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Abstract: A well-founded research paradigm is essential for gaining acceptable research re-
sults. To highlight the associations between ontology, epistemology, and methodology, we refer
to an investigation on German and Finnish students’ motivation in mathematics classroom. We
identified four kinds of mathematics-learning orientations from German and Finnish 9th grad-
ers using latent class analysis. When comparing the profile outputs, discriminant analysis
(quantitative approach) revealed no convincing differences. The coordination analysis method
(qualitative approach) in turn reflected that different foci within German and Finnish mathe-
matics curricula exist. The findings highlight to identify and specifically tailor the methodology
according to the ontological and epistemological principles of theory.
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1 Introduction

The relationship between theory and methodology is complex and fundamental to pro-
duce valid empirical knowledge with regard to the scientific discourse. A substantial clar-
ification of the adopted theory is decisive to select an adequate methodology. In turn,
methodological demands and obstacles would not become visible without following the
adopted theoretical principles. The main purpose of this paper is to push the discussion
on the relationship between the theoretical principles and methodology. For this pur-
pose, we examined the research framework which established the investigation on Ger-
man and Finnish gth graders’ motivation in mathematics classroom.

The quality of students’ motivation has several effects on their learning processes.
Particularly, autonomous motivation — learner’s willingness to study mathematics for its
own sake — is connected to multiple positive effects while a controlled motivation is asso-
ciated with internal or external stress (Ryan & Deci, 2017). Because each learner is
unique and individuals bring multiple attributions for orientation into classroom (Ryan
& Deci, 2017), researchers have stated that the social environment in the classroom can
facilitate autonomous motivated learning processes by supporting the satisfaction of
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learners’ basic psychological needs of autonomy, competence, and relatedness. Scholars
emphasized that mathematics learning can also become more interesting to students
when they experience it as personally relevant (Bikner-Ahsbahs, 2005). Accordingly, one
way to increase our understanding towards the quality of students’ functioning is to un-
derstand their perspective i.e., patterns of personal relevance when studying mathemat-
ics.

Various scholars are fully aware of the significance of self-relevance or personal
meaning for the internalization process and autonomous motivation (e.g., Vansteenkiste
et al., 2018). However, a theoretical specification of the motivational construct “rele-
vance” is limited (Suriakumaran, 2022). To explore the relationship between learners’
motivation and their patterns of personal relevance to study mathematics, a substantial
analyses of theoretical framework and adequate methodology is necessary. We applied a
quantitative (discriminant function analysis) and qualitative (coordination analysis
method) approach to analyse the conceptual interplay between motivation and patterns
of personal relevance. Based on this practical example, we reflect on the interrelation-
ship between theory and methodology when exploring motivation.

2 Research paradigm

The ontological principles (conceptualization of nature within scientific theory) and epis-
temological principles (systematic clarification and identification of valid knowledge
with regard to the research discourse) of theory define the framework of research. Partic-
ularly, these principles specify the selection of methodology, i.e., well-founded identifica-
tion of adequate research methods (Buchholtz, 2021; Slevitch, 2011). In the main, the ar-
rangement and direction of research in mathematics education is defined by theory
(Radford, 2008a). In the following, we briefly elaborate these elements of research para-
digm by integrating the investigation on students’ motivation as a practical example.

2.1 Ontological and epistemological perspectives

A theoretical lens can be viewed “as a way of producing understandings and ways of ac-
tion based on” basic principles (P), methodology (M), and research questions (Q) (Rad-
ford, 2008a, p. 320). Within this tripartite view (P, M, Q) of a theoretical lens, P em-
braces the system of principles, M is a set of methodologies (technical procedures of data
collection and interpretation) facilitating P in producing relevant data, and Q is a set of
research questions. In doing so, the articulation between theoretical principles (P), ques-
tions (Q) to be explored, and methodology (M) establish the conceptualization of theo-
ries (i.e., how is understanding produced?, Radford, 2008a, 2012). At the same time, P,
M, and Q mark theory’s boundary (i.e., the limit of theory’s principles). If limitations of
principles emerge in the context of an intended investigation, “Connecting theories can
(...) be accomplished at different levels (principles, methodology, research questions),
with different levels of intensity” (Radford, 2008b, p. 14).
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In our practical example, we explored the interconnection between the perspectives
of learners’ motivation and their individually constructed patterns of personal relevance
which move them to study mathematics in the classroom. For this, we examined how the
ontological and epistemological foundations of two theoretical lenses connect in describ-
ing the genesis of motivation in mathematics classroom by involving both students’ indi-
vidual world and the external social world.

“Why” do students show a certain motivation in the mathematics classroom? The on-
tological principles of self-determination theory (SDT; Ryan & Deci, 2017) focuses on the
learners’ individual experiences. This theory’s principles seek to understand how socio-
cultural conditions foster individuals’ basic psychological needs satisfaction and focuses
on the quality aspect of motivation (e.g., intrinsic, extrinsic motivation). This is a power-
ful lens to elaborate on basic psychological needs mechanisms which belong to individu-
als’ biological nature. Learners’ social context can support their motivation by satisfying
the basic psychological needs. Although SDT’s principles respect the dialectical commu-
nication between students’ individual and social world, the social experiences are not
likewise conceptualized.

“What” patterns of personal relevance do students construct in the mathematics
classroom? Guided by Vygotsky’s (1978) theoretical enterprise, the ontological principles
of social constructivism provide an insight into learners’ experiences of social interaction
in the classroom (Ernest, 2010). This theory’s principles support to understand learners’
social experiences, in which they subjectively assimilate the social regulations within the
classroom. This conversation, which belongs to students’ social nature, between the so-
cial realm and the individual explain the production of learning and knowledge. The
principles of social constructivism discuss the dialogue between social context and the
individual. However, from this angle it remains unsettled which key factors affect learn-
ers’ processes in private.

In terms of the interplay between learners’ individual (why) and social word (what),
we identified limitations of theory’s principles. To produce understanding, we predicted
the motivational construct personal meaning as situated at the boundary of SDT and so-
cial constructivism (Suriakumaran, 2022).

Based on learners’ permanent need for meaning, the theoretical conceptualization
behind this construct addresses the personal relevance learners associate with studying
mathematics, which is affected by learners’ personal preconditions (composed of their
personal background and personal characteristics) and their mathematics learning situa-
tion (Vollstedt & Vorholter, 2008). By adopting the perspective of the individual learner,
this concept describes the construction of personal meaning in the context of the mathe-
matics learning situation. In a nutshell, the construction of personal meaning involves an
interaction between individual and social factors. Vollstedt reconstructed 17 personal
meanings that students (aged 15—17) attached to mathematics learning within an educa-
tional setting (Vollstedt & Duchhardt, 2019). These varied from duty (e.g., “I mainly deal
with mathematics because I have to”) to purism of mathematics (e.g., “mathematics is
beautiful to me as it is unique in its formalism”).

By considering the connections between these two theories at the level of principles
(P), we predicted that personal meaning has the potential to be considered as a so-called
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boundary object (Akkerman & Bakker, 2011). That is, we see personal meaning to be lo-
cated at the boundary of two theories, SDT and social constructivism, and to have multi-
modal ontological natures (Radford, 2014). Personal meaning encompasses conceptually
a biological aspect. Within the individual level of personal meaning there seems to exist a
biological regulatory mechanism that addresses learners’ individual experiences of
meaning construction. As such, this biological regulatory mechanism may become epis-
temologically observable in learners’ motivation. At the same time, personal meaning in-
cludes a social aspect. Within this social level of this motivational construct there seems
to exist a social regulatory mechanism. This may become epistemologically observable in
learners’ interpersonal experiences, i.e., production of patterns of personal relevance.
Personal meaning is simultaneously an individual psychological phenomenon (viewed
through the lens of SDT) and a social phenomenon (viewed through the lens of social
constructivism). The specific conceptual nature of personal meaning is “flexible and ro-
bust enough” to function as a bridge between both theoretical worlds as well as to be un-
derstood from both perspectives (Suriakumaran, 2022).

2.2 Methodological perspective

Methodological issues, as the philosophy behind the e.g., quantitative or qualitative ap-
proaches, are not always compatible with the adopted theoretical conceptualization.
Sometimes the applied methodology ignores or even contradicts with the adopted theo-
retical principles. Scholars usually address the theoretical and methodological issues
when discussing the empirical results. However, the reflection on the interrelationship
between theory and methodology is little.

To study the double ontological nature of personal meaning, biological and social
regulatory mechanisms, we firstly applied a solely quantitative approach. In the follow-
ing, we provide the important information to follow this practical example’s empirical
work. A detailed report of these statistical analyses would go beyond the scope of this pa-
per (for more, see Suriakumaran, 2022).

We conducted a cross-cultural study with grade nine students from Germany, N =
276 (?: 46%), and Finland, N = 256 (?: 48%). In Germany we considered all individuals
from different schools according to their educational performance, whereas in Finland
all participants attended comprehensive schools. We used a published instrument to as-
sess the different kinds of personal meaning (Vollstedt & Duchhardt, 2019). Further, we
applied an established scale to assess the quality of motivation (Thomas & Miiller, 2011).

Our empirical work was explorative, with quantitative methods. We used Mplus sta-
tistical package (Muthén & Muthén, 2017) for the statistical analyses and applied the
Mplus FIML algorithm to handle missing data. For the affective constructs’ psychomet-
ric properties, confirmatory factor analysis (with MLR) recorded acceptable to good fit
values. The gradual test of measurement invariance supported (partial) scalar invari-
ance. This was the demanded validity of the German and Finnish models in order to con-
duct a fair and valid group comparison. We did a latent class analysis (LCA) with distal
outcomes to identify the different kinds of German and Finnish motivational outcome
and their patterns of personal relevance. Discriminant analysis is used to not only detect
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those indicators which mark the differences between the groups. This analysis verified
and supported but also the identified LCA.

Based on LCA we detected four profiles in Germany and Finland. Subsequently, we
conducted discriminant analysis. A discriminant analysis based on the four profiles dis-
played three discriminant functions in German and Finnish sample. We consider specifi-
cally the eigenvalues and wilks’ lambda to evaluate the quality of the model. In a nut-
shell, the conducted discriminant function analysis reflected in German and Finnish
sample that not all four profiles significantly differ from each other. Specifically, we
found no support for separating profiles 3 and 4. The canonical correlation of function 3
(preferably close to 1) of .324 in German sample and of .251 in Finnish sample indicated
the model classified not correctly. What is more, wilks’ lambda of test of function 3 (pref-
erably close to 0 reflecting total discrimination) showed high values of not explained var-
iability of 89.5 % in Germany and 93.7 % in Finland. This in turn, reflected lower dis-
criminatory ability of the function 3 showing no significance (p < .000).

On the one hand, besides the LCA fit statistics, the identified class solution repre-
sented “new knowledge” with each profile and proportion of interpretability (as the most
critical criterion in LCA) increased up to four-class model (Geiser, 2011). This fact was at
odds with the results of discriminant function analysis. On the other hand, the quantita-
tive research so far only studied personal meaning as an individual psychological phe-
nomenon (through the theoretical principles of SDT). However, to explore whether per-
sonal meaning also exists as predicted in the social world, we sought for a methodologi-
cal approach to interpret the personal meaning through the lens of social constructivism.

For this reason, we applied coordination analysis method. The networking strategy
of coordinating which constructs a conceptual framework “by fitting together elements
from different theories for making sense of an empirical phenomenon. A conceptual
framework is not a new theoretical approach but a pragmatic bricolage for the purpose of
understanding empirical phenomena” (Prediger & Bikner-Ahsbahs, 2014, pp. 119—120).
This networking strategy brings the detected German and Finnish profiles of personal
meaning (patterns of personal relevance) and their distal outcomes (quality of motiva-
tion) into a theory-driven dialogue. We followed a theory-driven interpretation proce-
dure of the numerical data assisted by adjusted terms (originating within qualitative re-
search paradigm, Bohnsack, 1989).

Through the conducted theory-driven interpretation, we identified four kinds of
mathematics-learning orientation in view of emotional-social integration (Profile 1) —
leaners’ starting internalization (either balanced (GER) or autonomous (FIN) motiva-
tion); enjoyment in mathematics learning (Profile 2) — learners experience well-being
and integration (autonomous motivation); external pressure (Profile 3) — learners adapt
to obligatory requirements (either balanced (FIN) or less controlled (GER) motivation);
self-improvement (Profile 4) — students feel freedom of action (autonomous motivation).

In the following, we report one detailed example how we systematically coordinated
the two theoretical perspectives to qualify the quantitative data (Schoonenboom & John-
son, 2017). Therefore, we illustrate (see Figure 1) the results of German and Finnish pro-
file 4 “self-improvement” where discriminant function analysis reflected in German and
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Finnish sample that these profiles significantly differ not from profile 3 “external pres-
sure”.

Figure 1. Results of Coordination Analysis Method. Self-Improvement — Profile 4 in German
and Finnish Sample.

Self-improvement

Profile in Germany: Profile in Finland:

Freedom of Action Freedom of Action

Self-Development

Focus Focus
Mastery Individual

Purism of Mathematics

Positive Image

Note. Summarized overview of profile’s pattern of personal meaning and the corresponding motivational
behaviour. Profiles in Germany and Finland is depicted through the constructed and non-constructed
kinds of personal meaning embedded within the corresponding dimension of personal meaning.

The 4-point Likert scale as a whole gives clues, ranging from o (strongly disagree) to
3 (strongly agree). First, we examined whether each profile can be clearly interpreted by
considering its mean scores with respect to the strong indicators represented by con-
structed (M = 1.8 = cut-off point providing orientation) and non-constructed (M < 1.2 =
cut-off point providing no orientation) dimensions/kinds of personal meaning. Average
values are probably made up of different components and therefore they do not provide
any information when clarifying the profiles (greyed out).

The colour code (light) green is used for (a tendency towards) constructed personal
meanings and (light) red is used for (a tendency towards) non-constructed personal
meanings. Each dimension (of personal meaning) is coloured either green or red when
all the factors of the dimension behaved in a similar manner. The colour code of the pro-
file’s frame reflects the profile’s self-determination index (SDI), with orange for self-de-
termined motivation.

We focused on the ones (green) that provided orientation within those profiles. Some
personal meanings (light green) showed a tendency towards orientation. For German
learners, studying mathematics for self-improvement means satisfying their own compe-
tence requirements (focus on mastery), but for Finnish students it means strengthening
their personal development (focus on the individual). Across countries, these profiles
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reflected the highest degree of self-determination. In addition, some personal meanings
were explicitly referring to a scope that provides no orientation for the learner and these
are the red ones. Whereas in Germany they did not identify with “I try my best in learn-
ing mathematics to please others” in Finland they did not identify with the statement
that mathematics was a non-relevant discipline. The profiles’ poles (in the left- and
rightmost positions) were reconstructed from the individuals’ self-reports about which
scopes were accepted and which were rejected for their own relevance system (patterns
of personal meaning) as a means of providing orientation. Based on the foci, namely
mastery and individual, we named these profiles self-improvement (Suriakumaran,
2022).

The examination of the German and Finnish mathematics curricula revealed that
both countries aim to support learners’ mathematics performance but adopt different fo-
cus. Historically, Finland has a very strong emphasis on education from the perspective
of the German concept of “Bildung” (Autio, 2021). Based on the German influence, the
Finnish system is equally concerned with learners’ mathematical skills and with their in-
dividual development. On the contrary, the German system essentially accentuated stu-
dents’ performance. This analytical work helped also to understand why similar orienta-
tions (e.g., emotional-social integration) have different quality of motivation.

3 What's the push?

This paper explores in detail the structural arrangement of research paradigm when
studying mathematics-related motivation. As an initial step, we applied discriminant
analysis to contrast the German and Finnish profile outputs. Due to methodological limi-
tations, we adjusted our research process by integrating the coordination analysis
method in order to understand the interplay between biological regulatory mechanisms
(quality of motivation) and social regulatory mechanism (patterns of personal rele-
vance). Regarding the major goal of this paper, we initially discuss the different empiri-
cal evidence when applying discriminant analysis and coordination analysis method.
Furthermore, we highlight the conceptual relationship between the specific theoretical
principles and the two different methodological paradigms. To this effect, we reflect on
the following question “How do the theoretical principles and both methodologies,
mono-methodological quantitative research approach and coordination analysis method,
interrelate in view of the interplay between motivation and patterns of personal rele-
vance?”

3.1 Main findings

We applied two different methodological approaches to examine this theoretical inter-
play.

The discriminant function analysis could not statistically discriminate the identified
German and Finnish profiles 3 “external pressure” and 4 “self-improvement” from one
another. One reason might be that the empirical data was not prepared appropriately to
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conduct discriminant analysis. That is, the level of (partial) scalar invariance and the rel-
atively small sample size might clarify why the data was too sensitive for discriminant
analysis. However, the mono-methodological quantitative statistical approach supported
to assess the students’ motivational outcome and patterns of personal relevance.

The coordination analysis method, in turn, supported a theory-driven interpretation
of quantitative data, in terms of systematically coordinating the two theoretical perspec-
tives, and qualified the quantitative data (Schoonenboom & Johnson, 2017). On the one
hand, this method considers the double ontological nature of personal meaning through
the principles of SDT and social constructivism. On the other hand, it helped not only to
verify the empirical evidence but also to contrast and refine the interplay between moti-
vation and patterns of personal relevance. We identified four kinds of mathematics-
learning orientations. Theorizing the results of the coordination emphasized that each
country’s profiles have cultural tags that refer to their respective cultural setting or focus
in the curriculum. In a nutshell, coordination analysis intercommunicated with the
adopted theoretical principles, while the mono-methodological quantitative research ap-
proach did not fully achieve this.

3.2 Reflecting on the interrelationship between theory and methodology

Measurement theories and analysis procedures respect theoretical principles at different
levels. As a result, feedback on the adopted theoretical principles is correspondingly dif-
ferent. In our case, the mono-methodological quantitative approach picked up the nature
of personal meaning as a individual psychological phenomenon. Subsequently, the thus-
generated empirical profiles had to take up and clarify the other, i.e., personal meaning
as a social phenomenon. Within the quantitative research approach, there is no research
activity which helps to link theories. A sequential-dependent methodology
(Schoonenboom & Johnson, 2017) was necessary which to consider the double ontologi-
cal natures of personal meaning. This specific methodological approach (M) helped by
systematically considering both theories’ principles (P) and study’s research questions
(Q) to model the interplay (R as the fourth element; Radford, 2012) between motivation
and patterns of personal relevance (for more see Suriakumaran, 2022).

Each methodological approach has its strengths and limitations, similar to theory
and its principles (Radford, 2012). These meta-methodological insights show that a sub-
stantial clarification of the adopted theory, or in our case, theoretically specifying the
concept of a motivational construct is essential to select an adequate methodology. The
feedback towards theoretical principles and the empirical evidence which come to the
fore are biographically connected to the individual measurement theory. Accordingly,
methodical demands and obstacles would not become visible without following the
adopted theoretical principles.

Theoretically, we consider motivation as an affective construct which is not separable
from cognitive activities. This monist perspective, conceptualizing mathematics thinking
as an interdependence of embodied, psychological, and social phenomenon is also neces-
sary when we frame our research. That is, the interrelation between theory, questions,
methodology, and results frame the research process. Accordingly, these elements
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should be considered through a monist perspective within the research framework by ex-
ploring their complex understanding among one another depending on study’s individ-
ual major goal. A substantial exploration helps to identify ontological, epistemological,
and methodological demands and investigates their harmony with one another in terms
building a well-founded research paradigm.

4 Conclusions

As a “take home message”, we suggest to examine and reflect on research with regard to
the adopted theoretical lens:

e Which theoretical perspective did you adopt and why?
e Which ontological and epistemological principles of the theory did you adopt
(which did you leave out and why)?

And the adopted methodology:

e Which methodological approach did you adopt and why?
e To what extent do the methodological principles respect the ontological and epis-
temological principles of the theory?

This substantial exploration of theory and methodology may help to identify the
strengths and limitations towards the interrelation between theory and methodology.
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