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Abstract

The aim of this study is to evaluate science teacher candidates based on bioethical values, scientific literacy level
and empathy skills and to determine their associations. Therefore, descriptive model was used for the study. The
sample of the study consists total of 286 teacher candidates from first, second, third and fourth grade of Faculty of
Education Science Teaching department. Results of the study revealed that bioethical values for “Benefits of
Biotechnology Applications”, “Science and Ethics”, “Reproductive Technologies and Cloning”, “Controlling the
Genetic Interventions” subscales were increased with school year in science teacher candidates. In addition,
science literacy of science teacher candidates for “Nature of Science” and “Science-Technology-Society Relation”
subscales were also increased with school year. The study also found a positive relation between bioethical values
for two subscales of bioethical values, “Benefits of Biotechnology Applications” and “Controlling the Genetic
Interventions”, and science literacy for “Nature of Science” subscales in science teacher candidates. Similarly, a
positive relation was found between bioethical values for two subscales, “Benefits of Biotechnology Applications”
and “Controlling the Genetic Interventions”, and science literacy for “Science-Technology-Society Relation”
subscale in science teacher candidates. Analysis results showed a positive relation between bioethical values and
empathy skills of science teacher candidates. In other words, the higher the teacher’s empathy skills, the higher
their bioethical values.
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1. Introduction

We all are living in an exciting, rapidly changing, technology-dependent, and challenging world. Our world is
changing so fast that it is impossible not to realize that what we have brought up today is only a few years ago in the
imagination of people. Especially scientific and technological developments turn many dreams into reality. Last
few centuries witnessed major advancements in science and technology. This increase in knowledge and the
accompanying developments leaves all of us facing moral and ethical dilemmas. For example, when the “first
draft” of human genome was published back in June 2000, stories reported this as a milestone in the history of
mankind. And some scientists highlighted that this discovery could be vulnerable against misuse. New
technologies reminding science fiction like manipulations to human genetics, applications such as psychotherapy
techniques, behavioral control mechanisms, use of life support units in comatose patients cause awareness and
concern in the society and will continue to do so (Barman & Rusch, 1978). And this has led to the need for
consideration of ethical suitability in scientific research and application.

Instead of acting irresponsibly by implementing what is possible and feasible with the technology available in this
century, it has become a necessity to set the boundaries of technological interventions in consideration of majority
interest. Deciding whether a change is good or bad and right or wrong, asking essential questions regarding to what
extent and how something should be defended and producing related answers are all covered in the field of
bioethics. In modern societies, people not only have to adapt to the scientific and technological developments, but
they also have to face the effects of these technologies and to make a choice when needed (Keskin-Samanci, 2009;
Keskin, Samanci, & Kurt, 2013). With the use of these technologies, social, legal, cultural and ethical problems
arise in terms of human environment and relations with other species, or it is foreseen that it will occur in the
future. For this reason, today we are often faced with the question, ‘Although it is technically possible now, is it
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right to do it?” Bioethics is defined as a systemic thinking process for making ethical decisions against a dilemma
and determining the most morally accurate choice among conflicting options (Berggen, Begat, & Severinsson,
2002). Today, it is almost possible to find newspapers without environmental terms such as “perforation of the
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ozone layer”, “greenhouse effect” and “forest destruction”, or terms such as “cloning of human embryos”,
% C¢

“surrogacy”, “gene therapy” and “genetic screening”. The concept of bioethics examines ethical issues related to
all living beings living in the ecosystem (Y1ildirim & Cobanoglu, 2009).

Studies suggest that individuals must have scientific background (Olsher & Dreyfus, 1999) and reasoning skill, in
short, they should have scientific literacy, in order to use their knowledge for the evaluation of personal and social
topics and to set forth opinions through ethical decision-making process (Sadler & Zeidler, 2005; Hanegan, Price,
& Peterson, 2008). Today, people can reach more information faster than ever, however, not all of this information
is scientific. Therefore, individuals must make decisions about the reliability of the information on health,
environment and socio-scientific topics. In such cases, scientific literacy, which is someone scientifically literate
needs to be able to use scientific and mental processes to solve problems and problems that are of science in
everyday life and to make informed decision, plays an important role in helping to make suitable decisions.
According to Zeidler and Sadler (2010), “Scientific literacy in the field of socio-scientific issues, social justice
experience, tolerance for dissenting voices, mutual respect for cultural differences, and decision making by
evaluating the data or being aware of how these actions may affect the community, and the environment to provide
them should be provided to students (p. 179)”.

First thing to do for analyzing a dilemma in bioethics is information gathering. Some ethical issues create dilemma
only due to the lack of information on a given topic. Thus, this first step is the most important but most ignored step
(Velasques, Andre, Shanks, & Meyer, 1996). Nevertheless, gathering information about a topic is not enough by
itself. Even though information gathering shows us what is what, it does not say the way things should be. In
addition to information gathering, certain skills are also necessary to analyze ethical issues. One of these skills is
empathy. Although there are many different definitions for empathy, it is generally defined as “comprehension of
another person’s emotional state or condition and emotional response to the emotional state of another” (Eisenberg
& Liew, 2009, p. 1). The skill or ability of a person to adapt socially depends on the person’s emotions, behavior
and interpretation of other people’s intentions (Foote & Cottrel, 1955; quoted by Hanger & Tanrisevdi, 2003).
Empathy enables problem-solving since person gains awareness about their personal experiences and starts to see
the source and solutions of issues with their empathy skill (Ozcan, Oflaz, & Tiirkbay, 2003). As a skill, empathy
can be helpful for accurate identification of problems. Empathy; is to understand the feelings and thoughts of the
other people and to put oneself in someone else’s shoes. Empathy is an ability which positively affect problem
solving skills, especially social problem-solving skills.

Considering the increasing news reports on bioethical advances on the front pages of the newspapers, it has
become a need for young people to approach and evaluate scientific knowledge from a critical point of view
(Lindell & Milczarek, 1997; Kolsto, 2001). Students encounter many bioethical stories through television, social
media or newspapers; and it is likely that they already have heard about many of the social problems stated in these
stories. However, their opinions on these topics are only limited with what they hear. Students must be provided
with the awareness about how to think against such problems. Today’s students will experience different forms on
new technologies. Thus, students must acquire awareness on knowledge, skill and social impacts of these
technologies in order for them to engage in the dialogue between policymakers and citizens and to make ethical
decisions (Kolarova & Denev, 2012). Teachers are the ones that will provide basic knowledge and ethical
decision-making ability to enable social literacy and awareness, and in order for teachers to raise qualified
individuals who can adapt to the changing world, teachers themselves must possess such knowledge and skills in
the first place and teacher education programs should be expected to provide these knowledge and skills to the
teacher candidates. In this study, bioethical values of teacher candidates in science teacher education program were
investigated based on their grade levels and the relation of scientific literacy and empathy levels with bioethical
values was established. In this study, answers to the following questions were sought “How the pre-service
teachers’ bioethical values, scientific literacy levels and empathy skills have changed on the basis of grades?” and
“What is the relationship between the pre-service teachers’ bioethical values, empathy and scientific literacy
levels?”

2. Method
2.1 Research Design

The aim of this study is to evaluate science teacher candidates based on bioethical values, scientific literacy level
and empathy skills and to determine their associations. Therefore, simple descriptive survey approach was used for
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the study. The simple descriptive survey approach is one-shot survey for the purpose of describing the
characteristics of a sample at one point in time apart from the other approaches of survey research, namely
cross-sectional and longitudinal (Mertens, 1998, p. 108). In this research, simple descriptive survey is conducted
for the purpose of describing the bioethical values, scientific literacy levels and empathy levels of cohorts of
science teacher candidates.

2.2 Survey Participants

Participants are pre-service science teachers of the faculty of education from a state university in one of the cities
located on the west of Turkey. This was a quantitative study and consisted of 286 voluntary teacher candidates who
had enrolled in the Primary Science Teacher Education Program (PSTEP) during the spring of 2017. There were 79
first graders, 70 second graders, 66 third graders and 71 fourth graders. The participants’ demographics were
similar to the general pre-service science teacher population in Turkey.

2.3 Data Collection Tools

Bioethical Values Questionnaire (BVQ), Test of Basic Science Literacy (TBSL) and Cambridge Behavioural Scale
(Empathy Quotient - EQ) instruments were used to collect data in the study.

2.3.1 Bioethical Values Questionnaire

In this study, Bioethical Values Questionnaire (BVQ), which has originally 21 items, developed by Silva, Araujo,
and Calderia (2012) was used. The questionnaire was translated and adapted into Turkish by Turgut and Yakar
(2016). The Turkish form of the scale was applied to 420 preservice teachers who continue their education at
Pamukkale University and the reliability and validity of the form were tried to be determined. Incomplete surveys
were removed from the data set before the analysis of the data obtained. The language of the BVQ is originally
Portuguese. However, the developers of the BVQ published their article with English version of BVQ (Silva et. al.,
2012). The translation, from English to Turkish was done by two experts who have masters on both Turkish and
English and translation of each item on the scale was done separately. These translations were compared by
researchers and a translation expert, and translations that are thought to best describe the item in question were
adopted. Five voluntary teacher candidates were interviewed face to face for testing to clarity of the scale that is
translated in Turkish. Each item was examined one by one and handled until there was no inconsistency and
agreement was reached. Finally, by trying not to change the meanings of the items, necessary arrangements were
made in the light of the feedbacks given by the teacher candidates and the final version of the Turkish version of
the scale was agreed.

Additionally, in pilot study, explanatory and confirmatory factor analyses were conducted. When explanatory
factor analysis was used to test factor loadings, items 4, 10 and 19 displayed unsatisfactory loading tendencies;
these items were removed from BVQ. Then confirmatory factor analysis was used to test the model’s fit. The
analysis was conducted with 18 items in four factors that accounted 50.57 % of total variance. For a model with
four factors, goodness-of-fit statistics were calculated (¥2=1922.314; p<.05; SD=2.67; RMSEA=0.06). According
to these results, the proper of the model was expected level. Thus, it was established through fit indices that the
Turkish version of BVQ comprised 18 items and four factors and that this model was appropriate theoretically and
statistically.

BVQ is a Likert-type scale with four subscales and consists of 18 items with “Strongly Agree”, “Agree”,
“Disagree” and, “Strongly Disagree” options. In order to perform analysis based on Bioethical Value
questionnaire, bioethical value levels were created by converting numerical values of 1 to 4 into score intervals.
Score interval coefficient was calculated according to n-1/n ratio by subtracting the lowest value from the highest
value and dividing the result by the highest value and found to be 0.75 (Biiyiikoztiirk, 2017). Ranges calculated
according to this value are as follows; 1.00-1.75 is “very low”; 1.76-2.5 is “low”; 2.51-3.25 is “moderate”;
3.26-4.00 is “high”. Subscales of the questionnaire, definitions of the subscales, example items and Cronbach
alpha coefficients are shown in Table 1.
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Table 1. Subscales of bioethical values questionnaire

Subscales Definition of Subscales Example item Cronbach o
Benefits of Biotechnology Treatment options provided by New therapeutic cloning techniques will provide 0.82
Applications biotechnology research treatment for many diseases. ’

. . 1 don’t think discussions covering the use of
. . Social awareness about genetic . i .
Science and Ethics . . embryonic stem cell in therapeutic research and 0.79
engineering research
comments based on moral values are related.

Reproductive Technologies  Attitudes toward human cloning  If there is a person immune to diseases, I am support

0.70
and Cloning and reproductive technologies the cloning of that person.
. I believe the ethical issues about genetically
. . Consequences of genetic . .
Controlling the Genetic . . . modified foods can be resolved by labelling these
. interventions and impacts of . T . 0.49
Interventions foods and providing the public with the right to

genetic manipulations
choose whether to consume or not.

2.3.2 Test of Basic Science Literacy

Test of Basic Science Literacy (TBOT) is a scale developed by Miller and it consists of 110 items with true-false-I
do not know options for measuring the scientific literacy levels of undergraduate students. TBOT is based on three
subscales of scientific literacy projected by Miller (2002); nature of science (22 items), science-technology-society
relation (16 items) and scientific content knowledge (72 items). The scale was translated into Turkish by Turgut
(2005). Turkish version of the scale is a five-point Likert type scale (strongly disagree = 1, disagree = 2, indecisive
= 3, agree = 4, and strongly agree = 5) and consists 38 items and two subscales of “Nature of Science” and
“Science-Technology-Society Relation”. Cronbach alpha values for the subscales are 0.88 for nature of science
subscale and 0.92 for science-technology-society relation. The high values obtained for both subscales and 0.05
significance found in item-remaining correlation values for both subscales suggest high internal consistency
reliability for nature of science and science-technology-society relation of TBOT.

Mean scores of students in subscales of TBOT were assumed to represent their level of understanding in these
subscales. Arithmetic mean intervals that form the basis for the evaluation of findings were 1.00-1.80; 1.81-2.60;
2.61-3.40; 3.41-4.20 and 4.21-5.00. These intervals were created by calculating the score interval (Biiytlikoztiirk,
2017). Five scientific literacy categories created by Bybee (1997) were used for corresponding intervals of the
study. Score intervals that form the basis for the evaluation of scores obtained from the scale, and the
corresponding categories are shown in Table 2.

Table 2. Evaluation intervals of test of basic science literacy

Level of scientific literacy Score intervals
Illiteracy 1.00 - 1.80
Nominal Literacy 1.81-2.60
Functional Scientific and Technological Literacy 2.61-3.40
Conceptual and Procedural Literacy 3.41-4.20
Multidimensional literacy 4.21-5.00

The first level of scientific literacy is illiteracy as shown in Table 2. In this level, individual has no ability or
cognitive capacity to understand the concepts, ideas and interactions in order to identify a scientific question. In the
nominal literacy, individual may comprehend or appear to have comprehended the questions asked about science,
however, has difficulty to answer. In the third level, functional scientific and technological literacy, individual is
familiar with the concepts of science and technology and familiar with the terminology. They can define ideas
correctly, but not sufficiently. In conceptual and procedural literacy, individual can make interdisciplinary
connections and use them in different situations by expanding the characteristics of a discipline. In
multidimensional literacy, the highest level of scientific literacy, individual can comprehend the relation of other
disciplines with science, technology and society. They notice the daily life situations that require the use of science
and include science in this process.

2.3.3 Cambridge Behavioural Scale (Empathy Quotient)
Cambridge Behavioural Scale-Empathy Quotient (EQ) was developed by Lawrence, Shaw, Baker, Baron-Cohen
and David (2004) and translated into Turkish by Bora and Baysan (2009). EQ is a self-rated instrument that
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includes 40 questions tapping empathy and 20 filler items. Test-retest reliability was assessed by read ministering
the scale to 76 students in two weeks’ time. For 75 students, EQ assessment that was done by their very close friend
was also administered. Cronbach alpha coefficient for the first half of the scale was 0.75 and for the second part
was 0.74. Test-retest reliability of the scale was satisfactory (0.76). These results suggest that the Turkish version
of the EQ is a reliable instrument that can be used to measure empathic skills (Bora & Baysan, 2009).

When answering the test, the questions mark between 4 options with “I strongly agree” and “I strongly disagree”
answers at both ends. The total score that can be obtained from the test varies between 0 and 80. In some questions
the “strongly agree” option corresponds to an empathic answer whereas “strongly disagree” is an empathic answer
in others. On the scale, on average, most women score 47 and most men score 42, and most people with Asperger
syndrome or high-functioning autism score 20 points (Baron-Cohen and Wheelwright, 2004). The score intervals
of the scale and their interpretations are as follows:

0-32 = an individual who has less skill than the average empathy ability to understand how other people feel and to
give appropriate responses in return.

33-52 = an individual who has average empathy ability to understand how other people feel and to give appropriate
responses in return and knows how to act sensitively towards people.

53-63 = an individual who has above-average empathy ability to understand how other people and to give
appropriate responses in return.

64-80 = an individual who has very high empathy ability to understand how other people and to give appropriate
responses in return. (Guilera, Batalla, & Soler-Gonzalez, 2018)

2.4 Data Analysis

The data collected via data collection tools were evaluated by using different analysis methods included in the
SPSS 23.0 package software. In order to determine whether the data sets have normal distribution to select from
parametric and non-parametric tests to be used for the evaluation of the data obtained in the study, “one-sample
Kolmogorov — Smirnov Test” was used. In cases with non-homogenous variances, Kruskal Wallis H-Test, a
non-parametric test used to test the significance of the difference observed between the points of the groups that
belong to the variable, was used. In groups with significant difference according to Kruskal Wallis H Test,
Mann-Whitney U test was performed in pairs to determine which variables had such difference between values.

Correlation was used to determine the relationship between variables. Correlation coefficients are used to calculate
the relationship between two data sets. Correlation coefficients vary between +1 and -1, and there is a positive
relation when it is close to +1 and a negative relation when it is close to -1. The correlation coefficient of 0 is an
indication that there is no relation between the two variables (Biiylikoztiirk, 2017). Although there are no definite
intervals in the interpretation of the magnitude of the correlation coefficient, according to Biiyiikoztiirk (2017)
absolute value higher than 0.70 for a correlation coefficient indicates a strong relation, absolute value between
0.70-0.30 indicates moderate relation and absolute value less than 0.30 indicates poor relation. The relations
between the scales were interpreted based on these intervals. As the data of the study was not normally distributed,
Spearman correlation analysis, a non-parametric correlation test, was used to determine the relation of bioethical
levels with scientific literacy levels and empathy skill.

3. Results
1) Bioethical values of teacher candidates based on school year

Changes of science teacher candidates’ bioethical value during their preparatory program are presented at Table 3.
Evaluation of the mean scores for the answers to the subscales of Bioethical Value Questionnaire on the basis of
school year, mean values were found to increase with school year, although not as much as desired (Table 3).
“Science and Ethics” subscales had the highest increase from 2.01 to 2.59 when mean scores of the subscales were
evaluated in terms of school year. However, this increment was not enough to move mean scores of the science and
ethics subscales away from the “low” category. As data sets of the study were not normally distributed
(K-S(z)=0.033; p<0.05). Kruskal Wallis test, a non-parametric test, was used to determine whether there was any
difference among school years (Biiyiikoztiirk, 2017). Kruskal Wallis test revealed that bioethical values of teacher
candidates improved during four-year preparatory program (x°=86.21, p<0.05).
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Table 3. Descriptive statistical values of subscales of bioethical value questionnaire in terms of school year

BVS Subscales Grade N Minimum Maximum Mean Bioethical Value Level
1 79 2.00 4.00 3.19 Moderate
) o 2 70 2.20 4.00 3.38 High
Benefits of Biotechnology Applications .
3 66 2.40 4.00 3.28 High
4 71 2.40 4.00 3.51 High
1 79 1.00 3.75 2.01 Low
. . 2 70 1.00 3.25 2.15 Low
Science and Ethics
3 66 1.75 3.50 2.39 Low
4 71 1.50 4.00 2.59 Low
1 79 1.00 4.00 2.18 Low
. . . 2 70 1.00 4.00 2.53 Moderate
Reproductive Technologies and Cloning
3 66 1.00 4.00 2.44 Low
4 71 1.67 4.00 2.66 Moderate
1 79 2.00 3.33 2.54 Moderate
. . . 2 70 2.00 3.50 2.75 Moderate
Controlling the Genetic Interventions
3 66 2.17 3.67 2.82 Moderate
4 71 2.17 3.83 2.93 Moderate

In order to determine which cohort had these differences, Mann Whitney U test was used. Although there was no
statistically significant difference among mean scores of second grade and third grade science teacher candidates,
there were significant differences between all other grades with p<0.05. Obtained findings are presented in Table
4. Evaluation of Table 4 shows significant difference between subscales of bioethics questionnaire for teacher
candidates in terms of their school years ()pio6s=26-33, bio se =43.97, Ypio rte =13.99, Ypio cgi=30.06; p<0.05).
Mann-Whitney U Test was used for groups of two in order to determine which grades had this difference. As a
result of the analysis, mean scores of first grade teacher candidates were significantly different than the mean
scores of second, third and fourth grade teacher candidates in the Benefits of Biotechnology Applications subscale
of Bioethical Value Questionnaire. In Science and Ethics subscale, mean scores of third and fourth grade teacher
candidates were significantly different than the scores of first and second grade teacher candidates. In
Reproductive Technologies and Cloning subscale, first grade teacher candidates had significantly different mean
scores than second, third and fourth grade teacher candidates. In Controlling the Genetic Interventions subscale,
there was significant difference between the mean scores of first grade teacher candidates and all other teacher
candidates; and between mean scores of second grade and fourth grade teacher candidates.

Table 4. Mann Whitney U test analysis results in terms of school year for subscales of bioethical value
questionnaire of science teacher candidates

Class N  Mean Rank 1 P Difference
1 79 112.93
. L 2 70 152.21
Benefits of Biotechnology Applications 26.333  0.00 1-2,1-3,1-4

3 66 132.62
4 71 179.04
1 79 107.03
) _ 270 124.68

Science and Ethics 43971 0.00 1-3,1-4,2-3,2-4,
3 66 157.58
4 71 189.56
1 79 115.92
. . . 2 70 152.46

Reproductive Technologies and Cloning 13.999  0.00 1-2,1-3,1-4

3 66 145.69
4 71 163.31
1 79 93.35
. . . 2 70 143.78

Controlling the Genetic Interventions 50.065 0.00 1-2,1-3,1-4,2-4
3 66 158.68
4 71 184.92
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2) Scientific literacy levels of teacher candidates based on school year

Evaluation of the mean scores for the answers to the subscales of Test of Basic Science Literacy on the basis of
school year, mean scores were found to increase with school year (Table 5). In the “Nature of Science” subscale,
first and second grade teacher candidates had functional scientific and technological literacy while third and fourth
graders had conceptual and methodological level of scientific and technological literacy. In
“Science-Technology-Society” subscale; first, second and third grade teacher candidates had functional scientific
and technological literacy, whereas only fourth grade teacher candidates were able to rise to the conceptual and
methodological level of scientific literacy. Kolmogorov-Smirnov test was used to determine whether the data
collected from Test of Basic Science Literacy was normally distributed or not; and the data was found to have no
normal distribution (K-S(z)=0.00; p<0.05). Non-parametric Kruskal Wallis H Test was used to determine the
presence of any difference in terms of school year for subscales of Test of Basic Science Literacy. Kruskal Wallis
test revealed higher levels of scientific literacy for teacher candidates with increased school year (x*=52,741,
p<0.05). Data were evaluated in groups of two with Mann Whitney U test to determine between which school
years there was significant difference and results are presented in Table 6.

Table 5. Descriptive statistical values of subscales of test of basic science literacy

Class N  Minimum Maximum X Level of Scientific Literacy
1 79 227 4.18 332 Functional Scientific and Technological Literacy
. 2 70 2.45 4.27 3.39 Functional Scientific and Technological Literacy
Nature of Science . o .
3 66 2.86 4.95 3.49  Conceptual and Methodological Scientific Literacy
4 71 3.14 4.41 3.69 Conceptual and Methodological Scientific Literacy
1 79 2.56 425 3.21 Functional Scientific and Technological Literacy
. X X 2 70 2.44 4.44 3.35 Functional Scientific and Technological Literacy
Science-Technology-Society Relation . o i .
3 66 2.50 4.63 3.35 Functional Scientific and Technological Literacy
4 71 2.88 4.63 3.55 Conceptual and Methodological Scientific Literacy

Table 6 shows the groups for which significant differences were observed with p<0.05 significance level for
“Nature of Science” (NS) and “Science-Technology-Society Relation” (STS) subscales. Study results indicate
significant difference with 0.05 significance level in terms of school year between subscale scores of teacher
candidates’ test of basic science literacy. Evaluation of mean ranks of NS and STS subscales revealed that fourth
graders had the highest mean values for both classes.

Table 6. Mann Whitney U test results in terms of school year for subscales of test of basic science literacy

Class N  Mean Rank x p Difference
1 79 112.35
. 2 70 126.99
Nature of Science 40.219  0.00 1-3,1-4,2-4,3-4

3 66 144.00

4 71 193.77

1 79 106.78

. . R 2 70 139.11

Science-Technology-Society Relation 39.776  0.00 1-2,1-3,1-4,2-4,3-4

3 66 139.99

4 71 191.49

3) Empathy values of teacher candidates based on school year

Results obtained from the mean scores of the answers given by the science teacher candidates to Cambridge
Behavioural Scale are presented in Table 7.
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Table 7. Descriptive statistical values of Cambridge behavioural scale

Class N Minimum Maximum X Level of Empathy
1 79 30 66 46.36 Average
Empathy
il 2 70 30 70 44 .44 Average
ski
3 66 30 68 49.03 Average
4 71 35 72 50.94 Average

According to Table 7, all science teacher candidates had moderate level of empathy skill and empathy scores
increased with school year. Kolmogorov-Smirnov test was used to test normality of the data collected from
Cambridge Behavioural Scale and the empathy scores were found to have no normal distribution (K-S(z)=0.034;
p<0.05). Non-parametric Kruskal Wallis H Test was used to determine the presence of any difference among
school years. Analysis revealed significant difference with p<0.05 significance level among empathy score of
students in different grades (x*=16.095; p<0.05).

Table 8. Mann Whitney U test analysis results in terms of school year for empathy scores of science teacher
candidates

Class N  Mean Rank Sd 1 p Difference
79 133.65
. 2 70 119.55
Empathy skill 3 16.095 0.001 1-4,2-3,2-4
3 66 149.48
4 71 172.51

Mann Whitney U test was used to determine the grades with the significant differences observed in terms of school
years and the empathy scores of fourth grade teacher candidates, who had the highest mean rank, were
significantly different than the scores of first and second grade teacher candidates (Table 8). There was also a
significant difference between the Cambridge Behavioural Scale answers of second and third grade science teacher
candidates (p<0.05).

4) The relation between bioethical values and scientific literacy levels of teacher candidates

Spearman correlation analysis was used to determine whether there was a relation between bioethical values and
scientific literacy levels of science teacher candidates. As a result of Spearman Correlation analysis, a directly
proportional and very weak relation with p<0.05 significance level was found between bioethical values and
scientific literacy levels of science teacher candidates (rho=0.128; p<0.05). A low and positive relation with 0.05
significance level was found between nature of science and science-technology-society relation subscales of Test
of Basic Science Literacy and the bioethical values (Table 9).

Table 9. Results of correlation analysis between bioethical values of science teacher candidates and subscales of
test of basic science literacy

Spearman correlation coefficient p
Bioethics Nature of Science 0.169* 0.004
Science-Technology- Society Relation 0.203* 0.001

Results of Spearman Correlation analysis, which was used again to determine whether there was a relation
between bioethical subscales and scientific literacy subscales in science teacher candidates, revealed that subscale
of nature of science had a positive and weak relation with subscales of benefits of biotechnology applications and
controlling the genetic interventions, whereas, it had a very low and negative relation with the subscale of
reproductive technologies and cloning. In addition, the subscale of science-technology-society relation had a
positive and low relation with subscales of benefits of biotechnology applications and controlling the genetic
interventions (Table 10).
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Table 10. Results of correlation analysis between bioethical values of science teacher candidates and subscales of
test of basic science literacy

Benefits of Sci Reproductive Controlling the
cience
Biotechnology . Technologies and Genetic
o and Ethics - .
Applications Cloning Interventions
Spearman cor.
. . 0.247* 0.046 -0.135% 0.237*
Nature of Science coefficient
P 0.000 0.440 0.022 0.000
. . Spearman cor.
Science-Technology-Society . 0.185* 0.047 -0.046 0.259*
. coefficient
Relation
P 0.002 0.424 0.443 0.000

5) The relation between bioethical values and empathy skills of teacher candidates

Spearman correlation analysis was used to determine whether there was a relation between bioethical values and
empathy skills of science teacher candidates. Analysis results are presented in Table 11.

Table 11. Results of correlation analysis between empathy skills of science teacher candidates and subscales of
bioethics

Spearman correlation coefficient P
Benefits of Biotechnology Applications 0.050 0.402
Empathy . .
il Science and Ethics 0.140%* 0.018
ski
Reproductive Technologies and Cloning 0.083 0.163
Controlling the Genetic Interventions 0.152* 0.010

As a result of Spearman Correlation analysis, a directly proportional and poor relation with 0.05 significance level
was found between bioethical values and empathy skills of science teacher candidates (rho= 0.208; p<0.05).
Similarly, Table 11 shows a directly proportional and very poor relation with 0.05 significance level between the
opinions of science teacher candidates about science and ethics and controlling the genetic interventions topics,
and their empathy skills.

4. Discussion and Conclusion

Today, science education curriculum includes science and technology together with social, cultural,
environmental, political and ethical aspects. Therefore, student’s awareness for their own values and being able to
explain these values knowingly are very important. And bioethics is required to balance the relation between the
values necessary for science and society.

In recent years, topics related to bioethics have gained considerable importance as a significant tool in science
education to improve the scientific literacy of students (Chen & So, 2017; Putri, Tukiran, & Nasrudin, 2018). In
short, it is important for the public to have higher scientific literacy. Science education has a central role for the
development of scientific literacy. Today, science education curriculum in many different counties has the goal of
achieving scientific literacy at the level of a nation or whole society rather than merely transmitting scientific
knowledge to students (NRC, 2012; FNBE, 2014; MEB, 2018; ACARA, 2018). Teachers are the ones that will
provide basic knowledge and ethical decision-making ability, and in order for them to raise empathic and
scientifically literate individuals, teachers must possess such knowledge and skills in the first place. One of the
objectives of this study is to evaluate science teacher candidates’ bioethical values in terms of grade level. Study
results showed that first grade science teacher candidates had “low” level of bioethical values, whereas, second,
third and fourth grade science teacher candidates had “moderate” level of bioethical values. On the basis of this
result, it can be said that science teacher candidates generally have moderate level of bioethical values. This result
is consistent with the other studies where the opinions on biotechnology were measured (Lock & Miles, 1993;
Chen & Raffan, 1999; Dawson & Schibeci, 2003; Prokop, Leskova, Kubiatko, & Diran, 2007; Ozel, Erdogan,
Usak, & Prokop, 2009). In addition, bioethical values of the students increased with their grade levels. This result
indicates that level of bioethical values of teacher candidates increase as they progress during the teacher education
program, although not as much as desired. The most important reason for this is the lectures provided to the teacher
candidates during their education. “Science and ethics” subjects are generally discussed in lectures like “Scientific
Research Methods” and “Nature of Science and Science History”. In these lectures, teacher candidates are
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frequently reminded of ethical values for their homework, projects and presentations and ethics in scientific studies
are addressed and discussed from various perspectives like personal interests, social progress and scientific
advances. These practices can be said to be effective for the development of scientific and ethical values of teacher
candidates.

Another objective of this study is to evaluate science teacher candidates’ level of scientific literacy in terms of
grade levels. According to the results obtained from the data collected from Test of Basic Science Literacy,
scientific literacy of teacher candidates increased in both “Nature of Science” and “Science-Technology-Society
Relation” subscales in terms of grade level, although not as much as desired. Results showed that first and second
grade teacher candidates had “functional scientific and technological literacy”, whereas, third and fourth graders
had “conceptual and methodological scientific literacy”. Based on this result of the research, it can be concluded
that first and second grade science teacher candidates are generally aware of the science and technology
terminology and can often define the ideas and concepts in these two fields correctly, although they are not
sufficient to interpret the scientific subjects. In addition, it can be said that third and fourth grade teacher candidates
can make interdisciplinary connections and use the characteristics of a discipline in different situation and interpret
scientific topics. This increment in terms of grade levels observed in the level of scientific literacy of science
teacher candidates can be explained by the education they receive during their teacher training program. Especially
the lectures such as Nature of Science and Science History, Special Issues in Biology, Special Issues in Chemistry,
Special Issues in Physics and the practices performed in these lectures can be said to be effective in the
development of scientific literacy of teacher candidates. One of the main objectives of science education is to raise
scientifically literate individuals and it is only natural that the education provided for teacher candidates increase
their level of scientific literacy. However, the low level of scientific literacy observed in first and second grade
teacher candidates indicate that they had significantly low level of scientific literacy when they started their teacher
education program. In recent years, there have been frequent changes in science programs in Turkey and the lack
of necessary pilot studies and preliminary preparations for these changes, the lack of adequate introduction of new
programs to science teachers, the inadequate use of written and visual resources, adversely affect the scientific
literacy level of students and it is a significant negativity in achieving the objectives of science programs (MEB,
2012, 2017, 2018).

The study also found moderate level of empathy skills in teacher candidates and that this level increased with
school year. Science teacher candidates who participated in the study had average empathy ability to understand
how other people feel and to give appropriate responses in return and knew how to act sensitively towards people.
In a study conducted by Ekinci (2009) significant difference was found between the grade levels of teacher
candidates and their empathy skills and fourth grade students had higher level of empathy skill than first graders.
Mete and Gergek (2005) and Karakaya (2001) obtained consistent results with this study. The presence of such
difference can be an indication that empathy skill can be developed and increase over time. In this study, science
teacher candidates’ empathy skills level was found “average” level. Although this level is better than “less than
average” level, it is not enough for future teachers and this does not meet our expectations. The level of empathy of
teacher candidates may be due to the decreased creativity as a result of “fear of missing out” and technology
dependence caused by the social media use of today’s youth and their development of ego-centric personality in
line with the “approval seek” behaviour with new technologies. Today, it is a known fact that syndromes such as
internet addiction, liking the posts in social media, constantly checking e-mails and messages weaken the
creativity and empathy skills of the youth (Bayhan, 2013). As curiosity and creativity are important factor to
establish empathy (Alisinanoglu & Koksal, 2000) the lack of face-to-face and effective communication of the
youth due to new communication technologies may be weakening their empathy skills. Similarly, it is impossible
for an ego-centric individual to wonder about other people, imagine what would it be like to be in other people’s
situation and see the events through their perspectives and thus, this result of the research may be caused by the
ego-centric lifestyle of today’s teacher candidates.

Another result of the research was that the teacher candidates’ opinions on the nature of science and the bioethical
value’s benefits of biotechnology applications and controlling the genetic interventions subscales had a positive
effect on each other. This has similarities with the results of the study conducted by Sénmez and Pektas (2017).
This result showed that teacher candidates were aware of the changeable nature of science while judging topics on
biotechnology and genetic interventions. However, a weak and negative relation was determined between the
values for the reproductive technologies and cloning subscale and scientific literacy level in the subscale of nature
of science in teacher candidates. Detailed evaluation of the research results revealed that teacher candidates had
mixed emotions in the “Reproductive Technologies and Cloning” subscale of Bioethical Values Questionnaire.
Topics related to this subscale may not have been associated with the nature of science when discussed in the
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lectures and therefore teacher candidates addressed these independently, failing to associate them. Answers given
by the teacher candidates to the items of the related subscale of Bioethical Value Questionnaire without
considering the fact that “the outcomes of science are social activities that mostly depend on social acceptability”
may have led to contradiction with the answers they had given in the nature of science subscale.

There was a weak and positive relation between “Science-Technology-Society” subscale of Test of Basic
Scientific Literacy and “Benefits of Biotechnology Applications” and “Controlling the Genetic Interventions”
subscales of Bioethical Value Questionnaire. As topics about biotechnology applications and genetic interventions
are included in the field of science-technology-society, this can be considered as an expected result. However, in
order to reinforce this relation, socio-scientific issues about biotechnology applications and genetic interventions
should be addressed more frequently in the lectures of science teacher education programs and teaching methods
adopted in these lessons should be reviewed.

Another important result of the research was the positive impact between the level of empathy skill and bioethical
values. The findings of the study have also shown that teacher candidates whom have empathy skill will have high
level of ethical decision-making. This case shows similarity with the results of the studies conducted by Knight
(1989), Reeves, Bowman, and Cooley (1989) and Rofnegel (2004) in the literature.

When the fact that the emotions affect the reasoning and decision-making process in controversial topics it is
possible to say in this study that the empathy skills and scientific literacy of the science teacher candidates
increases bioethical values which require especially evaluating the data and decision-making. The empathy skill
may help the individuals to match their information with the justifications about the subject they have to decide for.
In order to ensure this in science education the teacher education programs should make time for education
programs, which will create chance for using emotional skills. Socio-scientific topics can be a proper ground for
this. For instance, teaching how to make bioethical decisions requires having students face with the real-world
scientific dilemmas without trying to provide strident solutions to challenge their conscience or characters. If we
want to raise scientifically literate teachers with high empathy skills and who can study the subjects from more
than one perspective, then we need to involve socio-scientific topics in the lessons of teacher education program
more and we need to have them gaining experience which will have them approach to many scientific problems of
the world from different angles by involving the social concepts of these topics into the classroom practices. We
need to know well about the factors developing and blocking the healthy decision making and we need to support
development of empathy skill which is the most essential factor in understanding the other person in future teacher
candidates. By this way the teacher candidates can develop the skills to help distinguishing the opinions lacking
the scientific grounds and progress in being scientifically literate citizens.

5. Limitation and Recommendation for Future Studies

Today’s bioethical problems cause problems that our students will face in the future. Making effective decisions
about these problems will require ethical value, which is an important element for the development of scientific
literacy. For this, scientific and technological developments and the impact of these developments on society and
the impact of society on these developments should be frequently discussed in the lessons. During some courses,
considering the necessity of ethical education for science teacher candidates who are tried to be teaching only in
the subject, bioethics education should be a part of the current science teacher education program.

Although the results of this study have important implications for the development of scientific literacy, this
research is a simple descriptive study and is limited to the data collected by the quantitative measurement tools
used. In order to obtain more comprehensive data in future studies on teacher education program, researchers may
be recommended to provide data diversity by using different research methods and techniques. Throughout the
program, a longitudinal study can be conducted on how science teacher candidates’ bioethical values, scientific
literacy levels, and empathy skills actually develop. Considering the importance of the subject, it can be said that
this issue should be investigated not only in science teacher training program, but in all teacher training programs
and at all educational level.
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