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ABSTRACT
The low enrolment in science subjects, particularly biology, beyond the compulsory level (Grade
9) is a matter of concern to the Mauritian education authorities, teachers and other stakeholders,
as it is a prerequisite to a wide range of university degrees and professional careers. Many studies
have tried to explain the low enrolment in biology at secondary and tertiary levels, however, little
is known about how conceptions of learning (COL) and approaches to learning (AL) respond to
the issue. Conceptions of learning refer to students' or learners' views on their educational
experiences and preferred methods of carrying out the learning process. Approaches to learning
are the ways that students or learners learn or accomplish their academic assignments. Arguably,
the existence of positive COL and AL in learning biology increases learners’ chances of achieving
the intended learning outcomes and improved student performances. This invariably creates
positive perceptions of the subject and possibly helps to attract more students to study biology at
School Certificate level and consequently at Higher School Certificate level. Therefore, the aim of
this study was to explore Mauritian upper secondary school students’ COL and AL. The
approaches to learning and conceptions of learning theoretical perspectives informed this study.
This study adopted a pragmatic approach with the assumption that using a variety of research
methods would result in an informed grasp of the problem. An explanatory mixed methods
sequential research design was used to first collect quantitative data, and then gather qualitative
data to explain the quantitative results. Convenience sampling was employed with respect to the
schools where the participants were drawn from. Quantitative data were collected from 497 Grade
11 biology students through survey questionnaires before purposely selecting 16 of them to
participate in the face-to-face individual semi-structured interviews. Descriptive statistics were

used to analyse the quantitative data, whereas coding, categorisation, pattern recognition, and



inference were used to analyse the qualitative data. Analysis of the quantitative and the qualitative
data identified COL and AL, much of which resonate with the theoretical framework that guided
this study. The study revealed that Mauritian students had mixed conceptions and thus, adopted
mixed or hybrid approaches to learning biology. The study also revealed that the students’ COL
influenced their AL. The findings of this study have significance for curriculum designers,

resource people, and secondary school educators who want to improve biology instruction.

Vi
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CHAPTER 1

INTRODUCING THE STUDY

1.1 Introduction

Learning is a procedure that results in change, which follows from experience and raises the
possibility of better performance and further learning (Ambrose et al., 2010). The learning process
has been described by many including Plato, Confucius, Socrates, Einstein, Pavlov, Thorndike,
Skinner, and others. Another theorist, Piaget (1896-1980), who was considered extremely
influential, was well known for his attempt to define how humans learn. According to Piaget
(1959), people organise knowledge and new experiences by using mental schemata. Our schemata
become more complex, sophisticated and culturally context specific as we grow older. Piaget
(1959) further postulates that learning is actively created by the student (learner/pupil), putting the
student at the heart of the learning experience instead of being a passive recipient of knowledge
through the telling of knowledge by others, such as the instructor.

Understanding how people learn has long interested psychologists and educators because it forms
the basis for a variety of human endeavours (Borich, 2019; Harasim, 2017). According to
Goodfriend (2014), learning is a systematic process that involves an individual going through long-
lasting, irreversible changes in their knowledge, behaviours, or worldviews. He summarises
learning as gaining knowledge and abilities through instruction or self-reflection. Learning is a
very general notion that goes beyond simply gaining knowledge (Lloyd, 2017). Development of
skills, perceptions, behaviours, and experiences are also included. Learning can also happen at any

age; however, the rate at which it happens depends on the learner's motivation.

In contrast to simply being able to memorize or rote-learn specific pieces of information,
Goodfriend (2014) contends that learning also involves the capacity to analyse, reflect upon, and
draw conclusions from information. According to him, the conceptualisations of learning evolve
across time because of changes in contexts, cultures, and beliefs. From the aforementioned angles,
learning appears to be a complicated and active process that is influenced by the contexts of the

learners and other factors.



Learning is central to our lives and interactions in the world. It has become so ingrained in our
daily lives that its meaning is sometimes taken for granted and presumed to be the same for
everyone. However, according to Steketee (1996), the phenomenon of learning has multiple
meanings, depending on the interrelationships that occur between individuals, settings, and
cultures. To put it another way, how a person perceives the term “learning” is influenced by the
context and culture to which they are exposed. Given that individuals, contexts, and cultures differ,
it is only natural that people's interpretations of learning will differ as well. Kember (2016)
recognised that there are various ways in which people perceive learning.

These differences in perceptions of learning are referred to as “conceptions of learning” (COL) in
education. COL can be described as people's fundamental views about their own learning. They
are subjective assertions that include the assumptions, rules and traditions that shape people's
perceptions of knowledge and how they approach learning tasks (van Rossum & Schenk, 1984).
The connection between people's COL and how they handle learning tasks emphasises how
important it is to comprehend people's learning conceptions and approaches. Section 1.4 elaborates

on the relevance of this relationship.

Consequently, the objective of my research was to examine students’ COL and their approaches
to learning (AL). The theoretical lenses that guided my study were adopted from Lee et al.’s (2008)
theoretical framework for COL and from the theoretical framework proposed by Kember et al.
(2004) for AL. To find out the COL and AL of the students, this study adopted a pragmatic
paradigm (Creswell, 2014). To provide answers to my research questions, a sequential explanatory
mixed methods design (Howell Smith & Shanahan Bazis, 2021) was used. Furthermore, this study
applied both quantitative and qualitative research techniques sequentially to collect data. For my
study, a survey questionnaire was used to gather data, which was then followed by semi-structured
interviews. A sample of 497 Grade 11 biology students at 20 schools participated in the

quantitative survey, from which 16 students were selected for face-to-face individual interviews.

| introduce and methodically provide the study's synopsis in this chapter. Therefore, in this
introductory chapter, | attend to the reasons behind choosing to explore students’ conceptions of
learning biology (COLB), and approaches to learning biology (ALB). | also situate the context of
the study and provide a background to the present research. This chapter also outlines the research

problem, and the associated critical research questions the study seeks to address. The rationale of

2



the study and how the thesis contributes to the field of education are included as well. A summary

of the structure of the thesis and a synthesis of the chapter follows.

1.2 Background to the Research

Many countries, such as the United States (Carlsson-Paige & Liantieri, 2005), the United Kingdom
(Taylor & Ali, 2017), and Mauritius (Betchoo, 2017), place a chief priority on encouraging
meaningful learning. In its framework for rights-based and child-friendly educational systems in
schools, the United Nations Children's Fund (UNICEF, 2019) has also emphasized the significance
of meaningful learning. This framework emphasises the necessity to help children understand how
to deal with difficulties in the twenty-first century, while also recognising children’'s rights to a
high-quality basic education. The Mauritian educational system, according to Atchia (2017), is not
properly preparing our children to enter and operate in the society of the future. It is questionable
whether students are being adequately equipped to fulfil the needs of the 2030s (Atchia, 2017).
Thus, it is crucial to determine the direction for learning while considering the demands of the
learner in the twenty-first century in order to lay the groundwork for the growth of our human
capital in the direction of more sustainable economies. Kang et al. (2016) further suggested that
the modern educational system would become obsolete if the disparity between students' daily

lives and their learning is not bridged.

The pivotal role that schools play in children's lives in terms of learning is heavily emphasised in
the Framework for Rights-based, Child-friendly Educational Systems and Schools (FRCESS)
produced by the UNICEF in 2010. Two fundamental traits of a learner-friendly and rights-based
school are outlined. The first, distinctly recognises excluded children so that can be included in
learning, while the second represents what is beneficial to the child by focusing teaching methods
and curriculum content on learning quality and the learner (Mandiudza, 2013). These two

characteristics underline how crucial it is to concentrate on students' academic experiences.

A crucial method for enhancing teaching and learning is learner-centred and active teaching
(UNESCO, 2005). The report places a strong emphasis on cooperative learning, the growth of
critical thinking, and the acquisition of problem-solving abilities (UNESCO, 2005). It further

emphasises that the process of teaching and learning ought to be centred on the needs of the



students (UNESCO, 2005). Although learning is a multifaceted process involving many factors,
this study focuses on students’ COL and AL.

1.3 Statement of the Problem

The least popular science subject in upper secondary schools in Mauritius is biology (Maulloo &
Naugah, 2017; Rumjaun et al., 2022). According to Maulloo and Naugah (2017), the performance
in biology of Mauritian students in the Higher School Certificate (HSC) examinations has been
unsatisfactory in recent years. They argue that the declining quality of the grades achieved in
biology has been accompanied by a declining enrolment in the subject as students opt for subjects
where they believe they will end up with good grades. According to statistics from 2016 to 2021,
fewer HSC students are taking the Cambridge International 'A’ level biology exams as compared
to other subjects (see Table 1.1). Furthermore, Cambridge International Examinations (CIE) data
suggest that Mauritian students have been doing well compared to other countries doing CIE. As
such, it is of interest to explore Mauritian students” COLB and ALB to understand why they
constantly perform well. Table 1.1 shows the enrolment in biology and other subjects at ‘A’ level
from 2016 to 2021.



Table 1.1
Enrolment in Biology and Other Subjects at HSC Principal (A) Level (2016-2021) (Mauritius

Examinations Syndicate)

Subject 2016 2017 2018 2019 2021
(Total examined: (Total examined:  (Total examined:  (Total examined:  (Total examined:
9022) 9250) 9102) 8657) 7868)
Number % Number % Number % Number % Number %
examined examined examined examined examined
Biology 472 5.2 431 4.7 455 5.0 380 4.4 393 5.0
Chemistry 2238 24.8 2096 22.7 2008 22.1 1881 21.7 1703 216
Physics 2686 29.8 2688 29.1 2583 284 2534 29.3 2293 29.1
Mathematics 5532 61.3 5561 60.1 5416 595 5184 59.9 4697 59.7
Computer 973 10.8 966 10.4 1054 116 1095 126 1126 14.3
Science
Design & 893 99 934 10.1 888 9.8 799 9.2 675 8.6
Technology
Travel & 1136 126 1268 13.7 1378 151 1296 15.0 1061 135
Tourism
Sociology 1192 13.2 1219 13.2 1265 139 1194 13.8 899 114
Art & Design 825 9.1 874 9.4 755 8.3 660 7.6 431 55
Accounting 2560 28.4 3583 38.7 3525 387 3261 37.7 2942 37.4
Business 2076 23.0 2238 242 2250 24.7 2150 24.8 2019 25.7
Economics 2097 23.2 2762 29.9 2607 28.6 2453 283 2463 31.3
French 2558 28.4 2549 27.6 2552 28.0 2337 27.0 1695 215
(Mauritius)
Literature in 1245 13.8 1335 14.4 1406 154 1299 15.0 657 8.4
English

Note. There was no exam in 2020 due to COVID-19 pandemic

The academic year 2020, which normally ends in October, was exceptionally extended up to April
2021 because of the COVID-19 pandemic. Therefore, School Certificate (SC) and Higher School
Certificate (HSC) examinations were held in May/June 2021 instead of October/November 2020.

The low enrolment in science subjects, particularly biology, beyond the compulsory level (Grade
9) is a matter of concern to the authorities, teachers and other stakeholders given that it is a
prerequisite to a wide range of university degrees and professional careers (Maulloo & Naugah,



2017; Rumjaun et al., 2022). Knowledge of biology is important in everyday life because it allows
students to better understand their bodies and how it functions, their environment, and the need for
conservation because of potential threats in the environment. It provides us with an insight into the
prevention and cure of many diseases as well as promoting good health practices. However, studies
carried out by researchers such as Jufrida et al. (2019), Saleh (2014) and Veloo et al. (2015) have
shown that physics is seen as more challenging and not as popular as other science disciplines,

including biology.

Science interest is a significant issue because it is associated with success and the desire to pursue
scientific studies or careers. Globally, research (Chen et al., 2022; Potvin & Hasni, 2014) has
indicated that students’ interest in science subjects declines with school years. This declining trend
of interest in science subjects is of much concern because of its implications for the supply of
future scientists and its effect on the scientific literacy of its citizens. However, according to Potvin
and Hasni (2014), there have been some deviations from the general trend in some contexts. A few
conflicting studies (Baram-Tsabari et al., 2006; Baram-Tsabari et al., 2010; Baram-Tsabari et al.,
2005) claimed that interest in biology had increased (for instance, between Grades 4 and 8), but
these were roughly comparable increases (compared to other interests) instead of absolute
increases, or slight increases over short periods of time. According to Igbal et al. (2008), South
African students were less willing to engage in science and technology careers than Pakistani
students were. Sarwar et al. (2011) asserted that college students could occasionally display
substantial differences in curiosity, motivation, attitude, and preferences due to their cultural
differences in their analysis of international differences.

Researchers such as Baruch (2006), Binali et al. (2021), Ke et al. (2020) and Prichard (2009) have
tried to ascertain effective strategies to enhance students’ learning outcomes by enhancing their
learning setting and teaching approaches. However, they have not paid much attention to the
probability that students may have individual differences. It can be argued that, though the teaching
approach is the same for a class of students, learning activities could be conceptualised and
experienced by them in diverse ways and consequently adopt diverse learning approaches in the

same classroom context (Trigwell & Prosper, 1991).

According to studies by Bliuc et al. (2011), Ferla et al. (2009), Richardson (2010) and Tsai (2010),

learners' perceptions of learning have a substantial influence on the strategies they use and
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subsequent results. Additionally, a number of researchers have stressed the significance of
studying the link between learners' COL science and what methods are used for learning science
(Chiou et al., 2012; Hsieh & Tsai, 2018; Li et al., 2013; Tsai, 2004; Zheng et al., 2018). Since
students' conceptions of learning biology, physics, or chemistry could not be generalised through
the COL science questionnaire, which included questions about the science domain, Tsai (2004)
argued that COL should be domain (subject) specific. Based on Tsai's (2004) findings, other
researchers conducted studies on COL and AL in particular science domains such as biology (Sadi
& Evik, 2016; Sadi & Dayar, 2015), chemistry (Li et al., 2013), and physics (Chiou et al., 2013;
Mahinay, 2014), assuming they would discover a difference in students' COLB from their COL

for other science subjects.

According to Biggs et al. (2001) and Dart et al. (2000), COL and AL are two significant
determinants of students’ academic performance in any subject. While a myriad of studies has
centred on students’ COL and AL (Chiu et al., 2016; Hsieh & Tsai, 2018; Tsai & Kuo, 2008), only
a few (Chiou et al. 2012; Sadi, 2015; Sadi & Lee, 2018) have addressed the relationship between these
two factors, particularly in the specific areas of learning biology, chemistry or physics. Given the fact
that COL are domain-specific as biology is a distinct and significant learning subject among the
sciences (Tsai, 2006), studies on conceptions of learning science, and in particular COLB, have
excluded the connection with learning approaches. While Chiou et al. (2012) looked into the
COLB and ALB at the tertiary level, one could argue that these characteristics are formed at lower

educational levels.

Comparative studies conducted by researchers in different countries have led them to conclude
that students’ COL may be culturally sensitive (Li, 2003; Tsai, 2004). According to Sadi and Lee
(2015), relationships between COL and AL may differ from country to country, given that different
countries have different cultures, particularly learning cultures. In an earlier study, Lee et al. (2008)
stressed the necessity of investigating students’ COL and AL across different cultures and
countries. In this context, geographically cut off from the continental mainland, the small island
of Mauritius is characterised by a unique learning culture which is largely uncorrupted by
intrusions from other African countries and beyond. Consequently, the unique educational context
and cultural background of Mauritian high school students offer a distinct opportunity to explore
students’ COL and AL.



Duff and McKinstry (2007) state that students’ COL and AL are malleable and dynamic. As a
result, they vary based on the students' learning motives and the learning environment. According
to Duff and McKinstry (2007), teachers and administrators have the capacity to change the
environment to promote a more desirable (deep) approaches among learners to achieve higher
quality learning outcomes leading to higher academic performance. According to Kember et al.
(2004), students may exhibit varied learning behaviours depending on the subject matter. For
example, they might employ the deep approaches they think they need for learning science, but
not for other subjects. Arguably, the existence of positive COL and AL in learning biology
increases learners’ chances of achieving the intended learning outcomes and better student
performances. This invariably creates positive perceptions of the subject and possibly helps to

attract more students to study biology at SC level and consequently at HSC level.

The methods that students use to complete their academic assignments are referred to as
approaches to learning (Kember et al., 2004). Deep learning and surface learning are the two
primary AL that researchers have identified (Biggs, 1978 & 1987b). Students that use deep
learning strategies strive to comprehend the purpose of the course material. In contrast, students
that use surface learning strategies typically pick up information through rote memory. When
compared to surface AL, which comprise surface motivations (such as fear of performing poorly)
and surface approaches (such as narrowing the scope of learning and rote learning), deep learning
approaches include deep motivation (such as the intrinsic appeal of the subject) and deep
approaches (such as meaningful learning) (Kember et al., 2004). As a result, it is crucial for
teachers and other stakeholders of education to promote deep learning strategies among learners.

1.4 Aims and Objectives of the Study

This study’s aim was to explore Mauritian upper secondary school pupils’ COLB and ALB. The

study’s explicit research objectives, derived from the aim, were:
1. Tocritically examine:
(@) Mauritian upper secondary school students’ conceptions of learning biology.

(b) Mauritian upper secondary school students’ approaches to learning biology.



2. To explore the influence of students’ conception of and their approaches to learning biology
3. To critically examine:

(a) Why students have specific conceptions of learning.

(b) Why students have specific approaches to learning.
4. To critically examine why students’ conceptions of learning influence their approaches to

learning biology, in the way/s that they do.

1.5 The Research Questions

The objectives of the study in the previous section served as the foundation for the research

questions. The four research questions below were the focus of this study's purpose:
1. (a) What are Mauritian upper secondary school students’ conceptions of learning biology?
(b) What are Mauritian upper secondary school students’ approaches to learning biology?
2. How do students’ conceptions of learning influence their approaches to learning biology?
3. (a) Why do students have specific conceptions of learning biology?
(b) Why do students have specific approaches to learning biology?
4.  Why do students’ conceptions of learning influence their approaches to learning biology,

in the way/s that they do?

1.6 Rationale of the Study

| have taught biology in Mauritian secondary schools for twenty-two years and held the position
of Head of Department during the time. | have been employed by the Private Secondary Education
Authority (PSEA) for the past fifteen years as a supervisor of private secondary schools. The
Ministry of Education and Human Resources, Tertiary Education, and Scientific Research

provides oversight for the PSEA's operations. The PSEA serves as a governing body for the private



secondary schools in the Republic of Mauritius, both grant-aided and non-grant-aided (fee-

paying).

My interest in biology education lies in the fact that | have a background as a biology teacher, and
as Supervisor, | have been responsible for the teaching of biology in the private secondary schools.
In performing these roles, | have witnessed a declining enrolment in biology at SC level (Grades
10 and 11) and at HSC level (Grades 12 and 13) in Mauritian secondary schools. Furthermore,
during my visits to schools as a supervisor, biology teachers have often expressed their concern
about students’ lack of interest, low performance, and the declining enrolment in biology. This led
me to probe the literature on students’ interest in biology, while deciding on a topic for my

research.

My interest in conducting this research was sparked by an article by Lee et al. (2008) concerning
conceptions of learning and approaches to learning science. As | read other articles in this domain
of literature, | came across an article by Chiou et al. (2012) concerning conceptions of learning
biology (COLB) and approaches to learning biology (ALB) of undergraduate students in Taiwan.
This article prompted my decision to explore Mauritian students’ COLB and ALB in a bid to

understand how they learn biology.

1.7 The Context of the Study

| conducted the current study in Mauritius where | currently reside. The major island of the
Republic of Mauritius, Mauritius, is located in the Indian Ocean some 2,000 kilometres from the

continent of Africa's southeast coast. Figure 1.1 illustrates the geographical location of Mauritius.
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Figure 1.1

Map of the Location of Mauritius (Google)
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The people of Mauritius (Mauritians) are multi-ethnic, multireligious, multicultural and
multilingual due to their Indian, African, European and Chinese ancestry. Despite English being
the official language, which makes it the primary language of teaching in most schools, Kreol

Morisien (Mauritian Creole) is widely spoken and understood.

Since Mauritius was once a British colony, the country's educational system is heavily influenced
by that of the United Kingdom. It is based on a formal education structure of 2+6+5+2. Pre-
primary, primary, secondary and tertiary education are the four main fields of the Mauritian
educational system. Figure 1.2 depicts the schooling system in Mauritius.

11



Figure 1.2

The Schooling System in Mauritius (Ministry of Education, Tertiary Education, Science &

Technology)

Pre-primary School
Early Childhood Care and Education -
Duration 2 years (ages 3-4 years)

l

Primary School

Basic Education — Grade 1-6 (ages 5-
11 years)
ﬂ Compulsory
education up to
Secondary School the age of 16
Basic Education/Lower Secondary —

Grade 7-9 (ages 12-14 years)

l

Secondary School/Academy
Post Basic Education/Upper
Secondary — Grade 10-13 (ages 15-18
years)

l

Tertiary/University
Post-Secondary and Higher Education
- Duration at least 2 years (above 18
years)
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The Ministry of Education, Tertiary Education, Science and Technology's curriculum is used in
all public and private grant-aided primary and secondary schools. In these schools, mathematics,
English, and French are compulsory subjects. At the lower secondary level (Grades 7 to 9),
students are exposed to all the subjects available in the school. It is only when they reach Grade 9
that they are allowed to choose some of their subjects, English language, French and Mathematics

being compulsory core subjects, to be taken in Grades 10 and 11.

Science is taught to pupils from primary school, where basic concepts are introduced. At the
secondary level, pupils study science as biology, chemistry and physics. Several pupils opt for
biology at Grades 10 and 11 and expect to obtain quite a good grade in the subject at the SC
examinations. Fewer students opt for biology in Grades 12 and 13 and thus a small number (as

compared to other subjects) take part in the HSC examinations.

1.8 Significance of the Study

This study aimed to investigate Mauritian upper secondary school learners’ COLB and ALB and
if there exists a relationship between the two. The potential value of the findings will be in
informing educators on learners’ COLB and ALB in the Mauritian education context. A
knowledge of students” COLB and ALB might help biology teachers to align their current teaching
methods with the learners’ characteristics of learning, which might lead to achievement of the
subject’s specific learning outcomes and better performance. Consequently, positive perceptions

might attract more students to study the subject beyond the compulsory level (Grade 9).

Teacher Educators, tasked with teacher professional development could use the findings in their
development of programs aimed at improving classroom practice. At the national level, my
research can contribute to better performance in biology by informing teachers that students hold
a variety of learning conceptions and that the use of constructive conceptions could motivate them
to use deep learning approaches more frequently. Guiding the students towards more meaningful
learning may contribute to improve their performance in biology. The findings might also help
researchers to understand COL and AL in other similar small island nations throughout the world.

This study will also build on the existing literature on COL and AL.
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1.9 Outline of the Chapters of this Thesis

This thesis was structured into eight chapters as follows:
Chapter 1: Introducing the Study

All the subsequent chapters' backgrounds were established in this initial chapter. The goal, focus,
and justification of the study were all outlined. It introduced the reader to the study by talking
about a number of subtopics that describe the context of the study and the research questions.

Chapter 2: Review of Related Literature

Although most issues discussed in each chapter are backed by literature, Chapter 2 drew purely on
relevant literature. This chapter discussed the review of literature related to students’ COL and
AL. The relationships between COL, AL and academic performance were highlighted. The COL
and AL of students across different cultures were also elaborated on. Several players from domain
specific COL and AL fields were highlighted in the debate. Additionally, the gaps in the literature

reviewed were identified.
Chapter 3: Theoretical Framework

| covered the theoretical foundation of my study and a review of the relevant literature in this
chapter. The study was grounded in two bodies of theory, namely, COL and AL. This chapter
provided the historical background and the emergence of these theories in science and their
application to this study. Each theory was discussed broadly in their individual sections. Lee etal.’s
(2008) six COL and the key tenets of each conception were discussed in one section. This was
followed by Kember et al.’s (2004) four subscales of the approaches to learning developed by. The
theoretical lens informed the data gathering instruments’ design and the interpretation of the findings

this study.
Chapter 4: Research Methodology

Chapter 4 described the study's design and methodology, which was a mixed methods approach
based on the pragmatic paradigm. Purposive sampling was utilised to choose participants for the
study. This study used a sequential explanatory design that involved the sequential collection of

quantitative then qualitative data. Semi-structured interviews were used to supplement the survey
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questionnaire that was used to collect the data for this investigation. A sample of 497 Grade 11
biology students at 20 schools participated in the quantitative survey, from which 16 students were
selected for face-to-face individual interviews. Ethical considerations were maintained at all times

during the data collection stage.

Chapter 5: Students’ Conceptions of and Approaches to Learning Biology: Quantitative
Findings

The results of the survey questionnaires for COLB and ALB, the first stage of the investigation,
were presented and described in Chapter 5. The results were presented in accordance with the
methodology; the quantitative findings were presented first, followed by the qualitative findings
in chapter 6. The COLB and ALB questionnaire responses from the students were presented and
discussed. The use of exploratory factor analysis (EFA) to identify COL and AL was highlighted.
The strength of the theoretical model's support from the sample data was assessed using the

structural equation modeling (SEM) technique.

Chapter 6: Students’ Conceptions of and Approaches to Learning Biology: Qualitative
Findings

This chapter reported the findings of the face-to-face individual interviews. The quantitative
findings were explained using the qualitative information gathered during the interviews. Relevant

quotes supported the reported interpretation of the students' interview responses.
Chapter 7: Discussion of Findings

This chapter further condensed the analysis process by contrasting the analyses from Chapters 5
and 6 with Chapter 2's literature review and Chapter 3's theoretical framework. This chapter
covered how I interacted with the findings of previous research and carried the investigation to its

conclusion.
Chapter 8: Summary and Conclusion

In the final chapter, | addressed the important queries and outlined the significant concepts that

had evolved as theoretical and contextual advancements of earlier study. These constructions were
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seen as an unbroken flow of time and space. The study's emergent elaborations, limitations,

suggestions for more research, and conclusion were covered in the chapter.

1.10 Synthesis

This first chapter introduced the background to the study and provided a detailed overview of this
research study. It set the scene or foundation for other chapters to follow. It also included the
statement of the issue, the justification, the goals, the research questions, and the importance of
the study. The structure of the thesis and chapter summaries were also provided. The next chapter

looks at what other scholars have written about COL and AL.
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CHAPTER 2

REVIEW OF RELATED LITERATURE

2.1 Introduction

In the preceding chapter, | described the key features of this study. In this chapter, | review national
and international literature relevant to the study. The review of literature presented is based on the
works of authors who have researched and presented studies, journal papers and reports on COL
and AL. A critical review of previous research provided the foundation of my study. The literature
review also provided me crucial knowledge about what has been explored, the gaps, and the areas
that have been previously ignored. Setting the research problem in the context of relevant research
was helpful to me. It decided whether the research issue called for more research and offered an
explanation or justification for the study. This investigation is subject-specific and is in the
discipline of biology. Nevertheless, studies carried out on COL and AL in other subjects have been

used as towlines for my study.

An overview of the COL and AL literature is provided in this chapter, thus establishing a reason
for the thesis's path. The focus next shifts to research on COL and AL, and their relationship with
a special emphasis on academic accomplishment across a range of disciplines. A variety of cross-
cultural research and research on domain specific COL and AL are also discussed. The chapter
concludes with literature-based inferences that lead to the thesis's goals and research questions.

2.2 Understanding Learning from the Perspective of Students

Since the 1970s, it has been acknowledged that it is essential to comprehend learning from the
viewpoint of students (Kember, 2016; Sélj6, 1979). According to Phillips and Soltis (2015), these
investigations predominantly concerned tertiary level students and high school pupils since it was
believed that they needed to be able to clearly describe their learning experiences and provide
accurate information. Numerous quantitative and qualitative studies have studied students'
viewpoints on learning (Kember et al., 1999; Kember, 2016). According to earlier research on
student learning, even while students may study the same subjects in the same class, they often

have differing views of learning (Kember, 2016).
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The sections that follow give a synopsis of the research on how the students’' COL affect their AL.
One of the main conclusions of the aforementioned studies was the connection between students'
COL and AL, which impacted their achievement. Students' COL from various cultures were also
looked at in reference to the current study. My research was based on studies conducted in
Australia, Nepal, Hong Kong, Sweden, Portugal, the Netherlands, and the United Kingdom. This
study also drew on deliberations from cross-cultural research involving Flemish, German,
Uruguayan, and Chinese students. In small countries like Mauritius, little is known about how
students think about learning. In addition to multi-ethnic society, the education system in Mauritius
is centralised which make the current study's context distinctive and, as a result, provided new

insights into how students experience and approach learning.

2.3 Conceptions of Learning

COL research was undertaken in order to better understand how people learn (Pillay & Boulton-
Lewis, 2000). Many educational researchers (Yang & Tsai, 2010; Bliuc et al., 2011) carried out
studies to understand how students conceptualise learning. Conceptions of learning, as defined by
Marton (1981), are students' inherent knowledge or interpretation of the learning phenomena.
Benson and Lor (1999) defined COL as being the personal opinions of individuals which they
build on authentic learning experiences. Additionally, they described COL as students' opinions

about the subjects they have learned, the teaching process, or what they have learned.

Byrne and Flood (2004) described COL as the manner in which a person perceives learning, or
what the meaning of learning is to them. They claim that each notion has a "what™ and a "how"
component, both of which have dialectically entwined referential and structural elements. The
"what" component identifies the subject of learning, while the "how" component identifies the
method of learning. They added that most students do not fully express both dimensions of
learning, but rather express fragments of the conception, and that a comprehensive
conceptualization of a notion includes both the "what™" and "how" components of learning. Liang
and Tsai (2010) defined COL as learners’ beliefs about their experiences of learning and the

learning methods they prefer.

Lin et al. (2012) described COL as the interpretation and reflection of individuals upon their

learning experiences. According to them, learning conceptions could be explained in terms of both

18



students and teachers. For instance, according to the concept is described as including both
students' and teachers' perspectives on learning encounters and which teaching and learning
approaches they prefer (Liang & Tsai, 2010). Therefore, COL is interested in how people view
and consider their encounters with education (Lin et al., 2012). Additionally, the meaning of COL
was modified to investigate learners' conceptions regarding learning science (Bahcivan & Kapucu,
2014).

There is no single generally accepted definition of COL. However, there are certain common
elements as to how learning has been defined by researchers and they all agree that experience is
a significant element of learning. Hence, COL can be understood as having importance on
experiences of learning. They assert that each conception consists of a "what" and a "how." COL
was therefore defined in this study as students' perceptions of, interpretations of, and reflections

on their learning techniques and experiences.

To comprehend the nature of COL, it was necessary to look at the classifications of COL that
researchers have created. Saljo (1979) first classified COL using the so-called phenomenographic
method. In classifying the information gathered about college students’ COL, he identified five
distinct COL: memorisation, increase in knowledge, abstraction of meaning, acquiring methods
and facts that can be recalled and/or used practically, and an interpretive process that facilitates
comprehension reliability. To identify the students’' conceptions of learning science (COLS), Tsai
(2004) also performed a phenomenographic investigation with 120 university students divided into
seven subcategories. The researcher’s objectives included identifying their conceptions of
memorisation, increase in knowledge, problem calculation and application, exam preparation,
understanding, application and development of a new way. Prior investigations had discovered
almost equivalent COL groups (Li et al., 2013; Chiou, et al., 2013).

According to Tsai (2004), the first group generally identified students' tendency for memorising
strategies when learning science. Learning objectives stated that passing exams and achieving top
grades were the second group’s main objectives. The third group revealed students' ideas of
learning, which is defined as performing calculations and resolving problems. The fourth group
concentrated on students' enthusiasm for more studying. The fifth one focused on students’

definition COL as the integration of science into everyday life. The sixth group represented a
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thorough comprehension of accumulated information. Finally, the last category was the creation

of a fresh viewpoint on natural occurrences.

Pratt (1992) describes conceptions as people’s perception of the world, how they make sense of it,
and react to what they have learned about it. Schmeck (2013) defined COL as differences in how
students explain their educational experiences. Studies on COL have verified that students
experience learning from qualitatively diverse perspectives. According to Kember (2016), a COL
consists of two parts: perceiving what is learnt and a method of understanding how it is learnt.

Both components are included in a complete learning conceptualisation.

Teaching and learning conceptions, according to Alt (2018), are predetermined ideas that form the
basis for approaches, or collections of techniques and tactics that will be used in diverse learning
and teaching contexts. Students' COL, according to these theories, shape their understanding of

learning tasks and aims, influencing their learning.

2.4 Conceptions of Learning as Domain Specific

According to Liang and Tsai (2010) and Lin et al. (2012), as COL are experience-dependent,

learning experiences in various domains may lead to various COL and, as a result, various AL.

Tsai (2004) agreed that learning conceptions vary depending on the circumstance. In addition to
the five COLs that Saljo (1979) proposed, he identified two additional COLs while examining
Taiwanese high school students' conceptions of learning science (COLS), namely "testing” and
"calculating and practicing.” Those who identified the conception of learning science as test
preparation did so in a conceptual way. He discovered that they learned science so that they could
do well on scientific tests and pass their exams. They placed a great deal of significance on exam
success. Students who described their understanding of science as "practicing tutorial questions
and calculating™ believed that science was a subject that required formula and number operations,
as well as calculations and solving tutorial issues. The manner in which school science is taught
may have influenced the calculating view of learning science. Formulas, equations, and
computations are frequently used to convey scientific knowledge in science textbooks and
educational activities (Tsai, 2004).
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Tsai (2004) was also of the opinion that students may have good computing skills to solve a science
problem and obtain the right answer without even knowing the nature of the issue and the meaning
of the answer. He listed the following seven COL: memorising, test preparation, working out and
practicing science problems, increasing knowledge, utilising it, comprehension and gaining new
perspectives. He found that, in contrast to domain-general learning, at least one sort of COL,
"calculating and practicing,” was specialized to science. The first three COL, which represented
the lower-level group, and the last four conceptions, which represented the higher-level group,
were classified into two major categories, according to his suggestion. He asserted that the majority
of COL categories come from students' experiences learning in schools. He suggested that COL
should be described as "domain-specific epistemological beliefs" based on his assertion that COL
should be domain-specific. Additionally, he discovered that questions on science were unable to
uncover students' ideas about what it means to learn biology, physics or chemistry. Because of
this, students' conceptions about learning biology may differ from their conceptions about learning
physics or chemistry. Other scholars have conducted studies that highlight this subject-specific
aspect of COL in disciplines like engineering (Lin & Tsai, 2009) and mathematics (Reid et al.,
2005). According to Darlington (2019), AL can vary between subjects and is also subject-specific.
Therefore, a student's COLS and ALS could be distinct from those for learning history.

To study Taiwanese high school learners' COLS, Lee et al. (2008) designed the COLS
questionnaire grounded on the results of Tsai's (2004) earlier related research. Through the factor
analysis process, only six factors were kept in the final COLS questionnaire. Tsai (2004)
discovered that very few students had the idea that learning involves "viewing in a new way" (p.
1742). Therefore, "understanding” and "seeing in a new way" were merged into a one factor called
"understanding and seeing in a new way" by Lee et al. (2008). To evaluate students' COLS, they
presented a framework that included six factors: memorisation, testing, calculation and practice,
knowledge gain, application, and new understanding and perspective. Another assessment
framework for students' approaches to studying science was proposed by Lee et al. (2008). It
comprised two components (surface approaches and deep approaches), composed of two subscales

(motive and strategy): a surface motive, a surface strategy, a deep motive, and a deep strategy.
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2.5 Influence of Culture on Conceptions of Learning

Australian and Japanese pupils had different conceptions about what learning was, according to
Guo et al. (2017). In Li's (2003) study, Chinese and American college students had significantly
different COL. Tsai's (2004) study which examined the COL of Taiwanese high school learners in
the science subject revealed that students' COL, such as studying for exams, were shaped by
culture, creating a unique educational environment in Taiwan. Therefore, he claims that culture
may have a significant impact on parental expectations and education, which may then have an
effect on children' opinions about learning.

The majority of research findings exploring how students experience learning, however, have been
produced in Western nations with Western cultures. While non-Westerners can adapt Western
teaching methods to enhance their learning objectives, a customised, culturally relevant method is
necessary (Watkins, 2000). A few inquiries were conducted to examine how learners in various
cultures perceive learning. In the vast majority of these research, Chinese students were compared
to counterparts from students from Western nations including Australia, Belgium, and Germany.
Researchers have examined Asian learners' perspectives of learning. The outcomes of some of

these comparative researches are summarised in Table 2.1.
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Table 2.1

Summary of cross-cultural COL and AL (adapted from Jaidin, 2018)

Critera

Weaning of

Chineze and
Urnguayan
students® views of
learning (Marton
et al., 1996)

Chiness stadentz
foows haavily on
continwous learming
activities.

Truzazyan shdents
are interested with
the evenial result
of their stodias.

hemorization is
Z2am 35 3 natural
means of leaming
by Urugasyan
stdants,

Chiness stadents
blisved that

o
improved
understanding of
information and that
repeated practice
was required to
improve
MEnoTiZatian.

Chinezs stodests
descibed twa types
of memorization:
mechamical and
mesningfil.

Chineze and
Flemizh students*
conceptions of
learning (Zhu et
al., 2008)

Laaminz was seen
as cruciz] for
perzonzl growth
and social
competence by
Chiness stadents.

Flamizh stadents
tended to adopt 2
aarface-level
approach to

Chinese and
German students*
approaches to
learning (Dahlin
& Watkinz, 2000)

Garman and
Chinese children
held opposing
views an the nze of
memorization in
primary =chool and
the importance of
1epetition in
understanding.

Garman stadesnts
regard repetition as
2 technigus to
doubla-check their
leaming, whareas
Chineses stadents
228 repatition as
crucial in the
building of
understanding,

2 tally when
waorking hard
{Diahlin & Wathins,
20007,
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Nepaleze students®
conceptions of
learning and
approaches to
learning (Dahlin &
Fegmi, 1997,
Watkinz & Regmi,
1990)

Leaming iz viewed
by Mepalasa students
in thres ways: (1) as
an mcTesze in
kmowledge; (I az a
process of ViEwins
things in new ways;
and (3) a5 3 part of
personzl
devaloproent

The laaming
sratesies nsed by
Wapalaza pupils wers
found to be sirmlar to
thoze nsed by
sdants in Anstraliz
(Biggs, 1987k} and
the Philippines
(Watkins et al.,
1997}

Mapalaza students
believed that in arder
to Zet good scares,
they neaded to know
what the lagming
task eypectad of
thesm.

Az shydents in Nepal
Za through the
aducational system
from elarnemtany
zchaal to umdversity,
they tend ta choase a
muore surface-
oriented approach
rather than a rora
in-depth and
arhiaving ane

Portuguese
students*
conceptions of
learning
(Duarte, 2007)

The =ix leaming
concephicns
identified by
Baljd (1979) and
Ilarton et al.
(1993 were all
dezscribed by
Portugese
smadents,



The spectrum of students' learning conceptions has been proven to be broadly similar across
cultures. Learning as memorization and learning as comprehension or understanding, for example,
were recognized in nearly every study, as shown in Table 2.1. They are particularly comparable to
the learning conceptions discovered by Saljé (1979). Distinctions in their AL were identified. On
the one hand, memorisation was regarded by Chinese students as a means of better understanding
what they had learned, and they believed that repetition was essential in the development of
remembering (Marton et al., 1996; Zhu et al., 2008). Memorisation, on the other hand, was seen
by Uruguayan students as a by-product of learning and not as a process that developed learners’
ability to grasp things (Marton et al., 1996). An additional significant distinction was the way
Chinese and German pupils approached learning through memorisation (Dahlin & Watkins, 2000).
Memorisation was seen as a technique for Chinese pupils to improve their knowledge of a material
they had learned. On the other hand, German pupils employed memorisation to double-check their

understanding.

According to a child-centred approach to learning, it is better to see learning through a child's
perspective because doing so gives one a greater comprehension of children’s learning
experiences. As a result, children's perspectives offer important details regarding their ideas about
learning and learning strategies (Schuh, 2004). An examination of children's perspectives from a
small, non-Western country like Mauritius also contributes to the scant corpus of research that

looks at students' COL across cultural boundaries.

2.6 Approaches to Learning

Approaches to learning (AL) explain what you do during learning and why you should. Many
studies (Abedin et al., 2013; Gilakjani, 2012) have indicated that students adopt different ways of
learning. According to Biggs (1994), students' academic learning outcomes are influenced by how
they approach their academic tasks. Gilakjani (2012) defined AL as the ways in which individuals
see and process information under learning conditions. According to Abedin et al. (2013), AL

refers to a person's interactions with newly acquired information.
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The preference for one set of learning conditions over another is referred to as learning approach
preference, which is one of AL's components. According to Gilakjani (2012), it refers to how a
student perceives, communicates with, and reacts to his or her learning environment. Gilakjani
(2012) defined a learning approach as a group of social, intellectual, emotional and physiological
behaviour which indicates how students view, experience and respond to their learning setting.
When new knowledge is acquired, learners view or interact with it in their own style or method
(Abedin et al., 2013). Since each person has a unique way of learning and each student has a unique
way of receiving and reacting to new experiences, each student evaluates knowledge in a different

way.

AL are generally divided into two groups in the literature: surface and deep approaches (Liang and
Tsai, 2010; Lin et al., 2012). A surface approach describes students who memorize or repeat
knowledge through rote learning to satisfy work requirements that have been imposed externally.
However, a deep approach describes students who actively seek comprehension while reading
literature by concentrating on the author's context, combining lived experience and knowledge,
while connecting facts to conclusions. A straightforward way of distinguishing between surface

and deep learning strategies is illustrated in the following table.

Table 2.2

Distinction between deep and surface AL

Approach Deep Surface
Intention Understanding Memorization
Strategy seeking comprehension Eote learning
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Learning strategies that are meaning-focused and aimed toward understanding by critically
connecting new concepts to existing knowledge and experience are known as deep approaches
(Ramsden, 1983). Surface approaches, on the other hand, are concerned with memorising
information without analysing its meaning in light of other information (Trigwell & Prosser, 1991).
Such a strategy may put success at risk if what is memorised is forgotten or cannot be applied to
fresh, non-standard problems since the concept loses its meaning (Novak, 1978). Although a deep
AL could be preferred, not all learners benefit from it (Lonka et al., 2004). Furthermore, the
memorisation techniques used in a surface approach can be used as strategies in a deep AL
(Entwistle, 1997a).

Students who engage in "surface-level processing™ focus on information content and prioritize
memorization and rote learning techniques (Biggs et al., 2022). Instead of understanding essential
concepts and understanding how they link to other knowledge and how the information works in
diverse settings, students who use surface AL intend to avoid failing (Beaten et al., 2013). Abedin
et al. (2013) added to this by stating that students prefer to concentrate on and memorise only basic
details rather than comprehending all aspects of knowledge. Their only objective is to finish the
assignment or master the material. In essence, students who opt for this strategy rely largely on
verbatim notes from lectures out of fear of failing. They seek to recreate these notes in essays,
tests, and exams through memorization rather than by attempting to connect the individual bits of
information. On the other hand, pupils who engage in "deep-level processing™ focus on both the
information's content and underlying significance. Deep learning, according to Biggs et al. (2022),
is characterised by a personal commitment to comprehending the content, as evidenced by using
multiple techniques such as extensive reading, integrating a range of tools, discussing viewpoints
with other people, focusing on how the broader structures or patterns are influenced by singular
parts of information, and be able to use what they have learned in real life. Deep learning requires
investigating novel phenomena, making an effort to understand things from several perspectives,
and integrating and synthesizing previously acquired knowledge in ways that become ingrained in

one's consciousness (Duarte, 2013).

According to Abedin et al. (2013), students who utilize a deep AL have a more structured
organization of their thoughts and are better able to retain and apply the information and skills they

have learned. Abedin et al. (2013) went on to say that they read wisely, relate ideas to other
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subjects, carefully and objectively analyse reasoning and claims, and then review facts and relate
them to the conclusion. According to Vermunt and Vermetten (2004), deep learning is
characterised by the capability to apply newly learned concepts in diverse contexts and
circumstances, while surface learning is characterised by the ability to apply new information to
specific tasks and problems without transferability. Chan (2007) maintains that deep AL is
motivated by the idea that knowledge is learned by self-inquiry rather than being passed down by

authority.

While using a surface approach, which is more conducive to a reproductive orientation, pupils who
employ a deep AL technique focus on the task's underlying context (Kember & Kwan, 2000).
While individuals who utilise a surface approach are passive recipients of knowledge and see of it
as something that happened to them, those who apply a deep AL are actively involved in learning
and perceive it to be something they do (Marton & Saljo, 1976). Students who process information
deeply strive to examine the meaning of the text, as opposed to students who process information
superficially and focus on the text itself. No one is a surface or deep learner by nature, but students

may choose one of these AL depending on the situation, claims Skinner (2022).

Other researchers, such as Biggs (1991); Winstone and Boud (2019), also found similar AL in the
United Kingdom and Australia. According to these researchers, students adopt an achieving or
strategic approach to maximise their study effort. Research on learners' AL have been conducted
in the wake of these investigations. The findings of those studies have greatly influenced education

in terms of teaching approaches.

2.7 Relationship between Conceptions of Learning and Approaches to Learning

An increasing number of educational researchers have explored the relationships between COL
and AL. Duarte (2007) and Edmunds and Richardson (2009), have proposed that learners’ COL
could affect their AL and that the relationship between COL and AL could be a causal one.
Numerous scholars have considered the connections between students' AL and their COL since
the 1980s.
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Before giving 60 psychology students the assignment of reading an article and reporting on their
reading strategy, van Rossum and Schenk (1984) utilised an open-ended questionnaire to assess
their COL and AL. These categories were comparable to the categories Marton and Saljo (1976)
and Salj6 (1979) discovered. Van Rossum and Schenk (1984) also discovered a strong affiliation
between their surface AL and their lower-level COL. In contrast, the students' deep AL were
closely related to their higher-level learning conceptions. Similar findings were made by Edmunds
and Richardson (2009), Lee et al. (2008), and Minasian-Batmanian et al. (2006).

2.8 The Relationship between Students’ COL, AL and their Academic Performance

Other studies have frequently looked into the connection between the COL, AL, and pupils'
academic achievement. Globally, the literature seems to substantiate the idea that students' COL
affects their AL and subsequently their academic success. A few examples include Bovill (2020),
Dart et al. (2000), Lee et al. (2008), Lonka et al. (2021), and Sinatra (2001). In other words, a
person's approach to learning depends on how well they grasp the task at hand. According to the

research done by Lee et al. (2008), a correlation exists between COL, AL and student performance.

According to research on AL, using a deep AL is often related with high academic performance
and grades, whereas a surface approach yields poorer marks and lower academic results (Bovill,
2020; Lonka et al., 2021; Ramburuth & Mladenovic, 2004). According to Prosser and Trigwell
(1999), all aspects being equal, deep active learning and ways of knowing that encompass fully
conceptualizing something are more inclined to provide high-quality educational results, while
surface approaches are more likely to produce poor results.

However, not all data revealed a substantial link between a deep AL and learning outcome
quantitative scores (Byrne et al., 2004; Darling-Hammond et al., 2020). According to certain
studies (Minbashian et al., 2004; Trigwell & Prosser, 1991), a deep AL did not translate into higher
marks. The relationship between 122 first-year nursing students' perceived learning styles and
academic accomplishment was examined by Trigwell and Prosser in 1991. They discovered a link
between a deep AL and high academic accomplishment quality levels. However, no such link
could be established between quantitative differences in the outcomes. Struyven et al. (2005)
remarked that, in this sense, the evaluation system rarely rewarded a deep AL. The explanation

could be that evaluation focuses on knowledge for which a surface approach is sufficient for
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success (Scouller, 1998). Nevertheless, several researchers have investigated how students learn
in the classroom. As a result, understanding students' learning styles can help to improve learning
in educational environments. In order to provide students the confidence to take charge of creating
a sustainable future, they should also be at the centre of a forward-thinking academic learning

environment.

Richardson et al. (2012) found that deep and strategic learning approaches were positively linked
with successful learning outcomes, but with weak correlations. Surface learning was found to have
a weak and negative relationship with academic success. Poor academic performance is commonly
linked, according to Mystakidis (2021), to a superficial AL and a non-strategic lack of regulation.
The highest correlation between a strategic approach and academic success occurs when the
evaluation necessitates a high level of comprehension. When the evaluation necessitates a high
level of comprehension, a deep approach is linked to higher academic results (Mystakidis, 2021).
Cassidy and Eachus (2000) found that a strategic AL was positively correlated with academic
achievement, a surface AL was adversely correlated, and a deep AL was unrelated. Performance
impacts of learning style rely on the specifics of the assignment and cannot be generalized, claims
Cassidy (2004).

Experiments to induce deep learning were prompted by these findings (Duarte, 2007; Entwistle,
1997a). However, most of these studies revealed inconsistencies in United Kingdom (UK)
university policy and practice. While educational practices usually promote "deep understanding,”
evaluation methods frequently focus on "superficial learning,” with memorising and copying of
content being commended (Norton & Crowley, 1995). According to Richardson (2000), this may
provide an explanation for the increase in a surface approach that has been noted in various
research among the first-year students.

Contrary to popular opinion, students' COL are positively correlated to their performance.
However, the relationship between the two has not as much received attention in studies as
expected. Students who view education as an interpretive process aimed at understanding reality
will grow as individuals and do better than those who view education as a means of acquiring more
knowledge. Purdie et al. (1996), van Rossum and Schenk (1984), as well as Alamdarloo et al.
(2013), claimed that a connection between students' COL and academic performance exists.

However, there is not enough support for this claim. These studies typically involve interventions
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intended to improve students' application of learning strategies without data regarding the
association between COL and academic performance (Norton & Crowley, 1995). However, other
papers including that of Norton and Crowley (1995) suggested such evidence. Purdie and Hattie
(2002) found that students who adopted all six of their COL had higher self-rated academic
accomplishment than those who only used the first few COLSs in their cross-cultural study on COL.
However, it was not specified at which point in the course these participants evaluated their own
academic progress. The research provided strong evidence for the link between the importance of
self-controlled learning and academic success. (Ste-Marie et al., 2019). Instead of focusing on a
student's ability or knowledge, self-regulated learning is concerned with how and why they control
their own learning. According to Waheed et al. (2020), learning environments have a bigger
influence on students' academic success than learning conceptions. Additionally, they asserted that
since learning concepts are such complicated concepts that grouping students under one

conception is essentially incorrect.

Rienties et al. (2012) looked into the variation of academic performance when domestic and
international students were compared, concentrating on these students' degrees of social and
academic assimilation. They found that a student's academic performance is an extremely
complicated phenomenon. Academic modification turned out to be the most significant predictor
of study performance among Dutch, Mixed-Western and Western participants. However, because
social and academic assimilation processes are nonlinear, this did not predict long-term success.
In a study of 108 post-graduates from around the world at a British university, Young et al. (2013)
found significant correlations between academic performance, language proficiency, mental
health, intercultural competence, contentment with life in the new environment, and the amount,

value and patterns of social interaction.

As success and/or performance are not consistently measured in the literature, examining the
elements that affect pupils' academic achievement is challenging. Self-report measures are used in
a number of studies, but seldom are their methods disclosed. The link between COL, the learning
context, and AL has yet to be established. Thus, while it is conceivable that the COL and

experiences of learning influence students’ performance, the evidence is insufficient.
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2.9 Influence of Culture on Approaches to Learning

The AL of a pupil can change depending on the task and the teacher. There are several variables
that could affect a student's AL, and it is thought that these variables are interconnected. Research
has emphasised how culture affects AL. The impact of learners' cultural backgrounds on their
learning processes has been the subject of numerous research. The manner in which a student
approaches learning could also be affected by additional elements like gender, locus of control and

self-esteem.

Why Asian children perform better in mathematics and science than Western pupils has been the
subject of investigation. Tweed and Lehman (2002) discovered that Asian parents had higher
expectations for their children's learning and were more involved in it. They also discovered that

Asian learners were more motivated to accomplish than their Western counterparts.

Contrary to Western perceptions, cross-cultural analyses of Asian students' learning styles
indicated that the students did not primarily use surface learning strategies, which accounts for
their seeming high accomplishment. In investigations performed by Kember (2000) and Biggs
(2001), memorisation was a general AL for Asian students. Nevertheless, this AL could be seen
as an element of a profound AL. It was found that good academic achievement in students in
Eastern nations including Hong Kong, China, Singapore, Taiwan, Japan, and Korea were
associated with surface approaches (Wong & Wen, 2001). There appeared to be significant cultural
differences in how students experience learning, according to Salj6 (1979). Systematic cultural
differences may have been one of the causes of inequalities in academic achievement, according
to Wong and Wen (2001). Researching students’ COL in Mauritius will help us better understand
learning approaches and outcomes.

Chinese students have been the focus of most of these studies. In a sequence of cross-cultural
studies, Wong and Wen (2001) compared the link between COL and educational accomplishments
between students from China, Singapore, Hong Kong, Taiwan, Japan, and Korea. Expository
teaching techniques are frequently used to instruct Confucian-Heritage Cultures (CHC) students
in large courses which Western standards do not consider an effective learning environment (Chen

et al., 2014). In mathematics and science, however, CHC students frequently surpass pupils from
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Western countries. The phrase "paradox of the Chinese learner" has been used to characterize these
discrepancies. (Cheng & Wan, 2016; Kember, 2016).

2.9.1 Paradox of the Chinese Learner

Competitive examinations and textbook learning are common among Chinese students (Biggs,
1991; Kember & Gow, 1991; Chen et al., 2014). Furthermore, academics including Samuelowicz
(1987) and Ho (2020) argued that Chinese students use rote memorisation extensively which is
considered to be less participatory and more passive in class compared to most of the students. As
a result of their dependence on surface AL, Chinese students are assumed to perform poorly in
academic contexts (Watkins, 2000). Their academic achievement, however, is quite strong, with
deep and strategic inventory scores that exceed that of pupils in Western countries (Kim, 2020; Li
& Liu, 2022; Liu et al., 2020). If memorisation as a form of learning is so closely associated with
surface AL, and if surface AL results in poorer learning, then why do Chinese students, who spend
a lot of time in activities that seem to be solely aimed at memorizing, perform so well compared

to their Western counterparts in mathematics and the sciences? (Gao, 2020; Guo & Leung, 2021).

This paradox prompted a number of investigations into Chinese students” COL and AL (Kember,
2016). Qualitative and quantitative research investigated how Chinese pupils mix memorising and
understanding attempted to describe this combination as "deep memorising,” in which
memorisation is utilised as a deep method that becomes part of a deeper approach (Au & Entwistle,
1999; Dart et al., 2000). According to Marton et al. (1997), the argument for this is that knowing
anything includes remembering, just like (meaningful) memory requires comprehension. Chinese
pupils see the combining of profound memorising and understanding as natural. As a result,
memorisation is considered as a supplement rather than a replacement for comprehension (Heng,
2018).

Several researchers have identified various types of memorisations (Biggs, 1993; Entwistle &
Entwistle, 2003). Au and Entwistle (1999) established the relationships between rote
memorization, memorization with comprehension, and understanding without memorization, as
well as surface approaches. First, students memorized as much knowledge as they could through
rote memorization without considering its meaning (Au & Entwistle. 1999). This is associated

with quantitative COL and surface AL since it denotes the learners' replication of material even
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though they do not understand its meaning. Second, they practiced memorisation with
understanding which is similar to deep memorising (Dart et al., 2000). Memorising and
comprehending were considered mutually fortifying. Here, memorising helped them to better
grasp the learning content, and understanding helped them to memorise more effectively (Au &
Entwistle, 1999). Students in the third AL stated that they could grasp learning materials without

first memorising it verbatim, that is, understanding without memorising.

2.10 Conceptions of Learning and Approaches to Learning in Specific Domains

Tsai (2004) proposed that COL are domain-specific and that examining these concepts in a given
science domain helps improve knowledge of students’ COLS, and that COL is related to AL. Based
on this, Chiou et al. (2012) performed research in Taiwan on undergraduate students' COLB and
ALB. They designed a survey for COLB which was a slightly modified version of the Lee et al.’s
(2008) and Liang and Tsai (2010) COLS questionnaires. The final COLB questionnaire comprised
six subscales namely, (1) memorising, (2) testing, (3) calculating and practicing, (4) increasing
one’s knowledge, (5) applying, and (6) understanding and seeing in a new way. The ALB
questionnaire was based on Kember et al.'s (2004) framework for AL and Lee et al.'s (2008) ALS
questionnaire, comprising two factors: deep and surface ALS, each containing the two subscales
of motive and strategy. The final ALB questionnaire had four components: surface motive, surface

strategy, deep motive, and deep strategy.

Their study's structural equation model supported their theory that students' ALB can predict their
COLB and that there are relevant correlations between surface/deep ALB and lower-level/higher-
level COLB and. In other words, their research found that lower-level COLB impacted surface
ALB, whereas higher-level COLB encouraged deep COLB. They discovered that pupils with the
two lower-level COLB, "testing” and "calculating and practicing,” had a surface motive and used
a surface strategy to study biology. Pupils that perceived biology as memorising had a tendency to
learn biology via the surface approach. Those who possessed the two higher-level COLB,
applying, “understanding, and seeing in a new way”, tended to apply a deep motive and learned
biology in a deep way. Their findings support prior research that found links between COL and
AL (Edmunds & Richardson, 2009; Ferla et al., 2008; Lee et al., 2008). As a result, these data may
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be utilised to corroborate the links between students' higher-level and lower-level COLB, and deep
and surface ALB.

Chiou et al. (2012) discovered, however, that some linkages contradicted the lower-level concepts
compared to surface approach and higher-level conceptions compared to deep approach
associations. For instance, lower-level COLB "calculating and practicing had a substantial impact
on deep motive, and students who held this conception tended to learn biology with a surface-level
motivation and strategy. They argued that, despite the preference of students who see biology
learning as practicing and calculation to involve in biology learning via surface approaches, this
conception could influence both the surface and deep motivation to learning biology. Second, in
the first higher-level COLB, increasing one's knowledge influenced just the surface motive and

not the deep motive or the deep strategy.

Tsai (2004) and Lee et al. (2008) also came to the conclusion that having a dual perspective when
learning science suggested a dual worldview. This conception may allude to knowledge acquisition
and accumulation and may represent a reproductive and lower-level COLS. However, it might be
understood as the finding of the unknown, therefore sharing the crux of constructive higher-level
learning scientific notions. This dual perspective suggests that either the lower-level or higher-
level conceptions of studying science do not entirely correlate to expanding one's knowledge (Lee
et al., 2008). Lin and Tsai (2009) discovered comparable results in a study with college
engineering students. Furthermore, Chiou et al. (2012) found that "applying” and "understanding
and seeing in a new way" were the last two higher-level COLBs that had an impact on surface
motivation. They concluded that these two COLB activate a twofold motive. They also believed
that future study should focus on learning conceptions in more explicit domains such as chemistry,
biology and physics in order to acquire a better insight into how pupils learn in different scientific
fields.

Similarly, other researchers have also concluded that COL and AL may be domain specific and
have extended their studies on COL and AL to other domains including statistics, science,
accounting and management. Much attention has been given by researchers to studies concerning
COL and AL in the science education field. Hence, research on COL and AL was carried out in
subjects such as science (Bahcivan & Kapucu, 2014; Lee et al., 2013; Liang & Tsai, 2010; Lin et
al., 2012; Park & Jeon, 2015), biology (Chiou et al., 2012; Sadi & Cevik, 2016; Sadi & Dagyar,
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2015), chemistry (Li et al., 2013), physics (Chiou et al., 2013; Mahinay, 2014), computer science
(Liang et al., 2015) and earth science (Shen et al., 2016).

Park and Jeon (2015) conducted a quantitative survey of 353 South Korean middle school students
to determine the relationship between their COLS and ALS. For their investigation, they employed
the COLS and ALS questionnaires produced by Lee et al. (2008). They linked the COLS constructs
of calculating, memorising, testing and increasing one's knowledge to the quantitative conception.
Their study revealed a positive correlation between the deep ALS and the qualitative COLS. They
came to the conclusion that students who view science education as the process of using
information to solve new challenges and comprehending the relationship between various
scientific ideas are intrinsically motivated and employ positive methods to acquire scientific
knowledge. They also discovered a favourable association between "deep approaches"” and the
qualitative COL of "memorizing” and "increasing knowledge." As a result, they came to the
following that even quantitative notions can result in the adoption of positive techniques,
depending on the study's goal and aim. Calculating, memorization, testing, and increasing
knowledge are associated with the quantitative COL because they place emphasis on how much
has been learned, whereas applying, comprehending, and developing new perspectives are
connected to the qualitative COL because they place emphasis on how well students have learned.
(Tsai, 2004).

Park and Jeon (2015) discovered that applying, comprehending, and perceiving in a new manner,
all of which are qualitative concepts, have a relationship that is statistically significant with the
deep motive and deep approaches, that is consistent with research previously done. Memorising
and testing, which are considered as quantitative conceptions, displayed a positive correlation with
surface approaches, as expected. Calculating, which was also considered as a quantitative COL,
showed a positive correlation with the deep AL as well as the surface AL, that seemed to suggest
that despite calculating being a quantitative activity, it entails deep thinking and logic.
Interestingly, memorising, which is a quantitative COL showed a substantial positive association
with the deep AL. Therefore, it suggests that increasing one’s knowledge, which is perceived as a
quantitative COL, shows more of a positive relationship with the deep AL than with the surface
AL. This implies that, unlike surface AL which is considered as an accumulation of knowledge

through memorising and remembering, the AL of increasing one’s knowledge through
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remembering learned information can considered as a deep approach. This tendency was observed
by Dart et al. (2001) who stated that remembering learned information could be connected to deep
AL among Southeast Asian students. The positive correlation of the memorising, and increasing
one’s knowledge conceptions with the deep AL among Korean students observed by Park and Jeon
(2015) was also surveyed by Dart et al. (2001) among Southeast Asian students. This may be due

to the fact that, in general, Asian students are under a lot of pressure during examinations.

Liang et al. (2015) conducted a quantitative survey of 421 Taiwanese college students’ conceptions
of learning computer science (COLCS) and approaches to learning computer science (ALCS), as
well as their relationships. By adding the factor "learning computer science as programming" and
placing the items in the COLCS context, they modified Lee et al.'s (2008) COLS survey form to
produce a COLCS survey. To investigate the students' learning approaches, they created the ALCS
survey questionnaire, which was adapted from the ALS survey questionnaire established by
Kember et al. (2008), by placing the items in the context of COLCS. They discovered that pupils
with the memorising, calculating and practicing conceptions are inclined to utilise surface AL,
which included both the “surface motive” and the “surface strategy.” However, learners with the
testing conception had a surface strategy but no surface motivation for COLCS. Students who
agreed with programming, application, increasing one's knowledge, understanding and seeing
concepts in a new way expressed surface motives, deep motives and deep strategies for COLCS.
In summary, the study's findings divulged that students with lower-level COLS, such as
memorising, testing, calculating, and practicing, indicated surface motives and surface AL for
COLCS. Higher-level COLCS, such as increasing one's knowledge, application, and
understanding, seeing things in a new way, and the new factor "programming,” were associated
with the surface motivation, deep motive, and deep AL. Their findings complemented Lee et al.'s
(2008) that students with higher-level (constructive) COLCS opted for deep AL, as opposed to
those with lower-level COLCS who were inclined to use surface AL.

Shen et al. (2016) conducted a quantitative survey of 268 Taiwanese undergraduate students to
investigate their COL, AL, and capability to learn earth science (COLES). They updated Lee et
al.'s (2008) COLS and ALS questionnaires to focus on earth science-related material for their
study. The Structural Equation Modeling (SEM) technique was used to investigate structural links

between these concepts. They found that while students' deep strategies had a favourable link with
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the idea of knowing and seeing in a new way for COLES, the concept of "testing" had a negative
relationship. Lower-level COLES (calculating, testing, memorising and practicing) were also
found to have good structural correlations with surface strategies. The surface ALES was a strong
predictor of COLS of “testing.” Additionally, the COLES of “calculating”, “practicing” and
“applying” were discovered to be strong positive predictors of the ALES mixed motivations
pattern. These results also confirm prior findings in broad domain learning (Dart et al., 2000; Ferla
et al., 2008), specific domain science learning (Lee et al., 2008), and physics, chemistry and
biology specialised science courses (Chiou et al., 2013, 2012; Lee et al., 2008; Li et al., 2013).
Furthermore, testing provided a negative association with deep strategy and deep motive, but a
positive relationship with surface strategy. This appears to be common in science teaching and
some empirical investigations back this up (Chiou et al., 2013, 2012; Li et al., 2013). When
compared to various studies on COL and AL when studying disciplines of science, students favour
a mixed learning motive. Students who perceive learning COLB as "calculating and practicing,”
"applying,” and "understanding and seeing in a different way” are more likely to have mixed
motives, while students who perceive learning chemistry as memorization and transformation also
have mixed motives, according to Chiou et al. (2012). The transformational conception in their
research refers to higher-level concepts like gaining more knowledge, applying it, and
comprehending, as well as having new perspectives. Likewise, Chiou et al. (2013) found that
students who view studying physics as applying, comprehending, and seeing in new ways have
conflicting motivations. According to prior research and the findings of Shen et al. (2016), students

may have mixed motivations for studying the subject, even if they have mature COL such as

applying.

Li et al. (2013) carried out a quantitative survey of 369 Taiwanese college chemistry majors to
explore the relationship between conceptions of learning chemistry (COLC) and approaches to
learning chemistry (ALC). The researchers in this study constructed two questionnaires to evaluate
students' COLC and ALC, which were modified from the questionnaires employed by Lee et al.
(2008) and Liang and Tsai (2010) for COLS and ALS, respectively. The COLC and ALC
questionnaire components, which were broken down into four categories: memorization, testing,
calculation, and practice, as well as one mixed factor for higher-level COL, were evaluated using
exploratory component analysis by Li et al. (2013). Because the higher-level COLC were

interconnected, "transforming™ emerged as a single element.
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2.11 Gaps in the Literature

Researchers have studied students' COL and AL in a variety of subject domains, including science
(Lee et al., 2013; Liang & Tsai, 2010; Lin et al., 2012; Park & Jeon, 2015; Tsai, 2004;), biology
(Chiou et al., 2012), chemistry (Li et al., 2013), physics (Chiou et al., 2013), computer science
(Liang et al., 2015), earth science (Shen et al., 2016). They have also studied students’ COL and
AL in many educational contexts including Western countries such as Australia, Belgium,
Germany, Portugal, Sweden, United Kingdom, Uruguay, United States, and Eastern or Asian
countries including Taiwan, Hong Kong, China, Singapore, Japan, Korea and Nepal. According
to earlier research, pupils with lower levels of COL tended to use surface AL while those with
higher levels of COL tended to use deep AL. According to Chiou et al. (2013), lower-level COL,
like "testing,”" are more likely to be associated with students' surface AL whereas higher-level
COL, such “seeing things in a new way,” have a better probability of positively correlating with

students' deep AL to physics. However, it would negatively correlate with their deep AL.

Despite this, previous research, has highlighted significant inconsistencies. Li et al. (2013)
discovered that learning chemistry by memorising, a component of students' lower-level COL,
could predict a deep motive in learning, whereas learning chemistry by transforming, a component
of higher-level COL, could predict surface motives in learning chemistry. Inconsistencies like
these, according to researchers, are generated by differing contexts and subject areas (Shen et al.,
2016). Therefore, because students exhibit different behaviour in different learning domains and
educational contexts (Kember et al., 2004), the link between students' COL and AL may likewise

alter across subject domains.

Furthermore, according to Sadi and Lee (2015), relationships between COL and AL may differ
from country to country given that different countries have different learning cultures. Earlier, Lee
et al. (2008) had also emphasised the need to study students’ COL and AL across various countries
and cultures. As the small island of Mauritius is geographically cut off from the continental
mainland, it is characterised by a unique learning culture which is largely uncorrupted by intrusions
from other African countries and beyond. Consequently, the unique educational context and
cultural background of Mauritian secondary school students offer a distinct opportunity to explore
students’ COLB and ALB. To date, there has been no empirical study in Mauritius that has focused
on students' COLB and ALB and their relationships.
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Most of the research that has been conducted on COL and AL is quantitative. Given that it is
possible to use quantitative research to examine the relationships in large representative
populations and samples, investigating qualitatively the relationships between students” COLB
and ALB could further our understanding of students’ COLB, thus, inform us on how to enhance

current instructional strategies.

2.12 Synthesis

In this chapter, | reviewed the literature on COL and AL. The literature reviewed revealed that
COL and AL are domain-specific and are influenced by culture. The literature reviewed also
revealed that students” COL may influence their AL. The theoretical framework is discussed in the
next chapter with the goal of highlighting recurrent theoretical ideas connected to the phenomenon
of the study, namely students' COL and AL. Also provided is a temporary theoretical lens to direct

the methodological procedure.
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CHAPTER 3

THEORETICAL FRAMEWORK

3.1 Introduction

In the previous chapter, | reviewed empirical literature on conceptions of learning (COL) and
approaches to learning (AL). The literature reviewed provided me with information on the theories
that are crucial to the research and helped to establish what theories are important to understanding
the research problem. This chapter was the philosophical framework that influenced the study. The
theoretical frameworks underpinning this study were based on COL and AL which were in line with
the context of this study. Numerous investigations on COL and AL have been conducted worldwide.
Therefore, it is expected that several theoretical frameworks have been developed to understand
and explain students’ COL and AL in different educational contexts and cultures. It is also logical
to assume that some of these theoretical frameworks have evolved over several repeated uses.
However, the theoretical perspectives and lens that informed my study were the theoretical
frameworks developed with the help of Lee et al. (2008) in COL and Kember et al. (2004) in AL.

In this chapter, | give an account of the development of the COL framework followed by the
selection of the theoretical lens for COL that guided this study. | then describe how the AL
framework developed followed by the theoretical lens selected to guide this study. Next, I discuss
the hypotheses that were proposed for this study, based on previous studies and the conceptual

framework that informed this study.

3.2 Development of the Conceptions of Learning Framework

A person's perception or belief about learning is referred to as their conception of learning. (Chiou
etal., 2012). It is a construct of the individual based on their lived learning experiences (Entwistle
& Peterson, 2004).
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The literature divulged that S&ljo (1979) led the first known study concerning COL in Sweden.
Dahlgren and Marton (1978) originally distinguished between two types of COL. The first one
views learning as a passive process that entails the transmission of unrelated pieces of
knowledge, whereas the second embraces an active perspective of learning that entails a person
changing how they perceive the world (personal transformation). Saljé (1979) classified five
qualitatively distinct COL after interviewing 90 people from 15 to 73 on their experiences of
learning and COL. He asserted that a gain in knowledge, memorization, the acquisition of facts,
procedures that can be remembered and/or utilized in practice, the abstracting meaning, and an
interpretative process designed to grasp reality were all part of the common understanding of
learning. The first conception refers to learning whereby students concentrate on accumulating
what they had learned, the second conception refers to rote learning, the third one refers to the
facts and procedures acquired by students during learning, the fourth conception refers to students’
understanding of what something means, and the fifth conception describes students’ ability to
apply this knowledge in real life. The first two conceptions are reproductive, repeating knowledge
by utilising memorisation, while the last two conceptions are reconstructive, a thematic type of
study that places knowledge in context, which is a deeper approach to acquiring knowledge. The
next conception represents a shift from “reproductive to reconstructive” COL. The first three
conceptions show a superficial understanding of learning, whereas the latter two show a thorough
comprehension. Tsai (2017) claimed that although the categories of conceptualization of learning
are hierarchical, they are never stable. It implies that students' COL would gradually advance from
simpler to more complex levels as they progressed from elementary schools to colleges. Therefore,

it can be concluded that COL is developmental.

Other researchers have confirmed Séljo's (1979) findings on COL (Chiou et al., 2012; van Rossum
& Schenk, 1984) since the original article. Thus, Sélj6's (1979) five qualitatively distinct COL can
be seen as providing a strong foundation (see Table 3.1). The first three COL offer a cursory grasp
of learning, whereas the last two conceptions offer a thorough comprehension of it.

Following Siljo’s study, research has been carried out to explore the COL of students in diverse
educational contexts. Subsequent studies have used these five COL as a foundation to devise new
sets of COL, after certain modifications. Other researchers, such as Eklund-Myrskog (1998),

Dahlin and Regmi (1997) and Marton et al. (1993) have found parallel groups of five categories
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of Sélj6’s COL. Van Rossum and Schenk (1984), who introduced a sixth COL characterized as an
intentional process, driven by human interests and focused on achieving harmony and happiness
or changing society, supported Saljo's five COL. In their longitudinal phenomenographic inquiry,
they provided more information about S&ljo's (1979) five conceptions, accurately differentiating
and thoroughly integrating the five conceptions already in place, as well as creating a new

category.

In contrast to other studies, Marton and his colleagues describe the various theories of learning in
greater detail and show connections between them. They showed that what is learned and how it
is learned are inseparable aspects of learning. According to them, students’ experiences of COL
varied. They characterised the COL in a more precise way than in past studies, and recognised
associations between them. They claimed that "changing as a person,” which is related to "learning
as understanding" and "learning as perceiving something in a different manner," is the sixth COL
and is, "hierarchically,” the most advanced conception. They were able to recognize the
hierarchical relationships that exist between each conception of learning. In a hierarchical

structure, the subsequent conception includes the earlier ones (Duarte, 2007).

As a result, Marton et al. (1993) categorised learning conceptions into six levels: (1) increasing
one's knowledge, (2) memorisation and reproduction, (3) applying, (4) understanding, (5) viewing
something from a new perspective, and (6) developing as a person. All subsequent COL are
derived from the first COL, "increasing one's knowledge,” which is to acquiring and storing
knowledge. Remembering is the reproduction of memorised information, and it is also the ability
to reproduce something that has been learned. Applying is closely related to an increase in
knowledge. It is the ability of the student to apply knowledge in practice, where necessary (Duarte,
2007). In understanding, the learners play a major role in giving meaning to and in forming

personal views on the material to be learnt (Duarte, 2007).

In the opinion of Smith et al. (2021), comprehending something requires memory. Seeing
something in a different way depends on whether something has previously been considered in a
certain way and there is a change to perceive it another way. The last COL, personal
transformation, shows that learning has a more personal character and that it is an integral part of
the person’s life, that is, a learner changes as a person when he or she develops a different way of
the world (Duarte, 2007).
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These six categories, according to Marton et al. (1993), could capture how the majority of
individuals view learning. They believed that there was a developmental and hierarchical pattern
in the six kinds of COL. Furthermore, they maintained that a student's COL may start out in the
first category before shifting to the sixth category. They discovered that any prior category may
fall under the latter subsequent category. They contended that the six concepts of learning
categories can be grouped into two categories. Learning is viewed as a passive accumulation of
external fragmentary information in the first three categories (knowledge expansion, memorisation
and reproduction and application). Learning is viewed as actively converting outside information
into relevant, comprehensive and practical knowledge in the last three categories (comprehension,

seeing something differently, and personal transformation).

Likewise, the first three COL were categorised as quantitative conceptions, whereas the latter three
were categorised as qualitative conceptions. While qualitative conceptions place focus on
comprehending and seeking meaning in what is taught, quantitative conceptions pertain to the act
of gathering information or content. These two types of COL were categorised as low-level and
high-level perspectives, respectively, by Dart et al. (2000) and Tsai (2004), and as reproducing
and transforming by Brownlee et al. (2003).

Marton et al. (1993) classified the last three conceptions as cohesive conceptions whereby there is
an enhanced understanding of dependency and connectedness of the student learning and learning
environment and the first three as disjointed conceptions with no or little understanding of the
association between the learning environment and student learning (Yang & Tsai, 2017). Marton
et al. (1993) maintain that the first three COL correspond with the surface AL and 4 to 6 with the
deep learning approach. They believed that the deep learning approach-compatible learning
conceptions help students achieve higher learning results. Cohesive COL may result in superior
learning outcomes, according to empirical data that links COL to how learning activities develop
(Ellis et al., 2006; Tsai & Tsai, 2014).

Purdie et al. (1996) established nine categories of COL based on their study of secondary school
learners in Japan and Australia. Their research aimed to recognise, define and evaluate
participants’ self-controlled learning processes and learning beliefs. They discovered that Japanese

pupils had a significantly broader perspective on learning than Australian students. Learning is a
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lifetime process for them that provides individual fulfilment, as opposed to Australian

schoolchildren who associate learning with something that occurs at school.

Despite their conceptual variances, similar techniques were employed by both groups, where the
conception of “learning as understanding” was associated with a higher overall number of
approaches used. The first six conceptions of Purdie et al. (1996) can be related to former
investigations such as Marton et al. (1993) (see Table 2.1). Purdie et al.'s (1996) findings for their
first conception, “learning as increasing one's knowledge,” agrees with Marton et al.’s (1993)
metaphor of consumption. Because their participants frequently associated studying with
memorising and reproducing, Purdie et al. (1996) included “studying” in their second conception.
Their third conception, in line with earlier studies, referred to applying knowledge. Learning as
understanding by Marton et al. (1993) referred to obtaining meaning. Purdie et al.'s (1996)
learners hardly mentioned “having a fuller view”, therefore Marton et al.’s visual metaphor is not
as applicable here. Perhaps the emphasis for comprehension was tied to the classroom experience

because their participants were in school.

Although much research emphasises the distinction between memorisation and comprehension,
Purdie et al. (1996) discovered that participants in their study considered learning to be a
combination of both these processes. The concept of expansion overwhelmed descriptions, led to
the fifth COL as "seeing something in a new way." Personal fulfilment corresponds to the concept
of Marton et al.'s (1993) “changing as a person” which leads to “personal growth, maturity and
improvement.” Purdie & Hattie (2002) was the first who documented learning as a duty. It was
only mentioned by one Australian learner and 14 Japanese youngsters (7.22%), however it was
thought to be culturally significant to be included in their classifications. Learning as a process
that is not constrained by time or circumstance alludes to learning throughout one’s life, which is
a progressive and ongoing activity. Even though this concept is similar to Tynjala's (1997)
“learning as a developmental process,” it has been generally overlooked in earlier learning studies.
It is remarkable, in view of the Australian OECD, in 1996 Education Ministers proclaimed the
policy of “Lifelong Learning for All” as a priority (OECD, 2008), and Adult Learning Australia
has been promoting learning throughout your life for almost 50 years. “Developing social

competence” was a Japanese-only category that had similarities with Tynjala's sixth category,
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“learning as an interactive process.” Relationships, social responsibility and interpersonal skills

are the focus of this category.

Purdie and Hattie (2002) established a COL registry based on these nine categories. One of the
main goals of their research was to go beyond identifying the many kinds of learning ideas to
empirically assess their dimensionality. They found no significant differences across students'
COL, contrary to earlier studies. They discovered that using structural equation modeling (SEM),
the model that best suited the data from their sample was one with six universal ideas (see Table
3.1). It combines conceptions three, four and five from prior studies to form a single category.
“Remembering” and “using information” have been identified as overall surface conceptions in a
number of studies, whilst “understanding” has been recognised as a deep COL. Purdie and Hattie
(2002) contend that it verifies Confucian heritage culture research (Marton et al., 1993; Watkins
& Dahlin, 1997), which focus on the importance of memorisation to develop meaning and
subsequent comprehension, as opposed Western COL that separate memorisation and
comprehension. Purdie and Hattie (2002) discovered that it also holds true in Australian

classrooms.

Tynjala (1997) classified seven types of COL using a phenomenographic methodology. “A certain
kind of hierarchy may be seen in the categories... but the hierarchical nature of the categories
should not be taken strictly,” stated Tynjala (1997, p. 284), who did not accept the generally
recognised hierarchical structure of the classifications. This means that is not possible to tell if
approaching learning from a processing or information perspective is on a lower or higher level
than expressing learning in terms of approaches or styles (Tynjala, 1997). Her study, however,
differed from those previously addressed in this section in that the categories were connected to
the students' descriptions of the learning process rather than definitions of learning, making it

impossible to map categories directly (see Table 3.1).

Students' learning and teaching conceptions (LTC) was more recently presented in a six-stage
model by van Rossum and Hamer (2010). In previous articles, Dutch students were requested to
write brief compositions about their COL using a traditional phenomenography methodology.
They added another learning concept to the five identified by S&ljo (1979), named “self-
realisation”, based on their findings (van Rossum et al., 1984; Van Rossum and Schenk (1984).

No gender disparities were found in their experiments, but that COL changed with age, and self-
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realisation was not common between the ages 18 to 25 years old, which was the prevalent age

group of students in higher education (van Rossum & Hamer, 2010).

Van Rossum and Hamer (2010) aimed to employ Saljo’s (1979) model to create a curriculum that
increased student-centredness. The researchers investigated students' perceptions of successful
learning, culminating in a six-stage model of students' LTC. They discovered some
epistemological progress as a consequence of the new curriculum used in the study. This model
gathered the accounts of students studying for a hotel administration degree in a traditional teacher-
centred program compared with the innovative student-centred one. Most students, however, have
recently switched from one reproductive conception to another.

Table 3.1 depicts that there is a lot of overlap among the important research looking at students'
COL.
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Table 3.1

Conceptions of learning (adapted from Thomson, 2017)

Siljo (1979) Marton et al. Purdie et al. Tynjala (1997) Purdie & van Rossum &
(1993) (1996) Hattie (2002) Hamer (2010)
An increase in  Increasing one’s Increasing Learning as an Gaining Increasing
knowledge knowledge knowledge externally information knowledge
determined
event/process
Memorizing Memorizing and Memorizing, Learning as a Memorizing
reproducing reproducing developmental
and studying process
Acquizition of  Applying A mesans to an  Learning as Eeproduction
facts, end student activity understanding/
pf;!:idureslde:::. Remembering, afp];'f:ati_nn or
v;tn.: ;nu 9 e using and }pp ication
r .a—me .a.n for anderstanding oreseen
utihzrad 1 information
practice
Abstraction of  Understanding Understanding Learning as Understanding
meaning strategies’ subject matter
styles/approaches
An Seeing Seeing Learning as an e . Widening
interpretative something in a something ina  externally }Trsona horizons
change
process aimed  different way different way  determined g
at event/process

According to Tsai (2004), COL are arranged in a hierarchy, with the three lower-level COL first
which include (1) memorisation, (2) test/exam preparation and (3) calculating and practicing. This
is followed by higher-level COL of (4) knowledge expansion, (5) application, (6) comprehending

and (7) seeing things in new ways. He gave recommendations derived from these categories for

how to help pupils to acquire “higher-level learning conceptions.”
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Based on Saljo's (1979) pioneering work, more than three decades of research have produced the
generally accepted notion that there is a hierarchy of COL that evolve as students progress
throughout the education system. The prevalent COL point to an interpretative/constructivist
understanding of learning compared to an emphasises on the acquisition and replication of
knowledge. Researchers and educators often believe that pupils with higher-level COL are better
learners and experience better academic performance than those with lower-level COL. It is worth
noting, however, that Sadi et al. (2018) argued that the meaning of the concept of learning was
highly ambiguous and not susceptible to any analytically satisfactory definition.

Despite this conclusion, the primary research looking at students' learning conceptions have a lot
in common. Although it is widely known that COL are hierarchical, inconsistent levels of support
are provided by the literature. Few studies have looked at the development of COL across time,
and less have looked at the COL of experienced learners. It is evident that the manner in which
students perceive and experience learning affects how they approach learning even though the
debate over the relationship between students' AL and COL has not yet been resolved. This study
filled this gap by investigating the COL of Mauritian students and the relationship between those
beliefs and students' learning practices. This helps to advance our understanding of COL and AL.

3.3 The Theoretical Lens for Conceptions of Learning Biology

To investigate students’ conceptions of learning biology (COLB), the theoretical framework
proposed by Tsai (2004) and developed by Lee et al. (2008) was adopted for this study because it
was specifically designed to examine COL in the domain of science. Also, it is a well-established
theoretical framework in the science domain and has been used by many researchers to determine
participants’ conceptions of learning science (Li et al., 2018; Park & Jeon, 2015; Sadi & Lee,
2015). Furthermore, other researchers have adapted Lee et al.’s (2008) framework to specific
science domains such as chemistry (Li et al., 2013), physics (Chiou et al., 2013; Mahinay, 2014),
and biology (Sadi & Cevik, 2016; Chiou et al., 2012; Sadi & Dagyar, 2015). It has been

consistently confirmed that students' perceptions of learning follow this theoretical framework.

Various studies (Chiou et al., 2012; Liang & Tsai, 2010; Liang & Tsai, 2013; Tsai, 2004; Tsai et
al., 2011) have revealed that COL could be classified hierarchically from lower order to higher

order. These investigations also extend the notion that the first three COL, namely memorising,
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testing, calculating and practicing, are lower-level COL, whereas the last three, namely knowledge
expansion, applying, comprehending and seeing in a new light, are higher-level COL. The lower-
level conceptions represent the passive rote way of learning which aim to replicate the content,
while the higher-level conceptions represent meaningful, active learning that includes actual
comprehension. Even though various researchers favour different terms for these dichotomised
groups of COL, such as higher-level/lower-level, passive/active, quantitative/qualitative,
fragmented/cohesive (Marton et al., 1993), and transforming/reproducing (Brownlee et al., 2003),

their core seem similar.

However, a recent study by Bonsaksen and Thorrisen (2017) concluded that the six items might
preferably be used as a unidimensional scale with all the six items reflecting different aspects of
one higher-order concept of learning, instead of considering them to be two different as considered
originally. This study will refer to the two categories of COL using the words low-level and high-

level views to prevent confusion with the terms used in AL.

3.4 Development of The Approaches to Learning Framework

An "approach to learning” (AL) describes how academic material is learned (Zakariya et al., 2021).
The surface and deep approaches are two approaches that classify experiencing and managing
learning circumstances, according to educational researchers such as Duarte (2007), Trigwell et
al. (1999), Chin and Brown (2000) and Cano (2005). Chin and Brown (2000) claimed that deep
approaches are related to inherent motivation and content interest and focus on comprehending the
significance of the learning content and connecting conceptions to real-world experiences. As
opposed to deep approaches, surface approaches apply to learning based on instrumental or
external motivation, perceiving the task as a requirement, whereby students use rote learning to

memorise content, replicate terms and reproduce it.

Marton and Séljo (1976) introduced the idea that students could adopt two different approaches to
learning either the learning approach emphasising understanding (deep approach) or the learning
approach which emphasises reproducing (surface approach). Four groups of academics and
researchers have significantly contributed to developing the original model devised by Marton and
Séljo (1976) for surface and deep AL; a Richmond group headed by Pask, a Lancaster group led
by Entwistle, a Swedish group directed by Marton, an Australian group headed by Biggs (Beattie
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et al., 1997). This field of study has been studied for more than thirty years. Its ideas and
definitions have been proposed and developed over time. In addition, as the AL framework

evolved, a "strategic or achieving" approach emerged.

Deep approaches are defined by learning procedures that are centred on meaning and geared
toward understanding by critically linking new concepts to prior knowledge and experience
(Ramsden, 1983). While a student pursuing deep approach may recall an idea as a result of their
efforts, "this is viewed as an almost unintentional by-product™ (Kember, 1996, p. 343).
Furthermore, if the content is too tough, a student who learns with the aim of comprehending may
not necessarily attain profound knowledge (Entwistle et al., 1979). For example, in order to prove
or understand any mathematical theorem, one may need to memorise mathematical definitions. As
a result, memorisation will serve as "a necessary precursor to understanding, and for other

purposes, it is a way of reinforcing understanding™ (Entwistle, 1997b, p. 216).

Surface approaches, however, emphasise on memorising without reflecting on the task or
considering its consequences relative to other understanding (Trigwell & Prosser, 1991). For
example, such approaches compromise mathematical achievement when what is learned by rote
cannot be recalled or converted to be employed in problem-solving activities (Novak, 1978) due
to its lack of mathematical meaning. If a student uses the surface AL mathematics and merely
remembers bits of information in the short term, they can "memory dump™ (Anderson et al., 1998)
what they have learned, preventing the formation of solid foundations on which to build an
understanding of new concepts. It is not always true, however, that a student who uses a surface
AL may not get the same good grades as one who opts for a deep AL. As argued by Cuthbert
(2005), a student with the deep approach but who is not very skilful may do worse than a student

with a well-polished surface approach.

Additionally, Biggs (1978) and Ramsden (1979) developed a third strategy for learning, the
achieving approach. “Students with an achieving approach to learning are driven by the need for
achievement as a form of ego-enhancement” (Bowden et al., 2015, p. 275). These students usually
work towards achieving high grades for practical individual gain (Biggs, 1979; Tickle, 2001). As

students’ learning became guided by assessment and assessment criteria, an additional approach
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was introduced, the “strategic approach” (Galloway & Bretz, 2015) or the achieving approach
(Biggs, 1987a). Other researchers, such as Biggs, 1993; Entwistle, 1991; Galloway and Bretz,
2015, have also recognised a further AL, the strategic approach, besides the deep and surface
approaches. “Originally this approach referred to students’ ambition and organisation, but recently
the strategic approach has lost the achievement element but rather concerns students’ everyday

study practices” (Hailikari & Parpala, 2014, p. 814).

According to Beyaztas and Senemoglu (2015), “In achieving, the student is encouraged on
winning, competition, and achieving outstanding success” (p. 195). The strategic or achieving
approach refers to “organised studying” and it is considered more an approach to studying than an
approach to learning (Entwistle & McCune, 2004; Entwistle & Peterson, 2004). Factor analyses
typically link the deep approach to the achieving approach, but, depending on the topics and
learning environments, it can also fall under surface AL (Biggs et al., 2001). Students who
implement the strategic AL “may appear to use attributes of deep or surface processing in line with
the demands of the context, and they focus on organised study, time management, and monitor
effectiveness of one’s study” (Kirkgoz, 2013, p. 32). Learners who adopt the strategic AL seek to
maximise academic performance through effective study organisation which includes analysing
the structure and content of previous examinations to predict questions, and that these learners are
motivated by the desire to succeed and will therefore use any strategy that they believe will make
them score high grades (Kirkgdz, 2013). However, a previous study carried out by Entwistle et al.
(2001) revealed that the strategic approach could be linked with either the deep or the surface AL.
They also found that a learner who usually adopts a deep AL may use the strategies of the surface
AL to meet the requirements of a specific activity such as a test or an examination. Furthermore,
a study carried out by Case and Marshall (2009) revealed that the way in which students perceive

the learning context greatly influences their use of a specific approach.

Though subsequent studies have been conducted by researchers on AL, no study has reproduced
the strategic approach as a distinct approach to learning. Subsequent studies carried out by Biggs
(1987a, 1987b) found that each AL comprises two elements: motive and strategy. According to
him, students’ own dominant learning motive determines their implementation of a specific
learning strategy, that is, a surface strategy is supported by a surface motive, while a deep strategy

is supported by a deep motive. Entwistle and Tait (1990) confirmed this motive-strategy
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congruence within AL. In a qualitative study carried out with eleven second-year chemical
engineering students, Case and Gunstone (2003) identified three AL; a conceptual approach in
which the intention of students is to understand concepts, an algorithmic approach in which
students’ focus is on calculation methods, and an information-based approach in which the
students’ goal is to gather and remember information. They considered that the latter two
approaches can be considered forms of surface approaches given that the fundamental intention
does not involve understanding. Their study did not identify the strategic approach as a distinct
approach. “This relates to the nature of the strategic approach, which involves the use of either
deep or surface where appropriate” (p. 816). They suggested that all the students in their study
“were to quite a large extent strategic, in that they were adopting approaches that they thought

likely to bring them success in this course” (p. 816).

According to Ramsden (2003), there are significant differences between the deep and surface AL
in several subject disciplines. According to him, the surface approach to learning mathematics
(ALM) could mean repeatedly using an algorithm; in biology, however, it might mean matching
certain species with their characteristics. He also believed that the varying ways that students
approach learning in various subject disciplines may be related to how they conceptualise the
requirements in various subject areas grounded in past experiences. Various scholars in science
education have conducted studies on AL in certain subject disciplines, such as science, in response
to Ramsden's (2003) hypothesis that the same student may employ diverse AL in different subjects
(Lee et al., 2008; Liang & Tsai, 2010). Chiou et al. (2012) argued that it would be more relevant
to examine students' AL in certain scientific fields given the differences in the natures of biology,

chemistry, and physics. This study especially examined students' ALB based on this notion.

Kember et al. (2004) carried out a study with 841 students from 20 secondary schools in Hong
Kong. For the purpose of their study, they produced an amended two-factor version of the Learning
Process Questionnaire (LPQ), with deep and surface approach scales, adapted from Biggs et al.’s
(2001) amended two-factor version of the Study Process Questionnaire (SPQ) designed for tertiary
level students. Initially, the LPQ and SPQ each offered three AL scores: surface, deep, and
achieving, along with their separate elements of motive and strategy scores. However, Kember et
al.'s (2004) study discovered that the achieving-related scales’ role was not as obvious when

utilising the LPQ as those of the deep and surface scales. They agreed that “approaches to learning
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have a hierarchical dimensionality with motive and strategy elements” (p. 261). Consequently,
they proposed a framework for AL consisting of two constituents: deep and surface AL, divided into
two subscales, motive and strategy. Lee et al.’s (2008) findings substantiated that science learners’
AL had two individual factors; deep strategy and surface strategy. Previous studies carried out by
Wong et al. (1996), and Kember and Leung (1998) have shown that for both the LPQ and SPQ, a

two-factor (deep, surface) solution is the most parsimonious.

Chiou and Liang (2012) assert that surface motivations and surface strategies encourage surface
AL. Their research confirmed that students with surface learning methods are scared of failing,
therefore they memorise lessons in order to succeed on tests. Additionally, they discovered that
deep motivations lead to deep learning strategies and that learners who use a deep AL have a deep
comprehension of the material being studied, blending their past knowledge with the information
they are learning. They were of the opinion that a learner may use both the deep and surface AL
at various times, even though the learner prefers one over the other in certain situations. “The
surface approach is related to extrinsic motivation (such as fear of failure and passing an
examination), and uses lower-level cognitive activities, for example, rote learning, to memorise
the fragmentary bits of knowledge” (p. 170). Conversely, “the deep approach is associated with
intrinsic motivation (such as inner interest and self-satisfaction), and aims to pursue a thorough
understanding of the main ideas and principles involved in the learning material” (p. 171). They
believed that whether or not students could derive meaning from the learning materials marked the

main distinction between surface and deep learning approaches.

3.5 The Theoretical Lens for Approaches to Learning Biology

Many distinct methods of learning have been uncovered by researchers. Deep AL and the surface
AL, however, are the two most common methods of learning that have been taken into account in
earlier studies of education (Chin & Brown, 2000; Li et al., 2013). Consequently, the focus of this
study is only on the deep and surface AL. To explore students’ ALB, Kember et al.’s (2004)
theoretical framework was adopted for this study because it is well established in the science
domain and has been used by other researchers in science (Lee et al., 2008; Liang & Tsai, 2010;
Lin et al., 2012; Park & Jeon, 2015), biology (Chiou et al., 2012), chemistry (Li et al., 2013),
physics (Chiou et al., 2013; Mahinay, 2014), computer science (Liang et al., 2015), earth science
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(Shen et al., 2016). Furthermore, Lee et al. (2008) identified the factor structure of the ALS (for
science in general) by factor analysis as comprised of four components: surface motive, surface
strategy, deep motive and deep strategy. According to Kember et al.’s (2004) framework, AL
consists of two main scales; surface AL and deep AL, and each of these has two subscales, motive and

strategy: (1) Surface motive, (2) Surface strategy, (3) Deep motive, and (4) Deep strategy.

Reid et al. (2007) point out that surface and deep approaches "are not mutually exclusive” (p. 754)
and that learners might move between them because of contextual dependence (Cassidy, 2004)
and influence on students' learning approaches (Byrne et al., 2009). The AL of a student may vary
depending on the subject. At the secondary school level, a learner could select a particular

approach to learning science but a different one for history.

However, the “approaches to learning” framework has come under criticism (Haggis, 2003, 2009;
Malcolm & Zukas, 2001; Webb, 1997) for two reasons. The first reason is if the concept of an AL
could be measured and the second reason is what could and should be done with knowledge about
a learner's AL. AL is a cliché in educational research with the widespread use of AL in research
for higher education implying that conceptual slippage has been inevitable (Marshall & Case,
2005). This is problematic because a student cannot and must not be classified as a surface or deep
learner (Lucas & Mladenovic, 2004).

3.6 The Relationship Between Students’ Conceptions of Learning and Approaches to

Learning

Dart et al. (2000) and Burnett et al. (2003) discovered that COL are related to AL. The study by
Dart et al. (2000) also revealed that learners who favoured lower-level COL, such as memorising
and recording, applied predominantly surface AL such as rote learning. However, those students
with advanced, higher-level COL, for example, comprehending and perceiving things in a new

way used predominantly deep AL, for example, applying knowledge to real life.

In Taiwan, Lee et al. (2008) researched high school learners' COLS and ALS. Their findings
revealed that testing and calculating and practising affected surface ALS including their surface
motives and surface strategies. Testing had a strong tendency to use the surface ALS (including

both their surface motives and surface strategies), but not on the deep ALS (including both their
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deep motives and deep strategies). Calculating and practising affected both deep and surface
learning motives, showing a mixed pattern. Memorising had statistically no effect on Taiwanese
students” ALS. Learners who considered science learning as an “increase of knowledge” appeared
to be unable to predict what ALS they applied, besides negatively predicting the surface strategy.
Students who perceived learning science as “understanding and seeing in a new way” were inclined
to use deep ALS. However, students who viewed learning science as “applying” were inclined to
use a mixed motives (both deep and surface motives) ALS. Their study also revealed that learners
who have an interpretive perspective of learning tend to apply deep ALS, whereas those who hold

a reproductive view are likely to use surface ALS.

Lin and Tsai (2009) discovered that most of the participants they questioned used more than one
category to represent their views on COL in a study with undergraduate engineering students. They
believe that one category could function as the dominant concept for coordinating the others. Based
on their findings, they concluded that there might be two components to COL; a developmental
component and an experimental component. They also proposed that an individual may have
several COL even if they have previously developed a more sophisticated view than the naive one.
Tsai (2004) also argued that most of the participants in his study used more than one conception
when expressing their views about learning. Therefore, it can be claimed that sophisticated and
naive conceptions could either align with each other or be used simultaneously as mixed
conceptions (Dahlin & Watkins, 2000; Tavacol & Dennick, 2010).

Chiou et al. (2012) investigated undergraduate students’ COLB. They discovered that students
who expressed lower-level COL had a tendency to adopt a surface AL, while those who had
higher-level COL tended to use a deep AL. Li et al. (2013) analysed tertiary students’ conceptions
of learning chemistry (COLC) and approaches to learning chemistry (ALC). They found that the
students possessed higher-level COLC and had a tendency to use deep ALC. Zheng et al. (2018)
explored the interrelationships between COLS, ALS and self-efficacy. They discovered that
students' lower-level COLS influenced their surface ALS in a beneficial way. They also discovered
that higher COLS had a positive effect on deep ALS and a negative effect on surface ALS.

Some studies (Duarte, 2007; Edmunds & Richardson, 2009) surmise that there may be a causal
relationship between learning ideas and techniques, even if this is still up for debate. This causal

relationship seems promising given that people's understanding of how to do a task (COL) is
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somewhat dependent on how they perform that activity (AL). Past research and the research topics
that guided this study anticipated that students' COL might influence their AL. Using biology as
the learning discipline, the current research used structural equation modeling (SEM) to determine
any potential causal relationships between COL and AL. Figure 3.1 illustrates the proposed

theoretical model.

Table 3.2

Proposed Theoretical Model

Lower-level Surface
conceptions approaches
of learning

Higher-level Deep
conceptions approaches
of learning

In this study, pupils were categorised using conceptions of learning biology (COLB) and
approaches to learning biology (ALB), and any correlations between the two were then examined.

Based on the model, the following hypotheses were proposed:

Hypothesis 1: Surface ALB will be significantly and favourably influenced by the lower-level

COLB held by upper secondary school students.

Hypothesis 2: Deep ALB will be significantly and favourably impacted by upper secondary
students' lower-level COLB.

Hypothesis 3: Higher-level COLB held by upper secondary school students will have a
considerable and negative impact on surface ALB.
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Hypothesis 4: Higher-level COLB among upper secondary school students will have a

considerable and favourable impact on deep ALB

Hypothesis 5: Lower-level COLB in upper secondary school students will have a substantial and

positive effect on higher-level COLB.

Hypothesis 6: Surface ALB in upper secondary school students will have a substantial and

negative impact on deep ALB.

3.7 Synthesis

This chapter was linked to Chapter 2 in which a review of the literature on COL and AL was
presented. The fundamental theoretical components that supported this investigation into students'
views on their COLB and ALB are outlined in this chapter. These theoretical constructs may
enlighten us in our efforts to provide explanations for students' COL and AL. The gaps derived
from the literature review and the theoretical framework were identified leading into the theoretical
lens that guided this study. The following chapter presents an in-depth discussion of the
methodological approach employed for this study as well as the data production strategies adopted

and the analytical approach.
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CHAPTER 4

RESEARCH METHODOLOGY

4.1 Introduction

In Chapter 3, | elaborated on the theories used to construct the theoretical framework that guided
this research. This chapter discusses the steps that were taken during the study. In my study,
Exploring Mauritian Upper Secondary School Students’ Conceptions of and Approaches to
Learning Biology, | attempted to answer these critical questions:

(a) What are Mauritian upper secondary school students’ conceptions of learning biology?

(b) What are Mauritian upper secondary school students’ approaches to learning biology?

(c) How do students’ conceptions of learning influence their approaches to learning
biology?

(d) Why do students have specific conceptions of learning biology?

(e) Why do students have specific approaches to learning biology?

(F) Why do students’ conceptions of learning biology influence their approaches to learning
biology, in the way/s that they do?

These questions were addressed by analysing and interpreting data from both the survey and the
interviews. These research questions guided the study and created the foundation for the design of
the data collection instruments. The methodological explorations of this chapter serve as a
preparatory stage for obtaining information from the field relating to this study. This chapter
outlines the methodological approach, steps and processes that this study employed to obtain data
from the field. In this chapter, the questions of research methodology and method, the research

design, data collection and the data analysis used in this study, are addressed.
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4.2 The Research Paradigm

A paradigm is defined by Kivunja and Kuyini (2017) as a set of assumptions or beliefs about
fundamental aspects of reality that give rise to a specific worldview. It attends to basic faith-based
assumptions including convictions about the nature of truth (ontology), the affiliation between the
knower and the known (epistemology), and methodological assumptions. What we think of the
world is represented by paradigms. It includes our actions in the world such as inquiries. In
educational research, a paradigm describes the researcher’s “worldview” (Mackenzie & Knipe,
2006). A worldview is a fundamental of beliefs that guide action (Creswell, 2014). In terms of a
study, it acts as a lens or set of principles by which truth is perceived. The researcher can also
create interpretations of data and find meaning for what is happening by selecting an appropriate
worldview without being judgmental of the participants. Researchers may use a variety of
worldviews or paradigms to respond to research problems. Greene et al. (1989) suggested that it
is not necessary to adopt a single research paradigm, especially when a mixed techniques approach
(quantitative and qualitative) is required. Researchers such as Johnson and Onwuegbuzie (2004)
added to the current discussion on mixed methods paradigms by claiming that in a mixed methods
approach, the research question is more relevant to the study than the research design paradigm.

This study adopted a pragmatic paradigm based on the research questions (Creswell, 2014).
Creswell and Plano Clark (2011, p. 46) asserted that "Pragmatism allows the researcher to adopt a
pluralistic stance of gathering all types of data required to answer the research questions.” In this
study, I am trying to figure out how students learn biology. In other words, | am approaching the
study with the goal of learning from students’ experiences rather than passing judgment on them.
| worked inside both the post-positivist and constructivist worldviews in order to acquire the most
relevant data for my study. For example, | positioned myself as a post-positivist when creating the
questionnaire since | was guided by the research on existing categories for student responses
(Avramidis & Norwich, 2002; Deters, 2003; Grosser, 2007). A post-positivist researcher believes
that through experiment and observation, they may come to a conclusion. By defining the
hypothesis, the researcher puts the theory to the test. The data gathered can either support or reject
the theory (Creswell, 2009). Later on, I was able to read the students’ interviews via a constructivist

lens in order to understand their views on how they learn biology. As a result, because the nature

59



of the study required both qualitative and quantitative data, pragmatic paradigm, as described by

Creswell (2009), was used for this research study to allow for a mixed methods approach.

According to Johnson and Onwuegbuzie (2004), pragmatism aids in shedding light on how
research methods can be mixed to provide optimal opportunities for answering research questions.
Pragmatism considers qualitative and quantitative methods to be compatible since their
fundamental principles are similar enough to enable them to be combined in a single study. The
reality, according to pragmatists, is “what works best” to understand a specific research issue.
Furthermore, Johnson and Onwuegbuzie (2004) argue that “the present meaning of an expression
is built on the experiences or practical outcomes of believing in or using the expression in the
world”. So, in this study, | adopted the pragmatic paradigm to explore and explain students’

conceptions of learning (COL) and approaches to learning (AL) in Mauritian secondary schools.

Pragmatism is widely recognised as the methodological companion of the mixed methods
approach. It offers a collection of assumptions about knowledge and inquiry that support mixed
method approaches founded on post-positivist beliefs and strictly qualitative approaches founded
on constructivist beliefs (Denscombe, 2008; Johnson & Onwuegbuzie 2004). Denscombe (2008)
states that pragmatism allows for a fusion of methods, allowing for similarities and congruency
among ancient research philosophies. Therefore, it offers a foundation for applying the mixed
methods approach for social researchers who are of the opinion that neither sole quantitative nor
qualitative research can offer sufficient insights for the specific research study they are working
on. As a result, I chose the mixed methods approach because it provided an avenue to explain the
quantitative data. The decision was also influenced by the study's research questions and

objectives.

Kivunja and Kuyini (2017) assert that the pragmatic paradigm is a way of resolving philosophical
disagreements that might otherwise go on indefinitely. In other words, when judging theories, it
considers the scientific and practical implications. This means that the researcher uses pragmatism
to build awareness about real-world problems. This emphasises the importance of seeking answers
to research questions. It facilitates contextual analysis, utilising various approaches, and versatility
in selecting only appropriate techniques for answering the research questions. Kivunja and Kuyini
(2017) describe pragmatism as the strongest philosophical foundation for justifying the use of

multiple approaches in a single analysis. Similarly, Bryman (2007) stated that most mixed methods
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researchers identify themselves as pragmatists. Mixed methods research, according to Johnson and

Onwuegbuzie (2004), employs the pragmatic perspective, method, and philosophical system.

Induction (identification of patterns), deduction (testing of theories and hypotheses) and abduction
(revealing and depending on the most appropriate of a collection of reasons for interpreting one's
findings) are all part of the logic of inquiry of mixed methods. As a result, I adopted this paradigm
because it works well when combining research methods. It allows for contextual interpretation as
well as versatility in selecting the best techniques for addressing the research questions using a
variety of methods (Bryman, 2007). A mixed methods approach with auxiliary methods may
improve the credibility and validity of a study's findings (Clark, 2019).

A mixed methods study is one in which the researcher collects and analyses data, incorporates the
results, and derives conclusions employing both quantitative and qualitative viewpoints and
approaches (Clark, 2019). Mixed methods can represent the results quantitatively while also
explaining the reason it was acquired (qualitative). To answer the study research questions,
Kivunja and Kuyini (2017) added that the researcher collects both numeric and text material, such
as survey instrument scores or ratings as well as open-ended interviews or observations. A mixed
methods analysis, according to MacMillan and Schumacher (2014), incorporates characteristics of

both quantitative and qualitative research approaches.

Researchers must complement one approach with another because today's research environment
is increasingly interdisciplinary, complicated, and dynamic. To encourage cooperation, facilitate
communication and provide superior analysis, researchers must have a comprehensive knowledge
of various methods. The mixed methods research design, as stated by Onwuegbuzie and Jonson
(2009), attempts to justify using more than one approach for answering research questions rather
than limiting researchers’ options, rejecting dogmatism. This method is a type of research that is
both expansive and imaginative, rather than one that is restrictive. It is open-ended, pluralistic and
complementary in nature. Therefore, when it comes to method selection and study design,
researchers should be eclectic. Mixed research strategies have the best and most complete answers
to many research questions and combinations of questions (Onwuegbuzie & Johnson, 2009). The
essential philosophical assumptions (belief systems) of a research paradigm are ontology,
epistemology, axiology and methodology (Kivunja, & Kuyini, 2017).
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4.2.1 Ontology

Ontology is concerned with the assumptions to make sense of something or figure out if it is real
(Scotland, 2012). It examines the researcher’s underlying ideology concerning the nature of being
and existence. Philosophical assumptions about the nature of reality are essential to understanding
how meaning was made of the data gathered. These assumptions helped to orientate the
researcher’s view on the research problem, its importance and the manner in which the researcher
might proceed to answer the research question, understand the problem investigated and contribute
to its solution. Both singular and multiple versions of truth were considered relevant for this study
(Vogl et al., 2019). The quantitative dimension satisfied the singular notions of truth and the

qualitative dimension ensured that multiple COLB and ALB were explored.

4.2.2 Epistemology

Epistemology describes how we know the truth or reality, what counts as knowledge in the world
and how it can be shared with people (Cooksey & McDonald, 2019). Epistemology emphasises
the nature of human knowledge which 1, as a researcher, can gain to enable me to expand and
deepen comprehension in my field of study. From an epistemological standpoint, both objective
and subjective truths concerning the phenomenon were generated through interactions with the
participants (Williams, 2022).

4.2.3 Axiology

Axiology refers to the ethical issues to take into consideration when developing a research
proposal. It considers what value the researcher attributes to the various facets of his/her research,
the respondents, the data and the audience to whom the outcomes of the research are reported.
Therefore, the researcher demonstrated best ethical conduct by showing what was right or wrong
behaviour as the research was conducted. This consideration is based on the understanding that all
people have a fundamental right to make choices which should be respected by the researcher. The
axiological stance of the researcher was ethical during the quantitative data generation phase and
aesthetical when generating qualitative data (Wahyuni, 2012). This implied that the quantitative
data generation process involved administering questionnaires with minimum interaction with the

participants, while the qualitative phase entailed social interactions through interviews.
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4.2.4 Methodology

The fourth philosophical assumption is the methodology. It establishes the link between the focus
and the methods of the study (Vogl et al., 2019). The first learning experiment (Marton 1976) used
a qualitative approach to better understand how individuals approach their studies. Interviews and
open-ended questions were used to gather qualitative data, which resulted in rich explanations of
how people learn and experience their learning setting. However, these approaches necessitate
extensive analysis and interpretation and do not permit for the generalisation of findings. To
simplify the process of qualitative analysis and quantify the detection of COL and AL, inventories
were established based on the categories defined in prior studies. A study by Dart et al. (2000)
relied exclusively on a quantitative method including questionnaires to assess learning conceptions
and learning approaches simultaneously. The limitation that respondents face when selecting from

a collection of statements is a strong disadvantage when using inventories.

Furthermore, various considerations including instrument duration, deceptive item translation
when employing an unfamiliar instrument, bad responses or ambiguity of items, failure to respond,
participants' indifference and confusion over items, among others, could have been sources of error
that led to biased or unreliable instrument completion. In addition, Richardson (2011) indicated
that how participants complete surveys might indicate a connection between constructs.
Differences in instrument scores measuring COL and AL may be due to learners' automatic
inclination to agree with inventory items or select the extreme responses, which could mean that
both constructs are related. Examining other forms of evidence obtained with research methods
without the restrictions of inventories can circumvent instrument limitations and mitigate

participant inclinations and, as a result, methodological shortcomings.

However, some studies (Monroy and Gonzélez-Geraldo, 2017; Vedenpad and Lonka, 2014) have
used a range of instruments and test designs, revealing differences in the outcomes of the same
participants when a specific factor was evaluated both qualitatively and quantitatively. This
method incorporates the distinctive benefits of the approaches to provide a more complete and

clearer picture of a phenomenon.
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4.3 The Research Approach

According to Johnson and Onwuegbuzie (2004), pragmatism allows researchers to use a variety
of methods of research to answer their research objectives. As a result, based on the notion that
the precise issues that led this study might be effectively answered by combining qualitative and
quantitative data collection methods than either of them alone, quantitative and qualitative data
were both collected to provide a more complete understanding of the research problem (Creswell,
2014; Shan, 2022; Vogl et al., 2019), | used a mixed methods approach for this study. | began the
study with a broad quantitative survey in order to generalise results to a population and then, in a
second phase, | laid emphasis on qualitative open-ended interviews to collect detailed views from
participants to help explain the initial quantitative survey (Creswell, 2014). As a result, this study
used a quantitative approach to determine secondary school students' conceptions of learning
biology (COLB) and approaches to learning biology (ALB), followed by a qualitative approach to
explain what informed their conceptions and why they adopted specific learning approaches. It
was expected that new COL subscales would emerge during the quantitative data generation,

which might enable the researcher to develop and propose a new theoretical framework.

4.4 The Research Design

There are a variety of permutations in mixed methods research. The most suitable methodology
for addressing this study’s research issues was an explanatory sequential mixed methods design
(Howell Smith & Shanahan Bazis, 2021). Consequently, the results of the various methodologies

could be corroborated, allowing for a more comprehensive understanding of the two datasets.

This study used quantitative then qualitative techniques sequentially for data collection. The timing
of the two strands is also decided by researchers. The temporal relationship between the
quantitative and qualitative strands within a study is referred to as timing (also known as pacing
and implementation). Timing is often discussed in terms of when data sets are obtained, but it also
relates to the order in which researchers use the findings from two sets of data, that is, timing
encompasses the qualitative and quantitative aspects which is not limited to data collection
(Howell Smith & Shanahan Bazis, 2021). This study adopted sequential timing whereby the
qualitative and quantitative strands were implemented in two separate stages. Here the collection

and analysis of one type of data occur after the collection and analysis of the other type. With
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sequential timing, a researcher can begin by collecting and analysing quantitative data or by
collecting and analysing qualitative data. For this study, | started by collecting and analysing
quantitative data first, then collected and analysed qualitative data. The first phase entailed

administering a quantitative survey questionnaire to establish the students’ COLB and ALB.

In the second phase, | conducted face-to-face individual interviews to collect detailed views from
a selected subgroup of participants in order to explain the observed COLB and ALB. The rationale
behind this was that the quantitative data along with the subsequent analysis would provide a
general understanding of the phenomenon, while the qualitative data and their analysis would
augment and explain any statistical results through the in-depth exploration of participants’ views
(Creswell, 2014; Shan, 2022). This means that the quantitative data was collected and analysed
first which informed the design of the interview protocol. The second phase focused on qualitative

data collection and analysis, which was viewed as complementary to the quantitative data.

Researchers usually make decisions about the importance of quantitative and qualitative strands
relative to each other within the design. The relative value or weight of these approaches while
seeking answers for the study's questions is referred to as a priority. This research followed a
quantitative priority, with quantitative methods taking precedence and qualitative methods serving

to explain the quantitative data.

Finally, researchers must choose how they can combine the two approaches in their mixed methods
studies. The researcher uses mixing to explicitly link the qualitative and quantitative strands of the
study in order to apply the interactive or independent relationship of the mixed methods analysis.
Howell Smith and Shanahan Bazis (2021) refers to this as mixing and integrating. When it comes
to establishing when and how mixing happens, there are two concepts to consider: mixing methods
and the point of interface. The latter, also known as the integration stage, is where the quantitative
and qualitative strands are combined (Huynh et al., 2019). According to Howell Smith and
Shanahan Bazis (2021), interpretation, data analysis, data collection, and design are four potential

points where mixing can occur during the research phase of a study.

Researchers use mixing strategies that are specifically related to these interface points. Creswell

(2011) further argued that for mixed methods designs that maintain the independence of the two
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strands, mixing only takes place during the final interpretation step of the study process. As a
result, for this study, mixing took place during interpretation, when the quantitative and qualitative
data strands were merged after the researcher had acquired and examined both sets of data. It
involved making judgments or inferences based on the combined findings from the two lines of

inquiry. This was done by comparing or synthesising the findings in a discussion.

4.5 The Participants

Convenience sampling was used for this study with respect to the schools where the participants
were drawn from. There are 69 state secondary schools (public schools), 79 private grant-aided
secondary schools and 24 private non-grant-aided (fee-paying) secondary schools in Mauritius.
State secondary schools and private grant-aided secondary schools were conveniently selected for
the study because they were English medium schools that followed the national curriculum and
they offered biology at the Cambridge School Certificate examinations. Private non-grant-aided
(fee paying) secondary schools were excluded because some were French medium schools and

others did not offer biology at SC level.

As Mauritius is a small island, all the schools were easily accessible to the researcher. Therefore,
data were collected from 20 secondary schools from different regions of the island. The choice of
schools took into account the different characteristics of English-medium Mauritian secondary
schools. These included private and public, and single-sex and co-educational schools. Equal

numbers of public and private grant-aided secondary schools were selected for the study.

The participants of this study were Grade 11 biology learners. The assumption was that the learners
had completed about 50% of the biology School Certificate syllabus in Grade 10. Also, in Grade
11 most students choose the subjects they intend to study at Higher School Certificate level. The
average Grade 11 biology class size in Mauritian secondary schools is 25 students; hence, 497
students from 20 schools participated in the study. The participants for the qualitative data
generation were selected based on the results of the quantitative data analysis. Sixteen learners,
that is, four learners from each of the four ALB subscales (deep motive, deep strategy, surface

motive, surface strategy) of the quantitative survey, were selected to be interviewed.
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The quantitative results informed the types of participants to be purposefully selected for the
qualitative phase. Students who strongly agreed with all the items of a particular ALB subscale
were pre-selected. The highest score of each ALB subscale was calculated by multiplying the
number of its items by the score for strongly agree (5). Therefore, the highest score for students
who strongly agreed with all the items of the deep motive would be 40 (8 items x 5), for deep
strategy 30 (6 items x 5), for surface motive 30 (6 items x 5), and for surface strategy 35 (7 items
x 5).

The SPSS software identified the student numbers on the data file with the highest score for each
ALB subscale. The student numbers with the highest score for each ALB subscale were noted and
their respective questionnaires were identified. For example, 14 students bearing numbers 21, 30,
31, 37,43, 110, 129, 134, 159, 162, 354, 398, 441 and 445 obtained the highest score of 40 for the
deep motive scale. The questionnaires of these students were identified. The identification
numbers of the students were obtained from the questionnaires, for example, questionnaire 21 had
student identification number B3. Then, the name of student 3 was identified from the list of
students from school B. The schools and the names of the other students who obtained the highest
score for the deep motive, deep strategy, surface motive and surface strategy scales were identified
in the same manner. Four students from each subscale, among those identified, were chosen for

the interview.

4.6 Ethical Issues

The questionnaires were distributed to the participants earmarked for the study and interviews
were carried out with them only after having obtained permission from the Ministry of Education
of Mauritius (see Appendix A) and ethical clearance from UKZN (see Appendix B). The
participants’ parents were requested to fill in a consent form (see Appendix C) before proceeding
with the survey. It was clearly stated on the cover page of the questionnaire (see Appendix D) that
taking part is voluntary and that the participant may leave the survey whenever they wish to. | also
ensured that the identities of all participants would remain unknown and that any information given
would remain confidential. It will be under lock and key or password protected to prevent access

by unauthorised personnel.
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Quantitative survey research is often conducted in a way that maintains the anonymity of the
participants. However, for this study, | had to gather the information that can identify participants
so that they may be contacted for a qualitative follow-up phase. This required that | justify the
need for gathering and identifying information and put safeguards in place for protecting that

information.

To maintain the anonymity of the schools, the twenty schools earmarked for the study were
assigned identifying alphabets, A to T. The participants of school A were allocated identification
numbers Al, A2, A3, etc., those of school B were identified as B1, B2, B3, and so on. The names
of the students with their respective identification numbers were kept in the custody of the
researcher. However, for data capturing purposes, the questionnaires were renumbered
chronologically from 1 to 497. Therefore, each questionnaire had two identification numbers; one
was the participant’s identification number (Al, A2, A3, etc.), and the other one was its
corresponding number (1, 2,3, etc.) on the SPSS data file. This allowed the researcher to easily

identify any student who participated in the survey.

For the qualitative follow-up phase, the 16 participants were interviewed at random depending
upon their availability, and each of them were given code names in a bid to maintain their
anonymity. The first student interviewed, student 1, was given the code name S1; the second

student interviewed, student 2, was given the code name S2, and so on.

4.7 Data Collection Methods

This study’s quantitative data were collected through survey questionnaires disseminated to 497
participants. Qualitative data were gathered through face-to-face individual semi-structured

interviews with 16 of the participants from the quantitative survey.

4.7.1 The Survey Questionnaires for Assessing Students’ COLB and ALB

The questionnaire is a quantitative data generation instrument used to collect survey information
(Williams, 2022). There are three types of questionnaires: structured, unstructured and semi-
structured. | used a structured survey questionnaire for this study (see Appendix E) which

comprised close-ended questions. Close-ended questions generate limited responses that can be
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coded easily in a database and are easier for respondents to answer. A survey questionnaire has
the following advantages: it can be administered in the absence of the researcher, it is considered
the cheapest among all surveys, it can be sent to a vast geographical area and can be conducted by
a single researcher, data can be obtained from many participants within a short time and, the
participants have the freedom to complete the questionnaire since they are safeguarded from the
possible influence of the researcher. Another advantage of a questionnaire is that participants are

more likely to give valid answers because of the aspect of anonymity.

To investigate students” COLB and ALB a two-part 5-point Likert scale survey questionnaire was
used in this study, which comprised Section A: the COLB questionnaire, and Section B: the ALB
questionnaire (see Appendix E). The two questionnaires were adapted from Lee et al.’s (2008)
COLS and ALS. All items in the two questionnaires were modified to adapt it to the biology
domain. The word “science” was replaced with “biology”. Items under each subscale of the COLB
and ALB questionnaires ranged from five to eight and coded in a five-point Likert scale. Items on
the scale were anchored at 5 representing strongly agree, 4 representing agree, 3 representing no
opinion, 2 representing disagree, and 1 representing strongly disagree. Therefore, higher scores in
some categories reflected stronger agreement with the items in the categories regarding COLB and
AL. Furthermore, all the questionnaire items were assessed and further amended by two secondary

school biology teachers who provided expert validation for the survey.

4.7.1.1 The Conceptions of Learning Biology Questionnaire.

The COLB questionnaire for this study (see Appendix E) was adapted from Lee et al.’s (2008)
COLS questionnaire based on Tsai’s (2004) conceptual framework. Lee et al.’s (2008) COLS
questionnaire comprised six factors, memorising, testing, calculate and practice, increase of

knowledge, applying, and understanding and seeing in a new way.

The six subscales of the COLB questionnaire with tentative factor labels, and their respective

sample items and item numbers are indicated below:

Memorising: Learning biology is conceptualised as a process of memorising. Learning biology is
conceptualised as a process of memorising special terms, definitions and formulae, for example,
“Learning biology means memorising the definitions, formulae and laws found in biology

textbooks” (7 items).
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Testing: Learning biology is to pass the examinations or to achieve high scores in biology tests,

for example, “Learning biology means getting high scores on examinations” (7 items).

Calculating and practicing: Learning biology is viewed as a series of calculating, practicing
tutorial problems, and manipulating formulae and numbers, for example, “I think that learning
calculation or problem-solving will help me improve my performance in biology courses” (6

items).

Increasing one’s knowledge: An increase of knowledge is seen as the primary purpose of learning
biology, for example, “Learning biology means acquiring knowledge that I did not know before”
(5 items).

Applying: The purpose of learning biology is to apply of this knowledge, for example, “Learning
biology means learning how to apply knowledge and skills I already have to unknown problems”
(6 items).

Understanding and seeing in a new way: A true understanding is perceived as major reason to
learn biology, it is depicted in terms of gaining new insights, and acquiring biological knowledge
means interpreting natural phenomena in a new way, for example, “Learning Biology means
understanding biological knowledge; learning biology means understanding more natural
phenomena and knowledge” (6 items).

4.7.1.2 The ALB Questionnaire.

The ALB questionnaire for this study (see Appendix E) was based on Kember et al.’s (2004)
framework for AL and adapted from Lee et al.’s (2008) ALS questionnaire. Lee et al.’s (2008)
ALS questionnaire consisted of four factors: deep motive, deep strategy, surface motive and

surface strategy.

The four subscales of the ALB questionnaire with provisional factor labels, and their

corresponding sample items and item numbers are indicated below:

1) Deep motive: Students display their intrinsic motivation when learning biology, for
example, learning biology is motivated by their own interest or curiosity. An example
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would be “I find that at times studying biology makes me feel really happy and satisfied”
(8 items).

2) Deep strategy: Students utilise more meaningful strategies to learn biology, such
as making connections and coherent understanding, for example, “I try to relate what | have

learned in biology subjects to what | learn in other subjects” (6 items).

3) Surface motive: Students possess extrinsic motivation to learn biology, for
example, learning biology for others’ expectations or course grades. An example would
be “I am discouraged by a poor mark on biology tests and worry about how I will do on

the next text” (6 items).

4) Surface strategy: Students use more rote-like strategies (for instance remembering
or narrowing targets) to learn biology, for example, “I see no point in learning biology

materials that are not likely to be on the examinations” (7 items).

4.7.1.3 Instrument Reliability (Testing the Reliability of the COLB and ALB

Questionnaires).

The COLB and ALB data were captured on SPSS 25 to verify how reliable the instrument was and
to establish their descriptive statistical values. The internal consistency of the items for the COLB
and ALB questionnaires was tested. Cronbach’s alpha is a measure of internal consistency, that is,
how closely related a set of items are in a group. To measure the internal consistency of the COLB
and ALB questionnaires, the Cronbach alpha value for each set of items was calculated; the
reliability coefficient ranged between zero and one. In fact, the internal consistency of the items in
each scale relies on how close the coefficient is to 1.0; the closer the alpha to 1.0, the higher is the
internal consistency. These descriptions were created by George and Mallery (2019): a>0.9 —
Excellent, a > 0.8 — Good, o > 0.7 — Acceptable, o > 0.6 — Questionable, a >0.5 — Poor and a <

0.5 — Unacceptable.

Apart from the coefficient on the Cronbach alpha, | also examined the inter-items correlation on
the table for “scale if items deleted” to verify if items were sufficiently correlated to form the

construct/scale.
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Part A of the survey questionnaire contained items which measure variables related to learners’
COLB. There were six constructs: memorising, testing, calculating and practicing, increasing
one’s knowledge, applying, and understanding and seeing in a new way. The reliability or
Cronbach’s alpha/coefficients for the COLB factors were 0.60, 0.61, 0.79, 0.73, 0.70 and 0.75,
respectively. Cronbach alpha values of 0.70 or higher and inter-item correlations exceeding 0.3
(scale if items deleted) indicate internal consistency and reliability of scale. The Cronbach alpha
for each conception exceeded the conventional level of 0.70 with the exception of memorising (o
= 0.60) and testing (o = 0.61), which is still acceptable in the field of exploratory research
(Cronbach, 1951; Williams, 2022). This means that there were adequate internal consistencies for

all the scales of the COLB. Thus, these factors could be used to assess the learners’ COLB.

Part B of the survey questionnaire contained items which measured variables related to learners’
ALB. The four constructs were “deep motive, deep strategy, surface motive, and surface strategy”.
The reliability coefficients (Cronbach’s alpha) for the ALB factors were 0.81, 0.72, 0.69 and 0.70,
respectively. The Cronbach’s alpha for each ALB was above the conventional level 0.70 except
for surface motive (o = 0.69). Cronbach alpha values of 0.70 or higher and inter-item correlations
exceeding 0.3 (scale if items deleted) indicate internal consistency and reliability of scale.
However, the Cronbach alpha coefficient of 0.69 for surface motive was still acceptable because
a Cronbach Alpha of 0.60 is acceptable for explanatory research (Cronbach, 1951; Williams,
2022). This means that the internal reliability coefficients of all the scales of the ALB were
adequate, suggesting that these factors had highly sufficient reliability in assessing the students’
ALB.

4.7.1.4 Piloting the Survey Questionnaire.

A pilot test was performed to assess the data generation instruments' reliability and validity indices,
as well as the feasibility of administering the research instruments (Williams, 2022). According to
Williams (2022), the pilot tested the validity and reliability of all research instruments; determined
the logistic feasibility required to administer all research instruments and enhanced the research
method. It obtains input on the study's design and methodology for administration; test the
comprehensibility and clarity of the instruments' items and directions given to the respondents;
and determine the estimated time for administering the research instruments. Piloting, according

to Clark (2019), delivers feedback on the questionnaire's structure, its duration and how long it
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takes to complete it, as well as the consistency and clarity of the instruments' instructions and items

respondents are provided.

A pilot study was conducted to establish any unanticipated issues with the questionnaire.
Following the pilot study, the latter was refined in terms of structure, relevance, validity and
reliability. The pretesting sample comprised ten Grade 11 biology students from one of the schools
earmarked for the study. Only one school was chosen for the pilot study because it was more
convenient for the researcher due to time and budgetary constraints. The ten respondents were
asked the following questions about the instrument's usability, which were taken from Fink (2003):
(@) Whether the instructions for answering the questionnaire were clear; (b) Which
items/questions, if any, were unclear or disturbing; (c) Were they aware about how to choose their
answers; (d) Were the options for answers mutually limited; (¢) Were the response options
complete; (f) Was their privacy respected and protected; and (g) Did they have any suggestions
for adding or removing questions, clarifying directions, or improving the questionnaire layout.
They were also asked to provide an estimate of how much time they would take to complete the
survey. The following were the respondents' answers: (a) the instructions were clear; (b) there were
no unclear or disturbing questions; (c) the method of indicating responses was understood; (d) the
answer options were mutually exclusive; () the response options were complete; () they thought
their privacy had been protected and respected; and (g) they had no responses to this question.

They took about thirty minutes to complete the questionnaire.

For each of the listed statements in the questionnaire, the students were asked to tick (\) the one
response from the 5-point Likert scale that best expresses the degree to which they agreed or
disagreed with the statement. They all responded correctly to the questionnaire except for two of
them who not only inserted a tick for each statement, but also inserted a tick beside the subtitles
of the COLB and the subtitles of the ALB. Therefore, the questionnaire had to be amended by
inserting the five responses of the Likert scale in the boxes besides the subtitles (see Appendix E)

so that the participants do not tick the boxes besides the subtitles.

The reliability coefficient for each factor of the COLB questionnaire ranged between 0.84 to 0.91,
and the overall Cronbach a was 0.91 and, for the ALB questionnaire, the reliability coefficient for
each dimension ranged from 0.84 to 0.90, and the overall Cronbach value was 0.89. This means

that the internal reliability coefficients of all the scales of the COLB and ALB were acceptable,
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suggesting that these factors had high reliability in evaluating the students’ COLB and ALB,

respectively.

When the pilot study was successfully completed, the modified questionnaires were disseminated
to the 497 participants from the 20 schools earmarked for the study. The original survey from the
pilot study was not included in the main study because subsequent modifications were made to the

questionnaires.

4.7.1.5 The Questionnaire Administration Process.

| administered the questionnaires on-site with the help of the biology teachers of the schools
concerned. Each participant was given a questionnaire with a preassigned identification number.
The cover page of the questionnaire informed the student about the aim and objectives of the study
and their right to withdraw. The students earmarked for the study were asked to read the cover
page before responding to the questions. To maintain the anonymity of the participants, they were
asked not to write their names on the questionnaire. The participants were asked to respond to the
questionnaires voluntarily. They were requested to answer both sections A and B of the
questionnaire in the same session. This process lasted approximately 30 minutes. The questions
included in the two sections of the questionnaire and the use of structural equation modeling (SEM)
to investigate the structural connection between students” COLB, and their ALB sought to answer

this research study’s questions.

4.7.1.6 Limitations of Questionnaire.

The questionnaire may produce limited results in a quantitative approach since respondents have
limited answer options. Consequently, the outcomes may not always represent the actual situation.
When researching a phenomenon, quantitative researchers appear to miss more information
because they are outsiders (Mays & Pope, 1995). Since quantitative researchers depend heavily on
procedures (Jogulu & Pansiri, 2011), many high-quality data are lost in the name of standardisation
(Stenbacka, 2001).

The questionnaire was administered to 497 Grade 11 biology students. The questions could be
interpreted in a variety of ways by the participants; however, this is covered by the high reliability
coefficient from my pilot study. Furthermore, since the respondents volunteered for the study,

there was no way of determining how honest they were with their answers. There was a chance
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they wouldn't be completely truthful when answering the questions. To reduce the risk, a letter
describing the questionnaire and stating that it would be used for research purposes and that the
respondents would be anonymous was included. It is also possible that the participants would think
that the questionnaire was time-consuming, which would have resulted in just ticked boxes or even

unanswered questions. A 5-point Likert scale was employed to reduce that risk.

4.7.2 The Face-To-Face Individual Semi-Structured Interviews

The qualitative method of data generation for this study involved interviews. Flick (2018) defines
an interview as a purposeful conversation between a researcher and participant which aims at
collecting data that will help to answer research questions. Interviews allow the researcher to read
the participant’s mind (Jentoft & Olsen, 2019). In order to know how people have organised their
world and what meaning is given to happens in their environment we have to ask them questions
about it. A mixture of structured and open-ended questions was used in semi-structured interviews
(Jentoft & Olsen, 2019). In this study, semi-structured interviews were used because structured
interviews would not allow for enough flexibility and unstructured interviews would be too
flexible. According to Willig (2013), semi-structured interviews combine features from formal and
informal interviews focusing on personal experience, which can lead to unexpected results that
may enhance findings. Another benefit of a semi-structured interview is that the interviewer
maintains control over the method of extracting information from the interviewee while remaining

free to pursue new leads as they emerge (Sarstedt et al., 2021).

Various approaches exist for gathering qualitative data, but for this study’s aims, face-to-face
individual interviews were deemed more suitable than focus group interviews given that the 16
participants selected for the qualitative survey were from different schools. The purpose of using
an individual interview tool was to perceive the world from the participants' point of view and
collect rich, descriptive data to aid in understanding the participants' COLB and ALB (Jentoft &
Olsen, 2019).

Using the interview method gave me the opportunity to elicit additional information and
clarification from the students who participated in the study. With the help of interviews, the
researcher can discover fresh, pertinent lines of inquiry that are immediately related to the report

and can be further explored. If participants become side tracked by unimportant issues, they can

75



direct them to concentrate on study-related factors (Kivunja & Kuyini, 2017). Conversely,
interviews could be expensive and time-consuming. While interviews are frequently criticised for
being misleading in that participants may include information and perspectives that the interviewer
wants to hear, this is not always the case (Clark, 2019; Creswell, 2008). Inconsistencies may arise
as a result of the willingness to satisfy the interviewer and the flexibility with which interviews are
conducted. However, academics have kept using interviews in their research. This is due to the
benefit of semi-structured interviews, which enable the interviewer to compel participants to
provide in-depth responses (Creswell, 2009). The interview schedule, in this case, was also

intended to supplement data from the quantitative method.

It is important to prepare participants for the interviews so that a more comprehensive and in-depth
discussion can take place. Since the students were likely to be nervous and unsure about the
conditions of attending an interview, the topics that would be discussed were included in the
invitation letter (see Appendix F). This enabled students to prepare their reflections and feel more
confident about the content of the discussions, encouraging them to participate. A short meeting
was arranged with each participant in their respective schools a few days before they were
interviewed. The meeting was held during school hours in the presence of the head of the school.
After having introduced myself and briefly explained the purpose of my study, | personally handed
the invitation letter for the interview to the participant. The participant and the head of the school
were informed that the duration of the interview would be about thirty minutes. After having

obtained their agreement, we decided upon the time and the venue of the interview.

4.7.2.1 Interview Schedule.

To gain further understanding of the students” COLB and ALB, data was collected through semi-
structured interviews. | designed the questions in such a way as to assist the interviewees to think
about their COLB and their ALB. The questions were related to the theoretical framework (see
Chapter 3) and were guided by the quantitative findings (see Chapter 5). | used an
interview schedule (see Appendix G) with similar basic questions for all interviewees in semi-
structured interviews (Bell et al., 2022). However, depending on how interviewers reacted to the
fundamental questions, they were asked additional questions. My role as the interviewer was to
direct the conversation and remain neutral so that the participants' comments were not biased by

my behaviour, and as well as to clear up any doubt before the interview ended (Beaudry & Miller,

76



2016). | conducted sixteen (16) interviews in total. The first question was meant to find out the
students’ COLB. Through the second question, | wanted to find out the students’ COLB when a
test/exam had been scheduled because students have a tendency to change their learning strategies
when exams are near. The students’ answers to the first and second questions and the additional
questions enabled me to find out what strategies (conceptions) they used to learn biology. Through

the third question, | wanted to find out why the students used specific strategies to learn biology.

4.7.2.2 Piloting the Interview.

Pilot interviews were conducted first, as advised by Magnusson and Maracek (2015), to test the
questions in the semi-structured interviews, allowing for adjustments and input before the actual
interviews. It was an excellent way to fine-tune both the content and the process (Carson et al.,
2005). Pilot interviews were conducted with 2 participants purposely selected from the participants
of the first phase (the quantitative phase) of the study. Because changes to the interview schedule
were made after the pilot study, the interviews of the pilot study respondents were not included in

the main study.

Following the completion of the pilot interviews, 16 participants were interviewed in their
respective school facilities such as a spare room or library, and within school hours. The interview
schedule is in Appendix G. The duration of each interview was about thirty minutes. At the
beginning of each interview, the objective of the study was introduced to the participants, and they
were informed that their collaboration was voluntary and their responses were confidential.
Creswell (2008) and Whiting (2008) recommend audio taping the interview because it allows the
interviewer to take a more relaxed, conversational approach with the participants rather than
focusing on writing down their experiences. The qualitative semi-structured interviews were audio
recorded after having obtained the consent of the participants and their parents. Audio recording
allows for a much fuller record than taking down notes. The audio recordings were subsequently

transcribed into text for close analysis.

| asked participants questions (see Appendix G) to get them talking, and | used extra questions
(see Appendix K) to prompt and probe them when | needed more information in response to their
comments. | appealed to the participants to be honest in their responses. | gave the participants

plenty of time to think about the questions, organise their ideas, react, or seek clarification on any
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areas they didn't understand. There was the possibility that participants would withhold certain
details in order to protect themselves or not want others to know personal information about them.
As a researcher who needed this information, | treated the participant with respect and vigilance
in order to maintain the interview's serious tone. During the interview, | tried to create a relaxed
atmosphere so that participants would feel free to answer the questions without feeling compelled
or afraid of my presence. While the interview was being audio recorded, | also took notes on my
observations of the participant, such as verbal and non-verbal clues that improve the significance
of the responses.

When doing individual face-to-face interviews, my goal was not to ask a specific number of
questions but to pose a few provocative questions and enable the person to react freely. According
to Williams (2022), an interview is a social encounter between a participant and the researcher,
not just a process of asking a set number of questions to collect data. As a result, Williams (2022)
recommends that the researcher should encourage participants to speak freely about the topic by

probing them appropriately to obtain depth in their comments.

Participants were able to talk about their understandings and experiences of COL in depth during
the interviews. They spoke clearly and confidently, and they were not hesitant or restricted in
sharing their experiences and thoughts with me. | was happy to see how honestly and willingly
individuals shared their experiences with me. It showed that they had faith in me and valued the
opportunity to share their stories.

As a validity check, | returned each interview transcript to each participant (face-to-face) to
evaluate and authenticate that they made those remarks; it was also an opportunity for them to add
or retract earlier comments. The goal of this procedure was to collect any additional information
that the participant could have forgotten during the interview. It could have been any fresh
information they had come upon while reading the transcript. All the participants agreed that I had
appropriately transcribed the interviews, and none of them requested that any of the responses be

added or removed.
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4.8 Data Generation Process

Data generation was done in two phases. | began by gathering quantitative data, analysing the
findings, and using the information to plan and advance to the second qualitative stage. The
qualitative phase's planned selection of participants and the questions which would be posed to
them were both influenced by the guantitative findings (Creswell, 2014). Having carried out the
quantitative survey with many participants (497), | then used qualitative semi-structured individual
interviews to collect detailed views from a few of these participants (16) to obtain their specific
views in a bid to help explain the initial quantitative survey.

4.9 Data Analysis

The research generated both quantitative and qualitative data. In line with an explanatory
sequential mixed methods design’s principles, quantitative data were first collected and analysed
followed by the collection and analysis of the qualitative data which were used to explain the initial

quantitative results.

4.9.1 Quantitative Data

Quantitative data gathered through students’ questionnaires provided numerical data that were
explored statistically and yielded a result that can be generalised to a larger population. The data
analysis included Cronbach’s Alpha, mean, standard deviation (SD), percentages, correlation,
independent t-test, exploratory and confirmatory factor analysis, and multiple regressions. For the
purpose of this research, quantitative statistical data obtained from the questionnaire survey was
analysed by making use of the Statistical Package for Social Sciences (SPSS) version 25 software
and the second-generation multivariate technique SmartPLS version 3. Then, after analysing the
correlations between the COLB and the ALB factors, PLS-SEM analysis (Hair et al., 2019) was
used to evaluate the relationships between the COLB factors and the ALB factors. The COLB
factors were considered as the predictor (exogenous) variables whereas the ALB factors were
processed as outcome (endogenous) variables (Chiou et al., 2012). McQuitty & Wolf (2013)
defined SEM as a system of equations that allows one to model the relationships between any
number of observed and unobserved (latent) variables. SEM is a method that is used to test and

improve theoretical models. It is used to test a model of the relations among the variables that the
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researcher hypothesises before the research is made, through data acquired from the research
(Kocakaya & Kocakaya, 2014). The partial least square structural equation modeling (PLS-SEM)

was used for analysis because of the existence of latent variables.

4.9.2 Qualitative Data

The analysis of the qualitative data (phase two of the study), served to explain the quantitative data
(phase one of the study). When the fieldwork was done, | was faced with a vast amount of data
and had to decide how to organise it. Analysing qualitative data, according to Williams (2022),
entails organizing and accounting for an explanation of the data. Williams (2022) explained that
making sense of data and recognizing patterns, themes, categories, and regularities are components
of qualitative data analysis. He furthermore contends that there are no set guidelines on how to
analyse and display qualitative data, but the type of analysis being conducted should exist by
binding with the principle of fitness for purpose. The qualitative data set for this study was

analysed by transforming it to explain the quantitative data set.

Qualitative data analysis consisted of three steps namely, data reduction, data simplification and
data transformation, all of which took place at the same time (Lester et al., 2020). The information
gathered during interviews was first transcribed into a word processing document before being
analysed (Flick, 2018, Howell Smith & Shanahan Bazis, 2021). Transcribing data entails
transferring information from an oral interview into a scripted format for review (Creswell, 2005).
Transcription was completed by me in order to protect the participants' anonymity. After
consultation with the participants, the face-to-face interviews were conducted in Mauritian Creole
(Kreol Morisien), their native language, to allow them easy expression of their opinions and to
obtain more data without being limited by a language barrier. Furthermore, | listened to the audios
many times before moving into the data transcription. We always think of transcription as a simple
and straightforward technical process, but it is actually a very careful task that requires judgment
and understanding, to present the data most effectively (Bailey, 2008). | transcribed the data
obtained from the interviews for all sixteen participants. | had to return to the raw data several
times to ensure that it correctly transcribed the rich data and accurately represented all the
occurrences. Nonetheless, the quotes were translated from Kreol Morisien (KM) to English under

the supervision of an expert translator.
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Qualitative data analysis is a process that seeks to reduce and make sense of vast amounts of
information. The data obtained through individual interviews of students were indexed using pre-
defined codes and new codes were added. The codes were then grouped into common, salient and
significant themes and that could shed light to the research questions. A preliminary qualitative
codebook (Guest, MacQueen, & Namey, 2012) was developed, that is, a table that contained a list
of predetermined codes based on the theory and the quantitative data analysis. The codebook was

allowed to develop and change according to the information obtained during the data analysis.

Coding can be characterised as a word or brief phrase that symbolically assigns a summative,
significant, essence-capturing, and/or evocative feature for a section of language-based or visual
data (Saldana, 2021). According to Skjott Linneberg and Korsgaard (2019), the basic coding
operation can be carried out in various ways. Simple colour coding with markers, with one colour
for each code, may suffice in smaller applications with less data. For this study, each of the COLB
and ALB subscales were identified in the text transcribed from the audio recording of the
interviews and colour coded with the highlighter from the Word software, with one colour for each
predetermined code. It was expected that new codes that were not anticipated at the beginning of
the study would emerge during the data analysis. Each new code identified from the interview data
was highlighted with a different colour (see Appendix K).

4.10 Trustworthiness of Qualitative Data

In order to meet the inquiry's trustworthiness expectations, | incorporated a few strategies
(Creswell, 2012). Validity in a mixed methods analysis refers to the researcher’s ability to draw
meaningful conclusions from all the data collected (Howell Smith & Shanahan Bazis, 2021). The
different issues addressed under both the quantitative and qualitative approaches should be
included in the data's trustworthiness in a mixed methods study (Bernard & Bernard, 2013).
According to Baxter and Jack (2008), using multiple data generation approaches strengthens the
data's legitimacy, compensates for individual shortcomings, and maximises the benefits of each

process.
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4.10.1 Credibility

The credibility of qualitative data can be ensured by using multiple views throughout data
gathering to ensure adequate data. This was accomplished through data triangulation, participant
validation or member checks, and rigorous data collection approaches.

4.10.2 Transferability

Because generalisability is not sought in qualitative research, qualitative data transferability
ensures that study findings are transferable to similar situations or persons. Clear assumptions and

contextual inferences regarding the research context and participants established transferability.

4.10.3 Dependability

Dependability refers to the extent to which the reader can be persuaded that the results of the report
are worthy of their attention and the analysis is of a good quality. The dependability of qualitative
data is proved by assurances that the results were established despite changes in the research setting
or participants during data collection. Again, thorough data collection techniques and procedures

helped to ensure the dependability of the final data set.

4.10.4 Confirmability

Confirmability of qualitative data is ensured when data is reviewed and rechecked throughout the
data collecting and analysis process to guarantee that the results are likely to be repeatable by
others. A clear coding scheme that identifies the codes and patterns observed in analyses helped

to document this. Finally, prior to analysis, a data audit assured dependability.

4.11 Validity and Reliability of Quantitative Data

“Validity is an essential criterion for evaluating the quality and acceptability of research” (Burns,
1999, p. 160). Therefore, it is imperative that the data and instruments be validated. To ensure
content validity, | asked two secondary school biology teachers to review the research instruments
and data following which questions were reviewed and difficult items rephrased. To enhance the

internal validity of the research data and instruments, | made use of triangulation by collecting data
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from multiple sources, that is, questionnaires and interviews. Through triangulation, I can obtain
both quantitative data and qualitative data to corroborate my findings. As each researcher has their
own particular values, beliefs, and worldviews, | tried to collect, analyse, and interpret data as
impartially as possible. | stuck to ethical rules and principles, performed the evaluation as
accurately as possible and reported the findings honestly. To ensure external validity, the research
has been designed in such a way that the findings can be generalised beyond the subjects under
investigation to a wider population. As a result, the validation and piloting procedures increased
the study's validity and reliability.

The reliability of research refers to the extent to which the same answers can be obtained using the
same instruments more than one time (Howell Smith & Shanahan Bazis, 2021). In quantitative
research, similar results can be obtained quite easily because the data are in numerical form. In
qualitative research, obtaining similar results is fairly demanding and difficult because the data are
in narrative form and subjective. Therefore, it is better to think in terms of the dependability and
consistency of the data which can be ensured through the use of three techniques: the investigator’s

position, triangulation and an audit trail.

To increase the reliability of the data findings, | explained the different processes of the inquiry,
elaborated on all the study’s aspects, detailed the study’s rationale, the study’s design and the
subjects. Gathering varied types of information through different sources enhanced the reliability
of the data and results. Detailed information on how the data were collected, how they were
analysed and how the results were obtained can help replicate the research and contribute to its
reliability. Other techniques included tape-recording interviews in order to obtain reliable and

reasonably complete records which improved the findings' credibility (Olton, 2012).

4.12 Synthesis

This study was conducted using a mixed methods approach founded on a pragmatic paradigm. Its
data collection and analysis were guided by an explanatory sequential mixed methods design. To
conduct an in-depth investigation of Mauritian upper secondary school students’ conceptions of
and approaches to learning biology, data were accumulated from twenty conveniently selected
schools comprising a total of 497 learners who | consider being representative of the population

of all upper secondary pupils studying biology. A survey questionnaire was used for quantitative
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data collection, while student interviews collected qualitative data. The quantitative data was
processed using SPSS version 25 and SmartPLS version 3 to generate descriptive statistical values
which were then used to identify the students' conceptions and ALB. The qualitative data analysis
(phase two of the study) served to explain the quantitative data (phase one of the study). As a
result, for the second (qualitative) phase of my research, I used a hybrid thematic content analysis
that combines deductive and inductive approaches. This study's findings are presented in the next
two chapters. Chapter 5 deals with quantitative data presentation and analysis while chapter 6 deals

with qualitative data presentation and analysis.
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CHAPTER 5
STUDENTS’ CONCEPTIONS OF AND APPROACHES TO LEARNING BIOLOGY:

QUANTITATIVE FINDINGS

5.1 Introduction

In Chapter 4, | justified my reason for adopting the pragmatic paradigm in terms of the mixed
methods approach, and provided the sampling strategy and data collection methods. Four research
questions (see Chapter 1) guided this study and the design of data collection instruments (see
Chapter 4). The questions explored upper secondary school students’ conceptions (COLB) of and
approaches to learning biology (ALB). These research questions were answered by interpreting
the data collected from both the questionnaire and the interviews. The quantitative data provided
answers to research questions 1 and 2 while the qualitative data provided answers to research

questions 3 and 4.

In this chapter, | explain the main findings of the quantitative research. Quantitative data were
obtained through a survey questionnaire administered to 497 Grade 11 biology students. The
responses of 497 students (N) were captured on SPSS 25 and were analysed. An exploratory factor
analysis (EFA) was used to scrutinise all factor structures and to decrease the items for each of the
two questionnaires (Williams, 2022). Results were then entered into a SEM to cater for structural
relations between students’ COLB and their ALB. The COLB factors were predictor variables and

the ALB factors were processed as outcome variables.

5.2 Students’ Responses to the COLB and ALB Questionnaires

To general tendencies regarding Mauritian upper secondary school students’ COLB and ALB,
descriptive statistics and inferential statistics were used for analysing the data. To get an overall
idea or picture of the data set, descriptive statistical parameters such as mean (M) and standard
deviation (SD) were utilised to classify the learners collectively in terms of their COLB and ALB.
To get the COLB and ALB data, the questions falling under each construct were grouped and then
the average scores were calculated. Subsequently, the mean agreement scores of the constructs

under each conception (see Table 5.1) and under each approach (see Table 5.8) were calculated.
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As mentioned in Chapter 4, this study used a two-part 5-point Likert scale survey questionnaire to
investigate students” COLB and ALB (see Appendix E). Items on the scale were coded where 5
represented strongly agree, 4 represented agree, 3 represented no opinion, 2 represented disagree,
and 1 represented strongly disagree. Therefore, for this survey, the mean agreement scale used
was: 1.00 - 1.99 indicating high disagreement, 2.00 — 2.99 indicating low disagreement, 3.00 —
3.99 indicating moderate agreement, and 4.00 — 5.00 indicating high agreement. The mean can be
used to represent the typical value and therefore serves as a yardstick for all
observations. Therefore, the mean was compared with the scale to determine whether the students
who participated in this study fell under “memorising, testing, calculating and practicing,
increasing one’s knowledge, applying or understanding and seeing in a new way” for COLB, and

whether they fell under “deep strategy, deep motive, surface strategy or surface motive” for ALB.

The standard deviations for each construct of the COLB (see Table 5.1) and ALB (see Table 5.8)
were also calculated. The SD is an important indicator of spread or dispersion. It tells us how far,
on average, the results are from the mean. Therefore, if the SD is small, then this tells us that the
results are close to the mean (more reliable), whereas if the SD is large, then the results are more
spread out (less reliable). One way to interpret the magnitude of the SD is to divide it by the mean.
This is called the coefficient of variation (CV). It shows the extent of variability in relation to the
mean of the population. The higher the CV, the greater the level of dispersion around the M. The
lower the value of the CV, the more precise the estimate. As a rule of thumb, a CV > 1 indicates a

relatively high variation while a CV <1 can be considered low (Simon, 2009).

To get a better and more detailed idea of the data set, the students’ responses to the items of the
COLB questionnaire are presented in Tables 5.2 to 5.7, while those of the ALB questionnaire are
presented in Tables 5.9 to 5.12. The constructs and their corresponding items are structured in a
sequence identical to that of the questionnaire (see appendix E). However, for ease of reference,
the “strongly agree” and “agree” have been summarised under one value and categorised as
“strongly agree and agree”. Likewise, the “strongly disagree” and “disagree” have been
summarised under one value and categorised as “strongly disagree and disagree.” Please refer to
Appendix F for the students’ responses to the 5-point Likert scale of the COLB and ALB

guestionnaires.
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5.2.1 Students’ Responses to the COLB Questionnaire

Section A of the questionnaire (see Appendix E), the COLB part, consisted of 6 COL with a total
of 37 items and the data were used to categorise learners according to their COLB. Table 5.1 shows
the average item scores and the standard deviations of the six extracted factors of the COLB for
the 497 students.

Table 5.1

Summary statistics for students’ responses to COLB

Conceptions Number of Mean Standard
participants M deviation
N SD
Memorizing 497 3.53 1.29
Testing 497 3.10 1.43
Calculating and practicing 497 2.80 1.51
Increasing one’s knowledge 497 4.16 0.96
Applying 497 3.74 1.13
Understanding and seeing in a 497 3.94 1.05
new way

Agreement scale: from 1.00 to 1.99 = very low agreement; from 2.00 to 2.99 = low agreement;

from 3.00 to 3.99 = moderate agreement; from 4.00 to 5.00 = high agreement.

Table 5.1 illustrated the mean agreement scores for the “increasing one’s knowledge” conception
(M =4.16, SD = .96) is high, which might suggest the students’ desire to increase their knowledge
while learning biology. Moderate mean agreement scores for “memorising” (M = 3.53, SD =1.29),
“testing” (M = 3.10, SD = 1.43) and “applying” (M = 3.74, SD = 1.13) implies that a considerable
number of the students make use of these conceptions during the process of learning biology.
“Calculating and practicing” (M = 2.80, SD = 1.51) was the only conception with a low mean
agreement score, suggesting that a smaller number of students make use of the “calculating and

practicing” conception. However, these results imply that Mauritian upper secondary school

87



learners are currently holding both higher-level and lower-level COLB, with a strong conception
of “increasing one’s knowledge.” The coefficient of variation (CV = standard deviation +~ mean)
for each construct is less than 1, indicating that the data points tend to be clustered around the
centre. All the six constructs have small standard deviations, indicating that results are close to the

mean and are reliable.
5.2.1.1 Memorising.

Table 5.2 depicts the responses of the participants towards the items under the “memorising”

construct.

Table 5.2

Conceptions of learning biology — Memorising

Memorizing Strongly No Strongly
Agree opinion Disagree
and % :u?d
Agree Disagree
% %%
M1 Learning biclogy means memonzing the definitions, 66.8 7.8 254

formulae, and laws found 1n a biology textbook.

M2 Learning biology means memorizing the important 78.2 91 127
concepts found in a biology textbook.

M3 Learning biology means memornzing the proper nouns 57.0 201 229
found 1n a biology textbook that can help solve the
teacher’s questions.

M4 Learning biology means remembering what the T4.5 8.4 17.1
teacher lectures about in the biology class.

M5 Learning biology means memorizing biological 64.6 173 181
symbols, biological concepts, and facts.

M6 Learning biology is just like learning history or 292 141 56.7
geography, the most important thing is to memorize
the content of the textbook.

M7 When learning biology, I need to memorize the 69.6 145 159
biological definttions and formulae well or T will
forget them.

As Table 5.2 illustrates, out of the seven items measuring the ‘memorising’ construct, six items
obtain a score of more than 57% of students who “strongly agree/agree” and only one item (M6)

scores less (29.2%). The results show that most of the students perceive “memorising” as part of
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the learning process in terms of memorising definitions, important concepts, laws, teachers’ notes,
symbols, formulae, facts, and what the teacher discusses in the biology class. However, 56.7% of
the students "strongly disagree/disagree” to item M6, which states that, “learning biology is just
like learning history or geography, the most" important thing is to memorise the content of the

textbook™.
5.2.1.3 Testing.

Table 5.3 shows the responses of the participants towards the items under the “testing” construct.
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Table 5.3

Conceptions of learning biology — Testing

Testing Strongly No Strongly
Agree opinion  Disagree
and o al?d
Agree Disagree

%o %o
T1 Leamning biology means getting high scores in 431 19.1 378
exainations.
T2 Ifthere are no tests, I will not learn biology. 321 10.3 576
T3 There are no benefits to learning biology other than 285 113 602
getting high scores in examinations. In fact, [ can get

along well without knowing many biological facts.

T4 The major purpose of learning biology is to get more 442 189 39
familiar with test materials

T35 1learn biology so that I can do well in biology-related 67.8 125 19.7
tests.

T6 There 1s a close relationship between learning biology 520 245 235
and taking tests.

T7 Leaming biclogy means answering the gquestions 491 183 326

correctly in the examination.

Table 5.3 reflects that out of the seven items measuring the “testing” construct, only two items (TS
& T6) get percentages of more than 52% of students who agree, while five items (T1, T2, T3, T4
& T7) are less than 50%. The responses of the students show that they tend to “strongly
agree/agree” that the idea behind testing is to answer questions correctly in examinations (49.1%)
and to ensure that they will familiarise themselves with test materials (44.2%) despite the fact that
many of them (24.5%) could not decide on whether there is a close association between taking
tests and learning biology. The response to item T3 shows that 60.2% of the students “strongly
disagree/disagree” that testing is not an important requirement for them to learn biology and

biological facts, while their response to item T2 shows that 57.6% of them “strongly

disagree/disagree” that if no test was done, they would not learn biology.
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5.2.1.4 Calculating and Practicing.

Table 5.4 shows the responses of the participants towards the items under the “calculating and

practicing” construct.

Table 5.4

Conceptions of learning biology — Calculating and Practicing

Calculating and Practicing Strongly No Strongly
Agree opinion  Disagree
and o al?d
Agree Disagree

% %%
CP1 Leaming biology involves a series of calculations and 251 151 598

problem-solving.

CP2 T think that learning calculation or problem-solving 433 181 386
will help me improve my performance in biology
courses.

CP3 Leaming biology means knowing how to use the 46.5 18.9 346

correct formulae when solving problems.

CP4 The way to learn biology well 1s to constantly practice 297 185 518
calculations and problem solving.

CP5> There 1s a close relationship between learning biology, 38.1 220 399
being good at calculations, and constant practice.

CP6 Leaming biology means constantly practicing 273 189 538
calculations and problem solving.

As Table 5.4 indicates, all the six items measuring the construct “calculating and practicing” get
percentages of less than 47% of students who “strongly agree/agree”. Three items (CP1, CP4 &
CP6) get percentages of more than 51% who “strongly disagree/disagree”. However, when we
analyse each item in this scale on its own, we find that for three (CP2, CP3 & CP5) out of the six
items, students could not decide on how they felt. This is a limitation of the Likert scale

guestionnaires.
5.2.1.5 Increasing One’s Knowledge.

Table 5.5 shows the responses of the participants towards the items under the “increasing one’s

knowledge” construct.
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Table 5.5

Conceptions of learning biology — Increasing one’s knowledge

Increasing one’s Knowledge Strongly No Strongly
Agree opinion Disagree
and o :“Td
Agree Disagree

%o %
IK1 Leaming biology means acquining knowledge that I 858 8.2 6.0

did not know before.

IK2 I am learning biology when the teacher tells me 829 109 6.2
biological facts that [ did not know before.

IK3 Learning biology means acquiring more knowledge 821 99 8.0
about natural phenomena and topics related to nature.

IE4 Leaming biology helps me acquire more facts about 82.7 8.5 8.8
nature.

IK5 T am learning biology when I increase my knowledge 757 133 10.8

of natural phenomena and topics related to nature.

Table 5.5 depicts that over 75% the students agree with the five items on the scale measuring the
“increasing one’s knowledge” construct, and that the percentages of responses with “no opinion”
do not affect the pattern. The students believe that learning biology means acquiring and increasing
their knowledge about nature, biological facts, natural phenomena and other topics that they did

not know about before.
5.2.1.6 Applying.

Table 5.6 shows the responses of the participants towards the items under the “applying” construct.
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Table 5.6

Conceptions of learning biology — Applying

Applying Strongly No Strongly
Agree and opinion Disagree
Agree % ;:d
isagree
o g
%
Al The purpose of learning biology 1s learning how to 387 239 174
apply methods I already know to unknown problems.
A? Learning biology means learning how to apply 388 217 195
knowledge and skills I already know to unknown
problems_
A3 We learn biology to improve the quality of our lives. 819 89 92
A4 Learning biology means solving or explaining 56.9 256 17.5
unknown questions and phenomena.
A5 Learning biology means acquiring knowledge and 697 171 132
skills to solve the problems happened in the real life.
A6 Learning biology means acquiring knowledge and 732 143 12.5

skills to enhance the quality of our lives.

As seen in Table 5.6, around 56% of the students expressed their agreement with the six items on
the questionnaire that measured “applying” as a conception of learning biology, with item A3
obtaining the highest score (81.9%). The data show that students feel that learning biology enables

application of methods, skills and knowledge to unknown problems, solve real life problems, and

subsequently improve the quality of lives.

Table 5.7 depicts the responses of the participants towards the items under the “understanding and

5.2.1.7 Understanding and Seeing in a New Way.

seeing in a new way” construct.
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Table 5.7

Conceptions of learning biology — Understanding and seeing in a new way

Understanding and seeing in a new way Strongly No Strongly
Agree opinion Disagree
and 0 :ll?d
Agree Disagree
% Yo
US1 Learning biology means understanding biological 827 99 74
knowledge.
US2 Learning biology means understanding the connection 725 191 84
between biological concepts.
US3 Learning biology helps me view natural phenomena 781 125 94
and topics related to nature in new ways.
US4  Learning biology means changing my way of viewing 725 153 12.0
natural phenomena and topics related to nature.
US5 Leaming biology means finding a better way to view  77.6 15.6 6.8
natural phenomena or topics related to nature.
US6 T can learn more ways about thinking about natural 67.0 19.1 139

phenomena or topics related to nature by learning
biology.

Table 5.7 demonstrates that more than 67% of the students “strongly agree/agree” to the six items
that measure the COL of “understanding and seeing in a new way.” Despite the considerable
percentage of “neither disagree nor agree” on all items in the scale (ranging from around 10% to
19%), there is a clear-cut pattern whereby learning biology is seen as comprehending biological

knowledge, concepts, natural phenomena or nature related topics, changing and finding better

ways to view them.

5.2.2 Students’ Responses to the ALB questionnaire

The ALB survey questionnaire had 27 items and the resulting rich data served to categorise
students as adopting a deep motive, deep strategy, surface motive or surface strategy to learning

biology.
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Table 5.8 shows that pupils attained moderate mean scores for “deep motive,” “deep strategy,’
“surface motive,” and “surface strategy.” These results imply that upper secondary school students
in Mauritius are inclined to have both deep and surface ALB, with mixed motives and strategies
for learning biology. The coefficient of variation (CV = standard deviation + mean) for each
construct is less than 1, indicating that the data points tend to be clustered tightly around the centre.
All four constructs have small standard deviations, indicating that results are close to the mean and
are reliable. Table 5.8 presents the average item scores along with the standard deviations of the
four extracted factors of the ALB for the 497 students.

Table 5.8

Summary statistics for students’ responses to ALB

Approaches Number of Mean Standard
participants M deviation
N SD
Deep motive 497 3.66 1.32
Deep strategy 497 3.64 1.20
Surface motive 497 385 142
Surface strategy 497 3.09 1.61

Agreement scale: from 1.00 to 1.99 = very low agreement; from 2.00 to 2.99 = low agreement;
from 3.00 to 3.99 = moderate agreement; from 4.00 to 5.00 = high agreement.

Table 5.9 to Table 5.12 represent each construct with its corresponding items of measurement and
the frequency of disagreement and agreement for individual items of the ALB questionnaire.
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5.2.2.1 Deep Motive.

Table 5.9 illustrates the responses of the participants to the items under the “deep motive”

construct.

Table 5.9

Approaches to learning biology — Deep motive

Deep motive Strongly No Strongly
Agree opinion  Disagree
and o :ll?d
Agree Disagree
%o %%
DMI1 1 find that at times studying biology makes me feel T1.5 153 132
really happy and satisfied.
DM2 T feel that biology topics can be highly interesting 80.3 10.1 96
once [ get into them.
DM3 I work hard at studying biology because I find the 66.0 183 157
material interesting
DM4 T always greatly look forward to go to the biology 670 165 16.5
class.
DMS5 1 spend a lot of mv free time finding out more 515 183 30.2

about interesting topics which were discussed in the
biology class.

DM6 1 come to the biology class with questions in my 678 18.1 14.1
mind that I want to be answered.

DM7 1 find that I continually go over my biology 44.5 247 30.8
classwork in my mind even whenever I am not in
the biology class.

[
[
]

DMSE 1 like to work on biology topics by myself so that I 575 203

can form my own conclusions and feel satisfied.

Table 5.9 shows that more than 51% of the students “strongly agree/agree” with the items of the

“deep motive” construct except for one item, DM7 (44.5%). A considerable percentage (24.7%)
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could not decide on whether or not they found themselves continuously going over their biology
classwork even if they were not in class. However, a high percentage of students (80.3%) find
biology topics of interest once they get into them. Most of the students also feel that learning
biology makes them feel happy and satisfied and enables them to form their own conclusions.
Most of the students also view that learning biology through a deep motive signify looking forward
to going to biology class, to seek answers to the questions that are in their minds and to discuss

what was done in class.
5.2.2.2 Deep Strategy.

Table 5.10 depicts the responses of the participants to the items under the “deep strategy”

construct.

Table 5.10

Approaches to learning biology — Deep strategy

Deep strategy Strongly No Strongly
Agree opinion Disagree
and 0 :ll?d
Agree Disagree
%o %
D51 I try to relate what I have learned in biology to what I 596 195 209

learn in other subjects.

D52 1 like constructing theories to fit odd things together 30.7 276 217

when I am learning biology topics.

D53 I try to find the relationship betiween the contents of 63.6 221 143
what I have learned in biology.

DS54 T try to relate new material to what [ already know 60 6 209 185
about the topic when I am studying biology.

D55 Itry to understand the meaning of the contents [ have 737 121 142
read in biology textbooks.

DS6 1 can ask myself, possibly, to understand the subject 675 235 90
matter I have learned 1n the biology class.
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Table 5.10 depicts that over 50% of the students “strongly agree/agree” with the six items of the
“deep strategy” construct. However, a considerable percentage of respondents opted for ‘neither
disagree nor agree’ ranging between 12% to 28%. Nevertheless, most of the students try to relate
what they have learned in biology classes to other classes, construct theories to fit odd things
together, and find the relationship between contents. They also try to question themselves on the
subject, understand their meaning, find interconnected concepts in biology and relate new material

to what they already know.
5.2.2.3 Surface Motive.

Table 5.11 shows the responses of the participants towards the items under the “surface motive”

construct.

Table 5.11

Approaches to learning biology — Surface Motive

Strongly No Strongly

Agree opinion Disagree
Surface motive and o and
Agree Disagree
%o %%
SM1 Iam discouraged by a poor mark in biology tests and 72.0 11.7 16.3
worry about how [ will do on the next test.
SM2  Even when I have studied hard for a biology test, [ 652 129 189
worry that [ mav not be able to do well in it
SM3 I worry that my performance in the biology class may 63.6 15.7 187
not satisfy my teacher’s expectations.
SM4 T want to get a good achievement 1 biology so that [ 739 137 124
can get a better job in the future.
SMS5 I want to do well in biology so that I can please my 67.6 139 185
family and the teacher.
SM6  No matter if T like it or not, I know that getting a good 711 165 124

achievement in biology could help me to get an ideal
job in the future.
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As demonstrated in Table 5.11, over 65% of the students “strongly agree/agree” to the six items
measuring the “surface motive” construct. The students are discouraged by poor marks and are
worried of their inability to do well in tests and inability to satisfy their teachers’ expectations.
Their fundamental aims of learning biology seemed to be the desire to please one’s family and is
linked to getting a job.

5.2.2.4 Surface Strategy.

Table 5.12 displays the responses of the participants to the items under the “surface strategy”

construct.

Table 5.12

Approaches to learning biology — Surface Strategy

Surface strategy Strongly No Strongly
Agree opinion Disagree
and ”% ill?d
Agree Disagree
% %
581 1 see no point in learning biology materials that are 252 251 497

not likely to be on the examinations.

552 As long as I feel I am doing well enough to pass 389 227 384
the examination. I devote as litile time as [ can to
studying biology. There are many more mteresting
things to do with my time.

5583 I, generally, will restrict my study to what is specially 26.5 28.0 455
set because I think it 1s unnecessary to do anything
extra in learning a biclogy topic.

5584 1 find that studving each topic in depth is not helpful 340 213 447
or necessary when [ am learning biology. There are
too many examinations to pass and too many subjects
to be learned.

585 I find the best way to pass biology examinations is to 583 139 278
try to remember the answers to likely questions.

556 When learning biology, I try to memorize the content 68.0 133 18.7
again and again till [ remember it very well.
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Table 5.12 shows that most of the students find that memorising is the key aspect of passing the
subject, for example, memorising answers to potential questions and content without the need of
understanding them. Most of them also stated that the easiest way to pass biology examinations is
to try to remember the answers to likely questions and to try to memorise the content repeatedly
until they remember it very well. However, for four items (SS1, SS2, SS3 & SS4), a considerable
percentage (21% to 28%) of the students neither “strongly agree/agree” nor <strongly
disagree/disagree” on whether or not they would devote time to study non-examinable materials,
learn in depth or do anything extra apart from what is required to pass the examinations in biology.

5.3 Identifying Learning Conceptions and Learning Approaches

As conveyed in Chapter 4, this research is based on a 37-item COLB questionnaire and a 27-item
ALB questionnaire. An exploratory factor analysis (EFA) was conducted on the 37 conceptions
COL items and on the 27 AL items within their respective questionnaire. EFA is a statistical
method that increases the reliability of the scale by identifying inappropriate items that can be
removed. EFA was used because “its key objective is reducing a larger set of variables to a smaller
set of factors, fewer than the original variable set, but capable of accounting for a large portion of
the total variability in the items” (Williams, 2022). Therefore, for this study, EFA was adopted to
identify clusters within the various items on the COLB and ALB questionnaires and to reduce the
number of items to simplify results pertaining to COL and AL. As recommended by Howard
(2016), only those items with loadings exceeding .4 were retained. The SPSS version 25 was used

for all EFA analyses.

Prior to carrying out the EFA of the COLB and ALB questionnaires, | examined two indicators,
the Keiser-Meyer-Olkin (KMO) which measures sample adequacy together with the Bartlett’s test
of sphericity which determines the adequacy of the sample (N = 497) for this type of analysis.
KMO returns values between 0 and 1 (Williams, 2022). Any variable used during the calculation of
the overall KMO value must exceed 0.50. If the KMO value is close to 1, it shows that the correlation

patterns are rather compact, and the factor analysis will give reliable factors (Field, 2013).

To identify learning conceptions, learning approaches and their respective items, a promax oblique
rotation was done on the scores of the COLB and the ALB. The promax oblique rotation was

chosen because this suited the sample size (N = 497) used in this study and better captured the
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items (Brown, 2009). Orthogonal rotation was deemed inappropriate as the Component
Transformation Correlation for COLB (see Appendix G) exceeded the conventional level of + .32
(Brown 2009). Besides, the psychological approach has proven that concepts are interrelated
(Field, 2013) and, hence, assuming orthogonal rotations, especially in the COL and AL would
yield misleading results. The number of factors to be eventually retained was based on Eigen

values more than 1 and scree plots.

5.3.1 Identifying Learning Conceptions

To establish the adequacy of the sample (N = 497) for the factor analysis of the COLB
questionnaire, I examined the determinant, the Bartlett’s Test and KMO measure of sampling

adequacy (Williams, 2022). Results are displayed in Table 5.13.

Table 5.13

Determinant, KMO and Bartlett’s Test

Determinant 0.006
Kaiser-Mever-Olkin Measure of Sampling Adequacy 0.797
Bartlett’s Test of Sphericity Approx. Chi-Square 2521.744
Degrees of Freedom 276
p-value 0.000

As Table 5.13 confirms, there is no problem with multicollinearity, as the determinant is above the
required .00001 level. The KMO measure ensures the adequacy of the sample before results from
EFA may be interpreted. The conventional level of KMO should exceed .7 (Field, 2013). The
sample size is good, as advocated by Howard (2016) since the KMO measure is around .8. The
highly significant coefficient (p <.001) of Bartlett’s Test confirms the existence of clusters. Items
on the questionnaire are sufficiently correlated to form different COL. Therefore, these items are
quite suitable for further factor analysis. Consequently, further factor analysis was performed on
the 37 COLB items within the questionnaire to reduce the number of items to simplify results

pertaining to conceptions of learning. For each conception, only those items with loadings
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exceeding .4 were retained (see Table 5.14). The commonality value, which is always equal to 1.0
for correlation analyses, is also a deciding factor to include or exclude a variable in the factor

analysis. Communalities for COLB are displayed in Appendix H.

As Table 5.14 indicates, around 53% of variations in COL are explained by the following six

2 13

components: ‘“calculating and practicing,” “exploring real life and natural phenomena,”
“increasing one’s knowledge”, “testing,” “memorising,” and “applying.” Table 5.14 presents the

factor loadings of the items of the six components of COLB.
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Table 5.14

Pattern Matrix for COLB

Items and Conceptions 1

Loadings

Calculating and practicing

The way to learn biology well is to constantly practice 0.787
calculations and problem solving.
Leaming biology means constantly practicng caleulations and 0737
problem solving. o
Leaming biology involves a series of caleulations and
problem-solving. 0714
I think that leaming caleulation or problem-solving will help
me improve my performance in biology courses. 0.634
Rtk

Leaming biclogy means mowing how to use the comrect
formulae when solving problems.

0.629
There 13 a close relationship betwean learming biology, being
good at caleulations, and constant practice.

0.614

Exploring real life and natural phenomena

Leaming biology means finding a better way to view natural phenomena or
topics related to nature.

Leaming biology means acquiring Imowledpe and skills to enhance the
quality of our lives.

We learn biclogy to improve the quality of our lives.

I can leam more ways sbout thinking zbout natural phenomena or topics
related to nature by learmning biology.

Learming biology means acquiring kmowledge and skills to solve the
problems happened n the rezl life.

I am leaming biology when I increase my kmowledge of natural phenomena

znd topics related to nature.
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0.677
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Increasing One’s Knowledge

I am learnimg biclogy when the teacher tells me biclogical facts that
I did not kmow before.

Learmng biology means acquiring kmowledge that I did net Imow
before.

Learmng biology means acquinng more kmowledge about natural

phenomena and topics related to nature.
Testing

There iz a close relationship betwzen leaming biology and taking
tests.

I learn biology so that I can do well in biology-related tests.
Learnmg biology means getting hugh scores in examinations.

Learning biology means answering the questions cormectly in the

exXAmmation

Memorizing

Learning biclogy means memorizing the definitions, formulae,
and laws found in a biology textbook.

Leamning biclogy means memeorizing the proper nouns found
in a biology textbook that can help solve the teacher’s

questions.

Leaming biology means remembering what the teacher
lectures about in the biology class.

Applying

The purpose of leaming biclogy is leaming how to apply
metheds I already kmow to unkmoewn problems.

Leaming biclogy means leaming how to apply kmowledge and
skills T already know to unknown problems.

0.830

0.621

0717

0.654

0.635

0.5%0

0.831
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Summary Statistics for EFA on COLB

Calcnlating Exploring Increasing Testing Memorizing Applyios

and real life and Ome's

Practicing natural Knowledge

phenomena

Total 18.00% 11.14% 1.67% 365% 542% 4.73%
Variance
Explamed
Eigenvalues 4313 24673 L840 1355 1302 L1335
Cronbach 0.787 0.763 0.649 0.582 0.508 0.628

Alpha

Rotation converged in 6 iterations.

Total variance explained = 53%

Thus, the theoretical model converges towards six components which are in line with the
theoretical framework discussed in Chapter 3. However, this research introduced a new element
of COLB which is “exploring real life and natural phenomena.” | did not find the emergence of
the conception “understanding and seeing in a new way” as put forward by Lee et al. (2008). For
each component, only items with factor loadings greater than 0.4 were retained. A total of 24 items

for six factors were retained for further analysis.

As seen in Figure 5.1, the scree plot shows that the inflection point occurs at the 7th component,
thus justifying the six components extracted from the analysis. All eigenvalues of the six

components exceed 1 as required by the Kaiser criterion (Kaiser, 1960).
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Figure 5.1

Scree Plot for COLB

Figure 5.1: Scree Plotfor COLB
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In Table 5.14, the first component “calculating and practicing” explains the highest percentage of
variances in COLB (18%), followed by “exploring real life and natural phenomena” (11%),
“increasing one’s knowledge” (7.7%), “testing” (5.7%), “memorising” (5.4%) and “applying”
(4.7%). The results seem to imply that Mauritian upper secondary school students prioritise
“calculating and practicing” over the other conceptions. They place the greatest emphasis on this
COLB.

However, Table 5.4 shows that they display negative attitudes towards the idea that learning
biology involves the use of formulae, a series of calculations and constant practice if they want
good performances in biology (M = 2.80, SD = 1.51). The second component the students prioritise
is entitled ‘exploring real life and natural phenomena’. They study more to acquire and increase
knowledge so as to solve nature related and real-life problems and to ultimately improve their
quality of life (M = 3.92, SD = 1.08). This component is a contribution to the theoretical

framework. The third COLB is “increasing one’s knowledge,” suggesting that the learners believe
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in attaining knowledge that they did not have before, especially about facts and natural phenomena
(M =4.22, SD = .88).

The fourth conception is “testing,” suggesting that they learn biology to perform well in tests and
score high marks in examinations (M = 3.34, SD = 1.46). The fifth conception is “memorising,”
suggesting that the students believe that it is important to memorise definitions, laws, formulae,
proper nouns and whatever the teacher lectures in class (M = 3.60, SD = 1.31). The EFA results
show that the last COLB, according to the students, is “applying,” suggesting that they believe that
learning biology is synonymous to applying the knowledge, skills and methods to unknown
problems (M = 3.74, SD = 1.13).

5.3.2 Identifying Learning Approaches

To determine whether the sample (N = 497) was adequate for the factor analysis of the ALB
questionnaire, | examined the determinant, the KMO measure of sampling adequacy and Bartlett’s
Test (Williams, 2022). The results are displayed in Table 5.15.

Table 5.15

Determinant, KMO and Bartlett’s Test

Determinant 0.017
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.837
Bartlett’s Test of Sphericity Approx. Chi-Square 2005.664

Degrees of Freedom 153
p-value 0.000

As seen in Table 5.15, the constructs are not multicollinear as the determinant coefficient is above
the required 0.00001 level. The sample size is good as advocated by Howard (2016) since the
Kaiser Meyer Olkin measure exceeds 0.8. Therefore, the sample size is sufficient to conduct factor
analysis. The Bartlett’s test for sphericity reveals a highly significant coefficient (p < .001) and
thus items are adequately correlated to form subgroups. Therefore, these items are quite suitable
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for further factor analysis. Consequently, further factor analysis was conducted on the 27 ALB
items within the questionnaire to reduce the number of items so as to simplify results pertaining to
COL. Only those items with loadings exceeding .4 were retained (see Table 5.15). Communality
value, which is always equal to 1.0 for correlation analyses, is also a deciding factor to include or
to exclude a variable in the factor analysis. Communalities for ALB are displayed in Appendix G.
Table 5.16 shows the factor loadings of the items of the four components of approaches to learning

biology.

Table 5.16

Pattern Matrix for ALB

Items and Conceptions

Loadings

Deep motive

I find that at imes studying biology makes me feel really happy and satisfied. 0.7553
I always greatly lock forward to go to the biolegy class. 0.728
I 'work hard at studying biology because I find the material interesting. 0.733

I spend a lot of my free time finding out more about interesting topics which 0.699

were discussed in the biology class.

I feel that biology topics can be hizhly interesting once I get into them.

0.630
I find that I contmually go over my biolegy class work in my mind even 0.602
whenever I am not in the biclogy class. o
I come to the biology class with questions in my mind that T want to be
answered. 0317
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Surface strategy

L, generally, will restrict my study to what 15 specially set because I think 1t 0.763
1z unnecessary to do anything extra m leaming a biology topic.

I see no point m learming biology materials that are not likely to be on the

0.695
examinations.
Az long az I fzel I am demng well enough to pass the examination, I devote
as little time as I can to studying biclogy. There are many more Interesting 0654
things to do with my time.
I find that studyving each topic in depth 1z not helpful or necessary when I
am learming biclogy. There are too many examinations to pass and too many
subjects to be leamed. 0.672
Deep strategy
I like constructing theories to fit odd things together when I am leaming 0.764
biology topics.
I try to relate what I have leamed in biclogy to what I leamn in other subjects. 0710
[ i1y to find the relationship between the contents of what I have leamed in 0.666
biology. '
Surface motive
Even when [ have studied hard for 2 biclogy test, I worry that [ may not be 0.782
gble to do well mn it.
I worry that my performance in the biology class may not satisfy my 0751
teacher’s expectations. -
I am discouraged by a poor mark in biclogy tests and worry about how I will
do on the next test. 0.748
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Summary Statistics for EFA on ALB

Deep motive Surface strategy Deep strategy Surface motive
Variance Explained 23.94% 12 4% 8.78% 6.16%
Eigenvalues 4309 2247 1.381 1109
Cronbach Alpha 0.801 0.624 0.678 0.657

Rotation converged in 5 iterations.

Total variance explained = 51%

Table 5.16 depicts that around 51% of variations in approaches to learning are explained by four
components: deep motive, surface strategy, deep strategy, and surface motive. Thus, the model
extracts only 4 components which align with the theoretical framework proposed in Chapter 3. For
each component, only items with factor loadings greater than 0.4 were retained (Howard, 2016).

A total of 18 items for 4 factors were retained for further analysis.

As seen from Figure 5.2, the scree plot shows that the inflection point occurs at the 5™ component
thus justifying the four components extracted from the analysis. As per the Kaiser criterion, all
eigenvalues of the four components exceed 1 (Kaiser, 1960).
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Figure 5.2

Scree Plot for ALB

Figure 5.2: Scree Plot for ALB
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The items within the four components are displayed in Table 5.16. The deep motive approach to
learning biology has the highest score (24%), followed by the surface strategy (12.5%), deep
strategy (9%) and surface motive (6%). The results suggest that Mauritian upper secondary school
learners primarily value the “deep motive” approach to learning biology. It makes them happy and
enthusiastic. They simultaneously look for interesting topics and go to class to seek answers to
their questions (M = 3.67, SD = 1.30). Secondly, the students adopt the ““surface strategy” approach
(M =2.80, SD = 1.57). They do not believe that they should devote little time to studying biology
to pass their examinations. The students “strongly agree/agree” that they should study non-
examinable materials and they do not believe that studying a topic in-depth does help them.
Thirdly, the “deep strategy” approach was used by the students (M = 3.56, SD = 1.26). The students
“strongly agree/agree” that they use this approach to construct theories and connect content. They
also relate new things and other subjects to what they have learnt in biology. The last approach to

learning biology as rated by the students is the “surface motive” (M = 3.78, SD = 1.45). The
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students expressed their concerns about not passing a test despite the fact that they had studied
hard, not doing well in future tests once they score low marks and not meeting their teachers’

expectations.

5.4 Structural Equation Modeling

Once the Exploratory Factor Analysis (EFA) was done and the six components for COLB and four
components for ALB were extracted, SEM analysis was carried out to determine the extent to
which the theoretical model is supported by sample data (Sarstedt et al., 2017). SEM tests
theoretical models by using the scientific method of hypothesis testing, enabling us to better
comprehend the complicated relationships among constructs. Confirmatory factor analysis (CFA)
is the measurement part of SEM, which shows relationships between latent variables and their
indicators (Brown, 2015). CFA is used to confirm and trim these constructs and items
(measurement model). SEM is used to confirm if relationships exist between these items and
constructs (structural model). The SmartPLS version 3 which is a second-generation technique for

multivariate regression was used for the structural equation modeling (Ringle et al., 2015).

A confirmatory factor analysis (CFA) was performed to assess the theoretical framework proposed
in Chapter 3 and the research model proposed in Chapter 4. It should be noted that the component
“understanding and seeing in a new way” was not found in this study and instead ‘exploring real
life and natural phenomena’ was extracted through EFA. Thus, the theoretical framework and
research model were modified to include this component. The structural model consists of four
latent variables namely, lower-level conceptions, higher-level conceptions, surface approaches,
and deep approaches. The latent variable, lower-level conceptions, included items from the three
components namely, “testing, calculating and practicing, and memorising”. The latent variable,
higher-level conceptions, included items from the three components namely, “exploring real life
and natural phenomena, applying, and increasing one’s knowledge”. The latent variable surface
approaches were constructed from the constructs surface motive and surface strategy. However,
the latent variable, deep approaches, were constructed from the constructs of the deep motive and

deep strategy. All latent variables were measured reflectively.
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5.4.1 The Measurement Model

As per Wong (2013), all items with low outer loadings whereby if the square of the indicator
loadings failed to meet at least the value of 0.4 were deleted from further analysis to ensure
indicator reliability. Table 5.16 illustrates the items retained under each construct and their

respective indicator reliability, t-statistics, p-values, and confidence intervals.

Table 5.17

Indicator Reliability and t-statistics

Item: on the questivnnaire Loadings Indicator T Statistics P-valuez Confidence Intervals
relinbility

Higher-level concaptions Lower limit Upper limit

Al 0.702 0493 12.107 0.000 0.618 0,763

IES 0.721 0.520 11.001 0.000 0.644 0.778

s 0.708 .501 18.117 0.000 0.610 0.775

754 0.768 0.500 15.500 0000 0698 0.E17

Pl 0.587 0.472 17.773 0000 0607 0757
P2 0.732 1.536 11307 0.000 0.660 0.705
PR3 0.704 0408 12.061 0.000 0.623 0768
ZP4 0.504 454 18568 0.000 0611 0.761
P 0.707 0.500 12711 0.000 0.628 0.770
Dagp approshes

DMl 0.732 1546 13.015 0.000 0.667 0.704
Dih2 0781 1.610 30.181 0.000 0713 0.B25
Dh3 0.770 0503 30.131 0.000 0.712 0812
D54 0.710 0504 13818 0.000 0.644 0.764
Surface approaches

3kl 0.7 0.623 12.536 0.000 0.656 0.200
5E3 0.707 0.500 0.087 0000 0.518 0812
54 0.728 0.530 0.647 0000 0.547 0B850

Note. A = applying, IK = increasing one’s knowledge, US = understanding and seeing in a new
way, CP = calculating and practicing, DM = deep motive, DS = deep strategy, SS = surface strategy
(see Appendix E).
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As seen in Table 5.17, all loadings of each reflective construct are either close or above .7 and
these are highly statistically significant (p < .001). None of the confidence intervals included a
zero, thereby upholding the significance of each item in each construct (Sarstedt et al., 2017,
Sarstedt et al., 2021).

In Table 5.18, the reflective latent variables show good internal consistency reliabilities. In Partial
Least Square Structural Equation Modeling, Dijkstra and Henseler (2015) advocated the use of
composite reliability instead of Cronbach alpha. The coefficients of the composite reliability of
each reflective exceed 0.8. A general rule is that 0.6 — 0.7 indicates an acceptable level of
reliability, whereas above 0.8 indicates very good reliability (Hulin et al., 2001). Table 5.18
confirms that this research meets the requirements for convergent validity as ensured by the
Average Variance Extracted (AVE) values above 0.5. This implies that each latent variable
captures above 50% of the variations that it seeks to represent. At least 80% of variations is being
explained by each construct used for this research, which indicates very good reliability.

Table 5.18

Construct Reliability and Convergence Validity

Latent variables Cronbach Alpha Composite Average Variance
Reliability Extracted (AVE)

Deep approaches 0.743 0838 0.563

Higher-level conceptions  0.701 0816 0.527

Lower-level conceptions  0.733 0.831 0.500

Surface approaches 0.619 0.832 0.561

Discriminant validity was examined by the Fornell and Larcker (1981) criteria, the Heterotrait-
Monotrait (HTMT) ratio and cross loadings (Klein & Rai, 2009). The values are displayed in tables
5.19a and 5.19b.
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Table 5.19a

Discriminant Validity — Fornell Larcker Criterion

Deep Higher-level Lower-level Surface
approaches conceptions conceptions  approaches
Deep approaches 0.751
Higher-level conceptions  0.505 0.725
Lower-level conceptions  0.29 0.209 0.742
Surface approaches 0.111 0.149 0.003 0844

Table 5.19b

Discriminant Validity - HTMT

Deep Higher-level Lower-level Surface

approaches conceptions conceptions approaches

Deep approaches

Higher-level conceptions  0.681

Lower-level conceptions 0377 0.291

Surface approaches 0.160 0223 0.094

As per Fornell and Larcker (1981), none of the correlations relating to the latent variables exceed
the square root values of AVE. Also, the HTMT values are below 0.85 and the cross-loadings of
each indicator ensure that each indicator has the highest loadings in its respective construct. These
support the fact that the constructs differ from one another. Similarly, all cross-loadings were
examined. All items have the highest loadings in their respective components. All three measures
of discriminant validity support the fact that each construct is sufficiently distinct from the other

and all constructs can be used for further analysis.
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The measurement model represents the theory that specifies how measured variables or constructs
come together to represent the theory. It examines the relationship between the latent variables or
constructs and their measures. All items with outer loadings lower than 0.4 were deleted from

further analysis to ensure indicator reliability (see Table 5.16). Figure 5.3 depicts the proposed
measurement model.

Figure 5.3

The Measurement Model
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The Standardised Root Mean Square Residual (SRMR) value of 0.076 confirms the model, as a
good fit value lies below 0.08 for the PLS-SEM approach within the Smart PLS software (Sarstedt
etal., 2021). The model is stable and stops after 7 iterations. Geisser (1975) and Stone (1974) state
that predictive relevance can be ensured if the cross-validated redundancy Q? value is above zero.
Here the predictive accuracy for deep approaches and surface approaches are guaranteed with Q2
values of .15 and .013, respectively. Also, according to the benchmarks provided by Hair et al.

(2011), Chin (1998) and Henseler et al. (2009), the proposed model (Figure 5.3), indicates weak
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predictive accuracy (R? = .31) for deep approaches whereas the R? values for higher level

conceptions and surface approaches are very low coefficients (R?= .06 and R?= .03, respectively).
5.4.2 The Structural Model

The bootstrapping method of the software Smart PLS-3 was executed to analyse the structural
model. This technique is a re-sampling procedure whereby 5000 sub-samples are used to generate
path coefficients and t-statistics. The path coefficient (f value) shows the extent to which the
predictor construct is related to the outcome construct and the significance of this association is
indicated by T-statistics (Sarstedt et al., 2021). Figure 5.4 shows the path diagram of the
hypothesised path relationships among the constructs tested by the structural equation model and
Table 5.20 shows the results of the path analysis.

Figure 5.4

The structural model
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Table 5.20

Results of Hypothesis Testing

Hypothesis Path T P-value Confidence Supported
values statistics Intervals
[li]] Lower Upper
limit limit
H1l lower-level -= surface approaches 0.085 1324 0.128 -0.030  0.180 No
H2 lower-level -= deep approaches 0.21n 5.323 0.000 0.130 0.254 Yes
H3 higher-level - surface approaches -0.186 4182 0.000 -0.263  -0.092 Yes
H4 higher-level -> deep approaches 0.431 9.320 0.000 0333 0.312 Yes
H3 lower-level > higher-level 0.257 5.803 0.000 0.13¢ 03529 Yes
H& surface approaches -> deep approaches -0.133 3.289 0.00m -0.20%  -0.031 Yes

Table 5.20 establishes that the hypothesised paths are statistically significant (p < 0.05) except for
H1. There is a positive relationship between higher-level conceptions and deep approaches, lower-
level conceptions and deep approaches, lower-level conceptions and surface approaches, and
lower-level conceptions and higher-level conceptions. However, higher-level conceptions have a
negative relationship with surface approaches. Similarly, there exists a negative relationship

between surface approaches and deep approaches.

When examining the path coefficients, it can be concluded that higher-level conceptions (B =.431)
exert the biggest influence on deep approaches when compared to lower-level COLB (B = .211).
Hence, learners who adopt the higher-level conceptions tend to put more emphasis on deep
strategies and deep motives. However, surface approaches have negative impacts on deep
approaches (3 = - .133). Students who use surface motives and surface strategies tend to neglect

the use of deep motives and deep strategies while learning biology.

Effect size is a statistical concept that measures the strength of the relationship between two
variables on a numeric scale. Cohen’s f> was used for calculating effect size. According to Cohen’s
(1988) guidelines, 2> .02, f2 > 0.15, and 12> .35 represent small, medium and large effect sizes

respectively. The effect sizes between different factors are shown in Table 5.21.
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Table 5.21

Effect Sizes
Deep Higher-level Lower-level Surface
approaches conceptions conceptions approaches
Deep approaches
Higher-level conceptions 240 032
Lower-level conceptions 039 068 006
Surface approaches 024

Agreement scale: f2> .02 = small effect, f2 > .15 = medium effect, f>> .35 = large effect

In Table 5.21, higher-level conceptions have a medium effect on deep approaches to learning (f2
=.240). On the other hand, lower-level conceptions (f> = .059) and surface approaches (f>=.024)
have small effects on deep approaches to learning. Also, the lower-level conceptions have small
impacts on higher-level conceptions (f2=.068) and no impact on the use of surface approaches (f?

=.006) to learning.

Additionally, adopting higher-level COLB discourages the use of surface strategies and surface
motives (B = -.186) whereas the use of lower-level conceptions does not impact on the use of
surface strategies and motives (B = -.805, p > .05, 2 = .006). Finally, the use of lower-level
conceptions including “testing, memorising, and calculating and practicing” eventually leads to
the use of higher-level conceptions such as “increasing one’s knowledge, applying, and exploring
real life and natural phenomena” implying that COLB are interlinked and the student cannot
abstain from ultimately adopting both spectra (B = .257). However, lower COLB have small

impacts on the student’s willingness to adopt higher level of conceptions (2= .068).

5.5 Synthesis

This chapter explicated how the quantitative data in the first phase one of the study was collected
and analysed. The internal reliability coefficients of all the scales of the COLB and ALB were

determined to be acceptable. The responses of the students who participated in the quantitative
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survey were reported. Six COL were identified; however, this research introduced a new element
of conception to learning biology which is “exploring real life and natural phenomena” instead of
“understanding and seeing in a new way” as proposed by Lee et al. (2008). AL are explained by
four components which are in line with the approaches to AL put forward by Kember et al. (2004).
The next chapter presents the qualitative data obtained from the face-to-face individual interviews

of sixteen participants chosen from among the participants of the quantitative survey.
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CHAPTER 6
STUDENTS’ CONCEPTIONS OF AND APPROACHES TO LEARNING BIOLOGY:

QUALITATIVE FINDINGS

6.1 Introduction

A description of the findings of the quantitative phase of the study which made use of the
conceptions of learning (COL) and approaches to learning (AL) questionnaires to explore
Mauritian upper secondary school students’ conceptions of learning biology (COLB) and
approaches to learning biology (ALB) was presented in the previous chapter. Given that this study
adopted an explanatory sequential mixed-methods design (see Chapter 4, Section 4.4), data from
the COLB and ALB questionnaires were further supported by face-to-face individual interviews.

The qualitative data obtained through the interviews were used to explicate the quantitative results.

The quantitative data presented in Chapter 5 provided answers to research questions 1 and 2. The
summary statistics for students’ responses to the COLB questionnaire (see Chapter 5, Section
5.3.1, Table 5.1) suggest that Mauritian students tend to hold both higher-level COLB including
“increasing one’s knowledge, applying, understanding and seeing in a new way” and lower-level
COLB including “memorising, testing, calculating and practicing”, with a strong conception of
“increasing one’s knowledge” and a weak conception of “calculating and practicing”. However,
the factor loadings of the items of the six components of COLB identified show that the
“calculating and practicing” conception was predominant (see Chapter 5, Section 5.4.1, Table
5.14). Also, a new COL, “exploring real life and natural phenomena”, was identified instead of

“understanding and seeing in a new way”.

The summary statistics for the students’ responses to the ALB questionnaire (see Chapter 5,
Section 5.3.2, Table 5.8) suggest that Mauritian upper secondary school students hold both deep
and surface ALB with mixed motives and strategies for learning biology. However, the factor
loadings of items of the four components of ALB namely, “deep motive, deep strategy, surface

motive and surface strategy” identified (see Chapter 5, Section 5.4.2, Table 5.16) show that the
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deep motive was the predominant approach followed by the surface strategy approach and the deep
strategy approach, while the surface motive was the least preferred approach. These findings
suggest that the majority of Mauritian upper secondary school students had deep motives to learn
biology and that they made use of the surface as well as the deep strategies to study the subject.

In the previous chapter, the quantitative results also shed light on the relationship between COLB
and to ALB. The quantitative data revealed a positive relationship between higher-level
conceptions and deep approaches, lower-level conceptions and deep approaches, and lower-level
conceptions and surface approaches. Higher-level conceptions had a negative relationship with
surface approaches (see Chapter 5, Section 5.5.2).

In this chapter, | present the qualitative data which provide answers to research questions 3 and 4.
In a bid to explain the students’ choice of demonstrating particular COLB and specific approaches
to ALB, these areas were probed during the interviews. The questions asked of each of the 16
students interviewed and their respective responses are in Appendix K. The salient themes are

supported by relevant quotes.

6.2 Students’ Conceptions of Learning Biology

Seven broad themes were identified from the qualitative data which are in line with the COLB
questionnaire (see Chapter 4) and the quantitative results (see Chapter 5): (1) Learning biology as
memorising and reproducing, (2) Learning biology as calculating and practicing, (3) Learning
biology as preparing for tests and examinations, (4) Learning biology to increase one’s knowledge,
(5) Learning biology as applying, (6) Learning biology as understanding, and (7) Learning biology
as exploring real life and natural phenomena. The seven categories or COLB are now described,

along with some students’ interview quotes.

6.2.1 Learning Biology as Memorising and Reproducing

Learning biology was defined in this category as the memorisation of formulae, definitions, special
terms and laws. The goal of studying biology was to effectively retain all these bits of information.
Fourteen out of the 16 students interviewed revealed that they memorised certain concepts when

they learn biology which includes memorising definitions, diagrams and the answers to past

122



examination questions so that they do not miss anything, answer questions correctly and score high

marks in examinations, as evidenced by the following excerpts:

I understand definitions first and then I memorise them so that I don’t miss anything for
the exams so that | score maximum marks. | must also practice drawing diagrams and
memorising the labelling. I make a summary of each chapter and 1 memorise the main

points and definitions. (Student 2)

| prepare my own notes, first I understand them, and then I memorise them. | write down
the notes in my own words. Some words are difficult to remember, | repeat them several

times till 1 remember. (Student 7)

The quotes show that the students privilege understanding before memorising. Most likely they
also learned biology by replicating knowledge through rote memorisation or rehearsal. They could
memorise biological information in this manner, which is a key criterion in demonstrating their
scientific learning. “Memorising” appears to be a dissonant or pragmatic conception of learning
given that the students write their own notes (synthesising) first and then memorise these notes
ahead of exams. Preparing own notes is consistent with higher-order cognitive engagement. The
excerpts also suggest that students adopted a pragmatic approach to learning biology, combining
understanding and memorisation. The students understood the topics before memorising biological
information. It seems that the purpose of “memorising” was mainly for securing good marks in

exams.

Two of the students interviewed admitted that they did not learn biology by rote as evidenced by
the following quotes:

I can’t learn so much by rote. I prefer to watch video films and read bullet points. (Student
8)

I don’t learn by rote. I prefer to write it down in my own words; then I can remember.

(Student 12)
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6.6.2 Learning Biology as Calculating and Practicing

In this category, biology learning was seen as a series of practicing tutorial problems, calculating
and manipulating formulae and numbers. The tutorial problem-solving processes and calculation
were designed to generate the correct answer. The students were quite confident that they had
already learned something if they could effectively get correct answers for tutorial problems. All
the 16 students interviewed revealed that they practiced questions, particularly those from past
examination papers because, according to them, questions were recycled which made it easier for

them to answer questions and score full marks.

The statement of Student 1 seems to indicate that the nature of the biology exams influences the
students’ COLB. The student practices past exam papers so as to score high marks in exams, and

also to memorise answers to questions which tend to repeat year after year.

| find that it makes it easier because when | work out past exam papers, | find that the
questions are similar. There are questions which change but most of them are the same.
Then, | can answer questions correctly and score maximum marks in exams. | memorise
the answers, particularly those of “essay type” questions so that | may get full marks.
(Student 1)

The excerpt from Student 3 suggests that he went beyond self-assessment to seek appraisal and
approval of his study strategies and academic performance. He works out questions from past

exam papers by himself and then seeks appraisal from the teacher.

| read my notes and | practice past exam papers. | read the questions and their answers
again and again. After each chapter, I work out classified questions. In the end, just to test
myself, | work out a whole past exam paper, which | give my teacher to correct. It makes

it easier for me to answer questions in tests and exams. (Student 3)

The statements of Students 4 and 6 seem to indicate that teaching strategies influence the students’
COL. Noting main points (synthesis) and then memorising them is again evidence of

dissonance/pragmatism, that is, doing what works.

I work out past exam questions. The teacher gives us to work out past exam questions at

the end of each chapter. It becomes easier, | think, instead of working out the questions
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when we finish the syllabus. If 1 can memorise the answers to past exam questions, it
becomes easier because it is only 2 or 3 lines. The answer to an essay-type question would
be more difficult to memorise in detail, therefore | memorise only the main points. ... But

we have to practice a lot of essay-type questions. (Student 4)

The teacher gives some work to do in class. We practice the questions in class, and when |
reach home, | do some research on that chapter in my biology textbook. I note the key
points. Then | learn them. After that, | practice questions from past exam papers. (Student
6)

The above extracts highlight the impact of teaching strategy on students’ COL. Researching,
noting key points and then memorising them is again evidence of dissonance. Student 13 stated
that he prepares his own notes, works out past exam questions, and practices how to draw

diagrams.

| work out past exam questions. | prepare my own notes and | practice how to draw
diagrams. | work out past exam questions because they show us how the questions that
usually come out are structured. Then. If | get a similar question for the exams, | can answer

it very easily. (Student 13)

It appears that the student assumes that if ever in an examination he gets a question similar to that
from a past exam paper, he would be able to answer it very easily. Students 15 and 16 stated that
they practiced past exam questions in a bid to identify what they do not know, and eventually bring

corrective measures.

The first step is to read my notes, try to understand their meaning. Once it is done, | study
to grasp the concept and then perhaps go towards the past exam papers to find out which
type of questions | can get for the exams. | work more of past exam papers to see what my
mistakes are and then correct them but, also to review all that | thought 1 knew but in fact
I don’t know. When exams are near, | will perhaps work a bit more on past exam papers.
(Student 15)

The teacher gives questions to work on at home. When he corrects them, | know what the

mistakes that | have done are and also how to answer the questions. (Student 16)
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Instructional strategies may have influenced students to learn biology by calculating and
practicing. Formulas, equations, and computations are frequently used to convey scientific
knowledge in biology textbooks and educational activities. Many students may be proficient at
computing the right answer to a biology problem, but they might not fully comprehend the answer's
significance or the nature of the issue. These students saw learning biology as a process of
becoming accustomed to formalities and algorithmic processes. It appears that students also
practice past exam papers for self-assessment, indicating a deep motive for learning biology. It
also appears that teaching and learning to test are very dominating in this context.

6.2.3 Learning Biology as Preparing for Tests and Examinations

Students in this category conceptualised learning biology as test and exam preparation. The nature
of the examination seems to influence learners to view learning as tests and exam preparation. The
purpose of learning biology was to pass examinations or to score high marks on tests and

examinations. For example, Students 2, 15 and 16 responded as follows:

When | work out past exam questions, | find that sometimes questions repeat. You can
predict which questions may come out for the exams. Sometimes if you have already
worked out a question, and it comes out, it becomes easier to answer the question. | also
consult the examiner’s comments. How to answer the question. The examiner also tells
you for which answers you get maximum marks, and for which answers you don’t get
marks. Working out questions allows me to score maximum marks in exams... |
understand definitions first and then | memorise them so that I don’t miss anything for the
exams so that | score maximum marks. | must also practice drawing diagrams and

memorise the labelling. (Student 2)

In fact, it’s more about how to prepare for the exams because one can see which type of
questions are given and, what is interesting is that the same type of questions repeats.
Finally, 1 become used to how to answer correctly and how | can get maximum marks.
(Student 15)

The teacher gives questions to work on at home. When he corrects them, | know what are

the mistakes are and also how to answer the questions. When | work out past exam
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questions, I refer to my notes. It’s a way for me to better understand the chapter and learn
it at the same time. Most of the time, the questions repeat. It becomes easier if you know
what to write. | memorise definitions and main points so that I don’t forget and score

maximum marks in the exams. (Student 16)

It appears that importance of success in tests and examinations was highly valued by students in
this category. The standard for learning outcomes assessment was primarily determined by test

Scores.

6.2.4 Learning Biology to Increase One’s Knowledge

The main feature of learning biology in this category was seen as an increase in knowledge. The
primary goals of learning biology were the acquisition and accumulation of (correct) biological
knowledge. All the 16 students interviewed revealed that they learned biology to increase their
knowledge. The statements made by the students seem to indicate that viewing “learning biology

as increasing one’s knowledge” implied a dual perspective.

On one hand, the following statements made by Students 1 and 7 seem to imply that they conceived

increasing one’s knowledge as the discovery of the unknown:

There are things that I didn’t know in the past, but which | came to know when | learned
biology. There are things which | was not doing well in the past but now that | know, I
know what to do. (Student 1)

Yes. | have learned a lot about things I did not know before. For example, how my body
functions, how plants carry out photosynthesis, carbon cycle, greenhouse effect, pollution,

how animals and plants reproduce. (Student 7)

On the other hand, the following statement made by Student 10 seems to indicate that this

conception refers to the acquisition and accumulation of knowledge:

There are videos that show, for example, how and why we have to recycle plastic, paper,
glass. There are also videos which show the causes of pollution, how to conserve forests,
how animals and plants reproduce, the process of photosynthesis and many other topics.
(Student 10)
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6.2.5 Learning Biology as Applying Knowledge

Learners in this category emphasised the significance of applying biology to real-world settings.
As a result, the goal of biology learning was to apply previously acquired knowledge. All the 16
students interviewed stated that they applied what they had learned in biology in new contexts and
in their everyday life (real-life situations). Students understood the application of and/or applied
their knowledge of biology in their everyday lives, for example, to maintain personal hygiene,
observe a balanced diet, take preventive measures against diseases, and avoid substance abuse.
Students 1, 2, 10, and 16, for example, responded as follows:

There are things that I didn’t know in the past, but which I came to know when I learned
biology. There are things which | was not doing well in the past, now that | know, | know
what to do. ... For example, a balanced diet, reproductive system, how my body works.

Sometimes I share this information with my family. (Student 1)

There are topics like pollution, genetics, biotechnology, biodiversity that have increased
my general knowledge. For example, Covid 19; | know that it is caused by a virus, and |
know what a virus is. Topics like balanced diet and taking care of the teeth helps me to stay
in good health. (Student 2)

Yes, for example, | used to brush my teeth only in the morning. The teacher has explained
why we must also brush our teeth at night. Now | brush my teeth both in the morning and
at night. (Student 10)

| have learned how to take care of my body. I also avoid alcohol, cigarette and drugs
because they can cause harm to my health. (Student 16)

According to these interview responses, learning biology for these students involved not only
applying what they learn to resolve various problems but also improving life quality. The students’
responses seem to suggest that “applying” had dual meaning for the students; applying knowledge
in new contexts and applying knowledge in everyday life situations. This is an unexpected finding.
It should be noted that “applying,” which involves knowledge and development of intellectual
skills, is considered a cognitive ability under Bloom’s taxonomy and is defined as the use of

information in a new situation (Adams, 2015).
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6.2.6 Learning Biology as Understanding

Students conceptualised learning biology as achieving a genuine comprehension of relevant
knowledge. Learning biology means comprehending the connections between biological
concoctions. They knew that they had learned something when they really understood biological
concepts. All the 16 students interviewed acknowledged that they studied biology to understand

biological concepts. For instance, Students 2 and 4 stated the following:

| ask my teacher to send me “links”. When | watch the videos on the internet, | find that it
explains more in detail. The “links’ help me to understand the topic better. When it is done
in class, it takes me some time to understand it. When | watch videos on that topic, |
understand it better. (Student 2)

When the teacher has finished explaining a topic, at home, | watch films on that topic on
YouTube. This enables me to understand the topic better. | understand the topics better

because they are visual. (Student 4)

The statements of the students seem to indicate that the teacher uses online resources (technology)
as a scaffolding strategy and technique to enable the student to better understand a biology topic.
The students’ learning styles also play a significant role in their COL. It appears that the student

uses technology (online resources) as a self-learning strategy to better understand biology topics.

Student 8 stated that he watches video films on YouTube to better understand a particular biology

topic.

In fact, for me, it depends on the chapter that I have to learn. There are certain chapters that
are interesting. | find that 1 understand them and | can learn them. For example,
“inheritance”. We have not yet done it, but it is a chapter that [ want to do because I can
understand certain things. There are other chapters that are easy for me to learn because |
am interested and | know that I can understand how my body works. When a chapter is
bulky and there is a lot of information to learn, | watch video films on YouTube. There are
cartoon versions that help me to better understand the topic. When | do practicals in the
laboratory, | understand the chapter better. (Student 8)
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This indicates the impact of the complexity of the biology content on COL. The student is
intrinsically motivated for a deep understanding of the topic. It also indicates that teaching and
learning strategies have an impact on understanding. Watching video films is a learning strategy
used by the student to cope with challenging topics. Investigations are carried out in the laboratory

to achieve understanding.

Students 9 and 14 stated that they sought the help of the teacher whenever they had difficulties
understanding a particular chapter in biology. Student 14 further stated that teaching and learning

aids such as the DNA model enabled them to better understand the topic and remember.

The explanation given by the teacher in class is very important to understand the chapter.
I must understand it first and then I can learn it. Sometimes | work out questions in past
exam papers and | have to write to be able to understand and remember. | read my notes

again. Whenever I don’t understand something, I seek the help of my teacher. (Student 9)

It becomes easier for me to understand when the teacher uses models to explain and makes
us manipulate the models. For example, I constructed a DNA model; it has become easier
for me to understand and remember. Whenever | get encounter difficulty in a chapter, I go
and see my teacher. Then he explains it to me again. When it has been explained in class,
then, to enable me to better understand what the teacher has explained, I look for that topic

on YouTube. Sometimes the teacher sends me videos. (Student 14)

It appears that teaching strategies, learning strategies and scaffolding have an impact on the

students’ understanding of biology topics.

6.2.7 Learning Biology as Exploring Real Life and Natural Phenomena

In this category, students view learning biology as a process to develop biological thinking to
obtain new ways of thinking and biologically interpret things in real life. Students feel that they
have learned something if they can interpret real life and natural phenomena. The “exploring real
life and natural phenomena” conception of learning emerged during the quantitative data analysis.

All the 16 students interviewed showed interest in biology topics related to real life (e.g.,
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reproduction, growth and development, energy processing, regulation, response to the
environment and evolutionary adaptation) and natural phenomena (e.g., photosynthesis,
metabolism, respiration, fertilisation and transpiration). If all the interviewees had similar views,
then a salient theme would either be dissonance or pragmatism. Dissonance implies that they were
not conscious of what they were doing and pragmatism implies that they knew what they were
doing. However, it appears that the students consciously adopted the “exploring real life and

natural phenomena” conception of learning biology as evidenced by the extracts below.

For instance, Student 7 stated that visits to places of biological interest made it easier to understand
biology topics, such as biodiversity.

When there are outings, for example on an island like “Ile aux Aigrettes”, it helps me to
better understand biodiversity, you interact with nature. Once there was a caravan which
came to school. They brought a microscope and showed us very interesting slides. They
also showed us films on coral reefs. We visited the “Rajiv Gandhi Science Centre”. I saw

very interesting things there. (Student 7)

Students 9 and 12 stated that watching films on topics such as respiration, photosynthesis,
nutrition, ecology, pollution, inheritance, and wildlife helped them to better explore real life and

natural phenomena.

| watch films on YouTube after the teacher has explained a topic on biology. Films on
reproduction in animals and plants, respiration, photosynthesis, nutrition, ecology,

pollution and inheritance. (Student 9)

| watch video films on YouTube. It is well explained. | understand it better and I learn
many additional things which are related to the chapter. For example, wildlife, pollution
and all that. (Student 12)
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6.3 Students’ Approaches to Learning Biology

AL refer to the ways or methods that students or learners learn or process their academic tasks.
Four broad themes were identified from the qualitative data namely, “surface motive, surface

strategy, deep motive, and deep strategy”.

6.3.1 Surface Approaches to Learning Biology

The surface AL has two subscales: surface motive and surface strategy. All 16 students interviewed
stated that they practiced past exam questions and most of them revealed that they memorised

important themes so that they can answer questions correctly and score maximum marks in exams.
6.3.1.1 Surface Motive.

In this category, extrinsic motivations drive biology learning, such as learning biology to meet
educator or parent expectations or to achieve better grades. All 16 students interviewed stated that

they learned biology to do well in exams. For example, Student 12 and 15 stated:

| practice past exam questions because they can come out again for the exams. ... So that
| know what mistakes | have done and so that | do not repeat the same mistakes for the
exams. Thus, I minimise the number of mistakes. My aim is to minimise mistakes in the
exams. (Student 12)

In fact, it’s more about how to prepare for the exams because one can see which type of
questions are given and, what is interesting is that the same type of questions repeats.
Finally, we become used to how to answer correctly and how we can get maximum marks.
(Student 15)

The above guotes seem to suggest that the students learned biology not just to obtain passing marks
but to score maximum marks in examinations. Therefore, it appears that tests and examination

preparation is considered a deep motive for learning biology in the Mauritian context.
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6.3.1.2 Surface Strategy.

In this category, biology is learned through surface strategies, such as memorising specific terms
or parts, to pass class exams. All the 16 students interviewed revealed that they memorised
definitions, formulae, laws, and special terms, and also practiced questions in a bid to prepare for
tests and exams. For example, Student 2 and 16 responded as follows:

When | work out past exam questions, | find that sometimes questions repeat. You can
predict which questions may come out for the exams. Sometimes if you have already
worked out a question, and it comes out, it becomes easier to answer the question. | also
consult the examiner’s comments. How to answer the question. The examiner also tells
you for which answer you get maximum marks, and for which answers you don’t get
marks. ... Working out questions allows me to score maximum marks in exams. ... |
understand definitions first and then | memorise them so that I don’t miss anything for the
exams so that | score maximum marks. | must also practice drawing diagrams and

memorise the labelling. (Student 2)

The teacher gives questions to work at home. When he corrects them, | know what are the
mistakes that | have done are and also how to answer the questions. ... When I work out
past exam questions, I refer to my notes. It’s a way for me to better understand the chapter
and learn it at the same time. Most of the time, the questions repeat. It becomes easier if
you know what to write. ... I memorise definitions and main points so that I don’t forget

and score maximum marks in the exams. (Student 16)

The above quotes seem to suggest that the students use surface strategies such as “memorising”
and “practicing past exam questions” to prepare for exams because they believed that these

strategies would enable them to score maximum marks in exams.

6.3.2 Deep Approaches to Learning Biology

The deep AL consists of two subscales: deep motive and deep strategy. All the 16 students
interviewed admitted that they learned Biology to understand biological concepts in a bid to
increase their knowledge, to explore real life and natural phenomena, and to enable them to apply
what they have learned in everyday situations.
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6.3.2.1 Deep Motive.

Learning biology is stimulated by intrinsic motivation of the students, for example, their own
interest and curiosity in this category. All the 16 students interviewed revealed that they learned
biology to increase their knowledge, which they eventually applied in new contexts and in
everyday life situations, as evidenced by the quotes of Student 1 and 7:

There are things that I didn’t know in the past, but which I came to know when I learned
biology. There are things which I was not doing well in the past, now that I know, I know
what to do. ... For example, balanced diet, reproductive system, how my body works.
Sometimes I share this information with my family. ... Sometimes I watch films on
YouTube. For example, I didn’t understand how cells developed during reproduction.

Those films have helped me to understand. (Student 1)

| have learned a lot about things | did not know before. For example, how my body
functions, how plants carry out photosynthesis, carbon cycle, greenhouse effect, pollution,
how animals and plants reproduce. ... Now I know what to eat to remain healthy. | know
what effect pollution has on the environment. ... I watch films on YouTube at home. I do
some research. When there are outings, for example in an island like “Ile aux Aigrettes”, it
helps me to better understand biodiversity, you interact with nature. Once there was a
caravan which came to school. They brought a microscope and showed us very interesting
slides. They also showed us films on coral reefs. ... We visited the “Rajiv Gandhi Science

Centre”. I saw very interesting things there. (Student 7)

The above quotes seem to suggest that the students had deep motives to learn biology because they
stated they learned the subject to increase their knowledge, which they applied in every day and

real-life situations.
6.3.2.2 Deep Strategy.

In this category, biology is learned when using more meaningful strategies, for example, trying to
acquire coherent understandings or making connections with prior knowledge. All the 16 students
interviewed acknowledged that they adopted the deep strategies such as “understanding and
exploring real life and natural phenomena” to learning because they had deep motives such as
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“increasing one’s knowledge and applying” to learn biology, as evidenced by the quotes of Student
2 and 4:

There are topics that help me understand how my body functions. There are topics like
pollution, genetics, biotechnology, biodiversity that have increased my general knowledge.
For example, COVID-19; I know it is caused by a virus, and | know what a virus is. Topics
like balanced diet, care of the teeth helps me to stay in good health. I ask my teacher to
send me ‘links’. When I watch the videos on internet, | find it explains more in detail. The
‘links’ help me understand the topic better. When it is done in class, it takes me some time
to understand it. When | watch videos on that topic, | understand it better. There are topics
like pollution, genetics, biotechnology, biodiversity that have increased my general
knowledge. (Student 2)

When the teacher has finished explaining a topic, at home, I watch films on that topic on
YouTube. This enables me to understand the topic better. | understand the topics better
because they are visual. There are films on the environment, on genetically modified
organisms which are very interesting. Topics on environment, ecology, microorganisms,
genetics. ... There are topics like nutrition. | try to eat a balanced diet but sometimes it is

not possible. There is a topic on care of the teeth; this I do apply. (Student 4)

6.4 Synthesis

In this chapter, a thematic analysis of the face-to-face individual interviews was carried out. The
interviews involved a total of 16 participants purposely selected from the participants of the
quantitative study. The aim of the qualitative aspect was to explain the findings of the initial
quantitative study. The qualitative data revealed that Mauritian upper secondary school students
had a tendency to use both the lower-level conceptions such as “memorising, testing, calculating
and practicing”, and the higher-level conceptions such as “increasing one’s knowledge, applying,
understanding and, exploring real life and natural phenomena” to learn biology. It should be noted
that whilst both the quantitative and the qualitative data identified a new conception of learning
“exploring real life and natural phenomena”, the qualitative data also identified the
“understanding” conception of learning. The qualitative data revealed that “applying knowledge”

had dual meaning for the students: applying knowledge in new contexts, and applying knowledge
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in everyday life situations. This was an unexpected finding. Another unexpected finding was that
the students used online resources (technology) as a self-learning strategy to better understand
biology topics. The teaching strategies also seemed to influence the students’ COL and AL. The
main reasons given by the students as to why they used particular COLB were because they wanted

to understand the biology topics and because they wanted to score maximum marks in exams.

The data also revealed that the students tended to employ both the surface and the deep ALB. The
deep motive to ALB was dominant, and the students employed both the surface and the deep
strategies to learn biology. The students revealed that they used the deep strategies because they
wanted to understand the biology topics, and the surface strategies because they wanted to score

high marks in exams.

The qualitative data were used to explain the quantitative data. Coupled findings in terms of their

relationship with literature are discussed in the next chapter.
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CHAPTER 7

DISCUSSION OF FINDINGS

7.1 Introduction

The previous two chapters related the main findings from the quantitative research (see Chapter 5)
and the qualitative research (see Chapter 6). This chapter provides a discussion of the major
findings of the study conducted to explore Mauritian upper secondary school students’ COLB and
ALB. The research was conducted in twenty secondary schools in Mauritius. There were 497
students who participated in the study. The reviewed literature aided me in obtaining perspectives
from other authors on students’ COL and AL by comparing existing knowledge and study findings.
This study used a mixed method approach, with data collected through questionnaires and
interviews. The questionnaires were extremely useful in the study because students provided
information on their COLB and ALB. Face-to-face individual interviews also helped me in
gathering the necessary information on the participants’ COLB and ALB through their

experiences, feelings, and opinions.

In this chapter, the research findings (quantitative and qualitative) are discussed in terms of the
themes that were identified during data analysis. These discussions are based on the findings
generated from the data that were gathered. The purpose of doing this was to establish a connection
between existing knowledge and the knowledge gained from the study. This chapter presents the
coupled findings of the quantitative and qualitative surveys by relating them to the critical
questions raised in Chapter 1 while focusing on the scope within which these questions have been
addressed, as well as the unexpected outcomes. The study set out to explore Mauritian upper
secondary school students’ conceptions of and ALB. Some crucial concerns are not addressed in

the general theoretical literature on this topic, particularly in the Mauritian context.

The main findings from the quantitative data and the qualitative data are reported and discussed
next in terms of their relationship to the literature and in light of the education system in Mauritius.
At the end of this section, | outline additional key findings that were prominent but were not

directly associated to the research questions.
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7.2 Mauritian Upper Secondary School Students’ Conceptions of Learning Biology

Students who participated in the study expressed their opinions about their conceptions of learning
biology (COLB). The following COL emerged from the data (see Chapters 5 & 6) “memorising,
calculating and practicing, testing, increasing one’s knowledge, applying, understanding, and
exploring real life and natural phenomena”. These COL, are similar to those identified by other
researchers such as Chiou et al. (2012), Lee et al. (2008), Tsai (2004), and Tsai (2010).

The findings of this study have similarities with previous studies on COL, and also differences.
Six of the conceptions identified in this study are similar to those identified in other studies (e.g.,
Chiou et al., 2012; Lee et al., 2008; Li et al. 2013; Liang et al. 2015; Park and Jeon, 2015; Shen et
al., 2016), namely, “memorising, testing, calculating and practicing, increasing one’s knowledge,
applying, and understanding”. However, this study revealed an additional conception of learning,
which had not previously been discussed, “exploring real life and natural phenomena.” In addition,
this study did not show the presence of the “seeing in a new way” conception of learning as
reported in earlier studies (Chiou et al., 2012; Lee et al., 2008; Tsai, 2004). In this respect this
study’s findings are in line with the study of Tsai (2004) who found out that very few students
possessed the COL as “seeing in a new way” which led Lee et al. (2008) to group “understanding”

and “seeing in a new way” into on factor called “understanding and seeing in a new way”.

7.2.1 Learning Biology as Memorising and Reproducing (“Memorising”)

The data indicate that most of the participants in the research considered “memorising” as a part
of the learning process in terms of memorising definitions, important concepts, teachers’ notes,
facts, and what the teacher discusses about in class. The participants emphasised the importance
of learning by rote, and memorising when describing learning as memorising or remembering
information. The “memorising” conception of learning biology (COLB) identified in this study is
in line with the theoretical framework and the studies carried out by researchers such as Chiou et
al. (2012), Li et al. (2013), Liang et al. (2015), Park and Jeon (2015) and Shen et al. (2016) who

also identified the “memorising” conception as a subscale of COL.

The participants in this study revealed that they understood the topics first before memorising

them. It appears that the students use memorising as a precursor to understanding. According to
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the students, memorisation and repetition aided them in achieving high marks in exams. This
study’s findings align to the findings of Marton et al. (1996) and Zhu et al. (2008) who discovered
that Chinese pupils regarded memorisation as a means of better understanding what they had
learned, and they saw repetition as important in developing memorisation. This study’s findings
are also similar to those of Dahlin and Watkins (2000) who found that Chinese pupils used
memorisation as a technique for improving their understanding of previously studied content. On
the other hand, this study’s findings are different from those of Marton et al. (1996) who revealed
that memorisation was seen by Uruguayan students as a by-product of studying instead of a process
that helped them grasp things better. This study’s findings are also different from those of Dahlin
and Watkins (2000) who revealed that German students used memorisation to reinforce their

comprehension.

In general, it is now accepted practice to promote pupils' comprehension rather than memorization
(Dahlin & Watkins, 2000). This is due to the notion that remembering and understanding seem to
be mutually exclusive ideas. It also implies that students' emphasis on cramming hinders their
comprehension of material that is unfamiliar to them when it comes to learning biology (Chiou et
al., 2012; Momsen et al., 2010). Even so, educators contend that pupils can successfully complete
learning activities by combining the processes of memorization and comprehension (Marton et al.,
2005; Tsai et al., 2011). Some students think that memorization enhances their knowledge of the
material as they learn it (Dahlin & Watkins, 2000; Kember, 1996, 2000; Marton et al., 1997). In
order to make sense of and grasp biological knowledge, biology education researchers emphasize
the importance of conscious memorization (Anderson & Schonborn, 2008). The discussions that
have resulted on the role of memorization and comprehension in learning biology have created the

study space to look at these two perceptions of students in biology-related topic domains.

7.2.2 Learning Biology as Preparing for Tests (“Testing”)

The data showed a moderate agreement score (M = 3.10) for “testing” (see Chapter 5, Section
5.3.1, Table 5.1). Students' responses indicate that they agreed that the purpose of “testing” (test
preparation) was to ensure that they became more familiar with test materials so that they answered
questions correctly in exams. However, the data (see Chapter 6) also revealed that all the students

interviewed stated that they prepared for tests and exams (testing) by reviewing their notes,
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practicing past exam questions, and memorising definitions and diagrams because they wanted to
attain good marks in tests and exams. The “testing” conception of learning biology identified in
this study aligns with that of other studies, for example, Chiou et al. (2012), Li et al. (2013), Liang
et al. (2015), Park and Jeon (2015), and Shen et al. (2016).

A study carried out by Tsai (2004), which examined the COL of Taiwanese high school pupils in
the science domain, revealed that their COL such as studying for exams were shaped by culture,
creating a unique educational environment in Taiwan. Tsai claimed that culture may have a
significant impact on parental expectations and education, which may then have an effect on
students' beliefs about learning. In Mauritius, several assessments at the national and school levels
continue to be crucial in assessing students' performance and determining their eligibility for
higher studies. Teachers, parents, and students frequently draw attention to test results. In addition,
biology is usually a subject in school where exam success is challenging (Maulloo & Naugah,
2017). For many students, there is a direct correlation between learning biology and test scores,
which are frequently low (Maulloo & Naugah, 2017). Mauritian students may therefore view
learning biology as nothing more than studying for tests and exams. Cambridge International
Examinations (CIE) data suggest that Mauritian students perform very well compared to students
from other countries. This might explain the sharp focus of Mauritian students on tests and

examinations.

7.2.3 Learning Biology as Practicing Tutorial Problems (“Calculating and Practicing”)

Calculating and practicing corresponds to a quantitative stance of learning. The data revealed that
a smaller number of students made use of the “calculating and practicing” conception as compared
to the other COL (see Chapter 5, Section 5.3.1, Table 5.1). However, the data also revealed that
all the 16 students practiced past exam questions to familiarise themselves with tests and exams
materials to score high marks in exams. In an earlier study Tsai (2004) discovered that, contrary
to domain-general learning, at least one type of COL, "calculating and practicing tutorial

problems,” was exclusive to science.

The data (see Chapter 5) revealed that the mean score for “calculating and practicing” was the
lowest of all the six factors of the COLB. This was in line with the study on COLB and ALB

carried out by Chiou et al. (2012) among undergraduate students in Taiwan. However, this study’s
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findings were unlike the findings of the study carried out by Yang et al. (2019) on approaches to
and conceptions of learning mathematics in China whereby “calculating and practicing” was the
leading factor among all the six factors of the COL mathematics. This may be because the domain-
specificity of mathematics encourages students to conceptualise "calculating and practicing™ more
than science-related subjects such as biology. In fact, according to Yang et al. (2019), calculating
and practicing exercises are an essential part of learning mathematics. Furthermore, Cai and Nie
(2007) stated that because of exam pressure in China, pupils are frequently involved in massive
quantities of practice of various skills to solve various types of problems solve them rapidly.

The data also revealed the students practiced past exam questions intensively to score high marks
in tests and examinations. The practice of past exam questions was encouraged by the teacher who
used it as a strategy to prepare students for tests and examinations. It appears that the practice of

past exam questions is a teaching and learning strategy typical to the Mauritian education context.

7.2.4 Learning Biology as the Increase of Knowledge (“Increasing One’s Knowledge”)

The data (see Chapter 5, Section 5.3.1, Table 5.1) showed a high mean agreement score (M = 4.16)
for “increasing one’s knowledge.” The learners believed that learning biology entails acquiring
and expanding their knowledge of nature, biological facts, natural phenomena, and new
information. All the students who took part in the qualitative survey stated that they learned
biology to increase their knowledge. However, the data revealed that views about the “increasing
one’s knowledge” COLB implied a dual viewpoint. On the one hand, this conception might be a
lower-level COLB and might refer to the gathering and acquiring of knowledge. On the other hand,
it may be seen as the discovery of the unknown, which would share the essence of a productive
higher-level COLB. This was similar to the findings of Chiou et al. (2012), Lee et al. (2008), Lin
and Tsai (2009), Park and Jeon (2015), and Tsai (2004). In their analysis, Lee et al. (2008)
concluded that given this dual viewpoint, “increasing one's knowledge” does not totally

correspond to either the lower-level or higher-level COLS.

It is worth noting that, according to Saljé (1979), the most basic learning conception was
“increasing knowledge,” and that, five decades later, despite all technological advances in

information access, this is still the most salient COL for Mauritian secondary school learners.

141



7.2.5 Learning Biology as Application of Knowledge (“Applying”)

The data revealed a moderate agreement score for the “applying” conception of learning. The
students believed that learning biology allowed them to apply methods, skills, and knowledge to
unknown problems, solve real-life problems, and thus improved their quality of life. The data also
revealed that “applying” knowledge had dual meaning for the students; applying knowledge in
new contexts, and applying knowledge in everyday life situations. These findings are in line with
those of Park and Jeon (2015) who concluded that learners who viewed science education as the
process of using information to solve new problems and understanding the relationship between
various scientific notions were intrinsically motivated and employed constructive methods to

acquire scientific knowledge.

7.2.6 Learning as Exploring Real Life and Natural Phenomena (“Exploring Real Life and

Natural Phenomena”)

The data revealed a new conception of learning; “exploring real life and natural phenomena.” The
data also revealed that the students found it more interesting to learn biology by exploring real life
and natural phenomena which enabled them to better understand certain biology topics. The
students interviewed stated that the use of online resources and visits to places of biological interest
enabled them to explore real life and natural phenomena. In his study on conceptions of learning
science (COLS) among Taiwanese high school pupils, Tsai (2004) identified a similar COL.:
“developing new perspective on natural phenomena.” However, no other study has been able to

identify this COL.

7.2.7 Learning Biology as Understanding (“Understanding”)

The “understanding and seeing in a new way” conception of learning did not emerge from the data
(see Chapter 5, Section 5.4.1, Table 5.14). However, the data revealed that the students used
various techniques, such as self-learning and the use of online resources to understand biology
topics which means that the students adopted the “understanding” conception to learning biology.
These findings are in line with those of Tsai (2004) who found that very few students possessed
the COL as “seeing in a new way” which led other researchers such as Chiou et al. and Lee et al.

(2008) to group “understanding” and ‘“seeing in a new way” into a single factor called
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“understanding and seeing in a new way.” The “understanding” COL identified in this study
corroborated with Park and Jeon’s (2015) findings which revealed that “understanding” was

related with the qualitative COL because it focuses on how effectively students learn.

The data also revealed that the students believed that understanding biology topics made it easier
for them to learn these topics, which made it easier for them to answer questions correctly and to

score high marks in tests and exams.

7.3 A Unique Structure of the Outcome Space

The outcome space in this study has a unique structure for Mauritian upper secondary school
biology students. The outcome space has traditionally been regarded as hierarchical, with some
conceptions proposed to be at lower levels and others at higher levels. However, this study adopts
Bonsaksen and Thorrisen’s (2017) structure in which all categories of COL have an equal status
with no category inferior or superior to others. The six items of COL might preferably be used as
a unidimensional scale with all the six items reflecting different aspects of one higher-order
concept of learning, instead of considering them to be two different lower-level and higher-level

conceptions, as considered originally.

The participants of this study identified all seven categories and none of the learners regarded
biology learning as “memorising” or “understanding or increasing one’s knowledge” prioritised
one before the other. On the contrary, they considered their experiences and perspectives in each
category to be crucial to their biology learning processes and motivations. This finding upheld the

non-stratified structure of this research.

The data collected from the learners implies that the lower-levels of some of the COL in Marton
etal.'s (1993) nested hierarchy, namely “memorising and reproducing, testing, and calculating and
practicing”, which were also found in this study, will include its upper-levels of COL. In Marton
et al.'s (1993) hierarchy, for example, “memorising” is considered as a lower-level COL, while
“understanding” is considered as a higher-level COL. “Understanding,” according to their nested
hierarchy include “memorising”, but “memorising” is exclusive to “understanding”. Nevertheless,
the literature (Ho, 2020; Marton et al., 1993) and the current study show that “memorising”

frequently occurs before or after a deep comprehension of the content being memorised.
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Mauritian students consider memorising and comprehension to be intertwined and not mutually
exclusive. Even though the literature backs the integration of memorisation and understanding as
unique to Chinese learners, researchers (Chiou et al., 2012; Li et al., 2018; Park & Jeon, 2015;
Tsai, 2004) continue to classify memorising as a lower-level COL.

The variation in students’ COLB stems from differences between learners relative to the sub-
categories rather than variations in the seven categories that comprise the outcome space, which
forms a holistic circular structure. All the students surveyed, for example, would eventually take
part in tests and exams. However, different students would attend to the tests and exams dependent
on their individual priorities. Some learners would simply want to pass and avoid stress, while
other learners would want to compete with their fellow learners and be ranked highly in class.
Others would want to assess their learning processes and outcomes by taking the exams. The
holistic circular structure of COL does not contradict the idea that different learners perceive and
learn biology in different ways.

7.4 Mauritian Upper Secondary School Students’ Approaches to Learning Biology

The data identified the surface approaches (surface strategy and surface motive) and the deep
approaches (deep strategy and deep motive) to learning biology among Mauritian upper secondary
school students. These four factors for ALB (deep strategy, deep motive, surface strategy and
surface motive) are similar to those proposed by Kember et al. (2004) and Lee et al. (2008).
Students' ALB can be classified as surface or deep, with both having a process (strategy)
component and a predisposition (motive). As revealed by the data (see Chapter 5, Section 5.3.2,
Table 5.8), while students scored similarly on both the deep motive and surface motive, they
performed better on the deep strategy than the surface strategy. This finding is consistent with
Chiou et al.’s (2012) finding that more experienced students use deep strategies to process their
biology learning tasks. Furthermore, similar scores on the surface and deep motives indicate that
Mauritian upper secondary students lack a fixed or stable predisposition for learning biology.
Students may instead have a dual motivation for learning biology. The nature and demands of the
learning tasks may influence students' motivation to learn biology (Chiou et al., 2012; Duarte,
2007; Ramsden, 2003). When students' learning tasks only require rote-based processes or their

learning loads are heavy, the surface motive is more likely to be triggered for carrying out the
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related learning tasks. Students may be compelled to use both types of motivations simultaneously
(Lee et al., 2008). As they need to pass biology, their ALB may lead to deep conceptual

understanding.

According to Biggs et al. (2022), the surface approach to learning entails responding to learning
situations with the least amount of effort possible and only memorising facts as required by law.
The deep approach to learning, in contrast, suggests tackling academic work out of inner
motivation to learn and through an investment in comprehension (Biggs et al., 2022). However,
employing a deep approach does not prevent the use of memorisation. According to Entwistle and
Peterson (2004), students who opt for this approach to learning might understand that, at times or
for specific purposes, comprehension may necessitate memorisation. The quantitative data of this
study identified the “memorising” conception of learning among Mauritian upper secondary
school students which were explained by the qualitative data. According to Biggs (1991), the
"achieving approach to learning" refers to the pursuit of top grades through efficient time
management. Although the deep approach appears to be the most effective method of learning,
data suggests that its excessive or exclusive use may not aid in students' adaptation, necessitating
a mix with the achiever approach. Lonka et al. (2004), for example, found that students who study

to find purpose in their lives may become disinterested in completing their degrees.

The findings revealed that there was understanding before memorisation among Mauritian upper
secondary school students. This finding is similar to the approaches to learning of Asian students.
“Memorising” regards learning biology as remembering bits of biological information such as
definitions, terms and formulae. In terms of” understanding”, learning biology entails making
sense of natural phenomena and developing coherent scientific knowledge. Many studies on
science education have revealed new relationships between these two learning conceptions and
students' approaches to learning. For example, Lee et al. (2008) did a survey in Taiwan on high
school students and discovered that the participants' conception of memorising was positively and
significantly associated to their surface strategies and surface motive for learning science. Here,
for instance, cram learning is highly influenced by fear of failure. Furthermore, students'
understanding of what they are learning may enhance their deep motives (e.g., intrinsic motivation)
and deep strategies (e.g., meaning-making). Chiou et al. (2012), and Hazel et al. (2002) discovered

similar results in their studies of university students. Memorisation and understanding appear to
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contribute to students' science learning in a variety of ways. The deep/surface dichotomy has been
questioned in some other studies. The significant body of research on cross-cultural studies,
particularly those involving Asian students, is noteworthy in this regard (Dahlin & Regmi, 1997,
Dahlin & Watkins, 2000; Kember, 2000; Marton et al., 1996; Meyer, 2000). The "paradox of the
Chinese learner” is the perplexing observation that Asian students report using extensive
memorisation (which seemed to indicate the presence of a surface approach) while demonstrating
incredibly excellent learning outcomes (which are theoretically linked to a deep approach). In light
of this, two distinct forms of memorisation have been reformulated: one that involves
comprehension (either before or after memorisation) and is, therefore, a deep approach, and the
other that does not and is, therefore, a surface approach (or what is often known as "rote learning™)
(Marton et al., 1996). Some academics have even gone so far as to say that a new strategy, distinct
from the traditional deep and surface approaches, should be developed that incorporates both

knowledge and memorisation (Kember, 1996).

The use of surface approaches to learning may be related to the nature of the biology examination.
There is evidence of repetition of questions, so, this may influence how students study. They
memorise what they feel will be examined. According to Bloom’s taxonomy, memorisation, which
is referred as remembering, is the foundation of higher-order cognitive abilities. The question
arises as to whether a student can demonstrate or develop a deep understanding of a biological
phenomenon if they cannot remember the facts. So, it is possible that students memorise the facts
first and then use this to develop a deep understanding. However, the data show that students say
that “T understand and then memorise”, which is the reverse and an unexpected sequence, shifting

from deep motive/strategy to surface motive/strategy.

The data also revealed that the teaching strategies influenced the approaches to learning of
Mauritian students. A discouraging fact is that current teaching methods do not encourage learners
to adopt a deep approach. They are succeeding without feeling the need to engage with the
materials for the course in a meaningful way (Biggs, 1987b; Darlington, 2019; Gow & Kember,
1990; Watkins & Hattie, 1985). Many studies show that the perceived requirements of teachers
lead students to adjust their approaches to learning (Balasooriya, Toohey, & Hughes, 2009; Biggs,
1987b; Ellis & Bluic, 2019; Gow & Kember, 1990; Watkins & Hattie, 1985). It appears that
students prefer a surface approach to learning (Zeegers, 2001). This has been attributed to a variety
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of factors, including workload pressures, time constraints, and the design of assessments. It is
obvious that students are smart in choosing a learning strategy they believe would help them
succeed in assessments (Zeegers, 2001). Given the rapid expansion of information and
technological innovation in biology, it would be ideal for students to adopt a learning strategy that

they can use in a variety of professional contexts after completing their studies

The data revealed that Mauritian students held mixed motives. They held both surface and deep
motives for learning biology. They learned biology not only to pass exams but also to score high
marks in exams and to improve their knowledge in order to apply the knowledge gained in
everyday life and real-life situations. According to Chiou et al. (2012), students who perceived
biology learning as calculating and practicing, applying, understanding and seeing in a different
way are more likely to have mixed motives, while students who perceived chemistry learning as

memorising and transforming also have mixed motives.

7.5 Relationship Between Mauritian Upper Secondary School Students’ Conceptions of

Learning and Approaches to Learning Biology

The findings of this study revealed that Mauritian students’ COLB were associated with their ALB.
This is consistent with existing literature such as Chiou et al. (2013) and Li et al. (2013) who found
that COLB were positively related to ALB. This study revealed that Mauritian students’ lower-
level COLB had a significant and positive effect on the surface ALB, and the higher-level COLB
influenced deeper ALB. Thus, students with lower-level learning conceptions tended to use surface
AL, whereas students with higher-level learning conceptions often associated with deep AL.
Studies carried out by researchers such as Chiou et al. (2012), Dart et al. (2000), Edmunds and
Richardson (2009), Ferla et al. (2008), Lee et al. (2008), Minasian-Batmanian et al. (2006), Park
and Jeon (2015), Lee et al. (2008), Liang et al. (2015), Shen et al. (2016), and van Rossum and
Schenk (1984) had similar findings. They revealed that lower-level COL influenced surface
approaches while higher-level conceptions influenced deep approaches to learning. In the context
of this study, Mauritian students were more prone to learn biology by reciting if they thought of
biology learning as memorising what is taught in class, preparing for a test, or calculating and
practicing. The students, however, held deep motives and used meaningful strategies to learn
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biology when they saw it as increasing knowledge, applying knowledge, or understanding and

seeing knowledge in a new way.

The data also revealed that Mauritian lower-level COLB had positive effects on deep ALB. These
findings corroborate the findings of Park and Jeon (2015) who concluded that “even quantitative
conceptions can lead to the adoption of constructive approaches depending on the intention and
purpose of the study” (p. 1147). These findings could be explained by the examination-centred
school culture prevalent in Mauritius. In a study carried out on secondary education in Mauritius,

Maulloo and Naugah (2017) made the following observations:

The present system is results-oriented in that educators and students see attaining good
results as the clear primary objective. The reason is that a limited number of scholarships
(Laureateship) for further studies are awarded to top achievers based on the aggregate HSC
results. (p. 21)

The paradoxical finding of this study that lower-level COL is correlated positively to deep
approaches to learning requires explanation. Biggs (1993) identified a desire to accurately recall
previously understood information in a high-stress scenario such as a debate or examination, as
possibly incorporating rote learning. However, he emphasised, in that context, that it may be part
of a deeper approach. He described this approach as “deep memorising.” Biggs also highlighted
research by Hess and Azuma (1991) who revealed that Japanese and Chinese students believed
that memorisation could lead to knowledge, and because the goal here is clearly to deep
understanding, a memorisation strategy becomes part of a deep approach in this case.
Memorisation may be linked to deep learning approaches for students who memorise material

taught in class after learning it, particularly for Mauritian students.

Furthermore, the data revealed that higher-level COLB had a negative influence on surface ALB.
Students with higher-level learning conceptions were less prone to have surface motivations and
adopt surface strategies to learning biology. This is contrary to the findings of Liang et al. (2015)
which revealed that Taiwanese students with higher-level COL computer science also expressed
surface motivations for learning. This is also different from the findings of Li et al. (2013) who
indicated that the higher-level conception “learning chemistry by transforming” was positively

linked to a surface motive for learning chemistry. However, the data of this study also indicated
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that Mauritian students held both deep and surface motives and therefore employed both the deep
and surface strategies to learn biology. Lonka et al. (2004) noted that while a deep approach to
learning may be preferable, it is not necessarily the most effective method of learning for all
students. Entwistle (1997b) concluded that the memorising techniques used in a surface approach

can also be used as strategies in a deep approach to learning.

This study's findings point to the significant correlations between conceptions and learning
approaches. Similar to students who support experiential COL, students who exhibit qualitative
(higher-level) COL would usually use deep learning approaches and reduce the use of surface AL.
Students who approach learning quantitatively, on the other hand, are more willing to employ
surface approaches. Nevertheless, there is also a positive relationship between quantitative (lower-
level) conceptions and deep learning approaches. When comparing higher-level COLB to lower-
level conceptions, it can be seen from the path coefficients (see Chapter 5, Section 5.4.2) that
higher-level conceptions have a greater impact on deep approaches. Students who adopt higher-
level conceptions thus tend to lay more emphasis on deep strategies and deep motive. Deep
approaches, however, are negatively impacted by surface approaches. When learning biology,
students who utilise surface motives and surface strategies frequently overlook the value of using
deep motives and deep strategies. Therefore, it seems that the adoption of deep learning approaches
is likely to be hindered by the use of surface AL. The data also indicates that higher-level
conceptions had a moderate impact on deep learning approaches. Lower-level conceptions and
surface AL, on the other hand, barely affected deep AL. Additionally, lower-level conceptions had
negligible effects on higher-level conceptions and no influence whatsoever on the application of
surface AL. Using lower-level COLB did not affect the use of surface strategies and motives,

whereas using higher-level conceptions discouraged using them.

Last but not least, this study’s findings revealed that the use of lower-level conceptions (testing,
memorisation, calculating and practicing) eventually leads to the use of higher-level conceptions
(increasing one's knowledge, applying, and exploring real-life and natural phenomena), suggesting
that COLB are interconnected and the student cannot abstain from eventually adopting both
spectra. Lower COLB, however, had negligible effects on students' willingness to adopt higher
conceptions. These findings are similar to the findings of Chiou et al. (2012), Park and Jeon (2015),
Lee et al. (2008), Liang et al. (2015), and Shen et al. (2016).
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7.6 The Influence of Teaching Strategies

The data revealed that the COLB and ALB of Mauritian students were influenced by the teaching
strategies. This implies that the approaches to teaching that students encountered may have had a
significant impact on their COL and, subsequently, their approaches to learning which is congruent
to the findings of researchers such as Ramsden et al. (1989), and Donche et al., (2013). Students
will likely have quantitative views on learning if teachers approach teaching and learning from a
quantitative perspective. According to Perkins and Blythe (1993), all teachers claim to teach for
understanding, but few of them do it sustainably. If that conclusion is accurate, then teachers'
conceptions of teaching and learning must be changed before their students' conceptions may be
adjusted. According to Gow and Kember (1993), who analysed the relevant research, changing

teachers' conceptions is a difficult task.

7.7 The Use of Online Learning Technologies

The data of this study revealed that Mauritian students leveraged online learning resources to better
understand biology topics. This is congruent with the findings of Ellis and Bliuc, (2019) who
concluded that the use of these new tools by students was rapidly shaping the quality of their
learning, and online learning technologies were becoming an essential component of the academic
experience at universities. A theoretical question is raised about the nature of the association
between the student approach and online technologies and how this might relate to variations in
the quality of the student experience, such as perceptions of the learning context and academic
achievement, when elements like online learning technologies require students to inquire regularly
online. Additionally, research on approaches to learning has demonstrated a relationship between
the quality of students' learning approaches and the quality of their perceptions of their learning
context (Biggs et al., 2022; Prosser and Trigwell, 1999; Ramsden, 2003).

Studies have indicated that, despite some variations, positive perceptions of the learning context
are associated with deep AL, whereas negative perceptions tend to be associated with surface AL.
We still do not fully understand the nature of perceptions and other strategies that may aid us in
modifying surface approaches to learning in a blended context. It is essential that we better
comprehend the connection between the students’ general AL and how they perceive the

technologies in their learning context given that online learning technologies are becoming an
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increasingly important part of the students' approach and learning context (Ellis & Goodyear,
2013; Laurillard, 2013). While some students may use technology in ways that are closely aligned
with a deep learning approach, others may not comprehend the educational value of the technology
and may even view it as a hindrance to learning (Ginns and Ellis, 2007). In order to describe where
online learning technologies might sit and why inside the AL framework, we currently don't know
enough about the underlying intentions and strategies that go along with them. Investigating
students' approaches to and perceptions of the technologies is, therefore, necessary to determine
how their use of online learning technologies may relate to the other elements of the AL

framework.

7.8 Synthesis

This chapter examined the findings at length, and supplemented the outcomes of chapters 5 and 6
within the framework set in chapter 2, more specifically, the study's literature review. All findings
were examined in light of existing literature to deduce if they upheld or extended previous findings.
The qualitative findings, explained the quantitative findings as outlined in the methodology
chapter. Seven COLB were identified namely, “memorising, calculating and practicing, testing,
increasing one’s knowledge, applying, understanding, and exploring real life and natural
phenomena”. The students also had recourse to online resources as a self-learning strategy to better
understand biology topics. It was found that the COL were interconnected and the students could
not refrain from eventually adopting both the lower-level and the higher-level conceptions.
Therefore, this study proposed a unique and non-hierarchical structure for learning conceptions in
which all categories of COL had equal status, represented by a circle. This study also revealed that
the learners’ COL influenced their AL. However, this study revealed that the students adopted
hybrid approaches to learning, that is, they shifted from one approach to another depending on the
demands of the task assigned to them. The next chapter deals with the summary of the findings of
this study, clearly reports all emerging trends, gives a conclusion, and makes some

recommendations for future research.
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CHAPTER 8

SUMMARY AND CONCLUSION

8.1 Introduction

The previous chapter discussed the findings of the quantitative and qualitative data, which were
compared to related literature in a bid to establish the link between the knowledge gained from
this study and existing knowledge. This final chapter summarises the research problem and
discusses the findings, as well as highlights the study's limitations, presents the research
conclusions, and makes recommendations for future research. The conceptions of learning and
approaches to learning of Mauritian upper secondary school students were the subject of this

research.

This chapter comprises seven sections: Section 8.2 summarises the key findings; Section 8.3
discusses the implications of these findings; Section 8.4 clearly states the contribution of the
research to knowledge; Section 8.5 examines the delimitations and limitations of the study;
Section 8.6 makes some recommendations that may guide future research; and Section 8.7 draws

the conclusions of the study.

8.2 Summary of Key Findings

This section presents a summary of the key findings is presented in relation to the research

questions as listed in Section 6.1.

8.2.1 What are Mauritian Upper Secondary School Students’ Conceptions of Learning Biology?

The findings from the quantitative and the qualitative data revealed that the students held the
following COLB: memorising, calculating and practicing, testing, increasing one’s knowledge,
applying, understanding, and exploring real life and natural phenomena. These findings are similar
to the COL identified in previous studies by researchers such as Chiou et al. (2012), Lee et al.
(2008), Li et al. (2013), Liang et al. (2015), Park and Jeon (2015), Shen et al. (2016), Tsai (2004),
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and Tsai (2010), in the sense that they share certain common COL, namely, “memorising,
calculating and practicing, testing, increasing one’s knowledge, applying, understanding”. These
conceptions have been identified in most studies, particularly those in the science domain and
related subjects such as biology, chemistry and physics. However, this study revealed a new
conception of learning, “exploring real life and natural phenomena.” Liang et al. (2015) suggested
that students might hold certain specific COL, besides the common ones, depending on the subject
domain and the educational context. Their study, carried out in the computer science domain in
Taiwan, also identified an additional conception of learning which they named “learning computer
science as programming.” According to them, this may be due to how Taiwanese college students

view the field of computer science.

8.2.2 What are Mauritian Upper Secondary School Students’ Approaches to Learning Biology?

The data of this study revealed that Mauritian upper secondary school students tended to adopt
both the deep and the surface approaches to learning with mixed motives (deep motive and surface
motive) and mixed strategies (deep strategy and surface strategy) to learning biology. According
to Mogre and Amalba (2015), motives and strategies influence students' approaches to learning.
The data revealed similar scores on both the deep motive and the surface motive (see Chapter 5,
Section 5.3.2, Table 5.8). Similar scores on the deep and surface motives suggest that Mauritian
upper secondary pupils lack a stable, or fixed, proclivity for learning biology. Instead, they may
have a dual motivation for learning biology, and therefore make use of both the deep strategies
and the surface strategies to learn biology. This may imply that Mauritian upper secondary school

students have “hybrid approaches” to learning biology.

8.2.3 How do Students’ Conceptions of Learning Influence their Approaches to Learning

Biology?

The data of this study revealed that Mauritian students had both deep and surface motives and
therefore employed both the deep and surface strategies to learn biology. Students with lower-
level learning conceptions tended to use surface AL, whereas students with higher-level COL
tended to use deep AL. This is in line with other studies carried out in the field of science (Chiou
etal., 2012; Park & Jeon, 2015; Lee et al., 2008; Liang et al., 2015; Shen et al., 2016). There was
a positive relationship between higher-level COL and deep AL, lower-level COL and deep AL,
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lower-level COL and surface AL, and lower-level COL and higher-level COL. However, higher-

level COL had a negative relationship with surface AL.

The data also seems to indicate that students who adopted higher-level COL tended to lay more
emphasis on deep strategies and deep motive, whereas students who adopted the lower-level COL
tended to lay more emphasis on surface strategies and surface motives. However, it seems that
students who had a deep AL also made use of the surface strategies such as “memorising,” and

“calculating and practicing” to learn biology.

8.2.4 Why do Students have Specific Conceptions of Learning Biology?

The data seem to suggest that Mauritian upper secondary school students put a lot of emphasis on
the “calculating and practicing” conception of learning biology. The participants of this study
believed that practicing questions, particularly past exam questions, would enable them to answer
questions correctly and score high marks in tests and exams. The “memorising” conception was
also frequently used by the students in a bid to prepare for tests and exams. The education system
in Mauritius is elitist. The government grants full scholarships for university education at the top
universities in countries such as England and Australia to students who achieve the highest
academic performance in the national Cambridge Higher School Certificate examinations at the
end of secondary education. This award of laureates is a legacy of the British colonisers. Therefore,
there is intense competition among secondary school students who use private tuition to boost their
chances of becoming elites, thus increasing their chances of becoming laureates (Ministry of
Education, Culture and Human Resources, 2008). The data also revealed that the teaching
strategies had a considerable influence on the students’ COL and that these teaching strategies
encouraged the students to adopt the lower-level (“memorising”, “calculating and practicing”, and
“testing”’) COL.

This study also revealed that the students had a proper “understanding” of biology topics, which,
they believed, made it easier for them to answer questions in tests and exams. The students stated
that they used online resources as a self-learning technique to better understand biology topics.
They believed that understanding biology concepts made it easier for them to answer questions
correctly and obtain high scores on tests and exams. A proper understanding of biology topics also

enabled the students to gather and acquire new knowledge (“increasing one’s knowledge™), and to
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discover the unknown. The students stated that they applied the knowledge gained in everyday and
real-life situations (“applying”). The students also stated that learning biology by “exploring real

life and natural phenomena” rendered the subject more interesting.

Studies carried out by researchers such as Chiou et al. (2012), Liang & Tsai (2010), Liang & Tsai
(2013), Tsai (2004), and Tsai et al. (2011) have revealed that COL could be classified
hierarchically from lower order to higher order. These studies classified “memorising, testing, and
calculating and practicing as lower-level COL, while “increasing one’s knowledge, applying, and
calculating and practicing” were classified as higher-level COL. Furthermore, the “increasing
one’s knowledge” conception has a dual perspective. On the one hand, this conception might be a
lower-level conception of learning biology (COLB) and might refer to the gathering and acquiring
of knowledge. On the other hand, it might be seen as the discovery of the unknown, which would

share the essence of a productive higher-level COLB

Therefore, this study proposes a non-hierarchical structure of COLB for Mauritian upper
secondary school students with all the conceptions carrying equal status given that all the students
interviewed stated that they utilised all the seven conceptions identified in this study to learn
biology. Bonsaksen and Thorrisen’s (2017) also drew similar conclusions, and they were of the
opinion that the six COL identified in their study should be treated as unidimensional instead of

lower-level and higher-level conceptions.

8.2.5 Why do Students have Specific Approaches to Learning Biology?

This study’s findings revealed that the adoption of the deep or the surface AL by Mauritian students
depended on the nature of tasks to be completed. They lacked a consistent or fixed inclination for
learning biology. They may instead have a twofold motivation for learning biology. This is subject
to how teachers engaged with learners in class, the kind of experiences they provided the learners
with and the types of tasks that were proposed to them. The data revealed that the students had
recourse to surface strategies such as rote learning, and practicing questions when exams were
nearing. When students’ learning loads are substantial, for example, or when the learning activities
merely need rote-based processes, the surface motive tends to be triggered for completing the
corresponding learning tasks. Students may be forced to apply both sorts of motivation

simultaneously. While individuals may study biology in order to pass a test, they may also use this
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chance to get a profound understanding of the learning materials. Hence, it may be deduced that

Mauritian upper secondary school students adopted the hybrid approach to learning biology.

8.2.6 Why do Students’ Conceptions of Learning Influence their Approaches to Learning
Biology, in the Way/s that they do?

Mauritian students were more likely to learn biology by reciting if they thought of biology learning
as memorising what was taught in class, preparing for a test, or calculating and practicing. The
students, on the other hand, held deep motives and used meaningful strategies to learn biology
when they saw it as “increasing knowledge, applying knowledge, or understanding and seeing

knowledge in a new way”.

This study revealed the paradoxical finding that lower-level (quantitative) COL are positively
correlated to deep AL. According to Park and Jeon (2015), depending on the objective and aim of
the study, even quantitative COL can lead to the adoption of constructive approaches. This may
occur due to a desire to accurately recall previously understood information in a high-stress
scenario such as a debate or examination as possibly incorporating rote learning. The use of the
“memorising” conception by Mauritian students may be considered a deep AL given that they
memorise material after learning it. In this instance, the intention is deep understanding,

memorising becomes part of a deep AL.

According to Maulloo and Naugah (2017), the current Mauritian education system is results-
oriented in the sense that educators and students consider achieving good results as their primary
goal. Therefore, these findings could be explained by the examination-centred school culture

prevalent in Mauritius.

8.3 Implications of the Research Findings

There were various implications of this study for teachers. First, it was crucial to assist students in
developing more sophisticated COL since they had a strong and direct impact on learning
strategies. Students who adopt deep motivations and deep learning strategies may benefit from
sophisticated COL. To help students understand the value of learning biology, teachers can use

problem-based learning, inquiry-based learning and outdoor investigations. Learning science was
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meant to expand knowledge, then apply information, and interpret knowledge in new ways rather
than just retain what teachers discuss in class or get ready for an examination. My argument is that
the best approach for students to understand COLB is to apply what they learn in class to real-
world issues. Second, teachers should motivate students to learn biology with deep motives and
deep learning strategies, such as when teachers guide students in gaining a systematic
understanding of what they learn in classrooms. To facilitate meaningful learning, students must
connect existing knowledge to new information. Furthermore, it was critical to push students to

learn biology through their own interests and curiosity.

Because this research suggests that students will hold a variety of learning conceptions that will
influence their performance, teachers must be aware of these, as well as their likely developmental
sequence and how they may be influenced by culture and context. Teachers must also be explicitly
aware of their own conceptions of teaching and student learning and strive to ensure that they are
congruent, or flexible, depending on the context and student needs. Teachers would benefit from
being as clear as possible with students about their viewpoints on teaching and learning, as well as
the justifications for them. Additionally, teachers will be more successful if they structure their
lessons according to Ho’s (2020) description of congruent or aligned expectations, tactics, and
ideas of teaching and learning.

It is important to support students in understanding their COL and how these relate to their learning
strategies. The ideal situation would be for them to create a variety of deep and surface AL that
they can regulate metacognitively to govern their own learning based on the situation, their
motivation, and their goals. In essence, it is advocated that teachers assist learners at all levels in
learning about learning. Additionally, it would be helpful if they could be guided in understanding
the type of instruction they are receiving so they may decide whether it meets their needs or if they
would prefer to learn in a different fashion, thereby exerting as much control over their own

learning as far as possible.

This study identified the COL and AL of Mauritian students and also clarified the relationship
between them. In light of the findings of this study, biology educators may face the next challenge
of transforming students' lower-level COL into higher-level ones. A study by Tsai (2009)
compared tertiary students' conceptions of general COL and web-based learning. The study came

to the conclusion that the online setting might help pupils learn in real-world situations. Therefore,
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integrating state-of-the-art technologies into teaching could assist pupils in creating higher order
concepts of learning. Using this as their foundation, Lin et al. (2012) carried out an experimental
study to examine how internet-assisted physiology education affected university students' learning
concepts. The results of the study showed that internet-assisted education raised students' COL.
Research, in the future, should look into incorporating technology into instruction or learning to

improve students' conceptions of learning biology or other science subjects.

8.4 Contribution of the Research

8.4.1 Contextual Contribution

This study made valuable contextual contributions given that it was carried out in Mauritius, a
small island nation with a distinct population and teaching and learning context. Most literature on
COL and AL from small islands come from Taiwan which probably does not have the same
(cultural) diversity in its population. This study has shown that Mauritian secondary school
students have typical COL and AL which may have been influenced by the unique educational
context and cultural background of the students. Similar studies could be carried out in other small

island nations to further enrich the literature.

8.4.2 Methodological Contribution

This study made valuable methodological advances in terms of expanding research design, data
collection processes and data analysis. Most research on COL and AL have been quantitative. This
mixed methods study adds a deeper understanding of COLB and ALB as it offers explanations.
While the research design for this study was based on predetermined design principles, the
methodology that developed during the research process implies an unfolding evolutionary
methodological process. This was reflected in the research design as well as the sampling. First,
the unfolding methodology was represented in the mixed method explanatory sequential design,
as the quantitative process informed how the qualitative process would develop. Second, the data-
gathering procedure was presented with contextual modifications. Each of the participants selected
had to be interviewed on three occasions. While parts of the data collection and analysis procedures

followed established research designs, gathering information from interviewees necessitated a
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more customised approach. This is a weakness but while also being a strength because it created

relevant, honest and valuable data.

Following consultation with participants, conversations were held in the Mauritian Creole (Kreol
Morisien), the participants' native language, to allow them to express their thoughts and get
additional information without being hampered by a language barrier. This involved translating
the recordings of the interviews into English to construct a transcript. This data collection
technique also helped to develop a methodological approach that was deemed appropriate and

relevant to the participants.

8.4.3 Theoretical Contribution

The findings of this study might help to understand COL and AL in other similar small island
nations throughout the world. At the national level, my research can contribute to better
performance in biology. This study will also build on the existing literature on COL and AL.

This study introduced a new element of COLB, which is “exploring real-life and natural
phenomena.” This is a contribution to the COL framework. However, I did not find the emergence
of the conception “seeing in a new way” as proposed by Lee et al. (2008). The “exploring real-life
and natural phenomena” conception is correlated with the deep AL. In fact, it is considered as a
deep strategy for learning by students and teachers. The data revealed that students made use of

online technologies to explore real-life and natural phenomena.

The study revealed that Mauritian upper secondary students had mixed conceptions, hence they
adopted a mixed or “hybrid” ALB. The result space in this study is predicted to have a specific
design for Mauritian biology students based on data analysis. Traditional and conventional views
of the outcome space as being hierarchical place certain conceptions at lower levels and others at
higher levels. A different structure, however, is obtained for this study, in which all categories are
given equal status and are each represented by a circle, with no category being either inferior to or
superior to others (see Figure 8.1). This is a contribution to the COL framework. The “hybrid
approaches” to learning, identified in this study, show that the students make use of both the deep
and the surface ALB depending upon the demands of the task to be completed. For example, when
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exams are near, even deep learners tend to switch to the surface strategies of learning, such as

“memorising,” and “practicing tutorial problems.” This is a contribution to the AL framework.

The result of this study suggests that students’ COL and AL are interrelated. According to the
study's findings, the examination-focused educational system in Mauritius seems to have a major
impact on students' COL and AL. It appears that teachers adopt instructional strategies to meet the
demands of the educational system. It also appears that due to the nature of the assessment, deep
learners, who normally make use of higher COL, may also make use of the lower COL switching
from the deep AL to the surface AL whenever the need arises. This study also shows that students’
COL and AL are subject/domain specific. Figure 8.1 illustrates the outcome space for COL and
AL.

Figure 8.1

Outcome Space for Conceptions of Learning and Approaches to Learning
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The learning model proposed offers a fresh, distinctive lens through which to observe the complex

nature of learners' learning from a theoretical standpoint. The complexity of COL and AL can be
distilled by depicting learners' learning in this fashion. The cycle in Figure 8.1 represents the
teaching and learning context defined by the subject domain, instructional strategies, the nature of
assessment, and the learning culture. COL and AL in the same cycle should be viewed as two sides

of the same coin. If we see one side of the coin, we know what the other side looks like and the
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value of the coin. The value of the same mass of a copper/bronze coin differs from country to
country depending on various factors. This is analogous to the influence of the teaching and

learning context on COL and AL.

8.5 Limitations of the Study

The convenience sampling method adopted for the current study implies that the sample was not
truly representative of the Mauritian Grade 11 biology student population. The impracticality of
covering the whole nation and the many variables of random sampling means accessibility took
precedence. To mitigate the lack of true representativeness, the choice of schools took into account
the different characteristics of Mauritian schools, that is private and public, single-sex and co-
educational schools. The generalisation of the findings should therefore be read with the
composition of the participants in mind. The findings could also be generalised to similar small
islands rather than mainland countries, where schools might have students from different cultures

and countries.

8.6 Recommendations for Future Research

This study revealed varying learning conceptions held by Mauritian upper secondary school pupils.
It provided great insights into students' learning experiences while also raising some significant

issues.

This study has shown how important it is to look into how memorization and comprehension relate
to one another. According to the research's participants, memorization and recollection are crucial
for performing well on tests. Past research has shown that there are two types of memorization:
rote memorization and meaningful memorization (Entwistle & Entwistle, 2003; Kember, 1996).
Further research into the type of memorising practiced by Mauritian students could be very

informative.

In Mauritius, secondary education is typically a seven-year program, beginning in Grade 7 and
ending in Grade 13. At the end of Grade 9, students take the National Certificate of Education
(NCE) assessment. It would be easier to understand how pupils learn in Mauritius if their COL at

upper secondary (Grades 10-13) and lower secondary (Grades 7-9) were compared. Such a study
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would increase the significance of the current study by giving a comprehensive overview of the

students' educational experiences in two different contexts.

Significant connections between instructors' COL and their instructional strategies have been
found in prior studies (Dart et al., 2000). The need to investigate how Mauritius' secondary school
teachers perceive learning is therefore significant. It would shed light on the meaning of learning
to these teachers and how their views affect how they approach the subject of teaching. The
learning experiences of students are influenced by teachers’ views on learning. Given that student
learning quality is the ultimate goal of education, the relationship between instructors' views or
COL, their teaching methods, and student learning is crucial (Biggs et al., 2022). Research that
examines teachers' COL and teaching may also look further at factors that may influence
instructors' decisions to utilize a teacher-centred approach to instruction. In order to encourage
qualitative COL and deep AL in secondary schools in Mauritius, the results of such a study are
anticipated to offer recommendations for their incorporation.

The data of this study revealed that Mauritian students had access to online learning resources to
better understand biology topics. In order to describe where online learning technologies might sit
and why inside the AL framework, we currently do not know enough about the underlying
intentions and strategies that go along with them. Investigating students' approaches to and
perceptions of the technologies is therefore necessary to determine how their use of online learning
technologies may relate to the other elements of the AL framework.

8.7 Conclusion

While there may be better techniques of teaching and learning that are acceptable, the research on
conceptions shows that students and teachers do not always embrace or use these. The
aforementioned ideas presuppose a firm commitment on the side of students and teachers to adopt
improved teaching and learning methods, but it is crucial to be aware that there will be a variety
of other expectations and behaviours. In order to improve learning for the majority of students,
this realisation is a necessary step toward being able to cope with such beliefs, expectations, and

behaviour effectively
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The present investigation established important correlations that have significance for enhancing
ALB and instruction at the upper secondary level in Mauritius. A student's AL is regarded as
meaningful learning if it involves broad thinking, investigation, linking concepts to one another,
and evaluation. The current study found a link between upper secondary school students'
constructivist beliefs and ALB. Constructive conceptions such as biology learning as increasing
one’s knowledge, the application of knowledge, understanding, and exploring real life and natural
phenomena directed them to use deep AL, whereas the reproductive COLB to prepare for
tests directed them to use surface approaches. Exams are the focus of the Mauritian educational
system, and the pupils there are fiercely competitive. Private tuition is widespread and well-known
in Mauritius for every topic, and students are strongly advised to prepare for the exam. Students
rarely get the chance to develop their talents at school (practical activities). Students' lack of the
creative and scientific abilities needed for the job market may also be caused by surface learning.
The current research shows that students' positive conceptions encourage them to employ deep
learning techniques more frequently. These concepts ought to be taught to pupils in order to direct

them toward more purposeful learning.
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APPENDICES

Appendix A: Permission to do Research in Mauritian Secondary School

REPUBLIC OF MAURITIUS
MINISTRY OF EDUCATION AND HUMAN RESOURCES, TERTIARY EDUCATION
AND SCIENTIFIC RESEARCH

ME/305/3T17 05 April 2019

Mr Deenesh Patpur
La Source
Central Flacq

Dear Sir

Subject: Authorisation to enter school premises to conduct research
Please refer to your correspondence dated 18 March 2019 on the above subject.

2: This is to inform you that permission has been granted to you to collect data from
the schools at Annex, subject to the following:

i). Informed consent of parents of the sampled students would have to be sought
and obtained before you proceed with the collection of data;
ii). Anonymity of participants and confidentiality of data would have to be
maintained; and
iii). At no point should the smooth running of classes be disturbed by the research

exercise.
3. We advise that you liaise with the Rector of the school to make all necessary prior
arrangements.
4. You will have to submit a copy of your findings to the Ministry upon completing
the study.

Yours faithfull

C. Surajbali-Bissoonauth (Mrs)
for Acting Senior Chief Executive

Cc: Director Zone 2
Director, Zone 4
Director Schooling, MGI

MITD House, Phoenix 73544 - MAURITIUS
Tel. No: 601 3458 Fax No: (230) 697 5305
E-mail: moe-secedu@govmu.org
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Appendix B: Ethical Clearance

7| UNIVERSITY OF ™
==" KWAZULU-NATAL
e INYUVESI
S YAKWAZULU-NATALI
09 September 2019

Mr Deenesh Patpur (218081480}
School of Education
Edgewood Campus

Dear Mr Patpur,

Protocol reference number: HS5/0523/019D
Project title: Exploring Mauritian Upper Secondary students' conceptions of and approaches to learning Biology

Approval Notification - Expedited Application
In response to your application received on 29 April 2019, the Humanities & Social Sciences Research Ethics Committee has
considered the abovementioned application and the protocol has been granted FULL APPROVAL

Any alteration/s to the approved research protocol |.e. Questionnairefinterview Schedule, Informed Consent Form, Title of the
Project, Location of the Study, Research Approach and Methods must be reviewed snd approved through the
amendment/modification prior to its implementation. In case you have further queries, please quote the above reference
number. PLEASE NOTE: Research data should be securely stored in the discipline/department for a period of 5 years.

The ethical clearance certificate is only valid for a period of 1 year from the date of issue. Thereafter Recertification must be
applied for on an annual basis.

I take this opportunity of wishing you everything of the best with your study.

Yours faithfully

L P ——

Professor Urmilla Boh
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Appendix C: Parent’s Terms of Reference Letter and Consent Form

Dear Parent/Responsible party

I am currently enrolled on a PhD in Education at the University of KwaZulu-Natal (UKZN) in Durban,
South Africa. | request your consent to allow your son/daughter/ward to participate in my research project
which is entitled: Exploring Mauritian Upper Secondary Students’ Conceptions of and Approaches to
Learning Biology. The aim of my study is to find out what are Mauritian upper secondary school students’

conceptions of learning and approaches to learning Biology.

For the purpose of data collection, your son/daughter/ward will be administered a survey questionnaire.
He/she will be asked to respond to the questionnaire voluntarily. The cover page of the questionnaire will
inform him/her about the aim and objectives of the study and his/her right to withdrawal. He/she may be

selected for an interview. Data will be collected from May to October 2019 during school hours.

I wish to inform you that, should my presence have any effect on the class; | will leave the premises
immediately. All considerations pertaining to ethics of consent, anonymity, right to withdraw and
safekeeping of all research records and for the disposal of information are covered by the UKZN Ethics
committee requirements. All students will be issued consent forms outlining the research focus and the

necessary clauses that address their constitutional rights pertaining to privacy.

Please note that:

= Participation in the study will be voluntary

= All data collected will be used for research purposes.

= Your child will be free to withdraw at any point without being penalized. However, all data collected
before his/her withdrawal may be used in the research process. It would be appreciated if | am
informed in advance.

= No monetary rewards will be given.

= There are no known risks involved.

= Request to conduct research was approved by the Ministry of Education and the management of the
school.

= All information about your child’s name and school will be kept confidential.
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= At the end of the data collection process copies of transcripts of the interviews, audio and video

recordings will be made available to you upon completion.

If you agree to your child taking part in this research study, please sign and submit the attached declaration form.

If you wish to have any further information about any aspect of the study, feel free to contact me on 57851455

or on dpatpur@yahoo.com . You may also contact my supervisors or the UKZN Research Office:

Dr Tamirirofa Chirikure (Supervisor)

School of Education, College of Humanities; University of KwaZulu-Natal
Private Bag X03, Ashwood 3605, South Africa

Email: chirikure@ukzn.ac.za; Tel: +27 31 260 3470

Dr Angela James (Supervisor)

School of Education, College of Humanities; University of KwaZulu-Natal
Private Bag X03, Ashwood 3605, South Africa

Email: jamesal@ukzn.ac.za; Tel: +27 31 260 3438

Dr A B Rumjaun (MRSB, UK)

Associate Professor (Biosciences Education)

Head, School of Science and Maths; Mauritius Institute of Education
Reduit; Mauritius

Tel: (230) 401-6555; Fax: (230) 467-5159; Mobile: +23057756523

Research Office: HSSREC — Ethics

University of KwaZulu-Natal Govan Mbeki Building
Private Bag X54001, Durban 4000, South Africa
Tel: +27 31 260 4557; Fax: +27 31 260 1609
Thanking you in advance for your co-operation.

Yours faithfully

Deenesh Patpur
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PARENT’S/GUARDIAN’S CONSENT - DECLARATION

Title of the research: Exploring Mauritian Upper Secondary Students’ Conceptions of and Approaches to

Learning Biology.

P , the undersigned parent/guardian  of
........................................................... agree/disagree that she/he should participate in Mr

Deenesh Patpur’s study.

| understand that:
e My child will participate voluntarily and | am at liberty to withdraw him/her from the project
at any time should I so desire with no negative consequences.
e [ voluntarily give permission for the study’s activities to be digitally recorded.
e My child’s identity will not be disclosed and that a pseudonym will be used to protect his/her

identity.

I hereby: (please tick in the appropriate box in table below)

Agree to audio-recording

Do not agree to audio-recording

I hereby: (please tick in the appropriate box in table below)

Agree to photographing and video-recording

Do not agree to photographing and video-recording

Signature of parent/guardian ...l Date ...coovviiiiiinn
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Appendix D: Participant’s Information Sheet and Assent Form for Questionnaire Survey
and Interview

Dear student

I am currently enrolled on a PhD in Education at the University of KwaZulu-Natal (UKZN) in Durban,
South Africa. My research project is entitled: Exploring Mauritian Upper Secondary Students’ Conceptions
of and Approaches to Learning Biology. The aim of my study is to find out are Mauritian upper secondary
school students’ conceptions of learning and approaches to learning Biology. | would be pleased if you

could agree to participate in my research.

In line with my research, I shall need to gather enough data for analysis, therefore all the collected data will
be used for my research. The gathered information will be kept confidential and be used only in line with
my research project. For the purpose of data collection, you will be administered a survey questionnaire.
You will be asked to respond to the survey questionnaire voluntarily. You may also be selected for a
video/audiotaped interview. Please note that:
= Participation in the study will be voluntary
= You will be free to withdraw at any point without being penalized. However, it would be appreciated
if I am informed in advance.
= No monetary rewards will be given.
= There are no known risks involved.
= Request to conduct research was approved by the Ministry of Education and the management of
your school.
= All information about your name and school will be kept confidential.
= At the end of the data collection process copies of transcripts of the interviews, audio and video

recordings will be made available to you and your school upon completion.

If you agree to take part in this research study, please sign and submit the attached declaration form.

It would be appreciated if you discuss your involvement with your parent or guardian before you complete the
form below to indicate whether you agree or disagree to take part in this study.

If you wish to have any further information about any aspect of the study, feel free to contact me on 57851455

or on dpatpur@yahoo.com . You may also contact my supervisors or the UKZN Research Office:

Dr Tamirirofa Chirikure (Supervisor)

School of Education, College of Humanities; University of KwaZulu-Natal
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Private Bag X03, Ashwood 3605, South Africa
Email: chirikure@ukzn.ac.za; Tel: +27 31 260 3470

Dr Angela James (Supervisor)

School of Education, College of Humanities; University of KwaZulu-Natal
Private Bag X03, Ashwood 3605, South Africa

Email: jamesal@ukzn.ac.za; Tel: +27 31 260 3438

Dr A B Rumjaun (MRSB, UK)

Associate Professor (Biosciences Education)

Head, School of Science and Maths; Mauritius Institute of Education
Reduit; Mauritius

Tel: (230) 401-6555; Fax: (230) 467-5159; Mobile: +23057756523

Research Office: HSSREC — Ethics

University of KwaZulu-Natal Govan Mbeki Building
Private Bag X54001, Durban 4000, South Africa
Tel: +27 31 260 4557; Fax: +27 31 260 1609
Thanking you in advance for your co-operation.

Yours faithfully

Deenesh Patpur
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Declaration

s e agree/disagree to participate in Mr
Deenesh Patpur’s study. The purpose, terms and conditions of the research have been explained to me.

| understand that | may withdraw from the project at any time.

| hereby: (please tick in the appropriate box in table below)

Agree to audio-recording

Do not agree to audio-recording

| hereby: (please tick in the appropriate box in table below)

Agree to photographing and video-

recording

Do not agree to photographing and

video-recording

Signature of participant ............c.o.ooviiiiiiiiiiin Date
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Appendix E: Survey Questionnaire

Section A: The Questionnaire Items on the COLB

For each of the listed statements, please tick (V) the one response that best expresses the extent to which you agree or

disagree with the statement

Memorising Strongly | Agree No Disagree | Strongly
agree opinion disagree
M1 Learning biology means memorising the definitions,
formulae, and laws found in a biology textbook.
M2 Learning biology means memorising the important concepts
found in a biology textbook.
M3 Learning biology means memorising the proper nouns found
in a biology textbook that can help solve the teacher’s
questions.
M4 Learning biology means remembering what the teacher
lectures about in the biology class.
M5 Learning biology means memorising biological symbols,
biological concepts, and facts.
M6 Learning biology is just like learning history or geography,
the most important thing is to memories the content of the
textbook.
M7 | When learning biology, | need to memorise the biological
definitions and formulae well or | will forget them.
Testing Strongly | Agree No Disagree | Strongly
agree opinion disagree
T1 Learning biology means getting high scores in examinations.
T2 If there are no tests, | will not learn biology.
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T3 There are no benefits to learning biology other than getting
high scores in examinations. In fact, |1 can get along well
without knowing many biological facts.
T4 The major purpose of learning biology is to get more familiar
with test materials
T5 I learn biology so that | can do well in biology-related tests.
T6 There is a close relationship between learning biology and
taking tests.
T7 Learning biology means answering the questions correctly in
the examination.
Calculating and Practicing Strongly | Agree No Disagree | Strongly
agree opinion disagree
CP1 | Learning biology involves a series of calculations and
problem-solving.
CP2 | I think that learning calculation or problem-solving will help
me improve my performance in biology courses.
CP3 | Learning biology means knowing how to use the correct
formulae when solving problems.
CP4 | The way to learn biology well is to constantly practice
calculations and problem solving.
CP5 | There is a close relationship between learning biology, being
good at calculations, and constant practice.
CP6 | Learning biology means constantly practicing calculations
and problem solving.
Increasing one’s Knowledge Strongly | Agree No Disagree | Strongly
agree opinion disagree
IK1 | Learning biology means acquiring knowledge that I did not
know before.
IK2 | | am learning biology when the teacher tells me biological

facts that | did not know before.
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IK3 | Learning biology means acquiring more knowledge about
natural phenomena and topics related to nature.
IK4 | Learning biology helps me acquire more facts about nature.
IK5 | I am learning biology when | increase my knowledge of
natural phenomena and topics related to nature.
Applying Strongly | Agree No Disagree | Strongly
agree opinion disagree
Al The purpose of learning biology is learning how to apply
methods | already know to unknown problems.
A2 Learning biology means learning how to apply knowledge and
skills I already know to unknown problems.
A3 We learn biology to improve the quality of our lives.
A4 Learning biology means solving or explaining unknown
questions and phenomena.
A5 Learning biology means solving or explaining unknown
questions and phenomena.
A6 Learning biology means acquiring knowledge and skills to
enhance the quality of our lives.
Understanding & Seeing in a New Way Strongly | Agree No Disagree | Strongly
agree opinion disagree
US1 | Learning biology means understanding biological knowledge.
US2 | Learning biology means understanding the connection
between biological concepts.
US3 | Learning biology helps me view natural phenomena and
topics related to nature in new ways.
US4 | Learning biology means changing my way of viewing natural
phenomena and topics related to nature.
US5 | Learning biology means finding a better way to view natural

phenomena or topics related to nature.
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us6

I can learn more ways about thinking about natural

phenomena or topics related to nature by learning biology.

Section B: The Questionnaire Items on the ALB

For each of the listed statements, please tick (V) the one response that best expresses the extent to which you agree or

disagree with the statement

Deep Approach Strongly | Agree No Disagree | Strongly
agree opinion disagree
Deep motive
DM1 | | find that at times studying biology makes me feel really
happy and satisfied.
DM2 | | feel that biology topics can be highly interesting once | get
into them.
DM3 | I work hard at studying biology because I find the material
interesting.
DM4 | | always greatly look forward to go to the biology class.
DMS5 | |spend alot of my free time finding out more about interesting
topics which were discussed in the biology class.
DM6 | | come to the biology class with questions in my mind that |
want to be answered.
DM7 | I find that I continually go over my biology classwork in my
mind even whenever | am not in the biology class.
DM8 | I like to work on biology topics by myself so that | can form
my own conclusions and feel satisfied.
Deep strategy Strongly | Agree No Disagree | Strongly
agree opinion disagree
DS1 | Itryto relate what | have learned in biology to what I learn in

other subjects.
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DS2 | I like constructing theories to fit odd things together when |
am learning biology topics.
DS3 | I try to find the relationship between the contents of what |
have learned in biology.
DS4 | | try to relate new material to what | already know about the
topic when | am studying biology.
DS5 | I try to understand the meaning of the contents | have read in
biology textbooks.
DS6 | I can ask myself, possibly, to understand the subject matter |
have learned in the biology class.
Surface Approach Strongly | Agree No Disagree | Strongly
agree opinion disagree
Surface motive
SML1 | I am discouraged by a poor mark in biology tests and worry
about how I will do on the next text.
SM2 | Even when I have studied hard for a biology test, | worry that
I may not be able to do well in it.
SM3 | | worry that my performance in the biology class may not
satisfy my teacher’s expectations.
SM4 | | want to get a good achievement in biology so that | can get
a better job in the future.
SM5 | I want to do well in biology so that | can please my family and
the teacher.
SM6 | No matter if I like it or not, | know that getting a good
achievement in biology could help me to get an ideal job in
the future.
Surface strategy Strongly | Agree | No Disagree Strongly
agree opinion disagree
SS1 | Isee no point in learning biology materials that are not likely

to be on the examinations.
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SS2

As long as | feel I am doing well enough to pass the
examination, | devote as little time as | can to studying

biology. There are many more interesting things to do with

my time.

SS3 | I, generally, will restrict my study to what is specially set
because | think it is unnecessary to do anything extra in
learning a biology topic.

SS4 | | find that studying each topic in depth is not helpful or
necessary when | am learning biology. There are too many
examinations to pass and too many subjects to be learned.

SS5 | | find the best way to pass biology examinations is to try to
remember the answers to likely questions.

SS6 | When learning biology, | try to memorise the content again
and again till I remember it very well.

SS7 | I find that memorising the most important content makes me

get high scores in the examinations instead of understanding
it.
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Appendix F: Invitation for Students Selected to Participate in Interviews

Dear student

You may remember that a few weeks ago you kindly completed a questionnaire about conceptions
of learning and approaches to learning biology. You were asked if you would be willing to
participate in an interview to further explore conceptions of learning and approaches to learning,
to which you agreed. I've finished collecting data for my questionnaire and am now doing
interviews. You have been selected to participate in an interview which will be held during school
hours in your school. The date and time of the interview will be communicated to you in due
course. The discussion will focus on your learning experiences, as well as learning conceptions.
There is no need to prepare, and there are no proper answers or expected opinions. The
conversation will be recorded, but nothing you say will be made public; only the researcher, me,

will listen to the recording.

| hope to see you again soon, and | am grateful for your contribution to my studies.

Kind regards

Deenesh Patpur
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Appendix G: Interview Schedule

1. What strategies do you use to learn biology?

2. What strategies do you use to learn biology when there is a test or exam
(a) in one month?
(b) in one week?
(c) in one day?

3. Why do you use the strategies you have mentioned to learn biology?

This is the end of the interview

Thank you for your time and cooperation!
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Appendix H: Students’ Responses to the COLB and ALB Questionnaires

Section A: The Questionnaire Items on the COLB

Memorisig
% % % % %
M1 Learning biology means memorising the definitions, | 17.3 49.5 7.8 18.3 7.1
formulae, and laws found in a biology textbook.
M2 Learning biology means memorising the important concepts | 23.1 55.1 9.1 9.9 2.8
found in a biology textbook.
M3 Learning biology means memorising the proper nouns found 17.8 39.2 | 20.1 16.7 6.2
in a biology textbook that can help solve the teacher’s
questions.
M4 Learning biology means remembering what the teacher | 29.4 45.1 8.4 13.3 3.8
lectures about in the biology class.
M5 Learning biology means memorising biological symbols, | 23.1 415 | 17.3 12.7 54
biological concepts, and facts.
M6 Learning biology is just like learning history or geography, 9.5 19.7 | 141 34.4 22.3
the most important thing is to memories the content of the
textbook.
M7 When learning biology, | need to memorise the biological | 29.0 40.6 | 145 11.9 4.0
definitions and formulae well or I will forget them.
Testing Strongly | Agree No Disagree | Strongly
agree opinion disagree
% % % % %
T1 Learning biology means getting high scores in examinations. 16.3 26.8 | 19.1 24.7 13.1
T2 If there are no tests, | will not learn biology. 8.2 239 | 10.3 38.7 18.9
T3 There are no benefits to learning biology other than getting 4.0 245 | 11.3 50.5 9.7
high scores in examinations. In fact, | can get along well
without knowing many biological facts.
T4 The major purpose of learning biology is to get more familiar | 10.8 334 | 189 27.2 9.7
with test materials
T5 I learn biology so that | can do well in biology-related tests. 21.7 46.1 | 125 13.9 5.8
T6 There is a close relationship between learning biology and | 15.3 36.7 | 245 175 6.0

taking tests.
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T7 Learning biology means answering the questions correctly in | 18.3 30.8 | 18.3 22.9 9.7
the examination.
Calculating and Practicing Sggrr:e%ly Agree op'i\::iJon Disagree gfggg?;g
% % % % %
CP1 | Learning biology involves a series of calculations and 6.0 19.1 | 151 355 24.3
problem-solving.
CP2 | I think that learning calculation or problem-solving will help | 15.5 27.8 | 18.1 195 19.1
me improve my performance in biology courses.
CP3 | Learning biology means knowing how to use the correct | 10.9 35.6 | 18.9 24.9 9.7
formulae when solving problems.
CP4 | The way to learn biology well is to constantly practice 6.0 23.7 | 185 34.6 17.2
calculations and problem solving.
CP5 | There is a close relationship between learning biology, being 9.1 29.0 | 220 25.8 14.1
good at calculations, and constant practice.
CP6 | Learning biology means constantly practicing calculations 5.4 21.9 | 18.9 33.6 20.2
and problem solving.
Increasing one’s Knowledge Sggpgy Agree opli\:1(i)on Disagree 3};23?4)8’
% % % % %
IK1 | Learning biology means acquiring knowledge that | did not | 50.5 35.3 8.2 4.4 1.6
know before.
IK2 | I am learning biology when the teacher tells me biological | 47.3 35.6 | 10.9 4.8 14
facts that | did not know before.
IK3 | Learning biology means acquiring more knowledge about | 43.7 | 38.4 9.9 54 2.6
natural phenomena and topics related to nature.
IK4 | Learning biology helps me acquire more facts about nature. 449 | 378 8.5 6.2 2.6
IK5 || am learning biology when | increase my knowledge of | 36.8 389 | 135 6.8 4.0
natural phenomena and topics related to nature.
Applying Strongly | Agree No Disagree | Strongly
agree opinion disagree
% % % % %
Al The purpose of learning biology is learning how to apply | 18.9 39.8 | 23.9 12.7 4.7
methods | already know to unknown problems.
A2 Learning biology means learning how to apply knowledge and | 18.5 403 | 21.7 145 5.0
skills I already know to unknown problems.
A3 We learn biology to improve the quality of our lives. 40.8 41.1 8.9 6.0 3.2
Ad Learning biology means solving or explaining unknown 19.1 378 | 25.6 13.7 3.8

questions and phenomena.
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A5 Learning biology means solving or explaining unknown | 27.8 419 | 171 8.5 4.7
questions and phenomena.
A6 Learning biology means acquiring knowledge and skills to | 33.6 39.6 | 143 10.1 24
enhance the quality of our lives.
Understanding & Seeing in a New Way Sggrne%ly Agree Opli\:]?on Disagree ifggg?;g
% % % % %
US1 | Learning biology means understanding biological knowledge. | 40.4 42.3 9.9 4.4 3.0
US2 | Learning biology means understanding the connection | 28.8 43.7 | 19.1 5.4 3.0
between biological concepts.
US3 | Learning biology helps me view natural phenomena and | 37.8 40.3 | 125 5.8 3.6
topics related to nature in new ways.
US4 | Learning biology means changing my way of viewing natural | 33.7 388 | 155 6.0 6.0
phenomena and topics related to nature.
US5 | Learning biology means finding a better way to view natural 29.9 47.7 | 15.6 3.6 3.2
phenomena or topics related to nature.
US6 || can learn more ways about thinking about natural | 25.6 414 | 19.1 9.5 4.4
phenomena or topics related to nature by learning biology.
Section B: The Questionnaire Items on the ALB
Deep Approach Strongly | Agree No Disagree | Strongly
. agree opinion disagree
Deep motive % % % % %
DML1 | I find that at times studying biology makes me feel really | 34.1 | 37.4 | 15.3 7.4 5.8
happy and satisfied.
DM2 | | feel that biology topics can be highly interesting once | get | 42.5 378 | 10.1 6.6 3.0
into them.
DM3 | I work hard at studying biology because | find the material | 29.2 36.8 | 18.3 111 4.6
interesting.
DM4 | | always greatly look forward to go to the biology class. 27.6 39.4 | 16.5 11.9 4.6
DM5 | Ispend a lot of my free time finding out more about interesting | 19.7 31.8 | 18.3 21.5 8.7
topics which were discussed in the biology class.
DM6 | | come to the biology class with questions in my mind that | | 27.0 40.8 | 18.1 9.1 5.0
want to be answered.
DM?7 | I find that | continually go over my biology classwork in my | 13.9 30.6 | 247 211 9.7
mind even whenever | am not in the biology class.
DM8 | | like to work on biology topics by myself so that | can form | 24.6 329 | 222 13.2 7.1
my own conclusions and feel satisfied.
Deep strategy Strongly | Agree No Disagree | Strongly
agree opinion disagree
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%

%

%

%

%

DS1 | Itryto relate what | have learned in biology to what I learnin | 23.7 359 | 195 14.7 6.2
other subjects.
DS2 | I like constructing theories to fit odd things together when | 17.5 332 | 27.6 175 4.2
am learning biology topics.
DS3 | I try to find the relationship between the contents of what | 24.4 39.2 | 221 9.5 4.8
have learned in biology.
DS4 | I try to relate new material to what | already know about the | 20.2 404 | 20.9 12.9 5.6
topic when | am studying biology.
DS5 | I try to understand the meaning of the contents | have read in | 26.8 46.9 | 12.1 8.0 6.2
biology textbooks.
DS6 | | can ask myself, possibly, to understand the subject matter | | 23.9 43.6 | 235 6.6 2.4
have learned in the biology class.
Surface Approach Strongly | Agree No Disagree | Strongly
agree opinion disagree
Surface motive % % % % %
SM1 | I am discouraged by a poor mark in biology tests and worry | 37.6 34.4 | 11.7 9.3 7.0
about how I will do on the next text.
SM2 | Even when | have studied hard for a biology test, | worry that | 34.0 342 | 129 135 54
I may not be able to do well in it.
SM3 | | worry that my performance in the biology class may not | 30.0 35.6 | 15.7 12.9 5.8
satisfy my teacher’s expectations.
SM4 | | want to get a good achievement in biology so that | can get | 45.3 28.6 | 13.7 8.2 4.2
a better job in the future.
SM5 | I'wantto do well in biology so that | can please my family and | 41.4 26.2 | 13.9 11.7 6.8
the teacher.
SM6 | No matter if I like it or not, I know that getting a good | 36.8 343 | 165 8.0 4.4
achievement in biology could help me to get an ideal job in
the future.
Surface strategy Strongly | Agree No Disagree | Strongly
agree opinion disagree
% % % % %
SS1 | I see no point in learning biology materials that are not likely | 10.3 149 | 25.1 27.2 225
to be on the examinations.
SS2 | As long as | feel 1 am doing well enough to pass the | 14.0 249 | 22.7 23.9 14.5

examination, | devote as little time as | can to studying
biology. There are many more interesting things to do with

my time.
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SS3 | I, generally, will restrict my study to what is specially set | 9.7 16.8 | 28.0 29.8 15.7
because | think it is unnecessary to do anything extra in
learning a biology topic.

SS4 | | find that studying each topic in depth is not helpful or | 12.9 211 | 213 28.2 16.5
necessary when | am learning biology. There are too many
examinations to pass and too many subjects to be learned.

SS5 | | find the best way to pass biology examinations is to try to | 21.9 36.4 | 13.9 16.9 10.9
remember the answers to likely questions.

SS6 | When learning biology, | try to memorise the content again | 27.6 404 | 13.3 13.1 5.6
and again till I remember it very well.

SS7 | | find that memorising the most important content makes me | 23.9 250 | 151 22.3 13.7

get high scores in the examinations instead of understanding
it.
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Appendix I: Component Transformation Matrix
Table 1

Component Transformation Matrix for Conceptions of Learning Biology

Component Calculating Exploring  real Increasing Testing Memorising  Applying

and Practicing life and natural One’s

phenomena Knowledge

Calculating and .569 .648 315 .235 139 .289
Practicing

Exploring  real .706 -.483 -.432 272 .044 -.078
life and natural

phenomena

Increasing One’s -.288 -.159 222 .675 .602 -.158
Knowledge

Testing .253 -201 .338 -.626 .594 -.193
Memorising .090 -.509 .689 .109 -.386 311
Applying -.154 -.151 -.276 -.109 .338 .867

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
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Table 2

Component Transformation Matrix for Approaches to Learning Biology

Component Deep motive Surface Strategy Deep Strategy Surface motive
Deep motive .818 =212 528 .091
Surface Strategy .005 75 .200 .600
Deep Strategy 226 .592 021 - 773
Surface motive 530 .067 -.825 183

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalizati
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Appendix J: Communalities

Table 3

Communalities for Conceptions of Learning

Items on the questionnaire depicting conceptions of learning Initial | Extraction
Learning biology means memorising the definitions, formulae, and laws found in a biology 1.000 .650
textbook.

Learning biology means memorising the proper nouns found in a biology textbook that can 1.000 512
help solve the teacher’s questions.

Learning Biology means remembering what the teacher lectures about in the biology class. 1.000 .501
Learning biology means getting high scores in examinations. 1.000 .465
| learn biology so that | can do well in biology-related tests. 1.000 461
There is a close relationship between learning biology and taking tests. 1.000 .510
Learning biology means answering the questions correctly in the examination. 1.000 410
Learning biology involves a series of calculations and problem-solving. 1.000 .509
I think that learning calculation or problem-solving will help me improve my performance in 1.000 457
biology courses.

Learning biology means knowing how to use the correct formulae when solving problems. 1.000 501
The way to learn biology well is to constantly practice calculations and problem solving. 1.000 .614
There is a close relationship between learning biology, being good at calculations, and 1.000 451
constant practice.

Learning biology means constantly practicing calculations and problem solving. 1.000 517
Learning biology means acquiring knowledge that | did not know before. 1.000 .599
I am learning biology when the teacher tells me biological facts that | did not know before. 1.000 .667
Learning biology means acquiring more knowledge about natural phenomena and topics 1.000 547
related to nature.

I am learning biology when | increase my knowledge of natural phenomena and topics 1.000 457
related to nature.

The purpose of learning biology is learning how to apply methods | already know to unknown 1.000 711
problems.

Learning biology means learning how to apply knowledge and skills | already know to 1.000 .654
unknown problems.

We learn biology to improve the quality of our lives. 1.000 437
Learning biology means acquiring knowledge and skills to solve the problems happened in 1.000 448
the real life.

Learning biology means acquiring knowledge and skills to enhance the quality of our lives. 1.000 521
Learning biology means finding a better way to view natural phenomena or topics related to 1.000 .548
nature.

I can learn more ways about thinking about natural phenomena or topics related to nature 1.000 A74

by learning biology.
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Table 4

Communalities for Approaches to Learning

Initial | Extraction
| find that at times studying biology makes me feel really happy and satisfied. 1.000 .538
| feel that biology topics can be highly interesting once | get into them. 1.000 .539
I work hard at studying biology because | find the material interesting. 1.000 .557
| always greatly look forward to go to the biology class. 1.000 499
I spend a lot of my free time finding out more about interesting topics which were discussed 1.000 467
in the biology class.
| come to the biology class with questions in my mind that | want to be answered. 1.000 .348
| find that | continually go over my biology class work in my mind even whenever | am not in 1.000 403
the biology class.
I try to relate what | have learned in biology to what | learn in other subjects. 1.000 473
I like constructing theories to fit odd things together when | am learning biology topics. 1.000 .551
I try to find the relationship between the contents of what | have learned in biology. 1.000 .534
| try to relate new material to what | already know about the topic when | am studying biology. 1.000 .506
| am discouraged by a poor mark in biology tests and worry about how | will do on the next 1.000 577
test.
Even when | have studied hard for a biology test, | worry that | may not be able to do well in 1.000 .630
it.
| worry that my performance in the biology class may not satisfy my teacher’s expectations. 1.000 .589
| see no point in learning biology materials that are not likely to be on the examinations. 1.000 481
As long as | feel | am doing well enough to pass the examination, | devote as little time as | 1.000 .480
can to studying biology. There are many more interesting things to do with my time.
I, generally, will restrict my study to what is specially set because 1 think it is unnecessary 1.000 .588
to do anything extra in learning a biology topic.
| find that studying each topic in depth is not helpful or necessary when | am learning biology. 1.000 .485

There are too many examinations to pass and too many subjects to be learned.
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S1

S1

S1

S1

S1

S1

Appendix K: Interview Data

Student 1 (S1)

What strategies do you use to learn biology?

IWorkalot of pastexam papers: \When | work out past exam papers, | memorise the

answers, particularly those of ‘essay type’ questions S0 that | may get full marks.

What other strategies do you use to learn biology?

Does working out past exam papers make it easier for you to learn biology?

Yes. | find that it makes it easier because when | work out past exam papers, | find
that the questions are similar. There are questions which change but most of them
are the same. Then, | can answer questions correctly and score maximum marks in

exams.

Do you work out past exam papers after each chapter that you have done in

class or when you have done many chapters?

What other strategies do you use to learn biology?

Sometimes [ watch films on YouTube. For example, I didn’t understand how cells

developed during reproduction. Those films have helped me to understand.
What other biology films have you watched on YouTube?
I have watched films on enzymes, photosynthesis, respiration.

Do you also learn Biology to increase your general knowledge?
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S1

S1

S1

S1

S1

S2

Yes. There are things that I didn’t know in the past, but which I came to know when

What are the things that you did not know before and which you learned in

biology?

For example, balanced diet, reproductive system, how my body works. Sometimes

| share this information with my family.

What strategies do you use to learn biology when there is a test or exam in one

month?

First, | start memorising topics that I find difficult such as genetics and reproduction.

| also memorise definitions in certain chapters so that | may answer questions

correctly in exams and obtain full marks. [Then I'look at the essay type questions in

What strategies do you use to learn biology when there is one week remaining
before a test or exam? Do you change your strategy?

No. I don’t change my technique. I fear that I may fail. I am not a fast learner.

What strategies do you use to learn biology when there is one day remaining

before a test or exam?
I stick to the same technique. I don’t change.
Student 2 (S2)

What strategies do you use to learn biology?

Idoralotof practicing. There’s a lot of theory which I won’t be able to memorise.

Why do you practice a lot of ATP questions?
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S2

S2

S2

S2

S2

S2

There are questions which repeat. It is important to do practicals in the laboratory
but if you don’t work out the questions, it becomes difficult for the exams. I also
work out past exam papers. Working out questions allows me to score maximum

marks in exams.
Why do you work out past exam papers; how does it help you?

When | work out past exam questions, | find that sometimes questions repeat. You
can predict which gquestions may come out for the exams. Sometimes if you have
already worked out a question and it comes out, it becomes easier to answer the
question. I also consult the examiner’s comments. How to answer the question. The
examiner also tells you for which answer you get maximum marks, and for which

answers you don’t get marks.
What other strategies do you use to learn biology?

| ask my teacher to send me ‘links’. When | watch the videos on internet, | find that

it explains more in detail. ABOVE It ShOWS GUESEIONS. It is well elaborated.

How does this strategy help you to learn biology?

The ‘links’ help me to understand the topic better. When it is done in class, it takes
me some time to understand it. When | watch videos on that topic, | understand it
better.

Do you also learn biology to increase your general knowledge?

Yes. There are topics that help me understand how my body functions. There are

topics like pollution, genetics, biotechnology, biodiversity [GHNGVCHNCICASCANY
GeneralkAGWIEEEE! For example, Covid 19; | know that it is caused by a virus, and
I know what a virus is.

Do you apply what you have learned in biology in your everyday life?
Yes. Topics like balanced diet, care of the teeth helps me to stay in good health.

Do you memorise certain topics in biology?
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S2

S2

S2

S2

S3

S3

S3

Not all. For example, | understand definitions first and then I memorise them so that
| don’t miss anything for the exams S0 that | score maximum marks. ['muStalsd

practiceldrawingdiagrams and memorise the labeling.

How do you learn biology when there is a test or exam in one month?

When I finish doing the chapters, I don’t wait for the eve to revise because Biology

is not a subject that you can learn on the eve of a test.

How do you learn biology when there is one week remaining before a test or

exam?

How do you learn biology when there is one day remaining before a test or

exam?

I make a summary of each chapter and I memorise the main points and definitions.
Student 3 (S3)

What strategies do you use to learn biology?

Normally, after the teacher has finished explaining a topic in class, there are only

two things that | do, INGKIOUEpastexam papers AIOIEORENesearcIoNNNteHIe!

For example, if the teacher has explained a topic on cells today, when | go home, |

revise whatever he has given me and [ESGIISCOVSTICIAEONNINGSONNNGNNISHIE!

It becomes very interesting to discover that it is related with many other topics.

Why do you work out past exam papers; how does it help you?

work out a whole past exam paper, which | give my teacher to correct. It makes it

easier for me to answer questions in tests and exams.
Do you memorise certain topics in biology?
I very rarely memorise; | prefer using logic.

What other strategies do you use to learn biology?
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S3

S3

S3

S3

S3

S3

S4

S4

S4

I watch films which interest me, at home. At times when the teacher explains, it’s

abstract; with the help of audio visuals, it becomes more concrete.

Do you also learn biology to increase your general knowledge?

Yes. | have learned a lot about my body, about living things, about the environment.
Do you apply what you have learned in biology in your everyday life?

Yes. | take proper care of my body, what | eat and the environment.

How do you learn biology when there is a test or exam in one month?

How do you learn biology when there is one week remaining before a test or

exam?

I do more of memorising. | try to remember all the definitions and the answers to

questions from past exam papers so that | may score maximum marks in the exams.

How do you learn biology when there is one day remaining before a test or

@
x
[a}]
| 3
-~

Student 4 (S4)

What strategies you use to learn biology?

What are the advantages of working out past exam questions?

| practice questions because sometimes the questions repeat in the exams; then it
becomes easier to answer the questions.

What other strategies do you use to learn biology?

If I can memorise the answers of past exam questions, it becomes easier because it
is only 2 or 3 lines. The answer of an essay type question would be more difficult to

memorise in detail, therefore I memorise only the main points. | think that
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S4

S4

S4

S4

S4

S4

S4

S4

memorising a definition of 3 or 4 lines would be easier. BUfWe haveto'practice'a

Why do you memorise the answers to past exam papers?

Very often, the questions repeat in the exams. Therefore, it becomes easier for me
to answer the questions.

Do you use other strategies to learn biology?

Yes. When the teacher has finished explaining a topic, at home, | watch films on
that topic on YouTube. This enables me to understand the topic better.

How do these films help you?

| understand the topics better because they are visual. There are films on the

environment, on genetically modified organisms which are very interesting.

Do you also learn biology to increase your general knowledge?

Yes. Topics on environment, ecology, microorganisms, genetics.

Do you apply what you have learned in biology in your everyday life?

Yes. There are topics like nutrition. | try to eat a balanced diet but sometimes it is
not possible. There is a topic on care of the teeth; this I do apply.

How do you learn biology when there is a test or exam in one month?

How do you learn biology when there is one week remaining before a test or

exam?

How do you learn biology when there is one day remaining before a test or

exam?

I work strictly under exam conditions without consulting my notes.
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S5

S5

S5

S5

S5

S5

S5

S5

Student 5 (S5)

What strategies do you use to learn biology?

refer to my notes. If | get it wrong, | do it again and again until | understand.
Why do you practice past exam papers?

The questions have a tendency to repeat with small modifications. When | practice

past exam papers, it becomes easier for me to answer questions in exams.

What other strategies do you use to learn biology?

Sometimes | memorise definitions. | understand it first, (Ren I practice past exam

Papers, then | memorise the definitions.

Why do you memorise definitions?

So that I can answer questions well in the exams.
Any other strategy that you use to learn biology?

| watch biology films on YouTube. It makes it easier to understand ERCHNCICASEIY

GeneralkAOWIEAgE. For example, | have learned how bacteria are used to
manufacture cheese and yoghurt. There are films on enzymes, respiration, heart,

photosynthesis, brain, ecology, evolution which are very interesting.
How do you learn biology when there is a test or exam in one month?

I work out a past exam paper, then | look for the mistakes | have done. | examine all
the mistakes and learn the parts | have not understood.

How do you learn biology when there is one week remaining before a test or

exam?

| read my notes again. [WOFK OUE past exam guestions. | memorise definitions and

diagrams.

How do you learn biology when there is one day remaining before a test or

exam?

| read my notes again.
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S6

S6

S6

S6

S6

S6

S6

Student 6 (S6)

What strategies do you use to learn biology?

The teacher gives some work to do in class. VW€ practice the guestions in class, and
when | reach home. | do some research on that chapter in my biology textbook. |
note the key points. Then I learn them. /Afier that, I practice questions from past

Why do you practice questions in past exam papers?

The teacher gives the questions. Then he corrects the answers. | know what mistakes

I have done. Then, I know how to answer questions in the exams.
What other strategies do you use to learn biology?

The teacher sends me videos on WhatsApp which | watch at home. | watch certain
videos by myself.

How do these videos help you to learn biology?

They help me to understand the topic better. For example, the circulatory system.
The videos show how the blood circulates, double circulation, how the heart pumps
blood.

Do you apply what you have learned in biology in your everyday life?

Yes. For example, | have learned what a balanced diet is. Now | know what to eat
to remain in good health. I also know that | have to exercise for blood to circulate

properly.

How do you learn biology when there is a test or exam in one month?

Then | start revising. | learn by rote. [NOrK OUt GUEStions: Ipractice past exam

What do you learn by rote?

I learn definitions by rote. | understand them first and then | learn them by rote. It

becomes easier for me to answer in exams. It allows me to score full marks in exams.
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S7

S7

How do you learn biology when there is one week remaining before a test or

exam?
Why do you practice past exam papers?

The questions repeat. There is a great chance the questions come again; then it

becomes easier for me to answer in exams.

How do you learn biology when there is one day remaining before a test or

exam?

I revise my notes and | learn the main points.
Student 7 (S7)

What strategies do you use to learn biology?

First, I memorise all my notes. If I don’t understand something, | watch videos on

YouTube. | try to look for questions on that topic. | work out exam papers. If |

encounter any difficulty, I refer to my notes.
You learn everything by rote?

Yes, almost all. | prepare my own notes, first | understand them, and then | memorise
them. | write down the notes in my own words. There are words that are difficult to

remember, | repeat them several times till | remember.
Why do you learn your notes by rote?

It becomes easier for me to answer questions. They remain in my mind. [ don’t have
to think a lot.

What other strategies do you use to learn biology?
Why do you practice past exam papers after each chapter?

I know what type of questions come out in exams. The teacher guides us how to

answer the questions.
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S7
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S7

S7

What other strategies do you use to learn biology?

| watch films on YouTube at home. | do some research. When there are outings, for
example in an island like “Ile aux Aigrettes”, it helps me to better understand
biodiversity, you interact with nature. Once there was a caravan which came to
school. They brought a microscope and showed us very interesting slides. They also
showed us films on coral reefs. Then | could understand better.

Do you visit “places of scientific interest”?

Yes. We visited the “Rajiv Gandhi Science Centre”. I saw very interesting things

there. Educational tours are very important; they help me to understand better.

Do you also learn biology to increase your general knowledge?

Do you apply what you have learned in biology in your everyday life?

Yes. Now | know what to eat to remain healthy. | know what effect pollution has on
the environment.

How do you learn biology when there is a test or exam in one month?

| revise. INNOFKOUEIPASTEXAMIGUESTIONS. | review my notes.

How do you learn biology when there is one week remaining before a test or

exam?

| learn definitions AfdipFACiCeIpASteXaMmIGUESHONS.

How do you learn biology when there is one day remaining before a test or

exam?

I read my notes several times so that I don’t forget and, therefore I can answer

questions correctly in the exams.
Student 8 (S8)

What strategies do you use to learn biology?
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S8

In fact, for me, it depends on the chapter that | have to learn. There are certain

chapters that are interesting. | find that | understand them and I can learn them. [E8i

because | can understand certain things. There are other chapters that are easy for
me to learn because | am interested and | know that | can understand how my body
works. The chapter on “cells” is also interesting but I prefer to revise it to pass

because | know that it will come for the exams.
How do you learn a topic in biology?

I prepare my notes. I read my notes once and then I summarize them. I prepare “flash
cards” with notes in bullet form and questions on one side and the answers at the
back. When 1 revise, it becomes easier for me when | utilise these “flash cards”.
When a chapter is bulky and there is a lot of information to learn, | watch video films
on YouTube. There are films on genetics, evolution, natural selection, conservation
that are very interesting. | have also learned how my body functions through films
on topics like cells, blood circulation respiration, nutrition, reproduction. There are

cartoon versions that help me to better understand the topic.
What other strategies do you use to learn biology?
What are the advantages of working past exam papers?

I know what type of questions come out in the exams. The teacher explains to us

how to answer the questions.

What other strategies do you use to learn biology?

When | do practical in the laboratory, | understand the chapter better.
How do you learn biology when there is a test or exam in one month?
| prepare short notes on each chapter and then I revise them.

How do you learn biology when there is one week remaining before a test or

exam?

244



S8

S8

S9

S9

S9

S9

S9

S9

I use the same technique. | prepare short notes and revise them.

How do you learn biology when there is one day remaining before a test or

exam?

On the eve of exams; [ know that I have already prepared my notes. At times, [ don’t
want to look at them because I can’t learn so much by rote. | prefer to watch video

films and read bullet points.
Student 9 (S9)
What strategies do you use to learn biology?

The explanation given by the teacher in class is very important to understand the

chapter. | must understand it first and then I can learn it. Sometimes | work out
guestions in past exam papers and | have to write to be able to understand and

remember.
Why do you work out questions in past exam papers?

When | write the answers, | remember. Therefore, it becomes easier to answer

questions in exams.

What other strategies do you use to learn biology?

I memorise definitions, functions, examples.

Why do you memorise definitions, functions, examples?
So that I don’t forget in the exams. Then, I do not lose marks.

What other strategies do you use to learn biology?

often at school. Before an exam, the teacher gives us past exam papers to work
because very often the questions that come out for the exams are taken from past

exam papers.

Do you also learn biology to increase your general knowledge?

Yes. | watch films on YouTube after the teacher has explained a topic on biology.
This allows me to increase my general knowledge.
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What films have you watched that have increased your general knowledge?

Films on reproduction in animals and plants, respiration, photosynthesis, nutrition,

ecology, pollution, inheritance.
Do you apply what you have learned in biology in your everyday life?

Yes. For example, balanced diet, care of the teeth, hygiene, practicing sport

regularly.
How do you learn biology when there is a test or exam in one month?

| read my notes again. Whenever I don’t understand something, I seek the help of

my teacher. Our teacher does revision work and gives us past exam papers to work

How do you learn biology when there is one week remaining before a test or

exam?

I prefer o Workiouit past examIGUesTionsIBYMYSEIf and | memorise definitions.

How do you learn biology when there is one day remaining before a test or

exam?

On the eve, | prefer to read my notes so that I remember them.
Student 10 (S10)

What strategies do you use to learn biology?

| prepare my own notes, and then | memorise them so that | can use them to answer
questions in the exams. The notes | prepare by myself, | remember, and whenever |
don’t understand, I watch videos on YouTube. When the teacher has finished
explaining a topic in class, | look for videos on YouTube to watch at home. If | have
missed something or I haven’t understood something, I can learn it by myself

through videos.

What are the things that you have learned through video films?

PADEENGIESS. There are also videos which show the causes of pollution, how to
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S11

conserve forests, how animals and plants reproduce, the process of photosynthesis
and many other topics.

What other strategies do you use to learn biology?
Why do you practice past exam papers?

I know what type of questions comes out for exams and | also know how to answer

them.
Do you apply what you have learned in biology in your everyday life?

Yes, for example, | used to brush my teeth only in the morning. The teacher has
explained why we must brush our teeth at night also. Now | brush my teeth both in

the morning and at night.
How do you learn biology when there is a test or exam in one month?
Then I revise all my notes from the beginning so that I remember them.

How do you learn biology when there is one week remaining before a test or

exam?

Then, 1 work out past exam papers because the questions can come out again. | work

out the questions again by myself. | use the marking scheme to correct them myself.

How do you learn biology when there is one day remaining before a test or

exam?
Then | review the questions and try to memorise the answers.
Student 11 (S11)

What strategies do you use to learn biology?

When the teacher has explained a topic, 1 work out questions on the topic at home.
The next day, | wake up early in the morning and try to understand the topic by

myself.

What other strategies do you use to learn biology?
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S11

S11

S11

S11

I memorise definitions and main points.

Why do you memorise definitions and main points?

| leave fewer mistakes when | write the answers in tests and exams.
What other strategies do you use to learn biology?

Why do you work out past exam papers?

To know how to answer questions. Then, it becomes easier to answer questions in

the exams because very often questions repeat.

Do you also learn biology to increase your general knowledge?

Yes. When the teacher has finished explaining a topic, | do some research on that
[OPICHORNIRIEMEl. Some topics have enabled me to understand how my body

functions and others have enabled me to understand the environment, the ecosystem,

evolution.
Do you apply what you have learned in biology in your everyday life?

Yes. There are topics that help me in my everyday life. For example, nutrition,
respiration, effects of smoking and alcohol on health.

How do you learn biology when there is a test or exam in one month?

How do you learn biology when there is one week remaining before a test or

exam?

| memorise certain things like definitions, [practice drawing diagrams and all that.

How do you learn biology when there is one day remaining before a test or

exam?
I concentrate on my notes and | read them again; I look at the main points.
Student 12 (S12)

What strategies do you use to learn biology?
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S12

S12

S12

S12

S12

When the teacher has finished explaining in class, I ask him to explain the things
that | have not understood again. At home, | review my notes. \NRER'the teacher

finishes a chapter, then I practice questions, chapter wise. Then I make “mind maps”

It becomes easier for me to understand it. Instead of reading all the notes, I prefer to

look at the “mind map”, I understand it better.
What other strategies do you use to learn biology?

| watch video films on YouTube. It is well explained. | understand it better and |

IRt E o Ra RGN SIAEUNONRBIERARIEE o cxample, wildlife,

pollution and all that.
Do you learn by rote?

No, I don’t learn by rote. I prefer to write it down in my own words; then | can

remember.

How do you learn biology when there is a test or exam in one month?

Rather, the “mind maps” help me; there’s everything in there. _
exam questions. | know which type of questions come for the exams.

Why do you practice questions?

So that | know what mistakes | have done and so that | do not repeat the same
mistakes for the exams. Thus, | minimize the number of mistakes. My aim is to

minimize mistakes in the exams.

Do you apply what you have learned in biology in your everyday life?
Yes, | have learned many things about my body which | can use.

How do you learn biology when there is a test or exam in one month?
I use the “mind maps” to learn.

How do you learn biology when there is one week remaining before a test or

exam?

| practice past exam questions because they can come out again for the exams.
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How do you learn biology when there is one day remaining before a test or

exam?
I use the “mind maps” to revise.
Student 13 (S13)

What strategies do you use to learn biology?

What other strategies do you use to learn biology?
I memorise functions, definitions and important points.
What other strategies do you use to learn biology?

| use the internet to watch animated films because they explain more in detail and,

therefore, it helps to better understand the chapter.

What other strategies do you use to learn biology?

I Work out past exam guestions because they show us how the questions the

questions that usually come out are structured. Then. If | get a similar question for

the exams, | can answer it very easily.

Do you also learn biology to increase your general knowledge?

IRy RErESHRGNRIRGSNORNAANGEIE. ~or oxample, the importance of

photosynthesis, respiratory diseases, metabolism, the process of natural selection

and evolution.
Do you apply what you have learned in biology in your everyday life?

Yes, | think that all the topics in biology are linked with our life and | apply them in
my everyday life. For example, nutrition, balanced diet, care of the teeth.

How do you learn biology when there is a test or exam in one month?

| revise my notes. | note the main points. [ANOfK OUE Past exam GUestions.
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S14

How do you learn biology when there is one week remaining before a test or

exam?

| prefer to watch films on the topics that we have done in biology. It makes it easier

for me to remember whatever we have to study for the exams.

How do you learn biology when there is one day remaining before a test or

exam?
I learn the main points in each chapter.

Student 14 (S14)
What strategies do you use to learn biology?

Sir, in fact, | like doing biology since | was a child. After my secondary education,
I want to continue my studies in the field of biology. When the teacher has finished
explaining, | look at my notes. It becomes easier for me to understand when the
teacher uses models to explain and makes us manipulate the models. For example, |
constructed a DNA model; it has become easier for me to understand and remember.
I don’t wait for the exams to learn. As soon as a chapter is over, I read its notes at
home. When | finish revising, then | practice past exam papers. | practice a lot of
past exam papers. Whenever | get a difficulty in a chapter, | go and see my teacher.
Then he explains it to me again.

Why do you work out past exam papers?

Every year, in the exam papers, the questions change but the concept remains the
same. | only need to understand the question and | know what to answer.

What other strategies do you use to learn biology?

My teacher sends me videos to watch. | watch many biology films on the internet
by myself. There are things that are shown but are not in the biology syllabus.
However, | can relate them with what | am studying. For example, evolution, DNA

replication, diseases, wild life.
When do you watch those videos; before the teacher explains the topic or after?

In fact, sir, when the teacher tells us that he is going to do a topic in the next lesson,

| read about it in my textbook beforehand so as to get an idea about the topic and be
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S14

S14

S14

S14

S14

S15

able to ask questions to the teacher. When it has been explained in class, then, to
enable me to better understand what the teacher has explained, I look for that topic

on YouTube. Sometimes the teacher sends me videos.

Do you also learn biology to increase your general knowledge?
increase my general knowledge.

Do you apply what you have learned in biology in your everyday life?

| apply topics like nutrition, respiration, pollution in my everyday life.

How do you learn biology when there is a test or exam in one month?

| look at all the chapters from the beginning. INVGIK'OUE pastiexam papers. | consult

my notes whenever | get some difficulty to answer a question.

How do you learn biology when there is one week remaining before a test or

exam?
| rather learn from the notes that I have prepared by myself.

How do you learn biology when there is one day remaining before a test or

exam?
| just read my notes to refresh my mind.
Do you sometimes learn by rote?

[ can’t learn by rote. However, sometimes I learn certain definitions and the labelling

of certain diagrams by rote so that | may score maximum marks for the exams.
Student 15 (S15)
What strategies do you use to learn biology?

The first step is to read my notes, try to understand their meaning. Once it is done, |

study to grasp the concept HiéRPEFNARS GO OWAFS e pastexam papers o find out
WhichtypelofGliestionsiicaniGetfortheexams. Sometimes | am compelled to leam

by rote, mainly definitions.

Why do you work out past exam questions?
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S15

S15

S16

S16

In fact, it’s more about how to prepare for the exams because one can see which type
of questions are given and, what is interesting is that the same type of questions
repeats. Finally, | become used to how to answer correctly and how | can get

maximum marks.
Are there other techniques that you use to learn biology?

Sometimes | try to relate what | have learned with the world and the environment.

For example. | do sports; | ask myself, what happens in my body, my heart beats
FESTErEnEAINREE v hy do | sweat and all that?

How do you learn biology when there is a test or exam in one month?

| increase the amount of work that | do. INVOFKIMOre Of past exam papers to see what

my mistakes are and then correct them but, also to review all that | thought I knew
but in fact I don’t know.

How do you learn biology when there is a test or exam in one week?
How do you learn biology when there is a test or exam in one day?
| prefer to read my notes to refresh my mind.
Student 16 (S16)
What strategies do you use to learn biology?

After the teacher has finished explaining a chapter, | learn it. [THe teacher gives
questions to work at home. When he corrects them, | know what are the mistakes

that | have done are and also how to answer the questions.
What other strategies do you use to learn biology?

When the teacher tells us that he will start a new chapter, | do some research on that

chapter, beforehand. It becomes easier to understand it. When the teacher has
finished the chapter, I work out past exam questions. When I don’t know how to

answer a question, | ask the teacher to explain it to me.

Why do you work out past exam questions?
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S16
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S16

S16

When I work out past exam questions, I refer to my notes. It’s a way for me to better
understand the chapter and learn it at the same time. Most of the time, the questions

repeat. It becomes easier if you know what to write.
What other strategies do you use to learn biology?

Sometimes the teacher asks us to prepare a topic and do a PowerPoint presentation
in class. This helps me to better understand and remember the topic.

Do you also learn biology to increase your general knowledge?

Ao BiCS ARG RRABWBEIOHEN or example, biotechnology,

genetics, natural selection.
Do you apply what you have learned in biology in your everyday life?

I have learned how to take care of my body. | also avoid alcohol, cigarette and drugs
because they can cause harm to my health.

How do you learn biology when there is a test or exam in one month?

I revise a bit of all chapters and I do “mind maps” and I put the main points. Then,

it becomes easier for me to learn.

How do you learn biology when there is one week remaining before a test or

exam?

I memorise definitions and main points so that I don’t forget and score maximum

marks in the exams.

How do you learn biology when there is one day remaining before a test or

exam?

I have done a summary of each chapter in a notebook. I learn from it.

Note. R = Researcher

Initial/Predetermined codes. [ ] Memorising
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[ ] Testing

[ calculating and practicing

B increasing one’s knowledge

[] Applying

[ ] understanding

[ ] Exploring real life and natural phenomena
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