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Abstract

This report shows Spanish elementary school students’ attitude towards school science. The analysis is
performed through a questionnaire with a sample consisting of 183 10 to 12-year-old students. The
association of this attitude with factors like sex, age, school environment and teachers’ use of
experiments has been researched. The results show a positive attitude towards school science, and null
association with sex or age. Besides that, there is an association between school environment and
attitude: the students with the most positive attitude values belong to rural schools. A sex bias is
observed in the group of students with the most positive attitude, with girls making up the majority. The
small size of this reduced sample limits the impact of this conclusion. A difference in the perception of
experiments is observed between teachers and students. Attitude towards school science is not
associated with students’ perception of experiments in science classes.

Keywords: Elementary Education, Sciences, Experiments, Student attitude.

Resumen

Este trabajo muestra la actitud hacia las clases de Ciencias Naturales en Primaria. Los resultados se
obtuvieron mediante un cuestionario realizado a 183 estudiantes de entre 10y 12 afos. Se ha investigado
la asociacién de la actitud con relacién al sexo, edad, entorno escolar y empleo de experimentos en las
clases. Los resultados muestran una actitud positiva; no existe asociacién con el sexo o la edad, y sf con el
entorno escolar, siendo mds positiva en el entorno rural. Entre el subgrupo de estudiantes con actitud
mas positiva son mas numerosas las chicas, no siendo concluyente este resultado por el tamano muestral.
Asimismo, entre los estudiantes y los maestros de primaria existe una percepcién diferente sobre “qué es
un experimento”, y no se observa que la actitud de los estudiantes se relacione con su percepcién sobre la
presencia de dichos experimentos en las clases de ciencias.

Palabras clave: Educacién primaria, Ensefianza de las ciencias, Experimentos, Actitud del estudiante.
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I. Introduction

Attitude is a cognitive, affective and behavioral predisposition with respect to any issue. Such a tendency
is not natural but acquired (Rodriguez & Seoane, 1989) and individually developed through models, that
is, through mental visions of a social issue, which are influenced by cultural beliefs (Morales, 2007). When
the issue is science, we refer to the attitude towards science.

The relationship between student attitude towards science and interest in scientific content is reported
by several authors (Klug, Krause, Schober, Finsterwald & Spiel, 2014). All these studies reveal that the
more positive the student attitude towards science, the deeper the interest in scientific content. In a PISA
report on Spanish students’ results, one of the conclusions reached is that student attitude towards the
subject matter is crucial in guaranteeing outstanding academic achievement (Instituto Nacional de
Evaluacién Educativa [National Institute of Educational Evaluation] (INEE), 2013). This positive attitude is
also reflected in the development of practical and logical reasoning abilities (Prieto-Patifio & Vera-
Maldonado, 2008; Huey-Por et al., 2011), and not only in achievement.

Studies on student attitude towards science (Pelcastre, Gémez & Zavala, 2015) show that although
students find some positive aspects in science at school level, they are not willing to start studying
science majors. As a consequence, there has been a decline in the number of students enrolled at
university in science, technology, engineering and mathematics (STEM) majors in the western world
(National Science Education Standards, 1996; Vazquez & Manassero, 2008).

1.1 Theoretical framework

Attitude towards Science. Several authors have considered the attitude towards science by examining
different aspects: the social and geographical context, and the social perspective.

The study offering the widest scope in this respect on the European continent was ROSE (available at
http://www.uv.uio.no/ils/?vrtx=search&query=ROSE), carried out in 2004 by Schreiner and Sjgberg. The
sample was made up of 15-year-old students from 40 countries. The questionnaire was developed by an
experts’ committee and included 10 aspects of science in student life. The results are similar to those
obtained in other international projects in developed countries: most of the students find science
important in their lives but are not inclined to continue studying science in the future. Nevertheless,
similar studies carried out in developing countries show that students like science, and a greater number
show aninterest in continuing to study science in future courses (Schreiner & Sjgberg, 2004).

In the Spanish context the reported results follow the same tendency as in developed countries (Prieto-
Patino & Vera-Maldonado, 2008). As far as we know, there are no studies on the analysis of the attitude
towards science at school, or school science, which is the focus of this report.

Factors. There are numerous studies on the identification of factors affecting attitude towards science
(Marba-Tallada & Vazquez, 2010). These factors belong to different categories: some are external to
school, like school environment, sex and age; others are inherent to it, like curriculum design and teacher
instruction.

With regard to the influence of sex, studies in the Spanish context (Prieto-Patifio & Vera, 2008; Marba-
Tallada & Mdrquez, 2010) report a null sex effect. We will analyze if this factor affects attitude towards
school science.

Regarding the effects of age on attitude, the association is reported in several studies conducted in
different countries (Pelcastre et al., 2015). The effect of age is that the older the student, the worse the
attitude towards science. Nonetheless, other studies (Prieto-Patifo & Vera-Maldonado, 2008; Vazquez &
Manassero, 2008), performed with 12 to 18-year-old Spanish students, indicate no influence at all from
age (Vazquez & Manassero, 2009; Marba-Tallada & Marquez, 2010; Pelcastre et al., 2015). Since no studies
are reported that analyze the attitude towards school science at the very beginning of adolescence,
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starting at 10, and the evolution in the 10 to 12-year-old range, this is one of the purposes of our study.

Regarding the school geographical environment, there are just a few studies reporting differences in
attitude towards science for students from rural or urban schools (Chetcutia & Kiokob, 2012). The
literature reviewed in the Spanish context (Vdzquez & Manassero, 2009; Marba-Tallada & Marquez, 2010)
shows results from schools located in urban areas in the Balearic Islands and Catalonia, respectively, but
not from rural ones. In this report we will attempt to discover the association between this variable and
students’ attitude towards school science.

Teacher attitude towards school science and the way teachers view science are currently of interest to
science education researchers. Teachers' attitude towards science is transmitted to students through the
way they teach. Pelcastre et al. (2015) studied this in a sample of 174 students between 15 and 16 years
old. The conclusions are that although the analyzed students show a positive attitude towards science,
teachers should revise their own attitudes and acquire and implement teaching strategies entailing
positive attitudes towards science. Therefore, how elementary school teachers feel when teaching
science, and how they are trained to teach science, are crucial.

In study programs at Schools of Education in Spain, science subjects do exist but in a low proportion
(Oliva & Acevedo, 2005). As a result, these teachers are not experts in science education, and are less
trained to teach science than other subjects.

Teacher instruction and student attitude towards school science. Current studies on attitude towards
science agree that student attitude is influenced by several factors that come together in school, hence
the need to implement forms of instruction and teaching strategies that contribute to this attitude (INEE,
2013; Hampden-Thompson & Bennett, 2013). Gonzalez & Paollini (2015) attempt to determine factors
influencing attitude towards science in a sample of 430 students in Spain taking their last high school
course. The correlations between teaching strategies and attitude were significant (p<0.01) and ranged
from .35 to .43.

Many authors suggest empowering interest in sciences by means of teaching strategies (Hampden-
Thompson & Bennett, 2013; Chin-Tsan & Kai-Ying, 2015). They recommend providing a broader range of
activities to suit different student skills or intelligences. One of the recommendations is to include
experimentation.

There is a general acceptance of the fact that the inclusion of experiments or practical work in science
instruction favors the learning of science, but not by itself.

The reviewed literature reports that experiments are lacking in Spanish elementary school science classes
(Oliva & Acevedo, 2005). We wish to analyze whether experiments relate to students’ attitude towards
school science.

Research objectives. The aims of this report are:

1) to analyze Spanish 5th to 6th-grade elementary school students’ attitude towards school science;

2) todiscover the association between the attitude towards school science and sex, age, and school
environment (rural or urban) variables;

3) to discover if students’ perception of the presence of experiments in science classes relates to
their attitude towards school science;

4) to determine the extent to which teachers use experiments in science lessons, and their opinions
on these experiments.
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Il. Methodology

Participants. The sample consisted of 183 elementary school students, 97 from 5th and 86 from 6th
grade. In this sample 93 were boys and 90 girls. All participants were recruited from 7 public schools
located in central Spain, namely 5 urban schools (97 students) and 3 rural schools (86 students). The
teacher sample is made up of 36 elementary school teachers. All teachers answered the questions, but
just 10 accepted to be interviewed. The schools were contacted in such a way that the sample is
representative of the elementary school population in Spain because all students come from different
social, cultural and economic environments.

Materials. The construct used was created for this purpose, as other authors did in their studies (Vazquez
& Manassero, 2008), and consisted of a set of 8 statements chosen from the “My science classes” section
of The Relevance of Science Education (ROSE) questionnaire (Schreiner & Sjgberg, 2004). The answers are
provided with a semantic differential scale from 1 to 5, with 1 referring to the word appearing on the left
and 5 the one on the right. The sentences are phrased in such a way that 1 is not always the most positive
answer, nor 5 the most negative, in order to counterbalance the choices. The student questionnaire is
shown in Appendix 1. Other student data such as sex, grade, and school, including the city, are also
collected.

To determine to what extent experiments are present in science lessons, two questions were posed to
students, Q1 and Q2, shown in Appendix 2.a Teachers were also asked about the presence of
experiments in their lessons, and some of them were interviewed, to collect information on this issue
from them too. The questions dealing with this topic are included in Appendix 2.b

Procedure and Data Analysis. To measure school science attitude we used a survey that was sent to the
participating schools in the first semester of the academic year. We asked the teachers working in 5th and
6th grades (10 to 12-year-olds) to administer it to students. The student and teacher survey answer
sheets were collected and analyzed. After that, teacher interviews were conducted with those who
accepted.

Student data are analyzed quantitatively by using the software 1BM spss19. There are eight statements
(51-S8) that are added up to obtain the Total Attitude towards School Science (TAEtSS). The internal
consistency is tested through the Cronbach-Alpha coefficient, providing .701, and the validity through
item-total correlation, providing values between .500 and .682. The TALLSS value was used to discover the
possible association with the factors researched — sex, age and school environment — through a non-
parametric mean test due to the fact that the answer distribution is not normal in most of the cases. The
p value is always smaller than .05.

Statements 1, 3, 5, 6 and 8 were inverted to make 1 the most positive value in all cases. The TAEtSS values
range from 8, the most positive, to 40, the most negative, with 24 as the neutral value.

Regarding experiments in teaching, a quantitative analysis of surveys and a qualitative analysis of
interviews were performed. We collected information on students’ and teachers' perception of
experiments. The questions for students are shown in Appendix 2.a These questions seek to ascertain the
students’ perception of experiments in school science. On the other hand, the questions for teachers on
this issue are in Appendix 2.b These questions intend to determine, firstly, whether teachers use
experiments as part of their science lessons; secondly, whether students and teachers perceive
experiments similarly; and thirdly, to what extent the students’ perception of experiments may relate to
students’ attitude towards school science. The open-ended question for teachers is analyzed
qualitatively, and an attempt is made to clarify the reasons for the results.

I1l. Results and Discussion

In the Ffirst stage, the TAELtSS is analyzed, and then its association with sex, age and school environment
factors is studied. The teachers’ use of experiments in science classes and the students’ perception of
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them is studied in the last part, in an attempt to discover any possible relationship with school science
attitude.

Attitude towards School Science. Table | shows positive and negative percentages for TALLSS. The
positive values range from 8 to 16, and the negative ones from 32 to 40. The mean and standard
deviation are also shown.

Table I. Positive and negative percentages for TALLSS

Positive Negative
Answers (%) | Answers (%) | Me3n | P
TAEESS 46.6 1.8 17.09 | 5.72

Because the mean is a central value highly affected by extremes, we compare it with the median, 17.00,
and they are almost the same. Furthermore, 50% of students display very positive values of attitude
towards school science. Even the 3rd percentile, 21, is well below the value expected for neutral TAELSS,
which is 24. Itis in concordance with the low percentage for negative answers shown in Table I.

We can say that the attitude towards school science in 10 to 12-year-old elementary school students in
Spain is positive, which follows the same direction reported by Prieto-Patifo and Vera-Maldonado (2008)
but is even more positive, as more than 75% of students are well below the average (24), which is
contrary to the study reported by Vazquez & Manassero (2008), although both studies worked with older
students.

Attitude towards school science and sex, age and school environment factors

Table Il. Mean and Standard Deviation of TALtSS for different sexes, school environments and ages

Mann-

N Mean SD Whitney P
Sex
Girls 90 17.43 6 3,531.5 446
Boys 93 16.7 5.4
School environment
Urban 97 18.15 6.2 3,013.5 .02*
Rural 86 15.84 4.8
Age
10 97 17.5 5.8 3,196.5 .082
12 86 16.34 5.5
*Sign P<.05

Sex. The mean value for TALLSS seems to be slightly more positive for boys than for girls. Nevertheless,
the mean test does not produce any significant difference. Therefore, our work confirms previous results
on the attitude towards science in general, reported by other authors (Schreiner & Sjgberg, 2004;
Vazquez & Manassero, 2009; Pelcastre et al., 2015).

Age. (10-12 years). Table Il shows that, although the mean value for 10-year-old students is less positive
than for 12-year-olds, the mean test does not produce any significant difference. It is not aligned with
other studies performed with older students, 12 to 18 years old (Vazquez & Manassero, 2009; Marba-
Tallada & Marquez Bargalld, 2010; Pelcastre et al., 2015), but it is aligned with those reported by Prieto-
Patifio & Vera-Maldonado (2008) and Vazquez & Manassero (2008). Therefore we can say that an
insignificant effect on TALLSS is detected for age in 10 to 12-year-old Spanish elementary school students.

School environment. The mean value for rural school students (Table Il) reveals a more positive attitude
towards school science in rural school environments (p<.05).
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The effect of school environment on attitude towards school science has not been studied in most of the
referenced works. Only Chetcutia and Kiokob (2013) considered it as a possible notable factor in attitude
towards science. There are no studies of this kind in Spain or any other European country. We consider it
pertinent because the environment is part of students’ and teachers’ lifestyle. The role of school itself is
not the same in urban environments as in rural ones, and neither is school science. These results show
that this factor influences students’ attitude towards school science the most, among the ones analyzed
here.

Due to the differences observed, it could be interesting to go deeper and analyze the effect of the
previous factors on the subset with the most positive TALESS.

Cases with the most positive attitude. Because of the differences observed, we have restricted the
sample to the students with the most positive attitude, and researched the possible association with sex,
age or school environment.

Table Ill. Mean and Standard Deviation of TALESS for different sexes, ages and school environments
in the set with the most positive attitudes

N Mean sb Mann-Whitney P

Sex

Girls 9 8.22 .44 59,000 .01*
Boys 8 9.25 .88

School environment

Urban 7 8.86 9 29,000 .52
Rural 10 8.66 .84

Grade

Sth 9 8.88 .78 25,000 245
6th 8 8.50 .92

*Sign P<.05

Table Ill reveals that, in this small sample, there is a clear difference between girls and boys, while no
difference exists for age or school environment. Girls do show a more positive attitude; or in other words,
the majority of students that show the most positive attitude towards school science are girls. This has
never been observed in any previous study: they either reported no sex effect at all, or if any, a more
positive attitude for boys. The weakness of our new result is the fact that the sample size is particularly
small, n<10, which makes it impossible to generalize it. Prospectively a deeper analysis must be
performed with larger samples to see if this may be confirmed.

Experiments as Part of Teaching. To analyze this issue, students were asked two questions (see
Appendix 2.a).

Table IV. Positive and negative answer percentage, mean and Standard Deviation for each question

Positive Negative

Questions Answers (%) Answers (%) Mean b
Q1 20.3 51.3 3.4 1.56
Q2 70.5 14.2 1.9 1.38

In Q1 we asked students about the presence of experiments in their science classes. In this case, 20.3% of
students view experiments as part of their science lessons, while 51.3% do not perceive experiments at
all. On the other hand, 70.5% of students would like to have more experiments in school science (Q2),
and only 14.2% would not.

The first part of the previous paragraph contrasts with what teachers say about using experiments in
their science lessons: 98% answered “no” to the first question (see Appendix 2.b), meaning that they do
not use experiments in science classes, and 100% answered “yes” to the second one, meaning that they
would like to use them.
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Negative student answers amount to 51.3%, while negative teacher answers reach 98%. What could be
the reason for this contradictory view? It may be that students and teachers have differing ideas of
experiments. There are other studies that find this mismatch between teachers’ and students’ ideas of
teaching strategies and activities. Wai Yung et al. (2013) reported this observed difference in a study
carried out with 110 teachers and 4,024 Year 7 students. We interpret that students consider they do
experiments when they perform any hands-on or practical activity, while teachers know that these
activities are not always experiments. Experiments involve discovery and above all, the implementation of
the scientific method, focusing on observations and later reflections, while practical activities simply
involve observations without further reflection in most cases, as teachers stated in the interviews.

The fact that although teachers consider they would use experiments in their science lessons (Q2,
Appendix 2.b), they don’t and have never implemented any, is significant. Reasons for this contradictory
behavior were identified with the answers to the third open-ended question, and the interviews.

On the one hand, the majority of teachers (28) complained about the lack of laboratory rooms in
elementary schools, and even the lack of facilities in the classroom. A significant number (26) said they
didn’t feel confident conducting classes involving experiments or teaching science through experiments.
They would like to learn how to teach this way because they are not familiar with this methodology. On
the other hand, just a few (6) said they would suggest that the parents pay for it as an extracurricular
activity, instead of performing experiments in class because they consider them leisure activities.

As the sample we have been dealing with amounts to 36 teachers, it cannot be considered representative
of the population of elementary school teachers in Spain, but is significant enough to allow us to reach
some conclusions on science teaching in elementary schools.

Elementary school teachers have not followed the proposals to improve science teaching made by
science education researchers from the beginning of this century (Oliva Martinez & Acevedo Diaz, 2005)
regarding the use of experimentation in science lessons. They teach science as a collection of facts,
without providing opportunities for comprehension through observation, experimentation and
reflection.

Although just the inclusion of experiments does not entail an improvement of the teaching of science,
the scientific community considers them a main part of the teaching of science because they are present
in all the science courses. So how could experiments be included in elementary school science? The main
reasons offered by teachers are the lack or scarcity of facilities in schools, which cannot be solved in this
paper, and the lack of teacher training in methodologies involving the use of experiments. In this last
respect, we can suggest actions to reverse this situation: the improvement of science education
programs for preservice teachers at university level, and the effective use of lifelong learning projects
including refresher courses in science education methodologies, aligned with others currently developed
in countries with similar weaknesses and aimed at improving the perception of science (Ferndndez Cézar,
2014; De Juan et al., 2016).

Attitude towards School Science and Experiments. We attempted to determine whether students’
perception of the use of experiments is related to their attitude towards school science.

Table V. Mean and Standard Deviation of TALtSS for the presence or lack of experiments in science classes

Students’ perception Mann-
of experiments N | Mean | sD : P
L Whitney
in science classes
Yes 54| 182 | 6.23 | 2,896.0 | .152
No 94 | 16.0 5.1
*Sign P<.05
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Studies have been conducted with undergraduate students that report experiments in science classes
with a more positive student perception of the subject. But as far as we know, there has been no work
reporting science experiments with Spanish students, except for infant education. L6pez Dalmau and
Alsina (2015) find that the methodology used influences motivation and learning of the subject, and say
nothing specifically about attitude. It fits our hypothesis on attitude that cannot be proven with our
results, as can be seen in Table V. These results show that students’ attitude towards school science
shows no association with their perception of the presence of experiments in science classes. The
Spearman coefficient, -0.074 (p<.331), shows a weak correlation between the two aspects. For the future
we plan to implement a program to include experiments in science classes, and analyze the possible
association with the students’ attitude towards school science in the new teaching situation.

IV. Conclusions and Future Implications

Our results show that the attitude towards school science in 10 to 12-year-old elementary school
students in Spain is positive, contrary to what has been observed in other studies with older students.

As in previous studies performed in Spain, null difference due to sex or age is observed in this attitude,
except for a majority of girls in students showing the most positive attitude towards school science. But
the restricted sample is too small to allow us to generalize the result. It would be interesting to repeat
the same kind of analysis in the future with larger samples. Contrary to the aforementioned factors,
school environment does have a significant effect on students’ attitude: there are more students
reporting a more positive attitude towards school science in rural schools. Therefore, it is necessary to
take steps in urban schools to improve elementary school students’ perception of science.

Regarding the presence of experiments in science classes, we conclude that the different answers given
by students and teachers are indicative of a difference in the students’ and teachers' ideas of
experiments, and this should be thoroughly researched. The majority of teachers say they do not perform
experiments in their science classes, which confirms that science teaching in Spain is far from the
proposals made by experts in the final years of the 20th century. The majority of teachers argue that the
lack of education in this respect is the reason for not including experiments in science classes. Therefore,
reversing this situation requires improving preservice teacher programs at university and designing
lifelong learning programs.

On the other hand, there is no association between students’ perception of the presence of experiments
in science classes and the TALtSS in the type of students we worked with. A program to include
experiments in science classes is planned to be implemented. At the end of this program, students’
attitude towards school science and possible associated factors will be studied.
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Appendix 1

Questionnaire (Ffrom the “My Science Classes” section of the ROSE questionnaire)

S1.School science is a(n) ... subject Difficult 112 |3 |45 ]| Easy
S2.School science is ... Interesting |1 |2 |3 |4 |5 | Boring
S3. School science has opened my eyes to interesting jobs that | can No 11213 1als] ves
perform as an adult

S4. 1 like school science better than most other subjects Yes 112 (3]4]5]|No

S5. | think everybody should learn science at school No 11234 |5] VYes
S6. The thl.ngs that I learn in science at school will be helpfulin my No 11213 1als5] ves
everyday life

i;.“?/ic:;)ol science has shown me the importance of science for our way False 11213 1als | True
S8. I would like to have as much science as possible at school True 112 (3[4 ]5 ] False
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Appendix 2

a) Student questions on experiments in school science lessons

Q1. In my school science class there are experiments Yes | 112 ]3| No

Q2.1 would like to have more experiments in my science classes at school | Yes | 1 | 2 | 3 | No

b) Teacher questions on experiments in Science class

1. Do you use experiments as part of your science classes?

2. Would you use experiments in science classes? Explain why and when:
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