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Abstract

Biotechnology presence both in curricula and among researches regarding its teaching and
learning processes is constantly increasing. The knowledge, attitudes and interests of 184 Spanish
pre-university students on biotechnology in the fields of health, food, industry and environment
have been analyzed in this work. The results showed that while some areas are well known,
favourable attitudes and interests depend on other factors. Thus, positive correlations have been
found between: (1) knowledge and interest towards almost all areas considered (rs .152-.214)
except for fermentation, (2) knowledge and attitude regarding the use of fermentation for food
production (rs .325) and applications related to improve the environment (rs .239), (3) and attitude
and interest only in the medical field (rs .327). As a conclusion, it is important to consider the
relationships between these three constructs for designing activities including socio-scientific
issue in order to facilitate the analysis of information in a critical way.

Keywords: attitudes, biotechnology, interests, knowledge, Secondary Education, socio-scientific

issue

INTRODUCTION

Biotechnology is an area undergoing constant growth
that generates valuable knowledge. Since it is immersed
in some socio-scientific issues, students of this subject
are motivated not only to understand its biological
principles, but also to be aware of the possible benefits
and risks (political, social, legal and ethical in nature)
that derive from its development (Hammann, 2018).
Therefore, citizens must have a critical opinion
regarding the use of biotechnology. In the following
sections, there is a global vision of the knowledge,
attitudes and interests of students of different
educational levels, highlighting the studies that have
been carried out in Spain.

The Aspects of Biotechnology Studied in Secondary
Education in Spain

The use of living organisms to promote development
in the areas of industry, medicine and agriculture for the
benefit of humankind is known by the term of
Biotechnology. From vaccines, diagnosis, identifying
and combatting diseases, the protection and

preservation of biodiversity, to polluted air
decontamination, as well as increased crop and food
production, biotechnology aim is to improve the quality
of life for all (UNESCO, 2017). As in other educational
systems, the first school contents on biotechnology in
Spain are introduced in the last secondary course (15-16
years), in the 4th year of Compulsory Secondary
Education, basic contents are introduced within the
optional subjects of Biology and Geology, especially
those related to the fields of health and nutrition.

Although, it is not until the Baccalaureate, with ages
between 16 and 18 years, and for those students who
specialise in the science curriculum, that it is learnt in a
more detailed way. In Spain, the Baccalaureate is a
voluntary stage after secondary education, and prior to
higher education. The Baccalaureate degree allows
students to enrol in a Higher Degree Formative Cycle of
Vocational Training or, if they pass an entrance exam, in
a University. Specifically, aspects related to
biotechnology appear in four of the five content blocks
of the 2nd year of the Baccalaureate (2B hereafter) in the
subject of Biology, from the molecular, cellular and
microbiological perspectives, as it is included in the
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Contribution to the literature

e The importance of biotechnology is increasing due to its new applications in the fields of health, food

(GMOs), the environment and industry.

e Students are more favourable to the use of biotechnology for improve human health. The attitudes will
depend not only on the purpose of each biotechnological application but also on the organism involved.

e Interests in knowing about biotechnology and favourable attitudes to the use of its applications is
correlated to a greater knowledge of basic aspects of biotechnology.

curriculum RD 1105/2014 (Ministry of Education,
Culture and Sports, 2015). In the general framework of
the review, we have included works on knowledge,
attitudes and interests in Spain, but those are not very
common in our environment and at different
educational levels from secondary. Because of that, we
have included some international works about
biotechnology education in the review and we consider
that our study is important as previous step to the
elaboration of didactic proposals.

What are the Knowledge, Attitudes and Interests'
Gaps Owned by Students in the Field of
Biotechnology in Spain?

The few studies on biotechnology and education in
Spain have focused on future primary school teachers (a
stage in which biotechnology is not studied) and the last
year of Spanish secondary education (15-16 years). Next,
we are going to show some of the results that serve to
summarize to the reader what is the situation of
knowledge and attitudes of students in our country at
the mentioned levels.

Starting from a higher academic level, Casanoves et
al. (2015) state that Spanish preservice teachers
understand the importance of the usefulness of
biotechnology, although they show deficient knowledge
in basic aspects, for instance DNA structure or treatment
of genetic information. According to these authors,
future teachers are against the acquisition of products
that involve genetic modification of organisms (GMOs).
Nevertheless, they support the use of biotechnology in
medicine and they are interested in learning scientific
advances in biotechnology.

Sédez et al. (2008) have identified that Spanish
secondary students value the utility of biotechnology,
although they make moral assessment to approve its
uses. Thus, using living beings would be accepted
depending on the affinity with humans. Moreover,
students prefer products that are more natural, a fact that
affects the field of transgenic. On the other hand,
“maximizing health justifies any technological
intervention”, so an improvement in health is sufficient
justification to support biotechnology for biomedical
purposes, as well as for environmental reasons. Besides,
students express a great confidence in science and
technology to solve any problem, above all the medical
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or environmental ones, considering the “principle of the
technological solution”.

Students in the last year of Compulsory Secondary
Education present enough deficiencies in basic concepts,
thus they do not link the traditional biotechnology
processes with the term biotechnology. This indicates
that they may not know the procedures through which
foods such as bread or cheese are produced, and possibly
ignore that microorganisms participate in this process.
However, students have a good knowledge of concepts
more related to modern biotechnology (De la Vega et al.,
2018). Students increase their disagreement with the use
of biotechnology as there is an increase in complexity of
the organisms used in these processes. In this way, they
strongly agree on the use of microorganisms, but this
decreases when we speak of plants and animals, and
falls when we refer to human beings. Only when the use
of biotechnology in humans is referred to improvements
in medicine, do students agree somewhat (De la Vega et
al., 2018).

As regards Spanish pre-university students to
different areas of biotechnology, Ruiz et al. (2021)
assessed the knowledge and values towards
biotechnology and, specifically, about biopharmacology.
They found that the students are more favourable
towards the use of biotechnology aimed at solving
health problems, or those that do not require animals in
research. Moreover, attitudes towards different
applications of biotechnology in this study show, like
other works, that not all biotechnological fields had the
same acceptance. Therefore, it is necessary to address
them separately and review the students’ justifications.
Thus, the students had a favourable attitude to the use of
traditional fermentation, but not so much in cases
involving the manipulation of genes. What is more, if
this manipulation could increase the nutritional value of
the food, the students would accept it more than if the
genetic manipulation were performed to obtain better
commercial characteristics.

In the field of health, the study results suggest that
the students positively assessed preventive molecular
diagnosis and gene therapy while the acceptance of
genetic modification of animals for the study of human
diseases was much lower or it was openly rejected,
coinciding with the conclusions of other works Saez et
al. (2008). The use of biotechnology in industry for the
production of drugs is an application that was accepted
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quite well by the students and they did not reject it (for
example, its use for the production of neither cosmetics
nor plastics). However, they did not especially value it,
considering that there is little justification for scientific
research in this area.

Students” Knowledge, Attitudes and Interests in
Other Educational Contexts

The students’ knowledge of biotechnology is

generally defined as a rational knowledge, of
probationary content, about key concepts and
procedures in this area (Fonseca et al, 2012).

Nevertheless, it has been consistently described as
insufficient and erroneous by different authors high
school students aged 12 to 17 (Dawson, 2007), university
students from 18 to 25 years of age (Prokop et al., 2007),
high school and university students from 14 to 27 years
old (Usak et al., 2009), high school students aged
between 15 and 17 at the beginning of the Baccalaureate
(Ruiz et al., 2017a) and high school students from 17 to
18 years old (Chen et al., 2016). Hammann (2018) also
stated that, although more recent studies show a certain
improvement in students’ knowledge, research clearly
shows a lack of meaningful knowledge.

In many studies, basic errors have been found, such
as a lack of knowledge of key points of genetics; for
instance, regarding DNA itself and its transmission.
“Common tomatoes do not contain genes, while
genetically modified tomatoes do” is a sentence that is
usually presented in studies on biotechnology
(AbuQamar et al., 2015, Gaskell et al., 2006). Another
common misconception is not to locate the complete
genetic information in each of the cells of the organism
(Ruiz et al., 2017b).

Considering the important role of bacteria in
numerous research works in biotechnology, studies on
students’” knowledge of microorganisms are also of
interest. So, Harms (2002) inquired about the deficient
knowledge of their role in different parts of the human
body and found that, for example, a digestive function
(absorbing ‘noxious agents’ or processing unwanted
substances in the liver), purification of the blood or
increasing the effectiveness of bile were attributed to
them. Moreover, in the work of Simonneaux (2000)
students emphasised that bacteria feed on waste matter
and that the intestinal flora is composed of ‘good
bacteria’ that digest fibre. Harms (2002) found that
students could cite foods that are prepared with the use
of bacteria, such as yogurt, but also mentioned foods that
are prepared without them such as wine or beer; in
addition, the first biotechnological process that students
related to bacteria was the purification of water, by
decomposition of chemicals. Finally, Simonneaux (2000)
also noted that the industrial use of bacteria is practically
unknown to students since bacteria are often seen as
decomposition agents, so students can hardly conceive
their use in the manufacture of food.

However, in terms of knowledge about
biotechnology, we find that students in health related
fields know the use of GMOs (Oztiirk-Akar, 2016) and
they have knowledge of the production of medicines and
vaccines by biotechnology (Fonseca et al, 2012).
Regarding food, few students describe genetically
modified foods well (Dawson, 2007). Prokop et al. (2007)
found that some students had the idea that genetically
modified foods can contain dangerous chemicals. Occelli
etal. (2011) indicated that students consider that tomato,
soy, corn and other processed or packed products are
related to genetically modified foods. Finally, in the field
of agriculture, livestock and the environment, students
know that genetic modification of animals and plants
can increase their productivity and resistance to diseases
(Oztﬁrk—Akar, 2016), but few students know about the
elimination of contaminating oils using genetically
modified bacteria (Fonseca et al., 2012).

Students have very positive attitudes towards
studying the field of biotechnology (Kidman, 2009).
However, the study of attitudes towards scientific
subjects is quite complex since these multidimensional
constructs are determined by knowledge, beliefs or ideas
on the subject in question (cognitive component); the
feeling that they produce between acceptance and
rejection (affective component); and how they motivate
us to carry out actions (behavioural component) (Reid,
2006). Authors like Klop and Severiens (2007) and
Fonseca et al. (2012) agree on the appropriateness of this
multidimensional approach to understand the attitudes
towards biotechnology. Moreover, biotechnology
education differs from most other topics or subjects in
the natural sciences as ethical, emotional, political, and
social aspects are often integrated parts (Nordqvist &
Johansson, 2020). Nevertheless, in many students, this
knowledge seems to be superficial, especially in the
domain of the terminology and in the ability to
discriminate current uses of hypothetical and future
possibilities. In addition, a proportion of students
showed little understanding of this topic, and probably
for this reason the justifications of the students for their
ethical points of view, as well as their responses written
in questionnaires, showed very little ability to justify
their decisions (Lieshout & Dawson, 2016).

However, in relation to the medical field, most of the
studies suggest that students are in favour of the use of
genetic engineering for research (Chen et al., 2016), the
use of GMOs in medicine (Oztiirk-Akar, 2016), the
production of new medicines and the diagnosis and/or
treatment of diseases (Occelli et al., 2011) and gene
therapy and classical applications (Fonseca et al., 2012).
However, in other cases, the use of techniques such as
gene therapy does not have such acceptance in general
(Gardner & Troelstrup, 2015).

In the field of food and in terms of attitudes towards
the consumption of genetically modified foods, many
students do not feel safe buying these products (Oztiirk-
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Akar, 2016). Some consider that they contain chemical
substances capable of harming the human body and thus
can involve health risks (Usak et al., 2009). Most of the
adolescents interviewed by Jurkiewicz et al. (2014) found
more negative aspects than positive ones regarding
genetically modified foods.

According to Chen et al. (2016), students are opposed
to the applications of biotechnology in the agricultural,
livestock and environmental fields, showing some
concern for the negative impact on the environment.
However, students have more positive attitudes towards
the elimination of diseases in plants or wastewater
treatment (Oztﬁrk—Akar, 2016), and towards
applications such as plant improvement or livestock
production (Occelli et al., 2011). The students examined
by Jurkiewicz et al. (2014) approached the achievements
of biotechnology around genetic modification of plants
and animals in a relatively sceptical way. The acceptance
by students of research in genetic technology for
environmental sustainability is also very high, but they
show some concern regarding the regulation of risks in
the environment associated with biotechnology
(Gardner & Troelstrup, 2015).

The interest and the importance that are given to
something are related to the motivation, both intrinsic
and extrinsic, provided by that topic and are
determining factors for both learning and behaviour
(Ryan & Deci, 2000). In this way, understanding how
these two dimensions interact with each other and with
knowledge and attitudes provides a baseline for the
design of better educational strategies (Fonseca et al.,
2012). Harms (2002) reported that interest in
biotechnology has little basis in knowledge, being more
a kind of curiosity and a general openness towards a new
technology. Also, the interest in genetic engineering
develops parallel to the interest in other general social
issues. On the other hand, Prokop et al. (2007) indicated
that many students are interested in knowing more
about GMOs. Fonseca et al. (2012) reported that students
who do not study science are the ones least interested in
biotechnology, followed by those who do but have not
chosen Biology, the most interested students being the
ones who take this course. However, all of them
recognise its importance to the improvement of the
quality of life. Kidman (2010) indicated that students feel
that bioethics, prenatal testing and human cloning
should be included in the lessons of Biology courses and,
in addition, paternity tests for human uses based on
biotechnology were what generated most interest in
students. On the other hand, they were uninterested in
the study of key ideas related to agricultural
biotechnology. Students do show an interest in the
advantages and disadvantages of genetic technology, or
in its risks, in the possibilities of application in medical
care, in the maintenance of global nutrition or in ethical
issues, and they show even less interest in the
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application of genetic technology in animal and plant
production (Harms, 2002).

Relationships between Knowledge, Attitudes and
Interests with Respect to Biotechnology

There is a certain consensus in research into the origin
of attitudes, which are predispositions to act in a certain
way based on responses of an affective, cognitive or
behavioural nature. Since these three elements are
interrelated, as we have indicated previously, they
configure the attitude, so, to initiate a change in them, we
must intervene in these three dimensions (Arnau &
Montané, 2010). Moreover, if we consider, as many
studies have pointed out (for example, Vazquez &
Manassero, 2007), the leading role of feelings and
emotions over cognitions (learning) and behaviours
(decision making), and the former govern learning and
behaviours, they might be adequately addressed in the
school setting.

However, the work that has attempted to find
correlations between the knowledge of biotechnology
and the attitudes towards its applications shows a lot of
controversy. Undoubtedly, one factor to consider, in this
respect, is that the results of the various investigations
depend on factors such as the construction of the sample,
the methods of data collection and the way in which
understanding is determined (Dawson, 2007). In this
way, we find investigations like those of Prokop et al.
(2007), which point to a positive correlation between
attitudes and the interests that students attach to
biotechnology. Other authors say that better knowledge
of biotechnology is not always necessarily reflected in
greater acceptance of its applications (Klop & Severiens,
2007; Oztiirk-Akar, 2016). The complexity of these
relationships is shown by the fact that there can be a
positive relationship between having more knowledge
and a favourable attitude towards biotechnology among
students who are either more supportive of or opposed
to research in this field. However, there is no such
correlation between groups of students who have
intermediate positions on biotechnological applications;
thus, other aspects of attitudes patterns such as affective
evaluation and behavioural intentions are implied (Klop
& Severiens, 2007). This uncertain knowledge-attitudes
relationship may be due to what has already been said
about the complexity of attitudinal responses (Fonseca et
al., 2012).

Purpose of this Work

In our study, we sought to understand the
conceptions, attitudes and interests of the students in
different fields of biotechnology. As previously noted in
the theoretical framework, science students in their last
academic year of high school, who had chosen Biology
as an optional subject, were expected to have a high
interest in biotechnology; moreover, we have not found
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a lot of studies in this academic level in Spain. Therefore,
in addition to analysing knowledge, attitudes and
interests separately, we wanted to study how these three
constructs interact with each other, in the currently most
important fields of biotechnology: health, food, industry
and environment. The study tries to explain the
applicability of the findings in the field of biotechnology
didactics a part of a wider project which aim is to
propose useful teaching activities as a reference for
teachers of Baccalaureate. Particularly, in this work the
research question is:

Is there any correlation among knowledge, attitudes
and interests of last secondary education level (pre-

university) Spanish students related to biotechnology in
different fields?

Methodology

a) Characteristics of the sample: 184 high school
students from 6 schools located in the southeast of Spain
in different size cities (3 medium cities, 2 small cities and
1 sited in a rural environment) participated in the
present study. The schools were randomly selected in
each city and all 2° Baccalaureate science students (17-18
years old) were evaluated, being the last year of
secondary education in Spain.

b) Design of instruments to collect information: The
classification of the specialties in biotechnology by
colours, proposed by several authors (Castro et al., 2017,
Da Silva, 2004; Diaz, 2010; Kafarski, 2012), has been used
and a mind map which reflects the main areas of
application is presented (Figure 1). Based on this, as well
as the curricular orientations, and the analysed
antecedents, especially in those where the knowledge,
attitudes and interests of the students regarding
biotechnology were studied, a mind map which reflects
the main areas was elaborated; this represents the
starting point for the present research approach. Based
on this scheme, an initial questionnaire was designed,
which also considered the influence of the articles that
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Figure 1. Mind map of the applications of biotechnology. Source: self-made using Cmaptools

have been previously discussed, and it was focused and
differentiated in terms of knowledge, attitudes and
interests regarding biotechnology in the medical, food,
industrial and environmental fields.

This questionnaire was tested in a pilot study
through individual interviews with 12 students from
different centres and of differing academic performance.
The results suggested the need to remove some
questions that were too complex (the initial
questionnaire included questions about laboratory
techniques that were finally eliminated because they
were not answered by the students), to modify the
language and the structure of others and to adjust the
time allowed for completion of the questionnaire to 30-
35 minutes.

The questionnaire consist of three sections: the first
part was focused both on declaring the self-perception of
knowledge regarding several biotechnological terms (I
have never heard it, I have heard it but I do not know
what it means or I have heard it and I know what it
means) and also on providing a definition; the second
part was dedicated to attitudes, using a Likert-type scale
with values from 1 to 5, with 1 being low levels for this
construct and 5 corresponding to high levels; and the
third one aim to determine interests toward
biotechnology by means of a Likert-type scale similar to
the second part. Nevertheless, along the results and
discussion in this work, the items of the same category
(medicine, food, industry and environment) will be
described together in order to perform the
corresponding correlations between the three constructs
(knowledge, attitudes, and interests) by fields of
biotechnology. The data was collected from May to June
2017. The questionnaire was administered during class
periods, without time restrictions, under the supervision
of the teacher and the researcher.

c) Analysis of the results: The Statistical Package for the
Social Sciences (SPSS) version 20.0 was used to code the
collected data. Based both on self-perception of
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Table 1. Degree of knowledge, attitudes and interests in applications of biotechnology in medicine (frequencies, mean

values and standard deviation)

Degree of knowledge*
1 2 3 4 5 Mean SD
Preventive molecular diagnosis 59 54 5 27 36 2.6 1.55
Gene therapy 48 43 10 24 56 3.0 1.64
Attitudes**
1 2 3 4 5 Mean SD
Preventive molecular diagnosis: to see the diseases to whicha 6 6 19 35 113 4.4 1.03
person may be susceptible in the future
Gene therapy: alteration of genes in human tissue cells to treat 5 5 31 58 81 41 .98
diseases
Genetically modify animals to study human diseases 34 41 51 32 25 29 1.29
Use of drugs, vaccines and hormones obtained through genetic =~ 3 1 9 33 133 4.6 .76
engineering processes
Interests***
1 2 3 4 5 Mean SD
I find it interesting to know about different applications and 3 3 10 30 135 4.6 81

implications of biotechnology in Health

Notes: *From less to greater knowledge, being 1 students who say they do not know the application and do not give examples
and 5, students who say they know it and give various examples; **Being 1 totally disagree and 5 totally agree; ***Being 1 not

interested and 5 totally interested

knowledge and on the given definitions, the different
authors of the study classified from 1 to 5 each student’s
knowledge of biotechnological terms in order to
calculate correlations between the three constructs
(attitudes and interests presented Likert scale). The
analysis performed was descriptive (frequencies, mean
values and standard deviation) and the correlation
between the variables was evaluated using the
Spearman’s rank correlation coefficient. To calculate the
correlations, the mean values of knowledge, attitudes
and interests of each student were taken into account.

Reliability of the results was also analyzed using the
Cronbach’s alpha coefficient which was .721 in the
questions about knowledge of applications, .747 related
to attitudes and .814 on interests, so it indicates an
acceptable reliability range.

RESULTS AND DISCUSSION

In order to study the responses of the participants, we
have taken into account that, as it has been previously
indicated in other works, not all biotechnological
applications have the same acceptance. Therefore, it is
necessary to split them in biotechnology fields, as health,
food production, industry and environment.

Relationships between Knowledge, Attitudes and
Interests with Respect to Using Biotechnology in
Medicine

In medical fields (Table 1), we have found that the
knowledge of biotechnology is adequate but not so good
contrary to Oztiirk-Akar (2016) and Fonseca et al. (2012)
described. In fact, among the applications presented in
the questionnaire, gene therapy (3.0) and preventive
molecular diagnosis (2.6) were described less frequently
and worse than others from different fields by the

6/12

students who completed the questionnaire. On the other
hand, we have found that gene therapy is better
described than preventive molecular diagnosis.

Regarding attitudes, the study results suggest that
the students positively assessed preventive molecular
diagnosis (4.4), gene therapy (4.1) and the use of
biotechnology in industry for the production of drugs
(4.6) while the acceptance of genetic modification of
animals for the study of human diseases was much
lower or it was openly rejected (2.9), coinciding with the
conclusions of other works Sdez et al. (2008). We
highlight in our study that this will depend not only on
the purpose of each biotechnological application but also
on the organism involved, the attitudes in relation to
medicine being more favourable (Fonseca et al., 2012;
Occelli et al., 2011; Oztiirk-Akar, 2016; Séez et al., 2008).
There was no justification expressed to use animal
research for medical purposes and, contrary to what
Gardner and Troelstrup (2015) found, the students
accepted gene therapy. However, they declared a high
interest in knowing the techniques and applications of
biotechnology in health (4.6).

The results of the analysis of correlations using
Spearman’s rho (rs) between these three constructs
related to biotechnology in health are shown (Table 2).

Students’ knowledge with respect to the use of
biotechnology in health was positively correlated with
their interests globally in this field (rs =.214,n =177, p <
.01). Interests were also positively correlated with
attitudes towards applications in the field of health (rs =
327,n =171, p <.001).
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Table 2. Correlation between constructs: knowledge, attitudes and interests regarding biotechnology in medicine

Correlation Applications in medicine ~ Applications in medicine  Applications in medicine
Knowledge Attitudes Interests
Applications in medicine Knowledge 1 016 214**
Applications in medicine Attitudes .016 1 327%**
Applications in medicine Interests 214** 327%** 1

Values are Spearman’s rank correlation coefficients, **the correlation is significant at the .01 level (bilateral), *** the correlation is

significant at the .001 level (bilateral).

Table 3. Degree of knowledge, attitudes and interests in fermentation and transgenic foods (frequencies, mean values and

standard deviation)

Degree of knowledge*
1 2 3 4 5 Mean SD
Fermentation for food production 14 66 31 12 57 3.2 1.41
Attitudes**
1 2 3 4 5 Mean SD
Fermentation: use of bacteria and yeasts in the production of 4 4 21 43 111 4.4 .93
yogurt, bread.
Degree of knowledge*
1 2 3 4 5 Mean SD
Transgenic foods 7 30 40 6 98 3.9 1.33
Attitudes**
1 2 3 4 5 Mean SD
Modify yeast to obtain a better taste for bread 19 27 58 41 37 3.3 1.24
Modify animals to obtain food in greater quantity or with 56 40 44 22 17 2.5 1.30
modified characteristics (meat, milk)
Nutritional objective: production of genetically modified plant 9 28 49 45 50 3.6 1.19
varieties, such as golden rice
Commercial objective: to grow genetically modified vegetables 49 35 46 25 28 2.7 1.40
with better appearance, late ripening, etc.
Interests***
1 2 3 4 5 Mean SD
I find it interesting to know about different applications and 10 9 28 47 86 41 1.16

implications of biotechnology in Food

Notes: *From less to greater knowledge, being 1 students who say they do not know the application and do not give examples
and 5, students who say they know it and give various examples; **Being 1 totally disagree and 5 totally agree; ***Being 1 not

interested and 5 totally interested

Relationships between Knowledge, Attitudes and
Interests with Respect to Using Biotechnology to
Fermentation Processes and to Produce Transgenic
Foods

The applications related to fermentation processes
(3.2) and transgenic foods (3.9) were recognised and
properly described by the students surveyed (Table 3).
Moreover, although students described transgenic foods
well, as Dawson (2007) also mentioned, they doubted
whether they could pose a danger too (Prokop et al,,
2007). In accordance with Oztiirk-Akar (2016), our
students knew that the genetic modification of plants
and animals can improve their productivity.

In the food sector, the students accepted traditional
techniques, such as fermentation (4.4), more than genetic
modification of food, which they preferred to be for
nutritional (3.6) rather than commercial purposes (2.7) or
animals that produce a greater quantity of food or food
with modified characteristics (2.5). In addition, we agree
with Oztiirk-Akar (2016), Usak et al. (2009) and
Jurkiewicz et al. (2014) in having found that our students

were reluctant to accept the use of transgenic for food
production, in particular if the objective is not
nutritional. At the same time, our students declared a
high interest in knowing about the techniques and
applications of biotechnology in the field of food (4.1), in
general.

In order to study the relationships between
knowledge, attitudes and interests with respect to the
use of fermentation to produce food and transgenic
foods, we have differentiated them as it is shown in
Tables 4a and 4b, respectively.

The analysis of the results obtained among our
students, we consider that it is interesting to note that
while in the field of fermentation student’s knowledge
was positively correlated with attitudes (rs = .325, n =
179, p <.001), in the field of transgenic foods, we found
students’” knowledge was positively correlated with
their interests globally (rs =.152, n =177, p <.05), but not
between knowledge and attitude. Probably, socio-
scientific controversies about the risk of the use of
transgenic foods in Spain determine that, despite having
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Table 4. Correlation between constructs: knowledge, attitudes and interests regarding biotechnology in fermentation and

transgenic foods

Correlation (a)

Applications in

Applications in Applications in

fermentation fermentation fermentation
Knowledge Attitudes Interests
Applications in fermentation Knowledge 1 .325%** 139
Applications in fermentation Attitudes .325%** 1 .014
Applications in fermentation Interests 139 .014 1

Correlation (b)

Applications in transgenic Applications in transgenic Applications in transgenic

foods Knowledge foods Attitudes foods Interests
Applications in transgenic foods Knowledge 1 .106 152*
Applications in transgenic foods Attitudes .106 1 .089
Applications in transgenic foods Interests 152% .089 1

Values are Spearman’s rank correlation coefficients, *the correlation is significant at the .05 level (bilateral), *** the correlation is

significant at the .001 level (bilateral)

Table 5. Degree of knowledge, attitudes and interests in applications of biotechnology in industry (frequencies, mean

values and standard deviation)

Degree of knowledge*

1 2 3 4 5 Mean  SD

Use of plants or bacteria in industry 28 68 29 15 36 2.8 1.38
Attitudes**

1 2 3 4 5 Mean  SD

Production of cosmetics, plastics or fuels using plants or bacteria 16 21 68 45 29 3.3 1.14
Interests***

1 2 3 4 5 Mean  SD

I find it interesting to know about different applications and 23 29 45 35 48 3.3 1.36

implications of biotechnology in the industry

Notes: *From less to greater knowledge, being 1 students who say they do not know the application and do not give examples
and 5, students who say they know it and give various examples; **Being 1 totally disagree and 5 totally agree; ***Being 1 not

interested and 5 totally interested

Table 6. Correlation between constructs: knowledge, attitudes and interests regarding biotechnology in industry

Correlation Applications in industry Applications in industry Applications in industry
Knowledge Attitudes Interests
Applications in industry Knowledge 1 .097 .160*
Applications in industry Attitudes .097 1 -.018
Applications in industry Interests .160* -.018 1

Values are Spearman’s rank correlation coefficients, *the correlation is significant at the .05 level (bilateral).

adequate knowledge of the technique, they do not
support its uses as it was expected. Values as
environment, scientific knowledge, economy, ethics or
health may influence in their decisions (Ruiz et al., 2021).
Above all, they are less favourable towards genetic
modification of animals or just a commercial purposes
rather than nutritional purposes.

Relationships between Knowledge, Attitudes and
Interests with Respect to Using Biotechnology in
Industry

The industrial field has been shown to be the least
known (2.8). Thus, the use of biotechnology in industry
for the production of cosmetics, plastics or fuels is
accepted for our students. However, they did not
especially value it (3.3), considering that there is little
justification for scientific research in this area (Table 5).
Consequently, they declared a medium interest (3.3) in
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knowing about the techniques and applications of
biotechnology in the industry.

In our work, the analysis of bivariate correlations
between these three constructs related to the use of
biotechnology in industry was carried out, based on the
responses obtained in the different items involved (Table
6).

It is found that, as in other fields studied, there is a
positive correlation between student’s knowledge about
biotechnology applied to industry and interests in it (rs
=.160,n =172, p <.05).

Relationships between Knowledge, Attitudes and
Interests with Respect to Using Biotechnology for
Environmental Purposes

The applications that the students surveyed
recognised and described best, among which they were
presented, were those related to waste treatment by
bioremediation (Table 7). In fact, unlike Fonseca et al.
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Table 7. Degree of knowledge, attitudes and interests in applications of biotechnology in environment (frequencies, mean

values and standard deviation)

Degree of knowledge*
1 2 3 4 5 Mean SD
Use of microorganisms for waste treatment 34 45 12 18 70 3.6 1.62
Attitudes**
1 2 3 4 5 Mean SD
Use of biofuels in the near future (fuels for combustion or 42 39 48 32 21 2.7 1.31
explosion engines made from raw materials of biological or
renewable origin) instead of current fuels
Use of microorganisms in waste treatment 7 10 35 45 84 4.0 1.11
Interests***
1 2 3 4 5 Mean SD
I find it interesting to know about different applications and 17 13 25 46 80 3.9 1.31

implications of biotechnology in Environment

Notes: *From less to greater knowledge, being 1 students who say they do not know the application and do not give examples
and 5, students who say they know it and give various examples; **Being 1 totally disagree and 5 totally agree; ***Being 1 not

interested and 5 totally interested

Table 8. Correlation between constructs: knowledge, attitudes and interests regarding biotechnology in environment

Correlation Applications in Applications in Applications in
Environment Knowledge  Environment Attitudes Environment Interests
Applications in Environment Knowledge 1 239%** .190*
Applications in Environment Attitudes 239%** 1 .021
Applications in Environment Interests 190* .021 1

Values are Spearman’s rank correlation coefficients, *the correlation is significant at the .05 level (bilateral), *** the correlation is

significant at the .001 level (bilateral)

(2012), who indicated that few students knew about the
bioremediation process, many of our students could
identify and properly define it (3.6).

Regarding the biotechnological applications
designed for the solution of environmental problems
(4.0), as elimination of pollutants, our results were well
disposed to the use of microorganisms for the treatment
of waste through bioremediation, but they are not so
optimistic about replacing current fuels with biofuels
(2.7), in the future.

There were also favourable attitudes to the care of the
environment, particularly for the treatment of
pollutants, as in Oztiirk-Akar (2016), rather than biofuels
use. Besides, they declared certain interest (3.9) in
knowing about the techniques and applications of
biotechnology in this field.

The results of the analysis of the correlations between
the knowledge, attitudes and interests related to

biotechnology in environment in our work are shown in
Table 8.

Students” knowledge was positively correlated with
their interests globally (rs = .190, n =176, p< .05) and it
was also positively correlated with attitude (rs = .239, n
=176, p=.001).

CONCLUSIONS AND EDUCATIONAL
IMPLICATIONS

The purpose of our study was to determine what
knowledge, attitudes and interests are shown by some

Spanish students studying Biology in the 2° school year
of Baccalaureate (the last to enrol in a university
scientific grade), since the scarce number of works about
biotechnological education developed in our country.
Moreover, none of them include the relationships
between the three constructs at this academic level.
Taking these data into account, the degree of knowledge
acquired about basic concepts in biotechnology and its
different applications (considering the educational level
of the students) might be improved. Besides, conceptual
errors that others pointed out have also been found
(AbuQamar et al., 2015; de la Vega et al., 2018; Gaskell et
al.,, 2006). Regarding the attitudes, they will depend not
only on the purpose of each biotechnological field (the
ones related to health are more favourable) but also on
the organism involved. With respect to interests of
students in the southeast of Spain who have chosen
Biology, they consider it is useful to know about
biotechnology and show curiosity about it, also
especially in the field of health and food production.

The values of the correlation coefficients between
knowledge, attitudes and interests obtained in our work
indicate that they are dependent on the field of
biotechnology that we study. Although the Spearman
correlation coefficient gives us the degree of correlation,
it should be considered, as stated at the beginning of the
study (Dawson, 2007; Hammann, 2018), that the results
of distinct investigations depend on factors such as the
construction of the sample, the methods of data
collection and the form in which understanding is
determined, a fact that may complicate the comparison
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of different studies. In our work, we have found a
positive correlation between students” knowledge and
interests in most of the areas considered, such as
biotechnology in health, transgenic food, industry or the
environment. Moreover, positive correlations between
student’s knowledge and attitudes in the fields of
fermentation for food production and the environment
have been determined, and also between the attitudes
and interests towards using biotechnology in medicine.

Thus, we agree with Prokop (2007) that there is a
positive correlation, but also with Klop and Severiens
(2007) and Oztiirk-Akar (2006), who stated that greater
knowledge of biotechnology does not always result in
greater acceptance (we have analysed the correlation,
but not the causality). Above all, we are with Fonseca et
al. (2012) in pointing out how complex is it to determine
the relationships between them because these are
multidimensional constructs, determined by cognitive,
affective and behavioural factors.

Having in mind all the information, individuals must
be well prepared when making informed decisions
about the applications of biotechnology in society. There
is no doubt that factor such as the pace of new
discoveries and their application in biotechnology make
it difficult for citizens to become well prepared in this
issue because it is more and more complex to acquire an
expert knowledge. In this way, beliefs and attitudes
towards biotechnology can have a greater influence on
the personal decisions of individuals than their explicit
knowledge of the content (Anderton & Ronald, 2017;
Ruiz et al., 2021).

On the other hand, it could be said that before
addressing the contents of biotechnology in the
Baccalaureate, it is necessary that students possess
adequate knowledge about the basic notions of genetics,
cell biology and microbiology, fundamental to
understand it even at the elementary level (Tsui &
Treagust, 2010). The attitudes and interests that the
different applications of biotechnology arouse depends
on the educational field. Thus, science students are more
interested in biotechnology and this study asserted that
biotechnology will be useful for students in the future.
Areas of interest to students are health and food,
followed by the environment and, finally, and industry.

Due to the complexity of this topic, because of the
nature of its concepts, techniques and applications, as
well as its social implications, the contents of
biotechnology must be presented to students in an
organised manner, to facilitate their learning and their
relationship with the already studied material.

We consider that, at least in the Spanish context
where we have carried out our research, the school
curriculum should reconsider these aspects, introducing
new and concrete content of interest for our students.
Thus, the teaching and learning of basic concepts of
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genetics might be linked to current issues related to
biotechnology.

Finally, we believe that it is important to take
advantage of the relationship between scientific
knowledge, attitudes and interests  towards
biotechnology, particularly in relation to applications
with direct effects on health, as well as genetically
modified organisms, food production, industry or
environmental developments, in order to introduce
classroom socio-scientific controversies that should
promote the argumentation and the participation of pre-
university students in debates, analysing the
information in a critical and reasoned way.
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