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Abstract

This research aims to analyze the perceptions of future preschool teachers towards the application of practical work. This
study is part of a more comprehensive teaching innovation project, which aims to contribute to the scientific and
technological literacy of teachers in initial training. Three practical activities were designed from the topic Didactica del
Medio Natural at the University of Cadiz (Spain) and implemented during the 2018-2019 year. After their completion, a
questionnaire was provided of three closed questions Likert type with five levels. The student's answers were analysed
from a quantitative approach taking into account aspects: (1) Usefulness for professional training; (2) Degree of
satisfaction with contents; and (3) Degree of utility for your future teaching career. Results indicate that students, in
general, were very satisfied with the development of the practical work designed. However, their opinions varied when
they considered their usefulness for future teaching work. In conclusion, results indicate that practical work allows future
teachers to increase their interest in science. However, it can be advised of the necessity to look for spaces to be able to
discuss the learning acquired and to be able to adapt these practices to the children’s classroom to consider their didactic
potential.
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1. Introduction

The current vision of science teaching and learning is directed towards a goal based on achieving scientific and
technological literacy (STS) for all people [1]. This goal is, according to Solbes and Vilches (1997) [2], a science
education that contributes to forming citizens, and in their case, future scientists, capable of developing in their
immediate environment and being aware of the role that science plays in their personal and professional lives. In short,
citizens whose scientific training allows them to reflect, take decisions, and act on the issues related to science and
technology that affect them in their daily lives.

To this end, Hodson (1994) [3] points out that science education should include three aspects: 1) learning about
science, acquiring and developing theoretical and conceptual knowledge; 2) learning about the nature of science
(NdC). Referred to the understanding of how scientific research is conducted, the different types of experience claims
that scientists make, how scientists' reasons for linking data and explanation, or, for example, the role of the scientific
community in testing knowledge [4]. Finally, 3) learning to do science, which refers to the practice of science,
developing technical knowledge about scientific research and participating in problem-solving. Other authors such as
Grilli-Silva (2018) [5] argued that teaching and learning science aims at the introduction of students into the scientific
method used to build its knowledge.
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From this approach, practical work is conceived as a type of activity that is essential for learning science, but in
which the student is required to know what he or she is doing [6]. In many cases, the practical work is little related to
the didactic objectives pursued and focuses mainly on developing manipulative skills, rather than on solving problems
and contributing to systemic thinking [7].

In this study, practical work is defined, according to the considerations established by Millar (2004) [4], as any
teaching and learning activity that involves, at a given time, students in the observation or manipulation of objects and
materials they are studying. It is not only restricted to laboratory work, since observing and manipulating objects can
be done in other spaces, both in a school laboratory and in an out-of-school environment, the so-called field trips [4,
8]. Brink (2020) [9] argues that practical works can be very diverse and cover a wide variety of objectives. This study
range from experiences, which make the student familiar with the case of study, to illustrative experiments, which
allow us to show the relationship between variables and practical skills. All these activities help in the learning process
of new skills which are relevant in science research contexts, allowing the students to play the role of school scientists
[6]. An observation that is considered fundamental to rethink and design appropriate strategies for carrying out science
in schools.

There is some controversy in the literature about the effectiveness of practical work as a teaching and learning
strategy in school science. Abrahams & Millar (2008) [10] analysed the effectiveness of practical work in secondary
school students. These authors state that in the short term, practical work seems to be effective in achieving actions
involving the use of physical objects. Still, on the contrary, it is less effective in developing scientific ideas to guide
students' activities or to allow them to reflect on the data collected. In this respect, Izquierdo et al. (1999) [6], argue
that one possible reason why practical work is not sufficient is that school experiments are designed with the same
reference as scientists. These authors consider that teachers should instead create scripts to learn specific aspects of
science in the setting in which they occur, i.e. in the school context, which is very different from the context in which
scientific research is carried out.

As for the emotional and affective aspect linked to the practical work, there are also contradictory results; on the
one hand, practical work is proposed as an adequate strategy for increasing motivation, stimulation and development
of scientific attitudes in students, among other skills [11, 12]. However, a study carried out by Abrahams (2009) [13]
in the context of secondary school pupils, indicates that practical work generates a short-term commitment, but in the
long term, it proves to be ineffective in developing lasting motivation to study science.

Regarding teachers' perceptions of practical work, the literature demonstrates that, in general, future teachers and
current teachers, value practical activities positively, mainly because they allow to relate theory with practice.
However, they do not seem to consider so much the impact of this type of activities to cover conceptual learning or as
an introduction to scientific work [14]. And in many cases, fewer hours are spent on these activities at the curriculum
level [6].

On the other hand, another problem is that in general, future teachers show negative attitudes and emotions towards
teaching science, considering it tedious, complicated and far from daily life. Several studies [15, 16] reveal a poor
attitude by future teachers towards the learning of science. Taking into account that the affective component and
attitude are considered as factors that play a pivotal role in learning and teaching science. According to Mellado et al.
(2014) [17], negative emotions can act as real barriers students, as well as for educators [18] in a learning process.
Furthermore, it is not only the lack of interest from teachers regarding science, but also the fact that, as shown by
several research studies, current teachers have a low profile in science [19, 20]. This fact appears as one of the main
obstacles when it comes to addressing science at school [21]. Besides, studies make evident the low presence, in
preparatory school, of science teaching activities, focused on the scientific methodology or the argumentation [22].

Correspondingly, teachers who dedicate themselves to initial teacher training have a great challenge ahead. For this
reason, it is necessary to design educational proposals able to foster the interest of our students in science while
favouring the development of positive attitudes towards this subject. Based on this statement we believe that it is
necessary to continue to study these aspects in-depth, on the one hand, the perceptions that future teachers have
towards practical work because these can have an impact on their future teaching activity. On the other hand, because
these studies can provide useful information when it comes to improving the design of the practical work itself and
implementing didactic proposals with the aim of training teachers from the perspective of the STS.

1.1. Research Aim

During several academic courses, academic staff in the Department of Didactics and Experimental Sciences of the
Faculty of Education Sciences of the University of Cadiz (Spain) have observed that students have a low profile and
adverse attitudes towards science, considering this school subject difficult and tedious. There is a critical
disconnection perceived, which we think can have an impact on how our students, future teachers, design, and develop
practice work in children's classrooms. In this context, during the academic year 2018-2019, an innovative proposal
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was designed. Four practical sessions were designed under the topic Didactica del Medio Natural (DMN), based on
both laboratory and field trip. Practical work was implemented to increase the interest and to develop positive students'
attitudes towards science to contribute to the STS of our students. The main research question in this study is: How do
future preschool teachers perceive practical work for their initial and future training? Therefore, the paper aimed at
analysing students' perceptions after four practical sessions. In this research, the opinion from students was analysed
based on three aspects: 1) Usefulness for professional training; (2) Degree of satisfaction with contents; and (3)
Degree of utility for the future teaching profession.

2. Research Methodology
2.1. Population and a Sample

This research focused on the topic Didactica del Medio Natural, at the University of Cadiz (Spain), in the 3rd year
of a degree programme leading to Early Childhood Education. The topic is mandatory, and it is the only one covering
experimental sciences teaching during the degree leading programme. The topic covers the first semester and has a
duration of 15 weeks. The practical works were designed and distributed in four sessions. Each session has one hour
and a half of time, and it includes individual activities, alternating between small groups and large groups. Thus,
students were generally grouped into work teams formed by 5-6 members each. A total of 56 students, 7 men and 49
women, aged between 19 and 41 years, have participated in the study.

2.2. Teaching Intervention

The practical works were implemented simultaneously in tutorial sessions. The contents that were introduced in
those sessions correspond to the block 1 of the topic which is centred on the question: why to teach and learn science,
the very concept of STS, and the need to train future citizens with a critical sense, and capable of making techno-
scientific decisions. Students are discussed how science can contribute to understanding advertising or deception,
through pseudoscience [23]. We also work on how science allows decisions to be made and participation in society
[24].

At the same time, four practical sessions were held to complement the content worked on in the theoretical sessions
described above. In practicum 1 (P1) under the name 'Laboratory as a learning space’, the students, organised in
workgroups, had to complete the form given by the teacher. The goal of this exercise is to recognise different spaces
of the laboratory, propose safety standards through the creation of a Decalogue, recognise labels of substance
indicators present in the laboratory and know instruments and devices to operate with measurements and calculations
of temperature, volume and mass. In practicum 2 (P2) under the name 'Do we know what we eat?" students had to
design and carry out short research about the presence of starch in food (bread, potato, apple and three different brands
of ham). P2 was divided into two parts: First, practical work was more illustrative, and groups had to know and apply
the technique of Lugol; in a second moment, groups had to strictly design a small investigation to determine the
presence or absence of starch in certain foods. Finally, the different groups had to share their results, discuss with the
entire class and expose, reflect and draw conclusions on how science helps us to be more critical. This action allowed
P2 to be related to the science content of the teaching and learning purposes covered by the topic in the block 1, within
the context of a collaborative extensive group session (Figures 1A and 1B).

(b)

|

Figure 1. a) Practicum 1. Laboratory as a learning space: basic safety standards and laboratory equipment; b) Practicum 2.
Do we know what we eat? Research design based on the topic of starch content in foods
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Practicum 3 (P3) was divided into two different sessions. First, ideas about the concept of life and dead matter
were explored by using a questionnaire. Complementarily, fieldwork was programmed in the area that surrounds the
Faculty - the natural park of 'Los Torufios'. A circuit of 30 minutes route was established. During this time, the teams
had to collect elements that they considered part of the natural environment. Back in the laboratory, students had to
identify the features and classify them as living and dead matter. In the second session, the work teams had to build a
dichotomous key using A3 format. To do this, the teacher made a brief explanation about the use of dichotomous keys
to identify and classify organisms or objects. A dichotomous key adapted to the stage of children, by Lopez and De la
Cruz (2016) [25], was shown as an example. The key is organised into dichotomies (sometimes trichotomies) or
dilemmas, i.e., pairs of opposing statements.

Students, by teams, had to design a dichotomous key to classify the elements collected in the previous session.
Each group presented its dichotomous key to the rest of the class, and a discussion was carried out on the features that
exist in the natural environment, bearing in mind the dichotomy of living and dead matter (Figures 2A and 2B). When
designing the dichotomous key, the students had particular difficulties in assigning characteristics that allowed them to
classify the collected elements. A clear example of this was the identification of components such as hardness, colour
or textures for the inert matter. They also presented doubts between the inert concepts and "death."

Figure 2. Practicum 3. What is alive? What are the components that make the natural environment? a) Samples collected
during fieldwork in the natural park 'Los Torufios'; b) Design of a dichotomous key using collected samples from the
natural environment

2.3. Data Collection Instrument

Once each practical work was finished (P1, P2 and P3), students, individually, had to submit a field diary and
answer a specific survey for each practical work. The surveys were designed following the work of Davila et al.
(2015) [26]. Questions in every survey were adapted based on the objectives settled for each practical work. The
surveys shared questions aiming at understanding the opinion of the students in every aspect. Each form contained
three questions to address the case of study adequately. The questions are closed, and they use a Likert scale that
offers the student the possibility to choose between four different levels of agreement or disagreement. Figure 3 shows
a flowchart that summarises the research process.

:Implemenmtion of
Practical Work Design M practical workin the
p(P1, P2, P3) 3 Iaboratory/field

(small groups)

Individual Data processing
assessment {calculated as a
questionnaire on i percentage of
practical work frequencies)

Analysis of student
responses according to
the degree of
agreement or
disagreement

Figure 3. Flowchart about research process
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2.4. Data Analysis Procedures

The data collected were processed by quantitative analysis, counting absolute frequency that was performed with
SPSS 21 software (mac version). A comparative analysis was carried out based on the percentages of frequencies for
the three aspects considered for each practical work, designed and implemented for teaching and learning the topic
DMN.

3. Findings and Discussion

The results obtained from the analysis of the survey answers are shown in Table 1. Regarding usefulness, results
indicate that students show agreement, perceiving all the three activities as positive. However, according to the
obtained data, some practical work received better scores than others. P1 shows that 61% (N=51) of the students
considered that they were totally in agreement with the usefulness of the activity for professional training purposes;
instead, P3 and P2 received 43% and 59%, respectively.

P1 was the activity most valued by the students, due to their training as teachers and the called 'novelty factor' [27,
28]. This term refers to field trips but can be extended to practical laboratory work since it relates to three aspects: 1.
Cognitive (concepts and skills that students should handle during the activity); 2. Geographical (the place where the
activity will take place, or the workspace, the laboratory in our case); 3. Psychological (the gap between expectations
and the reality that students find during practical work). In this sense, the fact of using these resources so scarcely
during their academic training makes the novelty factor increase. This fact could be related to a higher assessment and
degree of satisfaction by students, not considering other methodological aspects.

Table 1. Survey results. Perceptions from students after the practical work applied in DMN topic during the academic year
2018-2019 (%)

(1) Useful for professional training P1 (N=51) P2 (N=51) P3 (N=56)
Totally agree 61% 43% 59%
Agree 38% 55% 41%
Disagree 0 0 0
Totally disagree 0 0 0
Does not answer 1% 2% 0
(2) Degree of satisfaction of contents P1 (N=51) P2 (N=51) P3 (N=56)
Totally agree 29% 55% 38%
Agree 65% 41% 62%
Disagree 4% 4% 0
Totally disagree 0 0 0
Does not answer 2% 0 0
(3) Utility for your future teaching work P1 (N=51) P2 (N=51) P3 (N=56)
Totally agree 53% 53% 36%
Agree 45% 47% 53%
Disagree 0 0 11%
Totally disagree 0 0 0
Does not answer 2% 0 0

The degree of satisfaction with the contents also obtained positive reactions, since the majority of the students
stated that they agree or totally agree with each practical work and in no case were negative responses received.
Despite the important difference between the experiences from P1, with a 65% of the acceptance, against P2, with
41%, and P3, with 62% there are still aspects to highlight from each practice. P2 got a higher percentage of students
who are totally satisfied with its contents than P1 and P3 did. P2 was a practice that involved instruments manipulation
and specific staining techniques to assess the presence of starch in food. This practice related to food which is a
subject of interest and close to students. The other two practices a priori do not have such a close relationship with
their daily lives.

Consequently, this could be the cause of the higher percentage of students who stated to be totally satisfied with
P2. Finally, regarding the third aspect analysed in this research - the utility of the practice for your future teaching
work - students rated P1 and P2 more positively than P3. Students showed a lower level of agreement with P3 (only
11% agreed) probably due to the difficulty they felt when they were asked to design a dichotomy key.
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According to the results obtained, students seem to value the usefulness of the practices for their future, as soon as
they become classroom professionals, consistently with the degree of difficulty that they experienced when performing
them. These results are consistent with those that emerged from other studies carried out with future primary school
teachers when assessing the use of analogical resources and their transference into the primary school [29, 30]. As a
conclusion, it can be said that the use of particular resources is complex or challenging for some future teachers. They
rated lower the activities that they felt more complicated, thinking that when they have to transfer them to the
classroom, their future students will feel the same difficulty. Students did not consider the possibility of adapting the
resources to be used by children of 3 to 6 years old, neither of adapting them to the needs of prospective teachers.
Besides, they did not attend to the didactic potential that this resource may offer when one wants to teach specific
science content.

4. Conclusions

In general, the results show a very positive reaction of prospective teachers to practical work, as they believe that it
will work as a good mediator in the learning process. However, further investigation needs to be undertaken into
students' perceptions of practical work, using other instruments of qualitative analysis. An excellent example in this
regard is the use of laboratory notebooks or individual interviews, which can help to develop more insights about
student teachers' perceptions. In general, practical work designed for this study seems to have awoken students'
interest in science whilst developing other essential skills that are relevant to scientific research. This result has
important implications in the short term, given that prospective teachers should be able to transfer these practices to
their future students. The preparatory school is a fundamental educational stage in children's education. One of the
main objectives to be attained in this period has to do with initiating students into scientific practices. These practices
involve the development of scientific skills such as observation, variable manipulation, or hypothesis formulation. To
do this, it is necessary for teachers to be able to not only transmit scientific knowledge but also promote the
development of research skills.

As a consequence, teachers need to be able to propose understandable and searchable questions to children of early
ages as a means to lead them to investigate their natural environment and to develop an understanding of the milieu
that surrounds them [31]. Nevertheless, a fundamental aspect of improving the effectiveness of practical work is to
incorporate spaces for reflection and explicit teaching strategies into the classroom to help students establish
relationships between the practical work carried out and the scientific content and ideas that are intended to be
achieved [10]. On the other hand, to be able to awaken an interest in science in the long term and go beyond pure
activism, In short, practical work has an essential role in the teaching and learning of science, but its implementation
must be mediated. An alternative, according to lzquierdo et al. (1999) [6], could be through questions of the type
"what | have there, what | do, what is happening, how it is happening,”" which would help students to make sense of
their observations and facts, with a model being necessary as a frame of reference.

Besides, another valuable aspect to be pursued in future research would be to monitor prospective teachers to find
out how they can adapt their practices in schools during their teaching practice. Besides, it should be assessed how the
end of undergraduate programme projects impacts on their interest in science. Carrying out these studies would be
vital because they involve actions that could lead to an increase in the number of prospective teachers who intend to
teach science at the primary level through practical work. Also, it could offer relevant information on how to train
future teachers in case the research concludes shows that participants demonstrate a real interest in science.

From the initial teacher education perspective, it is necessary to continue the task of planning and designing
teaching proposals. This should integrate practical work into classroom strategies to promote scientific research. And
it is recommended to be done by applying small, but real, research to solve meaningful questions and problems from
the participants' point of view. Practices of this type also integrate modelling and argumentation and would allow
working with the three essential components of scientific competence.
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