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Abstract

Recent research in social sciences and education shows that a significant number of studies are neither
reproducible nor repeatable. This compromises the validity, reliability and trustworthiness of these studies,
as they violate the prescriptions of the nature of science. This lack of validity, reliability and trustworthiness
could be due to poorly conceptualized research frameworks, including the conceptual framework and
theoretical framework. Additionally, there is an apparent confusion on the difference between the research
frameworks and their role in research. The current paper defines the different research frameworks that are
used in science education. It also provides systematic strategies for the development and application of
research frameworks in science education research. By using these systematic strategies, researchers could
enhance the validity, reliability and trustworthiness of their research.
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1. Introduction

Research scientists, including sciences education researchers, are generally regarded as custodians of
science literacy. At the core of science literacy is the mastery of the nature of science through which
the quality of scientific knowledge is enhanced. Perhaps the most critical tenet of the nature of
science is that scientific knowledge is based on empirical evidence, which is generated through
scientifically acceptable methods. These methods may be informed by various research frameworks
and expressed through scientific models, laws, and theories through which natural phenomena are
explained. A research framework is a theoretical structure which frames the research by informing
the research plan and defining the exact set of activities in the research (Mill et al., 2010). A clearly
defined research framework ensures that researchers follow scientifically acceptable methods in order
to produce scientific knowledge that is valid and reliable.

Knekta et al. (2019) and Heale and Twycross (2015) define validity as the extent to which a
research method measures what it is intended to. There are different forms of validity, including
content validity, construct validity, face validity and criterion validity (Knekta et al., 2019). These are
all intended to determine the validity of various components of research, including the methods,
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instruments, and data. Reliability refers to the extent to which a research method produces
consistent results over time (Golafshani, 2003). In line with the nature of science, researchers rely on
empirical evidence to demonstrate validity and reliability in their research. By establishing validity
and reliability, researchers enhance the reproducibility and repeatability of their findings.
Reproducibility refers to the degree of agreement produced by different researchers, at different
locations using different instruments to answer the same research question (Goodman et al., 2016). It
is related to repeatability, which refers to the degree of agreement produced by the same researcher
using the same instruments at different times to answer the same research question (Vitek &
Kalibera, 2011). Reproducibility and repeatability are essential features of scientific research as they
ensure that findings are logical, durable, objective and generalizable.

While validity and reliability are concepts generally associated with quantitative research,
trustworthiness is associated with qualitative research. Given the possible subjectivity of qualitative
researchers, trustworthiness “poses the question ‘can the findings be trusted?” (Korstjens & Moser,
2018, p. 121). To determine trustworthiness, researchers explore credibility, dependability,
transferability and confirmability (Patton, 1999). Credibility refers to the extent to which research
methods can generate plausible findings. Dependability refers to the extent to which the research
methods produce stable findings. Transferability refers to the extent to which the research findings
could be transferred to another context with other respondents. Confirmability refers to the degree to
which other researchers could confirm the findings.

11 Poor research design and the quality of research

In light of the above, it is critical for sciences education researchers to base their research on
scientifically acceptable research frameworks, and methods in order to enhance the validity,
reliability and trustworthiness of their research. Recent research in social sciences, including
education, suggests that some researchers may be lacking an understanding of the research
frameworks and methods. As a result, these researchers may be adopting poorly constructed and
applied research frameworks, which in turn compromises the validity, reliability and trustworthiness
of their research (Osanloo & Grant, 2016). Igbal (2007) reports that graduate students regard
developing the research frameworks as the most challenging part of the research proposal. Similarly,
Osanloo and Grant (2016) report that students express confusion and lack of knowledge with
developing a research framework. Based on these views, therefore, the current paper aims to provide
a clear definition of the research frameworks, as well as strategies of how they could be developed
and applied in order to enhance the quality of research in sciences education. This is in line with
Knekta et al’s (2019, p. 2) argument that science education researchers ought to “produce more
rigorous and replicable science”.

The urgency for adopting well-established research methods is heightened by recent research
which has cast doubt on the quality of some educational and social sciences research. In particular,
research has shown that several studies in social sciences cannot be replicated (Dreber &
Johannesson, 2019), lacks reliability (Pashler & Wagenmakers, 2012) and is not reproducible (Camerer
et al., 2018; Simmons et al., 2o11). Researchers have attributed the “replication crisis” mainly to poor
research methods (Dreber & Johannesson (2019; Pashler & Wagenmakers, 2012). Academic pressure
has also been identified as causing researchers to ‘pressure cook’ their studies in order to publish
(Simmons et al., 20u1). This pressure cooking of research may be particularly true concerning research
frameworks, such as theoretical frameworks, where only the product is presented, but the methods
used to generate these frameworks are rarely presented. As such, research frameworks are one
component of education research which are likely to compromise the quality of research.

While the "replication crisis" has not been reported in science education, researchers in the field
must take extra precautions to ensure that their research adheres to the scientific principles. As such,
attempts (such as Warfa, 2016) to enhance researchers’ understanding of research methods in
sciences education should be encouraged. This is because “(science) education research will move
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forward if the (science) community more fully understands the specific methodological issues
encountered by individuals working at the intersection of science and education. For example, what
do social scientists mean by “theory” and “theoretical framing,” and how can learning theories and
other relevant knowledge be used to inform the design and interpretation of (science) education
research?” (Dolan & Stone, 2013).

12 Aim of the essay

The current essay addresses the research frameworks as a critical component of education research.
In particular, it will attempt to distinguish the different frameworks in education research, and
provide strategies on how these could be developed and used to enhance the validity, reliability and
trustworthiness of research. This could enhance science education researchers’ theoretical
understanding of research frameworks and help in ensuring that these are employed appropriately in
the science education research context (Knekta et al., 2019).

2. The Frameworks in Education Research
2.1 Framework of constructs

The first framework in education research is the conceptual framework. Maxwell (2012) proposes that
a conceptual framework is “the system of concepts, assumptions, expectations, beliefs, and theories
that supports and informs” research. Imenda (2014) suggests that a conceptual framework “could
then be used in place of a theoretical framework. Thus, a conceptual framework may be defined as a
result of bringing together several related concepts to explain or predict a given event, or give a
broader understanding of the phenomenon of interest — or simply, of a research problem”. The
problem with Maxwell's (2012) and Imenda’s (2014) propositions, however, is that they have a
potential of creating confusion about the difference between the conceptual framework and the
theoretical framework. Confusion may be caused by the fact that Maxwell's definition implies that a
conceptual framework is made up of theories that support research. At the same time, Imenda’s
states that a conceptual framework can be used in place of a theoretical framework. As such, they
both imply that the conceptual framework and the theoretical framework are similar. To resolve this
confusion, it is essential to provide a clear definition for each of these, paying particular attention to
their uniqueness.

A conceptual framework is derived from the term ‘scientific concept’ which is defined as the
generally accepted collection of meanings or characteristics associated with specific scientific
phenomena. Liehr and Smith (1999, p. 7) suggest that a concept “is an image or symbolic
representation” of an abstract scientific idea. Similarly, Chinn and Kramer (1999, p. 252) state that
concepts are “complex mental formulation of experience” which “convey the abstract ideas within a
theory”. Leggett (2011) contends, however, that concepts have progressive levels of abstraction. She
argues that abstract concepts are scientifically called constructs because a conceptual definition
provides meaning to a construct in abstract or theoretical terms. This allows abstract concepts to be
made concrete so that they can be studied. She defines a construct as an image or abstract idea
invented explicitly for a given research and theory-building purpose (Leggett, 2011). This suggests that
constructs are conceptualized within a specific research context as they are "heavily theory laden”
and "show the interrelationship between the key concepts” (Van der Walt, 2020, p. 2). Within a
research context, constructs may have a conceptual meaning and an operational meaning. A
conceptual meaning provides meaning to one construct in abstract or theoretical terms, while the
operational meaning specifies the procedures used to measure a construct (Leggett, 201m).

Given the definition of a construct, the current author posits that researchers may use literature
to conceptualize constructs by providing context-specific meaning to specific constructs.
Additionally, researchers may indicate how these constructs will be operationalized in their research.
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The conceptualization and operationalization of constructs lead to the development of a framework
of constructs, in which researchers provide a detailed account of how they generated the constructs,
as well as how these constructs will be used in their research. A framework of constructs, therefore, is
a conceptualization and operationalization of constructs in a research study. It is a logical
reproducible model of concepts, and variables in a research context, which defines the behaviour,
nature and characteristics of these constructs within a specific research context. The purpose of a
framework of constructs is to provide standard conceptual and operational meanings which are to be
adopted in a research context.

2.2 A theoretical framework

The second framework in education research is the theoretical framework, which is made up of a
single or multiple theories. Kerlinger and Lee (2000, p. 1) define a theory as "a set of interrelated
constructs (concepts), definitions, and propositions that present a systematic view of phenomena by
specifying relations among variables, to explain and predict phenomena." Emerging from Kerlinger
and Lee's (2000) definition is that a theory is used to explain the behaviour of constructs in a research
study and can be used to explore and explain scientific phenomena. To this, scholars suggest that a
theoretical framework is a blueprint which explains how theory will inform the exploration and
explanation of constructs in a research study (Adom et al., 2018; Imenda, 2014; Osanloo & Grant, 2016;
Rocco & Plakhotnik, 2009). Therefore, it follows that the theoretical framework should inform the
characterization of constructs in a research study. According to Kivunja (2018, p. 45), this is because:

e "atheory is a set of propositions consisting of defined and interrelated constructs;

e a theory sets out the interrelations among a set of variables (constructs), and in so doing,
presents a systematic view of the phenomena described by the variables; and,

e a theory explains phenomena; it does so by specifying which variables are related to which
variables and how they are related, thus enabling the researcher to predict from certain
variables to certain other variables".

Given the above, a theoretical framework can be defined as a logical model of theories, through
which constructs are characterized and described within the parameters of the composite theories.
The purpose of the theoretical framework is to explain aspects of phenomena that can be researched
through accepted scientific methods. It can also be used to determine protocols of observations,
measurement and inform the interpretation of results in order to deduce findings.

2.3 Contextual framework

A third research framework is the contextual framework, which is derived from a survey of scholarly
work as an in-depth synthesis of existing knowledge about a particular topic. This synthesis is
generally referred to as the literature review. It explores substantive findings in the field as well as
theoretical and methodological contributions to a particular topic. The challenge, however, with
defining this as the literature review is that, technically, a majority of a scientific research study
entails some degree of literature review. This includes a literature review to identify a research gap,
provide a rationale for the research, identify a research paradigm and research methods and discuss
research findings. Consequently, the current author suggests that instead of a ‘literature review’,
researchers ought to provide a contextual framework.

A contextual framework can be defined as a distinctive review, critique, and conceptualization
of existing knowledge through which a hypothesis and thesis statement are synthesized. In the
contextual framework, a researcher may critically explore corroborations, gaps, contradictions and
discrepancies in literature as an attempt to provide a context-specific convergent framework of what
is known, what needs to be investigated, why it needs to be investigated and how it needs to be
investigated in a selected research area. Literature survey in developing a contextual framework,
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ranges from being “exhaustive, to exhaustive with selective citation (i.e., the entire literature is
examined, but only selected pieces of literature are discussed in detail), to representative, to central
or pivotal (i.e., only literature that is influential, highly original, controversial, or provocative is
reviewed)” (Torraco, 2016, p. 405). Additionally, a contextual framework may be organized
“conceptually, such that literature addressing the same ideas is reviewed together; historically,
according to the chronological order in which issues appeared in the literature; or, methodologically,
in which literature using the same research methods are reviewed together” (Torraco, 2016, p. 405).

3. Strategies for Developing Research Frameworks

The process of developing any of the three research frameworks can be inductive or deductive (Figure
1). Imenda (2014) suggests that the process of developing a research framework may be inductive
where the researcher surveys literature, identifies individual components and then pieces them
together to generate a map of relations between the individual components. In the case of the
framework of constructs, these components would be the individual constructs, while in the
theoretical framework, they would be the individual theories. In the contextual framework, the
individual components could include previous studies that explored similar phenomena in various
contexts (e.g., different countries, and socio-economic contexts). This means the researcher, having
identified individual components of the framework, would seek patterns from existing literature and
then develop theoretical explanations from these patterns (Bernard, 2017). Through inductive
reasoning, the researcher may use the developed research framework to make inferences about
possible outcomes within a specific research context (Romeyn, 2004). In this case, the purpose of the
research would be to test the veracity of the research framework. As such, the research framework
would inform the research questions, research methods, the data to be collected, and how these data
are to be analyzed and interpreted.

[ Survey literature ] [ Identify patterns ] [ Generate new framework J

Inductive development of a framewark

Find
Si literati Ad dapt fr k
[ pre-existing framework ] [ il ] [ opt/adapt framewor| ]

Deductive development of a framework

Figure 1: Procedures for developing a research framework inductively and deductively.

In a deductive approach, a researcher develops a hypothesis based on existing theory and then
designs a research strategy to test the hypothesis (Wilson, 2010). Within the context of developing a
research framework, this means, the researcher would first identify a pre-existing research framework
from literature, which may have been used in similar research studies. After that, the researcher
would conduct a systematic literature survey through which the veracity of this existing research
framework could be verified. The emerging literature may also be used to adapt or adopt the research
framework.

When developing a research framework using the inductive and deductive methods, the
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researcher ought to follow a systematic method of literature survey. As suggested by Dewey and
Drahota (2016), in a systematic literature survey, the researcher identifies, selects and critically
appraises literature as a way of responding to a specific literature review aim. This suggests that, at
the beginning of the process, the researcher must explicitly state the aim of the literature survey.
During the survey, the researcher must follow a clearly defined protocol where criteria for literature
to be surveyed is stated. In such a protocol, the researcher may state the survey strategy in terms of
key terms, search strategies, sources of literature, as well as the analysis strategies employed. The
purpose of such a detailed process is to enhance the replicability and reproducibility of the literature
survey itself, which in itself should conform to the nature of science.

4. Application of Research Frameworks

Having developed the framework of constructs, theoretical framework and the contextual framework,
the researcher would then proceed to contribute new knowledge into the research framework which
may corroborate, or contradict existing knowledge or provide new insights (Figure 2). In this regard,
research may be used to test a hypothesis or build a hypothesis for further research, which is
essentially the fundamental purpose of research. This means the fundamental aim of the research
study should reflect the contribution concerning the research framework.

Introduces a new
construct (or
significantly 5 N

reconceptualizes . -
an existing one) Builders Ex/pﬁﬁders

Examines a
previously
unexplored 4
relationship or
process

Introduces a new
mediator or
moderator of an
existing
relationship or
process

e
Qualifiers
,

Building a hypothesis

Examines effects -
that have been
the subject of 4
prior theorizing /

Attempts to
replicate

previously 1 s

demonstrated -
effects 4

1 2 3 4 5
Is inductive or Grounds Grounds Grounds Grounds
grounds predictions with predictions with predictions with predictions with
predictions with references to existing existing models existing theory
logical past findings conceptual
speculation arguments

Testing a hypothesis

Figure 2: A taxonomy of theoretical contributions for empirical research (adapted from Colquitt &
Zapata-Phelan, 2007)

Testing a hypothesis refers to a research process where data are collected and analyzed to determine
whether there is evidence that supports a given hypothesis (Hak & Dul, 2009a). For example, having
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developed a research framework, a researcher may explore empirical evidence to determine whether
data from a specific research context support the hypothesis. Alternatively, a researcher may use
logical speculations, past findings, existing conceptual argument, existing models or other existing
theories to test a hypothesis (Figure 2, Colquitt & Zapata-Phelan, 2007). For example, in the case of a
theoretical framework, the researcher may use empirical evidence to accept a hypothesis, to reject it,
or to propose modifications. In the case of a contextual framework, empirical evidence may be used
to corroborate, or contradict existing knowledge, or provide novel insights into a phenomenon. The
framework of constructs may also be used to determine the ideal variables, including sources of data,
sample size, type of data to be collected, and variables to be manipulated or studied. Ultimately,
research frameworks should form an integral part of a research study.

Depending on the research context, a researcher may use a single case or multiple cases to test a
hypothesis. The number of cases may depend on the underlying research methodology, including the
research paradigm. Quantitative methods may be used if the researcher adopts a positivist paradigm,
in which case multiple cases (or relatively large sample size) may be used for data collection. In line
with the requirements of quantitative research, large sample sizes enhance reliability. If the
researcher adopts an interpretivist/constructivist paradigm, then a single case (or smaller sample
size) may be used where qualitative data are collected.

Building a hypothesis refers to the process of using a research framework to propose an
explanation of a phenomenon (Kamasak et al., 2017). According to Eisenhardt and Graebner (2007, p.
25) this “involves using one or more cases to create theoretical constructs, propositions and/or
midrange theory from case-based, empirical evidence”. Consequently, the hypothesis being built
could be a new contribution to a theoretical framework or a new contribution to an existing
contextual framework. The fundamental aim in this regard is to propose new insights regarding the
nature, character or behaviour of constructs. This can be done by replicating previously
demonstrated effects of constructs, examining effects of constructs that have been subject of
theoretical perspectives, introducing new constructs, or exploring the new relationship between
constructs (Figure 2, Colquitt & Zapata-Phelan, 2007).

Hak and Dul (2009b) suggest that research that seeks to build a hypothesis requires sample
cases through which the new propositions can be tested. However, Wacker (1998) proposes that in
building a hypothesis, researchers must first provide definitions of the constructs which are to be
included in the framework. These definitions may emerge from an existing framework of constructs
which is generated through a literature survey. Once the constructs have been defined, detailed
observations are described within predetermined cases (Hak & Dul, 2009b). The objective in this
regard is to describe the behaviour of constructs within these cases. Such descriptions could be made
through descriptive quantitative research methods or qualitative designs such as ethnography,
phenomenological study, case study or grounded theory. Following case data analysis, the researcher
may proceed to explore cross-case patterns to determine whether observations made within cases
exist between cases (Hak & Dul, 2009b). If patterns are determined, the researcher may then seek to
replicate his or her observation within and between cases as a way of verifying "that the emergent
propositions fit with the evidence in each case” (Hak & Dul, 2009b, p. 339). Eisenhardt and Graebner
(2007) suggest that central to building research frameworks from cases is the replication logic, where
individual cases are seen as distinct experiments of analytic units. By replicating case findings,
researchers seek to enhance validity, reliability and trustworthiness of their findings. Replication is
also critical in terms of the nature of science, which requires that scientific findings should be
replicable, repeatable, reproducible and reliable. As such, researchers building a new hypothesis are
obligated to provide evidence of replicability (Hak & Dul, 2009b).

5. Conclusion

Based on emerging discourses in literature, the current author is of the view that research may be
regarded as invalid, unreliable and untrustworthy due to several aspects other than the research
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methods, results and findings. This, therefore, calls for the adoption of a systematic method in the
development of all research components, including the research frameworks. The current paper has
provided a clear definition for each of the research frameworks, which could help researchers in
conceptualizing their research. Additionally, in the current paper, the author has provided some
strategies which could be used in the development and application of these frameworks. The author
believes that by using these strategies; researchers will now be able to follow a systematic method
when conceptualizing the frameworks of their research, which could enhance the validity, reliability
and trustworthiness of their research.
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