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Abstract

Science is highly important as it focusses on enhancing the quality of human life. Though, science
is perceived to be an interesting discipline, students’ performance in the field of school science is
not very satisfactory. Self-determination theory (SDT) assumes that inherent in human nature is
the propensity to be curious about one’s environment and interested in learning and developing
one’s knowledge. Thus, SDT can be used to teach science effectively in classrooms to enhance
students’ performance. As described in SDT, people have three innate psychological needs;
competence, autonomy and relatedness. If these needs are fulfilled, the optimal functioning of
human beings can be obtained. Hence, this study focused in investigating the effectiveness of using
SDT in teaching “Main Biological Processes in Plants” for Grade 8 students. The study was
conducted using two groups of students as the experimental and the control. The experimental
group was instructed using SDT while the control group was taught using traditional method. The
students’ performance, psychological relatedness, competence, and the autonomy showed higher
in the experimental group compared to the control group. Thus, the results indicate that the
instructional approach based on SDT is very effective compared to traditional approach of
instruction in teaching science as SDT approach develops intrinsic motivation of students.
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1. Introduction

Learning biological science has important implications for human society. It is really important to
everyday life as it fundamentally is the systematic study of the structure and behavior of the natural
and physical world through observations and experiments. It encompasses the cellular basis of
living things, the energy metabolism that underlies the activities of life, and the genetic basis for
inheritance in organisms in the world.
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As it is such important, it has been included in the school curriculum of Sri Lanka from Grade 6
to 11 as a main subject component. Science is perceived to be an interesting field but the students’
performances of their skills in the field of Science is not very satisfactory in Sri Lanka. This may
be due to different reasons such as changes in the curriculum, the time allocated for each science
topic, the teachers’ teaching load, resources available, lack of specialized content knowledge with
the educators, the medium of instruction, the involvement of the parents, poverty, and motivation.
There are three dimensions of science education. The first is the content of science incorporating
the basic concepts, and scientific knowledge. The other two are the science processes and attitudes
(Yockey, 2001). As science is everywhere the importance of a having an informed citizenry that
understands science is really important.

Self-determination theory (SDT) maintains that an understanding of human motivation requires a
consideration of innate psychological needs for competence, autonomy, and relatedness (Deci &
Ryan, 1985; 2000; 2000b). It assumes that inherent in human nature is the propensity to be curious
about one’s environment and interested in learning and developing one’s knowledge (Christopher,
Niemiec, & Ryan, 2009). Thus, SDT can be used to teach science effectively in classrooms to
enhance students’ skills in science (Ahn, 2014; Perlman, 2013). It suggests that both intrinsic
motivation and autonomous type of extrinsic motivation are conducive to engagement and optimal
learning in educational contexts. As described in SDT, people have three innate psychological
needs; competence, autonomy, and relatedness. If these needs are fulfilled, the optimal functioning
of human beings can be obtained. The foundation of SDT is that the extent of basic psychological
needs satisfaction determines the level of psychological growth and well-being. The above needs
should be fulfilled to optimize the students’ inherent potential in the school classrooms.

There is a dearth of research and practices that have been developed using SDT in Sri Lankan
school classroom context. Thus, this study is focused in investigating the effectiveness of using
SDT in teaching “Main Biological Processes in Plants” for Grade 8 students. Hence, the aim of
this study was to teach “Main Biological Processes in Plants” for Grade Eight students using Self-
Determination Theory to investigate the effectiveness of learning so as to make suggestions to
improve Science teaching and learning process. The objectives of this study were to: Investigate
Grade Eight students’ motivation & prior knowledge on “Main Biological Processes in Plants”;
Plan the lessons for control & experimental groups on Grade Eight “Main Biological Processes in
Plants”; Conduct lessons on “Main Biological Processes in Plants” for both control & experimental
groups; Find the effectiveness of teaching using Self- Determination Theory for experimental
group compared to control group; and Make suggestions to enhance students’ learning process on
“Main Biological Processes in Plants”.

2. Methodology
2.1. Method
Mixed methods approach was used in this study considering the advantages of data triangulation

in making conclusions. This experimental study was conducted using two groups of students as
the experimental and the control.
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2.2. Data Collection

Sampling

Convenience sampling technique was used. The sample consisted of 150 Grade 8 students divided
into two groups as experimental and control based on the pre-test marks. Sample was drawn from
a school in Sabaragamuwa province, Sri Lanka.

Instrumentation

Students’ self-concepts, motivation, and aspirations were explored using a validated questionnaire
(Chandrasena, Craven, Tracey, & Dillon, 2014). Autonomy support, psychological relatedness
support, competence support were assessed by the Learning Climate Questionnaires (LCQ)
developed by Standage, Duda, and Ntoumainis in 2005. Students’ academic performance was
explored using test marks. Classroom observations were made using an observation schedule.

Procedure

The unit of “Main Biological Processes in Plants” in Grade 8 syllabus was selected to study the
effectiveness of SDT in teaching Science. The knowledge of “Main Biological Processes in Plants”
is really important for the students who learn science. The selected unit of the syllabus was taught
in the second term as it is scheduled for the second term. The experimental group was instructed
using SDT and while the control group was instructed in the traditional method. The lessons were
planned according to 5E model and the lessons for experimental groups were planned in order to
enhance students’ intrinsic motivation by giving the students opportunities to fulfill autonomy,
competency and relatedness. The lessons for the control group were planned as lectures and
discussions.

First the prior knowledge of the students about the “Main Biological Processes in Plants” was
tested using a pre-test that was prepared according to the short answers technique. Questionnaire
of self-concepts, motivation & aspiration was administered to both groups to check the students’
prior motivation for the learning that particular subject content. During the lessons students’ facial
expressions, interaction with other students, their unity when they perform their team work,
behaviours and reactions to the teacher when asking questions, politeness, initiation were observed
and field notes were maintained. The semi-structured interviews were conducted for focus groups
of Grade 8 students in both experimental and control groups. In addition to that photograph and
videos were taken with the help of another teacher. A post-test was conducted to assess the
performance of their learning and questionnaire on self-concepts, motivation & aspiration was
administered to both groups to check their motivation on the subject component after the
intervention. The autonomy support, psychological relatedness support, and competence support
of the both groups were assessed by the Learning Climate Questionnaires (LCQ).

Data Analysis

The qualitative data were analyzed using thematic analysis and the quantitative data were analyzed
using SPSS for descriptives, correlation and regression. Students’ self-concepts, motivation,
aspiration, performance, autonomy support, psychological relatedness support, and competence
support in both groups were compared using independent sample t-test.
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3. Results and Discussion

The results of the pre-test and the post-tests of the study showed that there is a significant
difference in the post test marks of the experimental group compared to the control group.

Table 1: Mean values of Pre-test and Post-test marks

Group Mean values of the | Mean values of the
pre-test marks post-test marks

Experimental | 35.07 83.46

Control 34.73 63.49

As shown in the above (Table 1) mean values of the post-test marks of the experimental group and
control group are 83.46 and 63.49 respectively. Thus, there is a significant increase of the marks
of the students who were taught using SDT. According to the independent sample t-test there is no
significant difference in the pre-test marks in the both groups where t(148)= 0.126, p> 0.05.
However, there is a significant difference in the post-test marks for the two groups where t(148)=
7.901, p< 0.05.

In the questionnaire given to explore the students’ motivation, self-concepts and aspiration, the
students’ mastery, intrinsic and ego motivations were administered. The results obtained through
the questionnaire revealed higher improvement of the students’ characteristics such as motivation,
self-concepts, aspiration, engagement, and enthusiasm in education in the experimental group
compared to the control group.

Table 2: Mean values of Motivation before and after the Intervention

Group Types of motivation | Mean values before the | Mean values after the
Intervention Intervention
Experimental | Intrinsic motivation | 2.8509 3.1911
in Science
Mastery motivation | 3.1316 3.3289
in Science
Ego motivation in | 2.8860 3.2259
Science
Control Intrinsic  motivation | 3.0180 2.9347
in Science
Mastery motivation | 3.1396 2.9543
in Science
Ego motivation in | 2.8851 2.7275
Science

According to the above table (Table 2) students’ intrinsic motivation, mastery motivation, and the
ego motivation in the experimental group have increased after the lessons were conducted using
SDT. However, in the control group all the motivational types show a decrease which was taught
in the traditional method. Students in the experimental group were highly motivated and frequently
asked to conduct science lessons in other periods as well. They showed their willingness to perform
group activities, presentations and field work.
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The teacher’s autonomy support, competence support, and the relatedness support on the students
also were tested using LCQ and that results revealed that the experimental group who are taught
using SDT is highly motivated and their competence, autonomy and relatedness have increased
compared to the control group (Table 3).

Table 3: Mean values of Support before and after the Intervention
Group Types of support Mean values
Experimental | Autonomy support | 5.7605
Competence support | 6.3191
Relatedness support | 6.3632
Control Autonomy support | 5.1198
Competence support | 5.3345
Relatedness support | 5.1324

The results of the LCQ show that the autonomy support, the competence support and the
relatedness support for the experimental group are really higher than the control group. The highest
mean value can be seen in the relatedness support thus it would be advantageous to motivate
students through group work. The maximum mean value of the competence support is 6.3191.
According to this observation most of the students have perform their studies willingly and they
have improved their skills on the subject content. Thus, the classroom practices based on the SDT
can be used as a good technique of classroom instruction in teaching science in order to enhance
the students’ intrinsic motivation.

4. Conclusions and Suggestions

According to the results the students’ psychological relatedness, competence, and autonomy
support have improved with the application of Self Determination Theory in Sri Lankan classroom
context to teach science. Moreover, it is important to create a good learning environment in the
science classrooms for meaningful learning. Thus, the use of SDT is highly useful in generating
an effective teaching and learning environment in schools to meet the educational goals
successfully.
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