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SCIENCE TEACHER CANDIDATES
Kadir AKSOY, Mustafa Zafer BALBAG

Abstract: In the study, it is aimed to examine the relationship between science fiction self-efficacy
and spatial ability of science teacher candidates. The study is quantitative research and correlation
research was used as a research design. The study group consisting of 200 science teacher
candidates was formed by using the convenience sampling method. The data collection tools are
Santa Barbara Solids Test, Spatial Ability Self-Report Scale and Science Fiction Self-Efficacy
Scale for Science Teacher Candidates. Correlation analysis was performed in the analysis of data
and Pearson Correlation for normally distributed data and Spearman Correlation for non-normally
distributed data was used. As a result of analyzes, for science fiction candidates it was concluded
that there is a moderately positive and significant relationship between spatial ability and spatial
ability self-report, a moderately positive significant relationship between science fiction self-
efficacy and spatial ability self-report, and a weak positive significant relationship between science
fiction self-efficacy and spatial abilities. According to the findings, it was concluded that science
teacher candidates make a consistent self-assessment in terms of their spatial ability. Moreover, it
has been determined that some improvement in spatial ability can be achieved by using science
fiction as a tool to develop spatial ability.

Key words: science education, science fiction, science teacher candidate, spatial ability, survey
model

1. Introduction

The universe has secrets that mankind is trying to discover. To discover the secrets of the universe,
some scientific studies are being done. (Karacam, 2018, p. 24). Therefore, scientific studies are very
important at our age. The importance of scientific studies makes science education come to the fore.
With science education, people can use science effectively in their daily lives (Dragos & Mih, 2015, p.
167). Moreover, individuals with science education can comment on technological studies. Science
education is necessary for individuals to keep up with our age of great technological developments
(Hanger et al., 2003, p. 81-82).

In many studies, various goals of science education have been included. One of these goals of science
education is improving students' scientific knowledge and skills (Zhou, 2012, p. 109). Furthermore,
with science education, students can evaluate the world with a scientific attitude (Longbottom &
Butler, 1999, p. 473). In a report named “Science Education in Europe: Critical Reflections”, it is
recommended that the aim of scientific education in European Union should be teaching how to do
scientific studies to students (Osborne & Dillon, 2008, p. 8). It is possible to diversify the goals of
science education. However, when it is necessary to gather all the goals of science education under a
single concept, the concept of “scientific literacy” is encountered. According to Osborne, the most
important thing for science education is to educate science literate individuals (2007, p. 173).

The concept of scientific literacy has been used since the 1940s and has changed in terms of content
until it reaches today (Holton, 1999, p. 181). Nowadays, scientific literacy is defined as “the ability to
engage with science-related issues, and with the ideas of science, as a reflective citizen” for its
accepted form in our age (OECD, 2017, p. 24). Scientific literacy has evolved from memorizing
scientific knowledge to interpreting how scientific knowledge will affect society (Valladares, 2021, p.
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558). In other words, memorizing scientific concepts is not enough for scientific literacy. Thus, rote-
based methods and techniques used in the past for science teaching are not accepted anymore. Instead,
methods and techniques that allow student-centered lessons are preferred. There are many current
methods and techniques for teaching science such as activity-based learning, cooperative learning,
inquiry-based learning, game-based learning, STEM education, argumentation, online learning,
engineering-based learning, learning with Lego (Okumusoglu and Gegikli, 2021, p. 403). These
methods and techniques allow the student to be actively involved in the learning process. This is
necessary for effective learning (Basaran, 2004, p. 8).

Choosing the right technique and method during education is an effective way for achieving the
targeted success (Yilmaz, 2017, p. 493). However, the only condition for success in science teaching is
not to use the right method and technique. Because, to ensure effective learning, the learning process
must also be evaluated in terms of the "learner" (Basaran, 2004, p. 8). In this case, the concept of
"intelligence" comes to the fore. According to Gardner, intelligence is the skill to solve problems or to
fashion products that are valued in one or more cultural or community settings (Gardner & Hatch,
1989, p. 5). Intelligence is not only affected by biological factors but also environmental factors
(Oliver, 1997). Therefore, it is possible to say that intelligence can be developed through
environmental factors.

There are different theories about intelligence. One of these theories, which is still valid today, is
Gardner's Theory of Multiple Intelligences. In his study titled "Multiple Intelligence", Gardner stated
that there are seven different types of human intelligence (1993, p. 8). Later, he continued studies
about the existence of different types of intelligence in addition to these seven intelligence types
(Gardner, 1999, p. 47). One of intelligence types included in Gardner's study published in 1993 is
“spatial intelligence”. Individuals with advanced spatial intelligence can visualize three-dimensional
objects in their minds and perceive three-dimensional objects without difficulty (Giirel & Tat, 2010, p.
350). "Spatial intelligence" and "spatial ability" are related concepts (Kiigliikay & Yenilmez, 2021, p.
34). Spatial ability is expressed as the ability to imagine objects from different angles in a three-
dimensional universe (Turgut, 2007, p. 9). Linn and Petersen express spatial ability as the skill of
converting and remembering visual knowledge and obtaining new shapes based on visual information
(1985, p. 1482).

Spatial ability is related to science (Kozhevnikov et al., 2007, p. 549; Pallrand & Seeber, 1984, p. 507;
Uttal & Cohen, 2012, p. 153; Yolcu & Kurtulug, 2010, p. 258) and it is possible to develop an
individual's spatial ability with the environmental factors (Kiigiikay & Yenilmez, 2021, p. 41; Yilmaz,
2009, p. 94). As an environmental factor, it is known that one of the ways to improve spatial ability is
using concrete 3D objects (Yildiz & Tiiziin, 2011, p. 504). However, it may not always be possible to
have concrete objects. Therefore, it is possible that the use of alternative tools to concrete objects will
have a positive effect on the development of spatial ability. When research is conducted within the

framework of "spatial ability" and "science", "science fiction" stands out as a possible alternative tool
that can be used.

Science fiction is explained by Amis as a work that includes unusual events, has science and
technology in its infrastructure, and takes place in the world or outside the world (1960, p. 18).
Because, just like spatial ability, science fiction has common aspects with science. For example, there
are three-dimensional visuals and figures in both science curriculum and science fiction works (such
as books, magazines, comics, movies, TV series). Also, studies show that science fiction has a
relationship with science education and science literacy. (Bilgin, 2016, p. 38; Segall, 2002, p. 419;
Tatli & Sahin, 2020, p. 63; Vrasidas et al., 2015, p. 12). The fact that both spatial ability and science
fiction are related to science raises the question of whether there is a relationship between science
fiction and spatial ability or not. Starting from this point, the study is aimed to determine whether
science fiction influences the spatial ability of pre-service science teachers. A problem statement as
"Does science fiction have an effect on spatial ability in pre-service science teachers?" was formed.
The sub-problems created depending on the problem statement of the research are as follows.

* Is there a relationship between science teacher candidates’ spatial ability self-report and their spatial
ability?
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* Is there a relationship between science teacher candidates’ science fiction self-efficacy and their
spatial ability self-report?

* Is there a relationship between science teacher candidates’ science fiction self-efficacy and their
spatial ability?

2. Methods

2. 1. Research Design

In this study, which is quantitative research, the survey model was used as a research design. Survey
researches are realized with the aim of determining the characteristics of a group on a subject
(Biiytikoztiirk et al., 2013, p. 177). Skills and abilities are also included in these characteristics. Since
it was aimed to determine the scientific self-efficacy and spatial abilities of the study group, the survey
model was preferred. With survey model, data can be collected with the questions asked to the
participants, and it is sufficient to ask the questions to the participant group, not to the universe
(Fraenkel et al., 2011, p. 393). The survey model was deemed appropriate in terms of the data
collection tools to be used in the research and the fact that the research would be carried out with a
certain participant group. In addition, survey model offers the opportunity to work with a larger
number of participants compared to other research models (Biiyiikoztirk et al., 2013, p. 177).
Moreover, the survey model allows more than one variable to be compared with each other and the
data obtained are generalizable (Giirbiiz & Sahin, 2018, p. 106). These features of the survey model
are also compatible with the research process.

The survey model consists of two sub-types as "case study" and "general". General survey models are
divided into "singular" and "relational"; the relational survey model, on the other hand, consists of two
sub-categories as "correlation" and "comparison" models. Correlation studies can determine whether
variables change together (Bedir Eristi et al., 2013, p. 26-27). Since it is aimed to determine whether
there is a correlation between the variables of science fiction self-efficacy and spatial ability,
correlation research was preferred.

2. 2. Participants

The universe of the research consists of all science teacher candidates in Turkey. The study group of
the research, on the other hand, consists of 200 science teacher candidates from different levels, who
are studying at the Elementary Science Education department at a state university in Turkey. To
determine the number of participants, the research design, and the number of items in the data
collection tools used in the research were considered. In addition, since it is thought that all science
teacher candidates studying at the undergraduate level in Turkey are similar in terms of research
subject, the "convenience sampling” method, which is one of the non-random sampling methods, was
preferred in the study. By using this method, it is possible to create participants who can represent the
universe more easily (Taherdoost, 2016, p. 22).

2. 3. Data Collection Tools

In the research, a spatial ability achievement test named "Santa Barbara Solids Test (SBST)" was used.
Moreover, two scales named as "Science Fiction Self-Efficacy Scale for Science Teacher Candidates
(SFSES)" and "Spatial Ability Self-Report Scale" (SASRS) were used as data collection tools.

SBST was developed by Cohen and Hegarty in 2007 (p. 3) and was revised in 2012. With use of
SBST, it is aimed to measure the spatial abilities of individuals. The most up-to-date version of the test
was used in the study. The reliability coefficient of the SBST, which was revised in 2012, was
calculated as .91. The test consists of 30 multiple choice questions. The questions in the test are
divided into five sub-categories according to the way the questions are formed. These are questions
with simple figure (SF), joined figure (JF), embedded figure (EF), orthogonal cutting plane (OrCP)
and oblique cutting plane (ObCP). The reliability coefficients calculated according to the question
categories are as follows.
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* Questions with simple figure: .79

* Questions with joined figure: .80

* Questions with embedded figure: .85

* Questions with orthogonal cutting plane: .84

* Questions with oblique cutting plane: .85 (Cohen & Hegarty, 2012, p. 870).

The Turkish version of the SBST was used in the study. The SBST was translated into Turkish by
Uygan (2011, p. 121-125) and the reliability coefficient of the test was calculated as .84 (Uygan &
Kurtulus, 2016, p. 518).

SFSES, developed by Aksoy (2022, p. 47), aims to measure the individuals' proficiency in science
fiction. SFSES, which is a likert-type scale, consists of 18 items. Each item has five options named as
"Strongly Disagree", "Disagree", "Undecided", "Agree" and "Strongly Agree". SFSES consists of one
dimension. As a result of the reliability study of the scale, the Cronbach Alpha value was calculated as
.88.

The other scale used in study is SASRS, which was developed by Turgut (2015, p. 1997). With this
scale, it is aimed to enable individuals to make self-assessments about their spatial abilities. The scale
consists of 18 items. It is a likert-type scale, and each item of the scale has five options named as
"strongly disagree", "disagree", "undecided", "agree" and "strongly agree". The scale consists of three
sub-dimensions called Object Manipulation Spatial Ability (OMSA), Visual Memory (VM) and
Spatial Navigational Ability (SNA). As a result of the reliability analysis, the Cronbach Alpha
coefficient for the whole scale was calculated as .884. As a result of the reliability analysis performed
for the sub-dimensions of the scale, the Cronbach Alpha coefficient for Object Manipulation Spatial
Ability was calculated as .883, for Visual Memory as .622 and for Spatial Navigational Ability as .802
(Turgut, 2015, p. 2010).

2. 4. Data Collection

Data collection was ensured by applying SBST, SFSES and SASRS to science teacher candidates
forming the study group of the research. Before applying the data collection tools to the science
teacher candidates, each participant was given the necessary information about the research and the
application of the data collection tools was performed on a completely voluntary basis.

Since the data collection process coincided with the Covid Pandemic, the data were collected online.
For online data collection, "Google Forms" was preferred. A form consisting of five parts
(introduction part and then four parts) was created over Google Forms. In the introduction part of the
form, information about research and data collection tools is given. In the section after the
introduction, which is called the "first section", there are questions based on the determination of the
demographic characteristics of the participants. The second section includes SFSES, the third section
includes SASRS, and the last section includes SBST. The explanations in the original data collection
tools are included in the entries of the sections where the achievement test and scales are located. In
the process of transferring the data collection tools to the digital environment, the originality of the
data collection tools was maintained, and any changes were made. After the application of the data
collection tools to all participants, the Google Forms link was deactivated. The obtained data were
transferred to the computer as a single file and the analyzes were made with the statistical package
program.

2. 5. Data Analysis

The data in statistical package program was checked and it was determined that the data is suitable for
analysis. Then, the normality analysis of the data was performed. For the skewness value is between
+1 and -1; mode, median and arithmetic mean values close to each other; the z-score (for 0=0.05) is
between +1.96 and -1.96, data are considered to be normally distributed (Biiytlikoztiirk, 2013, p. 40-
42). The skewness, mode, median, arithmetic mean and z-score values of the data (including sub-
dimensions) are as in the Table 1.
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Table 1. Skewness, Mode, Median, Arithmetic Mean, Z-Score Values of Data Collection Tools

SBST SF JF EF | OrCP | ObCP | SFSES | SASRS | OMSA | VM SNA

Skewness | .729 516 | 485 | .363 | .386 1.042 | -.233 -.086 -.172 -271 -.702

Mode 9.000 | 2.000 | 3.000 | 3.000 | 5.000 | 3.000 | 53.000 | 70.000 | 44.000 | 12.000 | 16.000

Median 10.500 | 3.000 | 4.000 | 4.000 | 7.000 | 4.000 | 50.000 | 67.000 | 42.000 | 11.000 | 15.000

Mean 11.820 | 3.590 | 4.070 | 4.160 | 7.385 | 4.435 | 48.735 | 67.585 | 41.620 | 11.205 | 14.760

Z-Score | 4238 | 3.000 | 2.820 | 2.110 | 2.244 | 6.058 | -1.355 | -.500 -1.000 | -1.576 | -4.081

When the data obtained from the SBST and its sub-dimensions (SF, JF, EF, OrCP and ObCP) were
examined separately, it was determined that the mode, median and arithmetic mean values were not
close to each other, and the z-scores were out of the range. Therefore, it was concluded that the data
obtained from the SBST, and all its sub-dimensions were not normally distributed. For SFSES, it is
seen that the skewness and z-score values are in the range; mode, median and arithmetic mean values
were found to be close to each other. Therefore, the data from SFSES are normally distributed. When
the data obtained from the whole of SASRS and its sub-dimensions OMSA, VM and SNA are
analyzed separately, it was concluded that the skewness and z-score values for SASRS, OMSA and
VM are in the range; mode, median and arithmetic mean values of them are close to each other.
Therefore, data from SASRS, OMSA and VM are normally distributed. However, since the z-score of
the SNA was not within the specified range, it was concluded that the data were not normally
distributed. The findings obtained from the normality analysis of the data are given in the Figure 1.

SBST

SF Reasons
Dimensions and sub- JF
dimensions  whose :> EF
data is not normally OrCP

distributed. ObCP
SNA

e Mode, mean and arithmetic mean values are
not close to each other.
Z-score is out of range.

I:> e Z-score is out of range.

Reasons
Dimensions and sub- SFSES e Mode, mean and arithmetic mean values are
dimensions  whose :> SASRS close to each other.
data is normally OMSA e Z-score is between +1.96 and -1.96.
distributed. VM e Skewness value is between +1 and -1.

Figure 1. The Findings Obtained from the Normality Analysis of Data

Correlation analysis was performed to compare the results obtained from the data collection tools with
each other. "Pearson" correlation was used to compare normally distributed data, and "Spearman"
correlation was used to compare non-normally distributed data. If the correlation coefficients obtained
from the correlation analysis are between 0.00-0.30, "low level of relationship”; between 0.30 and
0.70, "moderate relationship"; and between 0.70-1.00, "high level of relationship" is assumed
(Buytikoztiirk, 2013, p. 32).

3. Results

3. 1. Examining the Correlation Between Spatial Ability and Spatial Ability Self-Report

Correlation analysis of data obtained from SBST and SASRS (including sub-dimensions) was
performed to determine whether there is a correlation between science teacher candidates' spatial
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abilities and their spatial ability self-report. The findings obtained from the analysis are as in Table 2.

Table 2. The Correlation Findings of Spatial Ability and Spatial Ability Self-Report

SF JF EF OrCP ObCP SBST
(Sub- (Sub- (Sub- (Sub- (Sub- (Total)
dimension) | dimension) | dimension) | dimension) | dimension)
OMSA r 0.303* 0.239%* 0.294* 0.292* 0.289* 0.321%*
(Sub- p 0.000 0.000 0.001 0.000 0.000 0.000
dimension) | n 200 200 200 200 200 200
SNA r 0.159% 0.169%* 0.069 0.148* 0.090 0.142*
(Sub- p 0.025 0.017 0.330 0.036 0.205 0.046
dimension) | n 200 200 200 200 200 200
VM r -0.007 0.049 0.134 0.064 0.054 0.065
(Sub- p 0918 0.493 0.058 0.370 0.449 0.360
dimension) | n 200 200 200 200 200 200
SASRS r 0.277* 0.252* 0.269* 0.288* 0.267* 0.307*
(Total) p 0.000 0.000 0.000 0.000 0.000 0.000
n 200 200 200 200 200 200

r: correlation coefficient p: significance n: the number of participants

In the left column of Table 2, there are the sub-dimensions of Spatial Ability Self-Report Scale and the
sum of the scale is in the bottom cell of the column. In the top row, there are the sub-dimensions of the
Santa Barbara Solids Test and the total of the test are located in the far-right cell of the top row.

According to Table 2, there is a moderate positive correlation between OMSA - SF, and between
OMSA - SBST. There is a low level of positive correlation between OMSA and other sub-dimensions
of SBST which are JF, EF, OrCP and ObCP. The findings show that, there is a moderate correlation
between the ability to mentally manipulate an image from a certain angle and the spatial ability and
the ability to imagine what the image of a single figure cut from a certain plane might look like.
Moreover, there appears to be a low level of correlation between the ability to mentally manipulate an
image from a certain angle and the ability to imagine how joined and embedded figures cut from a
certain plane; figures cut from orthogonal and oblique planes might look like.

There is a low level of positive correlation between SNA and SF, JF, OrCP, SBST (total). It was found
that there is no correlation between SNA - EF, and between SNA - ObCP. These findings show that
individuals with mental mapping and direction finding skills may have the ability to imagine how
single and joined figures cut from a certain plane and figures cut from orthogonal planes might look
like, albeit at a low level. It was also determined that there was a low level relationship between
mental mapping and wayfinding skills and overall spatial ability, but no correlation with the ability to
imagine the visual of a embedded figures cut from a certain plane and figures cut from oblique planes.

No correlation was found between VM — SBST (total), and between VM and all sub-dimensions of
SBST. Based on these findings, it is understood that there is no relationship between the ability to
imagine new visuals of folded or rotated objects and the ability to imagine new visuals of single,
joined, and embedded figures cut from oblique or orthogonal planes. In addition, it is possible to say
that there is no relationship between the ability to imagine new visuals of folded or rotated objects and
the overall spatial ability.

It was determined that there is a low level of positive correlation between SASRS and all sub-
dimensions of SBST. In addition, it was determined that there is a moderate positive correlation
between SASRS and SBST. These findings show that there is a moderate correlation between
individuals' spatial ability self-report skills and their spatial abilities.

3. 2. Examining the Correlation Between Science Fiction Self-Efficacy and Spatial Ability Self-
Report

Correlation analysis of data obtained from SFSES and SASRS (including sub-dimensions) was
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performed to determine whether there is a correlation between science teacher candidates' science
fiction self-efficacy and their spatial ability self-report. The findings obtained from the analysis are as

in Table 3.

Table 3. The Correlation Findings of Science Fiction Self-Efficacy and Spatial Ability Self-Report

OMSA SNA VM SASRS
(Sub- (Sub- (Sub- (Total)
dimension) | dimension) | dimension)
r 0.468* 0.366* 0.212%* 0.500*
SFSES p 0.000 0.000 0.003 0.000
(Total) 200 200 200 200

The left column of Table 3 contains Science Fiction Self-Efficacy Scale for Science Teacher
Candidates. On the top line, the sub-dimensions of Spatial Ability Self-Report Scale and on the far
right of the line are the total of Spatial Ability Self-Report Scale are located.

According to Table 3, there is a moderate positive correlation between SFSES - OMSA and SFSES —
SNA. There is a low level of positive correlation between SFSES - VM. In addition, it was determined
that there is a moderate positive correlation between SFSES and SASRS. These findings show that
there is a moderate relationship between individuals' science fiction self-efficacy skills and their
ability to manipulate an image from a fixed angle, and their mental mapping - wayfinding skills. In
addition, there is a relationship between science fiction self-efficacy skill, albeit at a low level, and the
ability to imagine new visuals of objects which are folded or rotated. Moreover, it was determined that
the participants’ science fiction self-efficacy skills were moderately related of their spatial ability self-
report skills.

3. 3. Examining the Correlation Between Science Fiction Self-Efficacy and Spatial Ability

Correlation analysis of data obtained from SFSES and SBST (including sub-dimensions) was
performed to determine whether there is a correlation between science teacher candidates' science
fiction self-efficacy and their spatial ability. The findings obtained from the analysis are as in Table 4.

Table 4. The Correlation Findings of Science Fiction Self-Efficacy and Spatial Ability Self-Report

SF JF EF OrCP ObCP SBST
(Sub- (Sub- (Sub- (Sub- (Sub- (Total)
dimension) | dimension) | dimension) | dimension) | dimension)
SFSES r 0.183* 0.133 0.149%* 0.153* 0.173* 0.179%*
(Total) p 0.010 0.060 0.035 0.031 0.015 0.011
n 200 200 200 200 200 200

The left column of Table 4 contains Science Fiction Self-Efficacy Scale for Science Teacher
Candidates. On the top line, the sub-dimensions of Santa Barbara Solids Test and on the far right of
the line, the total of Santa Barbara Solids Test are found.

When Table 4 is analyzed, it is seen that there is a low level of positive correlation between SFSES
and all sub-dimensions of SBST (SF, JF, EF, OrCP and ObCP). In addition, it was determined that
there is a low-level positive correlation between SFSES and SBST. These findings show that there is a
low-level relationship between individuals' science fiction self-efficacy and their spatial abilities.
There is also low-level relationship between science fiction self-efficacy and their ability to imagine a
new visual in mind as a result of cutting single, joined or embedded objects from oblique or
orthogonal planes.
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4. Conclusion, Discussion and Recommendations

4. 1. Conclusion

In the study, it was aimed to examine the relationship between science fiction self-efficacy and spatial
abilities of science teacher candidates. During the study, an achievement test and two scales were
applied to 200 science teacher candidates.

Correlation analysis of data obtained from SBST and SASRS was conducted to examine the
relationship between spatial ability and spatial ability self-report in science teacher candidates. As a
result of the analysis, it was concluded that there is a moderately positive correlation between the
spatial abilities of science teacher candidates and their spatial ability self-report. This result is the
broadest result from the correlation analysis between spatial ability self-report and spatial ability.

In terms of sub-dimensions, it was concluded that there is a low level of positive correlation between
object manipulation spatial ability and joined figures, embedded figures, orthogonal cutting plane,
oblique cutting plane. There is a moderate positive correlation between object manipulation spatial
ability and simple figure. In addition, it was determined that there is a moderate positive correlation
between object manipulation spatial ability and spatial ability. There is a low level of positive
correlation between spatial navigational ability and simple figures, joined figures, orthogonal cutting
plane. There is no correlation between spatial navigational ability and embedded figures, oblique
cutting plane. In addition, it was concluded that there is a low level of positive correlation between
spatial navigational ability and spatial ability. There is no correlation between visual memory self-
report and spatial ability. There is a low level of positive correlation between spatial ability self-report
and simple figures, joined figures, embedded figures, orthogonal cutting plane and oblique cutting
plane. All these results show that there is a low or moderate positive correlation between spatial ability
and spatial ability self-report skill, except for a few sub-dimensions.

Correlation analysis of data obtained from SFSES and SASRS was conducted to examine the
relationship between science fiction self-efficacy and spatial ability self-report in science teacher
candidates. As a result of the analysis, it was seen that there is a moderately positive correlation
between the science fiction self-efficacy of science teacher candidates and their spatial ability self-
report. This result is the broadest result from the correlation analysis between science fiction self-
efficacy and spatial ability self-report.

When the sub-dimensions of SASRS were also included in the correlation analysis, it was concluded
that there is a moderate positive correlation between science fiction self-efficacy and object
manipulation spatial ability and spatial navigational ability. Moreover, it was determined that there is a
low level of positive correlation between science fiction self-efficacy and visual memory.

Correlation analysis of data obtained from SFSES and SBST was conducted to examine the
relationship between science fiction self-efficacy and spatial ability. With the analysis, it was found
that there is a low-level positive correlation between the science fiction self-efficacy and spatial ability
of science fiction candidates. This result is the most important result for the purpose of research. When
the sub-dimensions of SBST were included in the correlation analysis, it was found that there is a low
level of positive correlation between science fiction self-efficacy and simple figures, embedded
figures, orthogonal cutting plane, oblique cutting plane. Furthermore, there is no correlation between
science fiction self-efficacy and joined figures.

4. 2. Discussion

Regarding the first problem statement of the study, it was revealed that there is a moderate positive
relationship between the spatial ability of science teacher candidates and their spatial ability self-
report. This finding is similar to the finding obtained in Dokumac1 Siit¢ii's research (2019, p. 309). In
the study with the participation of science and mathematics teacher candidates, Dokumac1 Siitgii
concluded that there is a positive and significant relationship between teacher candidates’ spatial
ability and their spatial ability self-report. In addition, in the same study, the relationship between
spatial ability and sub-dimensions of spatial ability self-report (object manipulation spatial ability,
spatial navigational ability, visual memory) was examined. As a result of the examination, it was
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concluded that there is a significant positive relationship between spatial ability and object
manipulation spatial ability. There is no significant relationship between spatial ability and other sub-
dimensions (spatial navigational ability, and visual memory) (Dokumac1 Siitcii, 2019, p. 306). In terms
of sub-dimensions, the findings obtained in both studies partially overlap. When the literature was
searched, no other study was found that directly overlaps with the first problem statement of the
research. However, the study of Kozhevnikov and Hegarty (2001) shows some similarities with the
first problem statement of the research. In this study, which was made with the participation of
undergraduate students, the separation between object manipulation spatial ability and spatial
orientation ability (one of the basic components of spatial ability) is reviewed. In the study, it was
stated that object manipulation spatial ability and spatial orientation ability are different abilities, but
there is a connection between each other (Kozhevnikov & Hegarty, 2001, p. 755). This statement
coincides with the result of our research. Moreover, Yilmaz (2017, p. 15) stated in his study on the
spatial ability self-report of mathematics teacher candidates that more detailed studies should be
conducted on the spatial ability and spatial ability self-report of teacher candidates. Therefore, this
study, which investigates the correlation between spatial ability and spatial ability self-report of
science teacher candidates, is an advanced research in line with Yilmaz's suggestion.

For the second problem statement, the relationship between science fiction self-efficacy and spatial
ability self-report of science teacher candidates was analyzed, and a positive significant relationship
was determined. For the third problem statement, the relationship between science fiction self-efficacy
and spatial ability of the science teacher candidates was analyzed and a positive significant
relationship was determined. However, when national and international studies are reviewed, it has
been seen that there is no study conducted for similar purposes. Thus, concepts related to both spatial
ability and science fiction self-efficacy were investigated and at the end of research, the concepts of
"science achievement", "imagination", "creative thinking skills" were determined. Therefore, the
relationship between science fiction self-efficacy and spatial ability was investigated in terms of the
concepts of "science achievement", "imagination" and "creative thinking skills".

Studies have shown that science fiction improves science literacy (Bilgin, 2016, p. 38; Tatli & Sahin,
2020, p. 503), increases science achievement (Tath & Sahin, 2020, p. 63), and is effective in
increasing interest, curiosity towards science (Karadeniz & Degirmencay, 2020, p. 238; Vrasidas et
al., 2015, p. 12). Similarly, spatial ability is also necessary for science (Ganley et al., 2014, p. 1420);
effective about success in physics (Kozhevnikov et al., 2007, p. 560; Pallrand & Seeber, 1984, p. 514),
learning chemistry (Wu & Shah, 2003, p. 486) and understanding some earth science texts (Sanchez
and Wiley, 2014, p. 41). Moreover, according to Sezen Yiiksel (2013, p. 29), to understand science
subjects high level of spatial ability is required. In line with all these studies, it has been concluded
that both science fiction and spatial ability are associated with science achievement. The concepts of
"spatial imagination" and "science fiction-based imagination", which are included in some studies,
were influential in the determination of another concept, "imagination" (Dilshod, 2021; Finn & Wylie,
2021; G’ orska, 2005). These concepts suggest that both science fiction and spatial ability are related to
imagination. In addition, in studies examined in terms of science fiction - imagination relationship, it
has been stated that science fiction improves the imagination of individuals (Balbag et al., 2012, p.
239; Bilgin, 2016, p. 39). Similarly, in the study examined in terms of spatial ability - imagination
relationship, it was stated that spatial ability is directly related to imagination (Abay et al., 2018, p.
59). As a result of the literature review, it was concluded that both science fiction and spatial ability
are related to imagination. Lin (2014, p. 96), who studied science fiction and creative thinking, stated
that there is a positive relationship between science fiction movies and creative thinking in high school
students. In another study conducted with the participation of middle school students, it was concluded
that science fiction films develop creativity (Lin et al., 2013, p. 191). In addition, according to Bilgin
(2016, p. 39), science fiction, and according to Orcan (2013, p. 67), science fiction comics improve the
creative thinking skills of individuals. On the other hand, Yenilmez and Caligkan (2011, p. 61) stated
in their study that there is a positive relationship between spatial ability and creativity, albeit at a low
level. In short, as a result of the examination of the mentioned studies, it was concluded that both
science fiction and spatial ability are related to creative thinking skills.

As a result of examining the studies on the subject, it is understood that both science fiction and spatial
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ability have a positive and significant relationship with "science achievement", "imagination" and
"creative thinking skills". This situation supports the results obtained from the studies on the second
and third problem statements of the research with a certain probability. However, since there is no
previous study about the relationship between science fiction self-efficacy and spatial ability has been
found, the results obtained from the studies conducted for the second and third problem statements of
the research cannot be supported by the literature with 100% clarity.

4. 3. Recommendations

Based on the results obtained from the research, some suggestions were made to the researchers and
educators. The research was carried out with the participation of science teacher candidates. As a
recommendation to researchers, the scope can be expanded by carrying out similar studies with the
participation of teacher candidates from different branches. As a suggestion to educators, science
fiction can be used as an alternative tool in curricula with content related to spatial ability for the
development of spatial ability.

References

Abay, S., Tertemiz, N., & Gokbulut, Y. (2018). Invastigation in several variables the spatial skills of
teacher candidates. Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
(EFMED), 12(1), 45-62.

Aksoy, K. (2022). Fen bilgisi 6gretmen adaylarinin bilim kurgu 6z yeterligi ile uzamsal yetenekleri
arasindaki iligkinin incelenmesi (thesis). Eskisehir.

Amis, K. (1960). New maps of hell: a survey of science fiction (1st ed.).

Balbag, M. Z., Yenilmez, K., & Turgut, M. (2012). Matematik ve fen bilgisi 6gretmen adaylarinin
bilim-kurgu filmlerine yonelik goriislerinin bazi degiskenler acisindan incelenmesi. Journal of
Research in Education and Teaching, 1(3), 239-248.

Bagaran, B. 1. (2004). Etkili 6grenme ve ¢oklu zeka kurami: bir inceleme. Ege Egitim Dergisi, (5), 7—
15.

Bedir Eristi, S. D., Kuzu, A., Kabak¢1 Yurdakul, I., Akpulut, Y., & Kurt, A. A. (2013). Bilimsel
arastirma yontemleri. (A. A. Kurt, Ed.) (1st ed.). Anadolu Universitesi.

Bilgin, L. N. (2016). Bilim kurgunun fen bilimleri dersinin 6grenme hedeflerine yonelik fen bilimleri
dgretmenlerinin goriisleri (thesis). Ahi Evran Universitesi, Kirsehir.

Biiyiikoztiirk, S. (2013). Sosyal bilimciler igin SPSS ile veri analizi el kitab1 (18th ed.). Pegem.

Biiyiikoztiirk, S., Kilig Cakmak, E., Akgiin, O. E., Karadeniz, S., & Demirel, F. (2013). Bilimsel
aragtirma yontemleri (15th ed.). Pegem Akademi.

Cohen, C. A., & Hegarty, M. (2007). Sources of difficulty in imagining cross sections of 3D objects.
Proceedings of the Twenty-Ninth Annual Conference of the Cognitive Science Society, (29).

Cohen, C. A., & Hegarty, M. (2012). Inferring cross sections of 3D objects: a new spatial thinking
test. Learning and Individual Differences, 22(6), 868—874. https://doi.org/10.1016/].1indif.2012.05.007

Dilshod, M. (2021). The mechanism of using computer graphics programs in the development of
students' spatial imagination. International Journal of Progressive Sciences and Technologies, 25(2),
45-50.

Dokumaci Siitgii, N. (2019). Ogretmen Adaylarinin uzamsal yetenek ve uzamsal yetenek Oz-
degerlendirmeleri arasindaki iligki. Akdeniz Egitim Arastirmalart Dergisi, (29), 296-315.
https://doi.org/10.29329/mjer.2019.210.16

Dragos, V., & Mih, V. (2015). Scientific literacy in school. Procedia - Social and Behavioral Sciences,
209, 167-172. https://doi.org/10.1016/j.sbspro.2015.11.273

Finn, E., & Wylie, R. (2021). Collaborative imagination: a methodological approach. Futures, 132, 1—

Acta Didactica Napocensia, ISSN 2065-1430



Examination of the Relationship Between Science Fiction Self-Efficacy and Spatial Ability of Science Teacher... 167

11. https://doi.org/10.1016/j.futures.2021.102788

Fraenkel, J. R., Wallen, N. E., & Hyun, H. H. (2011). How to design and evaluate research in
education (8th ed.). McGraw-Hill.

Ganley, C. M., Vasilyeva, M., & Dulaney, A. (2014). Spatial ability mediates the gender difference in
middle school students' science performance. Child Development, 85(4), 1419-1432.
https://doi.org/10.1111/cdev.12230

Gardner, H. (1993). Multiple intelligences the theory in practices. Basic Books.
Gardner, H. (1999). Intelligence reframed: Multiple intelligences for the 21st Century. Basic Books.

Gardner, H., & Hatch, T. (1989). Multiple intelligences go to school: Educational implications of the
theory of multiple intelligences. Educational Researcher, 18(8), 4—10. https://doi.org/10.2307/1176460

G’orska, R. A. (2005). Spatial imagination — an overview of the longitudinal research at Cracow
University of Technology. Journal for Geometry and Graphics, 9(2), 201-208.

Glirbiiz, S., & Sahin, F. (2018). Sosyal bilimlerde arastirma yontemleri felsefe- yontem- analiz (5th
ed.). Segkin.

Girel, E., & Tat, M. (2010). Coklu zeka kurami: Tekli zeka anlayisindan ¢oklu zeka yaklagimina.
Uluslararas1 Sosyal Arastirmalar Dergisi, 3(11), 336-356.

Hanger, A. H., Yildirim, H. 1., & Sensoy, O. (2003). Ilkgretimde ¢agdas fen bilgisi dgretiminin dnemi
ve nasil olmasi gerektigi iizerine bir degerlendirme. Pamukkale Universitesi Egitim Fakiiltesi Dergisi,
13(1), 80-88.

Holton, G. (1999). 1948: The new imperative for science literacy. Journal of College Science
Teaching, 28(3), 181-185.

Karadeniz, E., & Degirmencay, $. A. (2020). The effect of the science-fiction books on arousing
curiosity about science in secondary school students. Turkish Journal of Science Education, 17(2),
224-241. https://doi.org/10.36681/tused.2020.23

Karagam, S. (2018). Bilimin dogasi ve fen ogretimi. In O. Karamustafaoglu, O. Tezel, & U. San
(Eds.), Giincel Yaklasim ve Yontemlerle Etkinlik Destekli Fen Ogretimi (Vol. 1, pp. 23-50). essay.

Kozhevnikov, M., & Hegarty, M. (2001). A dissociation between object manipulation spatial ability
and spatial orientation ability. Memory & Cognition, 29(5), 745-756.
https://doi.org/10.3758/bf03200477

Kozhevnikov, M., Motes, M. A., & Hegarty, M. (2007). Spatial visualization in physics problem
solving. Cognitive Science, 31(4), 549-579. https://doi.org/10.1080/15326900701399897

Kigiikay, S., & Yenilmez, K. (2021). Kirsalda 6grenim goren 6grencilerin uzamsal zeka, uzamsal
yetenek ve uzamsal kaygilari arasindaki iliskinin incelenmesi. ESTUDAM Egitim Dergisi, 6(1), 31—
45.

Lin, K.-Y. (2014). Effects of science fiction films on junior high school students’ creative processes
and products. Thinking Skills and Creativity, 14, 87-97. https://doi.org/10.1016/j.tsc.2014.09.005

Lin, K.-Y., Tsai, F.-H., Chien, H.-M., & Chang, L.-T. (2013). Effects of a science fiction film on the
technological creativity of middle school students. Eurasia Journal of Mathematics, Science and
Technology Education, 9(2), 191-200. https://doi.org/10.12973/eurasia.2013.929a

Linn, M. C., & Petersen, A. C. (1985). Emergence and characterization of sex differences in spatial
ability: A meta-analysis. Child Development, 56(6), 1479—1498. https://doi.org/10.2307/1130467

Longbottom, J. E., & Butler, P. H. (1999). Why teach science? Setting rational goals for science
education. Science Education, 83(4), 473-492. https://doi.org/10.1002/(sici)1098-
237x(199907)83:4<473::aid-sce5>3.0.c0;2-z

OECD. (2017). PISA 2015 Assessment and analytical framework: Science, reading, mathematic,

Volume 16 Number 1, 2023



168 Kadir AKSOY, M. Zafer BALBAG

financial literacy and collaborative problem solving. PISA. OECD Publishing, 1-260.
https://doi.org/https://doi.org/10.1787/9789264281820-en.

Okumusoglu, O., & Gegikli, E. (2021). Fen bilimleri 6gretmenlerinin yeni yaklasim, yontem ve
teknikleri bilme ve kullanma diizeyleri ile mesleki tiikenmislikleri. Atatiirk Universitesi Sosyal
Bilimler Enstitiisii Dergisi, 25, 396—415.

Oliver, A. (1997). Plugging into multiple intelligences. Education Digest, 62(6), 61-65. Retrieved
from https://eds.s.ebscohost.com/eds/detail/detail 7vid=2&sid=c9308cf9-0979-401{-9cd5-
d97ba319b4al%40redis&bdata=InNpdGUIZWRzL WxpdmU%3d#AN=9703076164&db=f6h.

Orcan, A. (2013). Cizgi-roman teknigi ile gelistirilen bilim-kurgu hikayelerinin 6grencilerin yaratici
diistinme becerilerinin ve fizige iliskin tutumlarinin gelisimine etkisi (thesis). Ankara.

Osborne, J. (2007). Science education for the Twenty First Century. EURASIA Journal of
Mathematics, Science and Technology Education, 3(3), 173-184.
https://doi.org/10.12973/ejmste/75396

Osborne, J., & Dillon, J. (2008). (rep.). Science education in Europe: Critical Reflections.

Pallrand, G. J., & Seeber, F. (1984). Spatial ability and achievement in introductory physics. Journal
of Research in Science Teaching, 21(5), 507-516. https://doi.org/10.1002/tea.3660210508

Sanchez, C. A., & Wiley, J. (2014). The role of dynamic spatial ability in geoscience text
comprehension. Learning and Instruction, 31, 33-45.
https://doi.org/10.1016/j.learninstruc.2013.12.007

Segall, A. E. (2002). Science fiction in the engineering classroom to help teach basic concepts and
promote  the  profession. Journal of Engineering  Education, 91(4), 419-423.
https://doi.org/10.1002/j.2168-9830.2002.tb00727.x

Sezen Yiiksel, N. (2013). Uzamsal yetenek, bilesenleri ve uzamsal yetenegin gelistirilmesi iizerine
(thesis). Ankara.

Taherdoost, H. (2016). Sampling methods in research methodology; How to choose a sampling
technique for research. SSRN Electronic Journal, 5(2), 18-27. https://doi.org/10.2139/ssrn.3205035

Tatli, E., & Sahin, F. (2020). Bilim kurgu filmlerinin fen bilgisi dgretmen adaylarinin bilimsel
okuryazarliklarina ve bilime yonelik tutumlarina etkisinin incelenmesi. Mehmet Akif Ersoy
Universitesi Egitim Fakiiltesi Dergisi, (53), 488-514.

Tath, E., & Sahin, F. (2020). Fen kavramlarimn 6grenilmesinde bilim kurgu filmlerinin etkisi:
Ogretmen egitimine yonelik bir uygulama. Yiksekdgretim ve Bilim Dergisi/Journal of Higher
Education and Science, 10(1), 56—65.

Turgut, M. (2014). Development of the Spatial Ability Self-Report Scale (SASRS): Reliability and
validity studies. Quality & Quantity, 49(5), 1997-2014. https://doi.org/10.1007/s11135-014-0086-8

Turgut, M. (2007). ilkogretim II. kademede &grencilerin uzamsal yeteneklerinin incelenmesi (thesis).
[zmir.

Uttal, D. H., & Cohen, C. A. (2012). Spatial thinking and STEM education when, why, and how? The
Psychology of Learning and Motivation, 57, 147-181. https://doi.org/10.1016/b978-0-12-394293-
7.00004-2

Uygan, C. (2011). Kati cisimlerin 6gretiminde Google Sketchup ve somut model destekli
uygulamalarin ilkogretim matematik Ogretmeni adaylarimin uzamsal yeteneklerine etkisi (thesis).
Eskisehir.

Uygan, C., & Kurtulus, A. (2016). Effects of teaching activities via Google Sketchup and concrete
models on spatial skills of Preservice Mathematics Teachers. Turkish Journal of Computer and
Mathematics Education (TURCOMAT), 7(3), 510-535. https://doi.org/10.16949/turkbilmat.273993

Valladares, L. (2021). Scientific literacy and social transformation critical perspectives about science

Acta Didactica Napocensia, ISSN 2065-1430



Examination of the Relationship Between Science Fiction Self-Efficacy and Spatial Ability of Science Teacher... 169

participation and emancipation. Science & Education, 30, 557-587. https://doi.org/10.1007/s11191-
021-00205-2

Vrasidas, C., Avraamidou, L., Theodoridou, K., Themistokleous, S., & Panaou, P. (2015). Science
fiction in education: Case studies from classroom implementations. Educational Media International,
52(3), 1-16. https://doi.org/10.1080/09523987.2015.1075102

Wu, H.-K., & Shah, P. (2004). Exploring visuospatial thinking in chemistry learning. Science
Education, 88(3), 465—492. https://doi.org/10.1002/sce.10126

Yenilmez, K., & Caliskan, S. (2011). Il};égretim ogrencilerinin ¢oklu zeka alanlar ile yaratici
diisiinme diizeyleri arasindaki iliski. Dicle Universitesi Ziya Gokalp Egitim Fakiiltesi Dergisi, 17, 48—
63.

Yildiz, B., & Tiiziin, H. (2011). Ug-boyutlu sanal ortam ve somut materyal kullanimmin uzamsal
yetenege etkileri. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 41, 498—508.

Yilmaz, H. B. (2009). On the development and measurement of spatial ability. International Electronic
Journal of Elementary Education, 1(2), 83-96.

Yilmaz, O. (2017). Fen Ogretmenlerinin tercih ettikleri ogretim strateji, yontem ve teknikler: Fen
6gretmen adaylarinin diislinceleri. [gdir Universitesi Sosyal Bilimler Dergisi, (12), 493-510.

Yilmaz, S. (2017). Aday Matematik 6gretmenlerinin uzamsal yetenek 6z—degerlendirme diizeyleri.
International Journal of New Trends in Arts, Sports &Science Education, 6(1), 10-16.

Yolcu, B., & Kurtulus, A. (2010). 6. sif Ogrencilerinin uzamsal gorsellestirme yeteneklerini
gelistirme iizerine bir ¢aligma. {lkdgretim Online, 9(1), 256-274.

Zhou, G. (2012). A cultural perspective of conceptual change: Re-examining the goal of science
education. Articles, 47(1), 109—129. https://doi.org/10.7202/1011669ar

Authors
Kadir AKSOY, Eskisehir Osmangazi University, Eskisehir (Turkey). E-mail:aksoykadirr@gmail.com

Mustafa Zafer BALBAG, Eskisehir Osmangazi University, Eskisehir (Turkey). E-mail:
zbalbag@ogu.edu.tr

Acknowledgement

This study was prepared based on a part of the thesis named "Examination of the Relationship
Between Science Fiction Self-Efficacy and Spatial Ability of Science Teacher Candidates".

Volume 16 Number 1, 2023


mailto:aksoykadirr@gmail.com
mailto:zbalbag@ogu.edu.tr

