimentales del Grado en Maestro de Educación Primaria de la Universidad de
Burgos, partimos del supuesto que si los estudiantes pueden experimentar de forma positiva
indagaciones en su aprendizaje en ciencias es más probable que las repliquen en su docencia.
Nuestra propuesta de formación consta de tres asignaturas. Los principales objetivos de las
dos primeras, de segundo y tercer curso respectivamente, son conseguir que los estudiantes
adquieran un mínimo de conocimientos científicos estructurantes, una visión más actual sobre
la naturaleza de las ciencias y, sobre todo, una forma diferente de entender su enseñanza, a
partir del uso de diferentes metodologías innovadoras propuestas en la literatura (Greca, Díez
Ojeda y Meneses Villagrá 2016). En la última disciplina, realizada durante el primer semestre
del  cuarto curso,  se trabaja  y utiliza únicamente la  metodología de la  indagación.  En esta
asignatura se proponen a los estudiantes situaciones problemáticas abiertas que deben abordar
siguiendo los procesos que caracterizan una indagación científica, trabajando en forma grupal.
Las  problemáticas,  que  contemplan  diversos  contenidos  científicos, están  pensadas  para
profundizar en un nivel correspondiente al inicio del Bachillerato. Durante cinco semanas, los
estudiantes  analizan  la  situación  problemática  e  identifican  dos  o  tres  problemas  más
concretos  que  puedan  ser  resueltos  de  forma  experimental,  emiten  hipótesis  y  hacen
predicciones, planifican los diseños experimentales, utilizan instrumentos y analizan los datos
obtenidos,  relacionándolos  con  los  modelos  científicos  correspondientes,  establecen
conclusiones y buscan nuevas aplicaciones relacionadas con el conocimiento construido. Una
vez  realizado  el  trabajo  experimental,  deben  dar  respuesta  a  los  problemas  abordados
elaborando un informe escrito, basándose en la evidencia empírica obtenida. 
Nuestra pretensión principal, con esta formación, es ayudar a que nuestros estudiantes, futuros
maestros, aprendan a pensar científicamente (NRC 2012), para lo cual consideramos necesario
el trabajo indagatorio que realizan en el aula y su comunicación, pues a través del  mismo
pueden  llegar  a  ser  capaces  de  construir,  evaluar  y  utilizar  explicaciones  científicas,
modelizando y argumentando (Couso 2014), así como participar en prácticas y discursos de la
ciencia. Paralelamente a este trabajo experimental, en las clases teóricas se reflexiona junto con
los  estudiantes  sobre  los  diferentes  componentes  de  esta  metodología,  que  ellos  están
utilizando, así como la forma de su aplicación en clases de primaria. Durante las tres últimas
semanas de la asignatura, los estudiantes diseñan, de forma individual, una secuencia didáctica
para la  escuela  primaria,  usando la  metodología de  indagación sobre algún tema que esté
incluido dentro del currículum de este nivel.
En una encuesta contestada por el grupo que realizó esta asignatura por primera vez (ver
Greca, Meneses y Díez Ojeda 2016) los estudiantes declararon, de forma casi unánime, que
después de la indagación mejoraron sus conocimientos procedimentales y conceptuales, y la
mitad manifestó haber mejorado su imagen de ciencia, que pasó a ser percibida como más
cercana  e  interesante.  En  relación  al  uso  de  la  metodología  de  indagación  en  educación
primaria, es significativo el número de aspectos positivos que destacaron, desde el aprendizaje
de ciencia y sobre la ciencia pasando al desarrollo de autonomía por parte de los alumnos y la
cooperación.  Muchos  de  los  estudiantes  indicaron  que  esta  metodología  era  altamente
motivadora (66%) y que podría permitir que los niños aprendiesen ciencias ‘haciendo ciencias’,
mostrando indicios de  mejora en su percepción de la  importancia  de  enseñar ciencias  de
forma significativa. Además, parecieron comenzar a aceptar las preguntas y el interés de los
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alumnos como base para el diseño curricular de la enseñanza de las ciencias, factor que influye
en la utilización de la indagación en el aula (Howes 2002).

Preguntas de investigación

La alta motivación que despierta la indagación en los maestros en formación no tiene por qué ir
necesariamente acompañada de una comprensión adecuada de lo que es una indagación, lo que
impediría que, al ejercer como maestros, la aplicasen con cierta corrección. Por ello, decidimos
estudiar en profundidad las secuencias didácticas que diseñaron los estudiantes que respondieron
la encuesta indicada en el párrafo anterior. Las preguntas de investigación planteadas fueron: 

1. ¿Qué es lo que entienden los estudiantes en formación por «indagación»?
2. ¿Cuáles son las principales dificultades que poseen los maestros en formación para

incluir la metodología de indagación en el diseño de unidades didácticas?
3. ¿En qué medida difieren las propuestas didácticas de los maestros en formación con

respecto al corpus teórico de la indagación?

Metodología

Este estudio descriptivo se ha realizado según una metodología cuantitativa no experimental,
basada en la aplicación de una categorización y una rúbrica. La categorización permitió clasificar
las U.D. de acuerdo a la presencia o no de elementos relacionados con la indagación, y la rúbrica,
identificar  las  principales  dificultades  para  elaborar  programaciones  didácticas  de  naturaleza
indagadora. Ambos instrumentos fueron confeccionados a partir de la adaptación de otros. 

En  el  caso  de  la  categorización,  se  utilizaron  los  resultados  obtenidos  por  Schwarz  y
Gwekwerere  (2007)  para  establecer  seis  tipos  de  U.D.  que  poseen  una  menor  o  mayor
presencia  de  indagación:  1)  práctica  incoherente,  2)  práctica  coherente,  3)  académica,  4)
proyecto, 5) investigadora y 6) indagadora (en el anexo 1 aparecen las orientaciones de estos
tipos  de  unidades  didácticas).  Con  esta  categorización  fue  posible  realizar  una  primera
selección de las U.D. que mostraban indicios de la metodología de indagación. 

La  rúbrica es  una  adecuación  del  protocolo  ‘Reformed  Teaching  Observation  Protocol’
(RTOP), desarrollado por Sawada y Piburn (2000), que se ha utilizado para profundizar en el
análisis  de  las  programaciones  didácticas  una  vez  que  fueron  clasificadas  mediante  el
instrumento indicado en el párrafo anterior. Este protocolo fue desarrollado originalmente
para la observación de clases teniendo en cuenta las características de la metodología de la
indagación  tal  como  nosotros  la  concebimos  y  trabajamos  con  los  estudiantes. Las
modificaciones que realizamos en este caso fueron dos.  Por  una parte,  seleccionamos del
instrumento original los ítems más significativos para definir una indagación y que pudieran
ser detectados en el diseño de una unidad didáctica y los agrupamos teniendo en cuenta los
cuatro componentes de una indagación definidos anteriormente en la fundamentación teórica.
La otra modificación fue añadir, de forma explícita, características a cada ítem para valorar de
forma más objetiva las U.D. Así, en cada ítem se describen diferentes características del mismo,
en una escala de 0 a 3, los valores superiores que corresponden a aquellos que capturan más
elementos cruciales de la indagación (ver ejemplos en las tablas 1, 2, 3, y 4). La asignación de
los  valores  de  cada ítem se  realizó  después  de  una “codificación”  de  cada U.D.  Así,  por
ejemplo, todas las actividades propuestas (ya fueran a ser realizadas por el maestro o por el
alumno)  eran  identificadas  por  su  tipo,  característica,  finalidad  según el  contexto,  tipo  de
participación del alumnado y recursos. Con esto, se podía identificar fácilmente si había tres,
dos, una o ninguna de las actividades que, por ejemplo, son indicativas para asignar valores en
el item7 del componente B, que aparece en la Tabla 2.
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Con esta rúbrica se pueden detectar aspectos que resultan más difíciles de integrar en una
secuencia  didáctica,  así  como  el  grado  de  coherencia  y  de  apertura  de  las  indagaciones
planteadas. Antes del análisis definitivo, se realizó una prueba piloto con el 20% de las U.D.,
que permitió definir  mejor  los  ítems de la  rúbrica.  Para  la  prueba piloto,  los  dos autores
primeros  de  este  trabajo  seleccionaron  cada  uno  diez  U.D.  al  azar,  aplicando  los  dos
instrumentos.  Finalmente, estos autores analizaron de forma independiente todas las unidades
didácticas usando los dos instrumentos en sus versiones finales. Las U.D. con discrepancias
mayores del 10% fueron nuevamente analizadas por el tercer autor del trabajo tanto en la
categorización como en su posterior análisis, resolviéndose las diferencias por consenso. Los
principales  cambios  introducidos  en  la  rúbrica  después  de  este  estudio  piloto  estuvieron
referidos  a  la  claridad  en  la  definición  de  cada  uno  de  los  ítems,  de  forma  a  evitar
ambigüedades. 

La muestra está constituida por las U.D. diseñadas individualmente por 157 estudiantes del 4º
curso del Grado en Maestro de Educación Primaria de la Universidad de Burgos. elaboradas
durante el curso académico 2013-2014 en la asignatura titulada Investigación e Innovación en
el aprendizaje del  Conocimiento del  Medio,  tras  haber cursado con anterioridad otras dos
asignaturas obligatorias que figuran como escalones para su formación en Ciencia, impartidas
en cursos 2º y 3º. Cada una de estas U.D. consta de 10-12 páginas y fueron analizadas de
forma completa. 

Resultados y discusión

En la figura 1 se plasman los resultados de la clasificación de las U.D atendiendo al primer
instrumento. 

Figura 1. Clasificación de las U.D. en seis tipos

Un 15% del  total  lo  conforman  las  U.D  con  un  planteamiento  académico  en  el  que  el
problema planteado se aborda de una forma teórica y tradicional a través de clases expositivas.
A  la  clasificación  de  “Proyecto”  pertenecen  un  13%  de  las  programaciones  didácticas
analizadas, siendo caracterizadas por guiar el proceso de enseñanza según un artefacto que se
persigue construir, sin abordarse conceptos claves para su construcción ni conectar con las
ideas  previas  del  alumno.  Aproximadamente  la  mitad  de  las  U.D  (ver  figura  1:  práctica
incoherente  39%,  práctica  coherente  11%)  poseen  un  enfoque  práctico  en  el  que  se
desarrollan  actividades  manipulativas  guiadas  que el  alumno ha de realizar  siguiendo unas
instrucciones  determinadas.  Sin  embargo,  una  parte  mayoritaria  de  las  mismas  tiene  una
estructura incoherente,  presentándose conceptos  que guardan poca o nula  relación con el
problema inicial, los experimentos que se realizan no abordan la temática objetivo de estudio,
y/o la práctica está descontextualizada de la teoría, por lo que los alumnos no pueden generar
explicaciones  sobre  el  fenómeno  observado.  Por  ello,  decidimos  separar  estas  unidades
categorizándolas como “prácticas incoherentes”. Las unidades restantes categorizadas en este
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enfoque práctico (que llamamos de prácticas coherentes), aunque inciden en demasía en el
hacer manipulativo, plantean actividades pertinentes al problema estudiado y existe una cierta
progresión en la dificultad y abstracción de las mismas. 

Por  último,  apenas  el  22%  de  las  programaciones  pueden  ser  catalogadas  como
investigaciones. No obstante, cabe diferenciar entre dos tipos. Por un lado, las investigaciones
abiertas, en la que los alumnos prácticamente solos deberían llegar a un resultado (6% del
total). Por el otro, las indagaciones más guiadas, que responden a las características planteadas,
pero  en  las  que  el  profesor  escalona  las  actividades  para  que  los  alumnos  adquieran
progresivamente mayores niveles de autonomía. Esto es, el 16% de las U.D. parten del análisis
de un problema real que se resuelve a través de la experimentación, que conecta y compara
teorías científicas, plantea y comprueba hipótesis y se manipulan variables, lo que produce
como resultado la posible construcción de modelos, con componentes explicativas, a partir de
la  observación de  los  patrones  en  los  datos  y  el  fomento  del  desarrollo  de  conceptos  y
habilidades en el alumnado. En todos estos procesos, docente y alumnos trabajan de forma
conjunta.  En  resumen,  casi  el  67% de  los  alumnos,  a  pesar  del  programa  de  formación
específico  y  de  su  motivación,  no  consiguen  diseñar  U.D.  que  contengan  elementos
relacionados con la  metodología de  la  indagación,  ya  sea  porque relacionan la  indagación
exclusivamente  con  actividades  manipulativas  (actividades  prácticas,  diseño  de  prototipos),
porque  sus  dificultades  conceptuales  les  impiden  plantear  una  secuencia  coherente  entre
problemas y actividades o porque adoptan un modelo tradicional de clase expositiva.

A  las  unidades  clasificadas  dentro  de  las  categorías  ‘práctica  coherente’,  ‘investigadora’,  e
‘indagadora’ (N=52) se les aplicó la rúbrica RTOP. En la Tabla 1 se presenta los resultados
obtenidos en los ítems del componente “Los saberes, eventos o fenómenos abordados poseen
un interés científico que conecta con los conocimientos propios de los alumnos y les provoca
un conflicto cognitivo que impulsa el desarrollo de las ideas previas”.

Tabla 1. Resultado final del primer componente de la rúbrica RTOP.

Componente A (NRC, 2000): Los saberes, eventos o fenómenos abordados poseen un interés científico que conecta con los
conocimientos propios de los alumnos y les provoca un conflicto cognitivo que impulsa el desarrollo de las ideas previas.

ITEMS RTOP
Escalas para clasificación de las Unidades Didácticas

3 2 1 0

Ítem 1. Las estrategias de
enseñanza y las actividades

planteadas respetan los
conocimientos previos y las pre-
concepciones de los estudiantes

El maestro identifica y
reflexiona acerca de
las ideas previas del

alumnado, las compara
con los modelos

científicos y las retoma
al final de la U.D para
analizar su desarrollo.

El maestro realiza 2 de las
3 actividades siguientes:
Identifica y reflexiona

acerca de las ideas previas
del alumnado, las compara

con los modelos
científicos, las retoma al

final de la U.D para
analizar su desarrollo.

El maestro realiza 1 de las
3 actividades siguientes:
Identifica y reflexiona

acerca de las ideas previas
del alumnado, las compara

con los modelos
científicos, las retoma al

final de la U.D para
analizar su desarrollo.

Ausencia del tratamiento

de las ideas previas del
alumnado.

Porcentaje de respuestas 1.9% 38.4% 51.9% 7.8%

Ítem 6. La lección abordaba
conceptos fundamentales de la

materia.

El contenido de la
U.D está estructurado

de forma clara y
coherente, con niveles

progresivos de
abstracción, y

atendiendo a lo
recogido en la LOE.

El contenido de la U.D
presenta niveles

progresivos de abstracción,

y atiende a lo recogido en
la LOE.

El contenido de la U.D
está desestructurado; se

abordan conceptos
abstractos sin actividades

previas, 
pero se atiende a lo
recogido en la LOE.

El contenido de la U.D
no posee una estructura.
Se abordan conceptos
descontextualizados, 

sin atender a lo recogido
en la LOE y sin que haya

una progresión en la
abstracción de los

contenidos.
Porcentaje de respuestas 25% 57.7% 17.3% 0%

Ítem 17. Los comentarios y
las dudas planteadas por los

estudiantes marcan el desarrollo
de la clase.

La lección formula
preguntas

investigables, 
significativas,

contextualizadas y
éticas y abordables.
Las preguntas se

contestan a partir de
las actividades

propuestas.

La lección formula
preguntas que cumplen al

menos varios criterios
necesarios para una

investigación efectiva. Las
preguntas giran en torno al
“¿por qué?” y “¿cómo?, y
se contestan en parte a
partir de las actividades

propuestas.

Escasa presencia de
preguntas científicas o
mala elaboración de las
mismas. Se confunde el

“¿por qué?” con el
“¿cómo?” y también

viceversa. Las preguntas no
pueden ser contestadas a
partir de las actividades

planteadas pues precisan
de información adicional.

Ninguna evidencia de
preguntas científicas.

Porcentaje de respuestas 9.6% 65.4% 25% 0%
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Del primer ítem, se deduce que en más de la mitad de las U.D. (51,9%) solo se identifican las
ideas previas y tan solo en un 1,9% se comparan dichas ideas con los modelos científicos para
retomarlas al final de la programación y analizar su desarrollo. El siguiente ítem indica la gran
dificultad de elaborar una programación en la que las actividades planteadas presenten una
estructura clara y coherente, y atendiendo a niveles progresivos de abstracción (25%), aunque
todas aborden conceptos recogidos en la legislación vigente (Ley Orgánica para la mejora de la
calidad educativa 2013). En el tercer y último ítem se observa que todas las programaciones
didácticas formulan preguntas que se contestan a partir de las actividades planteadas y que
además poseen los criterios necesarios para una investigación efectiva, girando la mayoría de
ellas (65,4%) en torno al “¿por qué?” y al “¿cómo?” del funcionamiento de un determinado
fenómeno.

La tabla 2 recoge los resultados obtenidos en el componente “Los alumnos son involucrados
en experiencias manipulativas que entrañan la formulación y comprobación de hipótesis, la
resolución de problemas reales, y la generación de explicaciones del fenómeno estudiado a
partir del análisis y la interpretación de datos, y la síntesis de ideas propias”.

Tabla 2. Resultado final del segundo componente de la rúbrica RTOP.

Los ítems 5, 7, 10 y 12 muestran que en más de la mitad de las U.D (57,8%), se fomenta el
planteamiento de preguntas y discusiones grupales; sin embargo, en apenas un 21,1% de los
casos  se  plantean  actividades  que  busquen  el  desarrollo  de  ideas  propias  del  alumnado.
Además, la aplicación de los resultados obtenidos a otras áreas o fenómenos se da en el 1,9%
de las programaciones, predominando los planteamientos en los que el alumnado se limita a
exponer los resultados obtenidos (69,8%). El tercer ítem de esta categoría indica que pese a
que los problemas del que parten las U.D tienen relación con el mundo cercano del alumno
(55,8%), apenas un 19,2% plantean actividades que le ayuden realmente a entender mejor su
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entorno,  potenciando  un  aprendizaje  significativo.  En  cuanto  a  la  formulación  de
estimaciones, predicciones y/o hipótesis,  cabe destacar que en el 57,8% de los casos es el
alumno  el  encargado  de  realizarlas  y,  sin  embargo,  en  muy  pocas  ocasiones  tienen  la
posibilidad de plantear experimentos (3,8%).

En la Tabla 3 se muestran los resultados que atañen al tercer componente denominado “Se
construyen modelos, aclaran conceptos y amplían conocimientos y habilidades aplicables a
otras situaciones”.

Tabla 3. Resultado final del tercer componente de la rúbrica RTOP.

Componente C (NRC, 2000): Se construyen modelos, aclaran conceptos y amplían conocimientos y habilidades aplicables a
otras situaciones.

ÍTEMS RTOP
Escalas para clasificación de las Unidades Didácticas

3 2 1 0

Ítem 4. Esta lección animó a los
estudiantes a buscar y valorar

modos de investigación alternativos
o de resolución de problemas.

El alumnado tiene la
oportunidad de buscar y

analizar, plantear y diseñar,
y llevar a la práctica

experimentos alternativos
para su comprobación.

El alumnado tiene la
oportunidad de realizar 2 de
las siguientes 3 actividades:
Buscar y analizar; plantear y
diseñar; llevar a la práctica
experimentos alternativos.

El alumnado tiene la
oportunidad de realizar 1

de las siguientes 3
actividades: Buscar y

analizar; plantear y diseñar;
llevar a la práctica

experimentos alternativos.

Ninguna
evidencia de

tratamiento de
modos de

investigación
alternativos.

Porcentaje de respuestas 3.8% 3.8% 15.3% 77.1%

Ítem 19. Se anima a los
estudiantes a elaborar conjeturas,

estrategias de resolución
alternativas y formas varias de

interpretar los resultados
obtenidos.

El maestro fomenta el
desarrollo de diferentes

explicaciones que guardan
relación con el problema
planteado y el fenómeno

objeto de estudio. Las
explicaciones elaboradas se

defienden a partir de los
datos obtenidos.

El maestro fomenta el
desarrollo de diferentes

explicaciones que guardan o
no relación con el problema

planteado y el fenómeno
objeto de estudio. Las

explicaciones elaboradas se
defienden a partir de los

datos obtenidos.

El maestro fomenta el
desarrollo de explicaciones
que guardan poca relación
con el problema planteado
y el fenómeno objeto de

estudio. Las explicaciones
elaboradas no se defienden

a partir de los datos
obtenidos.

El maestro no
fomenta la

elaboración de
explicaciones

por parte de los
estudiantes.

Porcentaje de respuestas 13.4% 69.4% 13.4% 3.8 %

Ítem 20. El maestro ofrece
recursos para apoyar y mejorar las

propuestas del alumnado.

El maestro ofrece
diferentes tipos de recursos
que varían en el grado de
dificultad y abstracción,

presentan diferentes
materiales y soportes, y su

naturaleza es distinta
(conceptual y

procedimental)

El maestro ofrece 2 de los
siguientes 3 tipos de recursos:

que varían en grado de
dificultad y abstracción;

diferente material y soporte;
naturaleza distinta

(conceptual y procedimental)

El maestro ofrece 1 de los
siguientes 3 tipos de

recursos: que varían en
grado de dificultad y
abstracción; diferente

material y soporte;
naturaleza distinta

(conceptual y
procedimental)

El maestro no
ofrece recursos

que pueda
orientar  el

quehacer del
alumnado.

Porcentaje de respuestas 23% 36.5% 40.5% 0%

El 77,1% de las U.D no muestran evidencia de abordar modos de investigación o resolución
de problemas alternativos. Pese a ello, y a que casi la mitad de las actividades tan solo varían en
el material o el soporte utilizado (40,5%), en el 69,4% de los casos las actividades fomentan
que el alumnado intente explicar los resultados obtenidos con el problema inicial desde algún
marco teórico. En cuanto a los recursos ofrecidos por el maestro, apenas un 23% de las U.D.
estaban acompañadas de diferentes materiales y soportes enfocados a mejorar la resolución del
problema inicial por parte del alumnado. Por el contrario, la gran mayoría apenas ofrecían
apoyo para esclarecer las dudas conceptuales (40,5%) que pudieran surgir a partir del análisis
de los nuevos contenidos curriculares a enseñar por el maestro y aprender por el alumnado.

El cuarto y último componente permite analizar el planteamiento de la evaluación (Tabla 4)
para  determinar  en  qué  medida  “Hay  una  revisión  conjunta  entre  el  alumnado  y  el
profesorado para evaluar el qué y el cómo se ha aprendido”. 

Ninguna de las U.D. analizadas ha considerado una evaluación conjunta entre el profesorado y el
alumnado.  En  el  82,8% de  los  casos  se  ha  planteado una  evaluación  tradicional,  basada  en
actividades escritas (44,4%) y en exposiciones de los alumnos (38,4%), mostrándose incoherentes
con su planteamiento general. Es significativa también la falta de actividades que evalúen, al final
de la unidad, la presencia de ideas o modelos alternativos a los planteados por el docente (3,8%).
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Tabla 4. Resultado final del cuarto componente de la rúbrica RTOP.
Componente D (NRC, 2000): Hay una revisión conjunta entre el alumnado y el profesorado para evaluar el qué y el cómo se ha
aprendido.

ÍTEMS RTOP
Escalas para clasificación de las Unidades Didácticas

3 2 1 0

Ítem 13. Los estudiantes han
participado de forma activa en
actividades de reflexión que

implicaban la evaluación crítica
de los procedimientos empleados.

La U.D genera diálogo y
debate a partir de la
comparación de los

resultados obtenidos. Se
realiza una evaluación
conjunta y se estudia la

viabilidad y aplicación de
las soluciones propuestas

por el alumnado.

La U.D genera 2 de las 3
actividades: Genera

diálogo y debate a partir
de la comparación de los
resultados obtenidos; se
realiza una evaluación
conjunta; se estudia la

viabilidad y aplicación de
las soluciones propuestas

por el alumnado.

La U.D genera 1 de las 3
actividades: Genera

diálogo y debate a partir
de la comparación de los
resultados obtenidos; se
realiza una evaluación
conjunta; se estudia la

viabilidad y aplicación de
las soluciones propuestas

por el alumnado.

La U.D concibe al
alumnado como un

sujeto pasivo: se
limita a realizar

actividades. No hay
reflexión ni actitud

crítica.

Porcentaje de respuestas 0% 17.3% 75.1% 7,6%

Ítem 14. El rigor intelectual, la
crítica constructiva y la

valoración de ideas y modelos
alternativas fueron valoradas.

El maestro ha utilizado
hojas de registro,

exposiciones y actividades
escritas para determinar el
grado de consistencia de
las explicaciones de los

alumnos y la presencia de
ideas y modelos

alternativos para explicar el
mismo conjunto de datos.

El maestro utiliza 2 de las
siguientes 3 actividades

para determinar el grado
de consistencia de las
explicaciones de los

alumnos y la presencia de
ideas alternativas: hojas de

registro; exposiciones;
actividades escritas.

El maestro utiliza 1 de las
siguientes 3 actividades

para determinar el grado
de consistencia de las
explicaciones de los

alumnos y la presencia de
ideas alternativas: hojas de

registro; exposiciones;
actividades escritas.

No hay evidencias de
la valoración de las
ideas alternativas.

Porcentaje de respuestas 3.8% 38.4% 44.4% 13.4 %

En resumen, las principales carencias que parecen haber tenido este grupo de estudiantes (el
33%  de  los  alumnos  totales)  para  diseñar  secuencias  didácticas  que  incluyan  los  cuatro
componentes de una indagación para la enseñanza de las ciencias en la escuela primaria, tal
como nosotros la hemos definido, son:

a) Dificultades para incluir en el diseño el trabajo con (y a partir de) las ideas previas de los
alumnos. Esto está relacionado con las dificultades que tienen los maestros en formación para
evaluar y modificar sus clases de acuerdo con el conocimiento de los niños (Buck, Trauth y
Kaftan 2010; Zangori y Forbes 2013).

b) Dificultades para dar más autonomía a los alumnos, tanto en el desarrollo de sus propias
ideas como en el desarrollo de potenciales experimentos, posiblemente relacionado con su
propia inseguridad con los conceptos científicos, así como con su falta de confianza en las
capacidades de los alumnos (Wallace y Kang 2004).

c) Dificultades para proponer evaluaciones coherentes con el planteamiento didáctico general.
Es importante destacar que este problema no es exclusivo de la metodología de la indagación,
sino  que  las  evaluaciones  con  bajas  demandas  cognitivas,  parecen  ser  la  norma,
independientemente de la metodología, en la enseñanza de las ciencias en primaria en toda
Europa (Osborne y Dillon 2008).

Por  el  contrario,  los  aspectos  más  favorables  del  diseño  de  las  U.D.  reside  en  establecer
secuencias de actividades con progresivos niveles de abstracción que permitan a los alumnos
aprender significativamente los conceptos deseados, resultado en consonancia al obtenido por
Vilchez González y Bravo Torija (2015), en el que los maestros en formación son capaces de
reconocer las diferentes etapas de la indagación científica. 

Sumamos, para cada U.D., los valores totales obtenidos según la rúbrica RTOP. Luego, fueron
establecidos puntos de cortes con percentiles iguales basados en los casos explorados, lo que
ha  conformado  tres  categorías  diferentes  –indagaciones  con  4  componentes  NRC,
indagaciones con 2 y 3 componentes NRC, indagaciones con 1 componente NRC Así, en las
U:D. que sumaban entre 24 a 36 puntos se puede apreciar la presencia de los 4 componentes;
las  que  sumaban  entre   12  a  23  puntos,  es  posible  apreciar  que  sólo  dos  o  tres  de  las
componentes  son  abordadas  y  finalmente,  aquellas  que  sumaban  de  0  a  11  puntos  sólo
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conseguían plasmar un componente. Los resultados de esta categorización aparecen recogidos
en la figura 2.

Figura 2. Resultados al aplicar la rúbrica RTOP según la presencia de componentes comunes en la metodología
por indagación

Se observa que la mayoría de las U.D pertenecen a la segunda categoría, y una minoría, apenas
un 17% de las 52 analizadas con esta rúbrica (si tenemos en cuenta las 157 unidades iniciales,
sólo el 5,7%) se consolidan como indagaciones que recogen las diversas pautas sobre esta
metodología.

Resulta  significativa  la  puntuación  obtenida  en  cada  componente.  El  puntaje  más  alto
corresponde a los ítems que evalúan el grado de implicación del alumnado en experiencias
manipulativas. En contraste, el componente relacionado con la evaluación del qué y cómo se
ha aprendido posee la puntuación más baja. Esto evidencia una comprensión no apropiada de
la metodología de la indagación, que no reside solamente en el desarrollo de experimentos o la
adecuación del método científico, sino que es imprescindible la presencia de la reflexión inter e
intrapersonal si se pretende fomentar un aprendizaje significativo. De lo contrario, se estaría
desvirtuando la idiosincrasia de esta metodología, y el proceso de enseñanza y aprendizaje se
limitaría a transmitir ciencia en lugar de hacer ciencia en la escuela (Couso 2014).

Por otra parte, analizamos posibles relaciones entre esta última categorización y las opiniones
de los estudiantes sobre la metodología de la indagación según una encuesta que respondieron
al final de la  asignatura (y que comentamos en el apartado de Contexto). Este aspecto es
interesante para observar si existe relación entre la percepción de los estudiantes sobre su
aprendizaje de la metodología de la indagación y la forma en que son capaces de plasmar (y,
eventualmente,  usar)  esta  metodología.  Se  ha  encontrado  que  existen  correlaciones
significativas, aunque bajas, entre esta categorización de las U.D.  y el número de aspectos
positivos que los estudiantes señalan sobre la metodología de la indagación (Rho de Spearman
0,24, p<0,01) así como con el número de mejoras percibidas en su aprendizaje mediante el uso
de  esta  metodología  (Rho  de  Spearman  0,18,  p<0,01).  Es  posible  que  este  hecho  esté
relacionado con la capacidad de reflexión de los maestros en formación sobre sus propios
procesos de aprendizaje, pero esto debe estudiarse con mayor profundidad.

Conclusiones e implicaciones didácticas

Del presente estudio se deducen varias  conclusiones.  En cuanto a la  primera pregunta de
investigación, “¿Qué es lo que entienden los estudiantes en formación por «indagación» ?, los
resultados parecen mostrar que los maestros en formación aun consiguiendo desarrollar una
actitud positiva para implementar la metodología de la indagación a partir de una formación
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específica,  les  es  difícil  traducir  ese conocimiento en diseños  apropiados.  En particular,  la
confunden  con  actividades  manipulativas,  semejantes  a  las  tradicionales  prácticas  de
laboratorio que, a pesar de aumentar el interés de los alumnos por la ciencia y ayudarles a
clarificar  sus  ideas  (Gil  y  Martínez  2005;  Osborne  y  Dillon  2008;  Rocard 2007;),  no  son
suficientes  para que los alumnos construyan significativamente modelos científicos  e ideas
sobre la ciencia.

En relación con la segunda pregunta de investigación, “¿Cuáles son las principales dificultades
que poseen los maestros en formación para incluir la metodología de indagación en el diseño
de unidades didácticas?”, la rúbrica RTOP ha permitido identificar varias dificultades. Entre
ellas destaca la dificultad en plantear U.D. que permitan retomar las ideas previas del alumnado
para modificarlas, ausencia de una estructuración clara y coherente tanto en las actividades
propuestas como en su temporalización, escasa aplicación de los resultados obtenidos a través
de las indagaciones a otros contextos o problemáticas, y poca flexibilidad en el desarrollo de la
propuesta. Es decir, el alumnado sigue siendo, en estas U.D. un actor pasivo, limitado a realizar
o contestar las actividades y experimentos diseñados por los maestros.

Por  último,  la  tercera  pregunta  de  investigación  “¿En qué  medida  difieren  las  propuestas
didácticas de los maestros en formación con respecto al corpus teórico de la indagación?”, ha
puesto de manifiesto que los planteamientos didácticos de los estudiantes se encuentran aún
alejados  del  marco  teórico  tomado  como  referencia,  bien  por  escasez  de  conocimientos
científicos,  poca  congruencia  entre  objetivos  perseguidos  y  experimentos  planteados  o
evaluaciones no coherentes con la metodología, o bien por una mezcla de los tres elementos.
Esto  desemboca  en  la  elaboración  de  U.D.  que  se  encuentran  a  caballo entre  la  teoría
tradicional y la práctica de aula descontextualizada.

Muchos de los problemas parecen estar asociados a un deficiente bagaje de conocimientos
científicos,  como lo  demuestra  el  casi  40% de las  unidades,  con estructuras  incoherentes,
resultado que coincide con diferentes estudios que indican que este es el  mayor hándicap
(Davis y Petish 2005; Kim y Tan 2011; Yoon, Joung y Kim 2012). Sin embargo, los resultados
muestran también que la  propia comprensión de la  metodología y su posible trasposición
didáctica  podrían estar  dificultando su  uso apropiado,  por  lo  menos a  la  hora  de  diseñar
unidades didácticas. De hecho, en un estudio de caso (Greca 2016) con estudiantes de este
grupo que aplicaron secuencias didácticas por indagación durante su Practicum se observó
que el estudiante con mejor formación en ciencias fue el que más dificultades presentó a la
hora de diseñar e implementar la indagación por su forma de entenderla. Por ello es posible
que, aun siendo cierto que el bajo nivel de formación y de confianza en ciencias influye en la
capacidad  de  los  maestros  para  diseñar  secuencias  didácticas  indagatorias,  existan  otros
factores (entre otros, cómo, después de vivenciarla, entienden la indagación) que deben tenerse
en cuenta.  Los  resultados  de  este  estudio  parecen indicar  la  necesidad  que los  cursos  de
formación  propicien  un  aumento  del  uso  de  esta  metodología  durante  la  formación,
utilizándola en varias asignaturas (un único curso parece no ser suficiente), y fomentando su
puesta  en  práctica  por  parte  de  los  maestros  en  formación  en  los  períodos  de  prácticas
escolares o en propuestas extraescolares.

Cabe resaltar, finalmente, que la rúbrica para el análisis de U.D. que ha sido usada en esta
investigación,  construida a  partir  del  protocolo RTOP y con valores claramente definidos,
puede ser usada tanto como instrumento de evaluación de U.D. que usen la metodología de la
indagación (a nivel de escuela primaria o secundaria) cuanto como instrumento didáctico para
el análisis de U.D. En este sentido, puede ayudar a los futuros docentes a comprender la forma
en que la metodología de la indagación debe plasmarse en una planificación didáctica.

452



Revista Eureka sobre Enseñanza y Divulgación de las Ciencias 14 (2), 442–457, 2017           FORMACIÓN DEL PROFESORADO EN CIENCIAS

Agradecimientos

Este trabajo ha sido financiado por MINECO Edu2013-46167-R.
Queremos  agradecer  las  contribuciones  realizadas  por  los  revisores,  que  han  servido  para  mejorar
sustancialmente este trabajo.

Referencias  bibliográficas

American  Association  for  the  Advancement  of  Science.  (1993).  Benchmarks  for  science
literacy. New York: Oxford University Press.

Abell S.K. (2007) Research on science teacher knowledge. En S.K. Abell y N.G. Lederman
(Eds.),  Handbook  of  Research  on  Science  Education (pp.1105-1149).  Mahwah.  Mahwah,
Nueva Jersey. Lawrence Erlbaum.

Anderson  R.D.  (2002)  Reforming  Science  Teaching:  What  Research  Says  About  Inquiry.
Journal of  Science Teacher Education 13(1), 1-12.

Artigue  M.,  Baptist  P.,  Dillon  J.,  Harlen  W.,  Léna,  P.  (2010)  The  Fibonacci  Project.  Scientific
Background. Recuperado  de:  http://www.ntaskolutveckling.se/globalassets/starting_
package_scientific_background1.pdf

Brown  M.  W.  (2009)  The  teacher-tool  relationship:  theorizing  the  design  and  use  of
curriculum materials.  En J.T Remillard,  B.A.  Herbel-Eisenmann,  G.M. Lloyd  (Eds.)
Mathematics teachers at work: connecting curriculum materials and classroom instruction (pp. 17-
36). New York: Routledge.

Buck G.A., Trauth-Nare,A., Kaftan J. (2010) Making formative assessment discernable to Pre-
Service Teachers of  Science. Journal of  Research in Science teaching , 47(4), 402-421.

Campbell T., Bohn C. (2008) Science laboratory experiences of  high school students across
one state in the U.S.: Descriptive research from the classroom. Science Educator 17, 36-
48.

Cañal P. (2000) El conocimiento profesional sobre las ciencias y la alfabetización científica en
primaria. Alambique. Didáctica de las Ciencias Experimentales 24, 46-56.

Cañal P., Criado A., García-Carmona A., Muñoz G. (2013) La enseñanza relativa al medio en
las aulas españolas de educación infantil y primaria: concepciones didácticas y práctica
docente. Investigación en la Escuela 81, 21-42.

Carnes G.N. (1997) Teacher conceptions of  inquiry and related teaching practices. The annual
meeting for the national association of  research in science teaching , Chicago.

Cortés A. L., Gándara M. (2006)  La construcción de problemas en el laboratorio durante la
formación del profesorado: una experiencia didáctica.  Enseñanza de las Ciencias 25(3),
435-450.

Confederación de Sociedades Científicas de España (2011) Informe enciende. Análisis, reflexiones y
propuestas para un acercamiento de la ciencia al mundo escolar que promueva en los niños el interés
por la ciencia, el aprendizaje científico y una visión no estereotipada de la empresa científi ca y sus
protagonistas. Editorial Rubes: Barcelona.

Couso D. (2014) De la moda de ‘aprender indagando’ a la indagación para modelizar: una
reflexión crítica.  Conferencia inaugural 26 encuentros de didáctica de las ciencias experimentales.
Universidad De Huelva.

Crawford B.A. (1999) Is it realistic to expect a preservice teacher to create an inquiry based
classroom? Journal of  Science Teacher Education 10, 175-194.

453

http://www.ntaskolutveckling.se/globalassets/starting_package_scientific_background1.pdf%20
http://www.ntaskolutveckling.se/globalassets/starting_package_scientific_background1.pdf%20


R.B. TOMA ET AL.                                              DIFICULTADES PARA DISEÑAR UNIDADES DIDÁCTICAS USANDO LA METODOLOGÍA DE INDAGACIÓN 

Davis E.  A.,  Petish D.,  Smithey J.  (2006)  Challenges  new science teachers  face.  Review of
Educational Research 76 (4), 607-651.

Davis E. A., Petish D. (2005) Real-world applications and instructional representations among
prospective elementary science teachers. Journal of  Science Teacher Education 16, 263-286.

Escobar T., Vílchez J.E. (2006) Uso del laboratorio escolar en educación primaria: la visión de
los estudiantes de magisterio durante el prácticum. En A.L. Cortés y M. D. Sánchez
(Eds.),  XXII  Encuentros  de  Didáctica  de  las  Ciencias  Experimentales.  Zaragoza:
Universidad de Zaragoza.

García Barros S. y Martínez Losada C. (2003) Las actividades de primaria y eso incluidas en los
libros de texto. ¿qué objetivo persiguen? ¿qué procedimientos enseñan?  Enseñanza de
las Ciencias 21, 243-264.

Gil  Quilez  M. J.,  Martínez,  M. B.,  de la  Gándara M.,  Calvo J.  M.,  Cortés,  A.(2008) De la
universidad a la escuela: no es fácil la indagación científica.Revista Interuniversitaria de
Formación del Profesorado 63 (22,3), 81-100.

Gil Quilez M. J., Martínez de la Gándara G. (2005). Evolución de la didáctica de la Biología:
¿es posible una teoría de síntesis?  Educación Abierta, 171, 11-28. ICE, Universidad de
Zaragoza, ISBN: 84-7791-219-10.

Guisasola J. y Morentin M. (2007) Comprenden la naturaleza de la ciencia los futuros maestros
y maestras de educación primaria? Revista Electrónica de Enseñanza de las Ciencias  6(2),
246-262.

Greca  I. M.  (2016)  Supporting  pre-service  elementary  teachers  in  their  understanding  of
inquiry  teaching  through  the  construction  of  a  third  discursive  space.  International
Journal of  Science Education 38(5), 791-813.

Greca I. M., Meneses Villagrá, J.A., Díez Ojeda, M. (2016) La formación en ciencias de los
alumnos del Grado en Maestro de Educación Primaria. Revista Electrónica de Enseñanza
de las Ciencias. En prensa

Haefner L. A., Zembal-Saul C.  (2004) Learning by doing?  Prospective elementary teachers'
developing  understandings  of  scientific  inquiry  and  science  teaching  and  learning.
International Journal of  Science Education 26(13), 1653-1674.

Hayes M. (2002)  Elementary preservice teachers'  struggles  to define  inquiry-based science
teaching. Journal of  Science Teacher Education 13(2), 147-165.

Howes V.E. (2002) Learning to teach science for all in the elementary grades: what do pre-
service teachers bring? Journal of  Research in Science Teaching 39, 845-869.

Keys C.W., Kennedy, V. (1999) Understanding inquiry science teaching in context: a case study
of  an elementary teacher. Journal of  Science Teacher Education 10, 315-333.

Kim M.,  Tan A.L.  (2011)  Rethinking difficulties  of  teaching inquiry-based  practical  work:
stories from elementary pre-service teachers. International Journal of  Science Education 33,
465-486.

Ley orgánica para la mejora de la calidad educativa (LOMCE) (Ley Orgánica 8/2013, 9 de
diciembre). Boletín Oficial del Estado, nº 295, 2013, 10 diciembre.

Martínez-Chico M., López-Gay R., Jiménez-Liso M.R. (2013) Propuesta de formación inicial
de maestros fundamentada en la enseñanza por indagación centrada en el modelo de
sol-tierra. Enseñanza de las Ciencias. Nº Extra, 2173-2178.

454



Revista Eureka sobre Enseñanza y Divulgación de las Ciencias 14 (2), 442–457, 2017           FORMACIÓN DEL PROFESORADO EN CIENCIAS

Martínez-Chico  M.,  Jiménez-Liso  M.R.,  López-Gay  R.  (2015).  Efecto  de  un  programa
formativo  para  enseñar  ciencias  por  indagación  basada  en  modelos,  en  las
concepciones  didácticas  de  los  futuros  maestros.  Revista  Eureka  sobre  Enseñanza  y
Divulgación  de  las  Ciencias 12(1),  149-166.  Recuperado  de:
http://hdl.handle.net/10498/16929 

Murphy C., Neil P., Beggs J. (2007) Primary science teacher confidence revisited: ten years.
Educational Research 49 (4), 415-430.

National Research Council (2000) Inquiry and the national science education standards. Washington:
National Academy Press.

National  Research  Council  (2012)  A framework  for  K-12  science  education:  practices,  crosscutting
concepts, and core ideas. Washinton, DC: The National Academies Press.

Osborne J., Dillon J. (2008)  Science Education in Europe: critical reflections. A report to the Nuffield
Foundation. King’s College London.

Porlán  R.,  Martín  R.,  Rivero  A.,  Harres  J.,  Azcárate  P.,  Pizzato  M.  (2010)  El  cambio  del
profesorado de ciencias: marco teórico y formativo. Enseñanza de las Ciencias 28(1), 31-
46.

Remillard  J. T. (2005) Examining key concepts in research on teachers' use of  mathematics
curricula. Review of  Educational Research 75(2), 211-246.

Rocard M.,  Csermely  P.,  Jorde D.,  Lenzen D.,  Walwerg-Henriksson H.,  Hemmo V.  (2007)
Science Education Now: A Renewed Pedagogy for the Future of  Europe. European Commission.
Community  Research. Recuperado  de:  http://ec.europa.eu/research/science-society/
document_library/pdf_06/report-rocard-onscience-education_en.pdf

Roth W., Boutonneâ S., Mcrobbie C., Lucas K. (1999) One class, many worlds.  International
Journal of  Science Education 21, 59 -77.

Sawada D., Piburn M. (2000) Reformed teaching observation protocol (RTOP) Training Guide, Arizona
State University: 10.

Schauble L., Glaser R., Dusch R., Schulze S., John J. (1995) Students’understanding of  the
objectives and procedures of  experimentation in the science classroom. Journal of  The
Learning Sciences 4 (2), 131-166.

Schwarz C. V.,  Gwekwerere,Y. N. (2007) Using a guided inquiry and modeling instructional
framework (EIMA) to support preservice K-8 science teaching. Science Education 91(1),
158-186.

Seung E., Park S., Jung J. (2014) Exploring preservice elementary teachers’ understanding of
the  essential  features  of  inquiry-based  science  teaching  using  evidence-based
reflection. Research in Science Education 44(4), 507-525.

Vílchez  González  J.M.,  Bravo Torija  B.  (2015)  Percepción del  profesorado de ciencias  de
educación  primaria  en  formación  acerca  de  las  etapas  y  acciones  necesarias  para
realizar una indagación escolar. Enseñanza de las Ciencias 33(1), 185-202.

Wallace C. S., Kang N. H. (2004) An investigation of  experienced secondary science teachers’
beliefs about  inquiry: an examination of  competing belief  sets.  Journal of  Research in
Science Teaching 41, 936-960.

Windschitl  M. (2002) Inquiry projects  in  science teacher  education:  what can investigative
experiences  reveal  about  teacher  thinking  and  eventual  classroom  practice?  Science
Education 87(1), 112-143.

455

http://ec.europa.eu/research/science-society/document_library/pdf_06/report-rocard-onscience-education_en.pdf
http://ec.europa.eu/research/science-society/document_library/pdf_06/report-rocard-onscience-education_en.pdf
http://hdl.handle.net/10498/16929


R.B. TOMA ET AL.                                              DIFICULTADES PARA DISEÑAR UNIDADES DIDÁCTICAS USANDO LA METODOLOGÍA DE INDAGACIÓN 

Windschitl M., Thompson J., Braaten M. (2008) Beyond the scientific method: model-based
inquiry  as  a  new paradigm of  preference  for  school  science  investigations.  Science
Education, 92, 941–967.

Zangori L., Forbes C. T. (2013) Preservice elementary teachers and explanation construction:
knowledge-for-practice and knowledge-in-practice. Science Education 97(2), 310-330.

Zembal-Saul  C.,  Blumenfeld  P.,  Krajcik  J.  (2000)  Influence  of  guided  cycles  of  planning,
teaching,  and  reflection  on  prospective  elementary  teachers’  science  content
representations. Journal of  Research in Science Teaching 37 (4), 318-339.

Yoon H.G., Joung Y.J., Kim M. (2012) The challenges of  Science Inquiry teaching for Pre-
service teachers in Elementary classrooms: difficulties on and under the scene. Research
in Science Education 42: 589-608.

456



Revista Eureka sobre Enseñanza y Divulgación de las Ciencias 14 (2), 442–457, 2017           FORMACIÓN DEL PROFESORADO EN CIENCIAS

Anexo 1: Tipos de unidades didácticas según el grado de indagación que presentan

Práctica incoherente: Se trata de un tipo de unidad didáctica (U.D.) cuya principal característica es
que el tratamiento de conceptos guarda poca o nula relación con el problema inicial que se plantea,
haciendo demasiado énfasis  en actividades  manipulativas que tienden a carecer de fundamento
científico. Los experimentos se plantean de forma descontextualizada y con poca relación con el
conocimiento científico que se pretende enseñar. 

Práctica coherente:  Es una U.D. que plantea un problema inicial  que se resuelve de una forma
totalmente  práctica,  prescindiendo de la  teoría  y  otorgando  todo el  protagonismo al  quehacer
práctico. Puede posibilitar que el alumnado plantee hipótesis respecto al problema inicial, pero las
actividades planteadas tienen una secuencia muy guiada para que el alumno se limite a realizarlas
siguiendo unas pautas determinadas sin pedir reflexiones teóricas. Se trata de planteamientos que
poseen un gran potencial de convertirse en indagaciones, dado que los experimentos planteados
son adecuados  y  las  posibilidades  de  generar  conocimientos  y  aprendizajes  significativos  en  el
alumnado son elevadas.

Académica:  Es una U.D. donde se realiza un esfuerzo por plantear una situación problemática,
aunque el resultado final dista de ser coherente. Los conceptos objeto de estudio se abordan de
forma teórica y tradicional, a través de clases expositivas centradas en la figura del maestro. Puede
proponer alguna actividad experimental, incluso con realización de mediciones, pero magistral o
totalmente dirigida por el profesor. No contiene actividades prácticas en las que el papel del alumno
sea relevante.

Proyecto: Se trata de una U.D. que a priori conecta la teoría con la práctica y en la que el alumnado
tiende a tener un papel protagonista. No obstante, las actividades manipulativas están encaminadas
hacia la elaboración de un artefacto determinado, siguiendo unos pasos que el profesor determina.
La situación problemática no se retoma al final de la unidad puesto que se incide demasiado en las
actividades tipo receta. 

Investigadora: Son U.D. que parten de un problema inicial basado en el interés del alumnado. Éstos
plantean hipótesis en función de sus ideas previas, diseñan experimentos y los llevan a cabo. Las
actividades propuestas permitirían conectar la teoría con la práctica, así como generar conclusiones
que den respuesta al  problema inicial  planteado. Finalmente,  se retoma el  problema inicial  y se
ofrece una posible respuesta. Sin embargo, a diferencia de una U.D. ‘indagadora’,  el modelo de
programación no acompaña al  alumno en  una  gradación  de  dificultades  hasta  que alcance  un
trabajo independiente, pudiendo el alumno, sobre todo en primaria, perderse en este proceso.

Indagadora: En este tipo de U.D. se trabajan las ideas previas para introducir el problema objeto de
estudio,  que siempre están relacionados con aspectos del  entorno e interés de los alumnos.  Se
realizan experimentos clave y secuenciados partiendo de conceptos básicos para el desarrollo del
problema inicial. Asimismo, se discuten y comparan los resultados obtenidos, tratando de generar
modelos similares a los aceptados por la comunidad científica. Destaca la presencia de preguntas
que guían la temática antes, durante y después de la realización de los experimentos, y por último se
retoman las ideas previas y las hipótesis planteadas para evidenciar su desarrollo y potenciar el
aprendizaje significativo de los nuevos conceptos.  En todo el  proceso,  el  profesor escalona las
actividades para que los alumnos adquieran progresivamente mayores niveles de autonomía. En
definitiva, se trata de un modelo de programación que analiza las ideas previas del alumnado y su
desarrollo proponiendo una situación problemática de interés entre los alumnos y que permite el
análisis del entorno que les rodea a través del planteamiento de hipótesis, diseño y realización de
experimentos, discusión de los resultados obtenidos y finalmente, la redacción y exposición de un
informe.
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