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This paper features reflective learning as an effective pedagogical strategy for addressing the
challenges of big data analytics, especially data complexity and uncertainty. The importance of
metacognition in data science education is addressed. Based on a systematic review of the literature,
key themes and concepts related to reflective learning and big data analytics were identified:
evaluation and critical thinking, prior knowledge, beliefs, emotions, intentionality, and future actions.
By incorporating these elements into the curriculum, educators can facilitate learners to make
meaningful connections between their prior knowledge and new information, develop a deeper
understanding of complex concepts, and learn how to apply them effectively in real-world situations.
Further research is needed to investigate the effectiveness of different pedagogical approaches and
technological tools, in enhancing reflective learning, in this context.

INTRODUCTION

The dynamic and rapidly evolving nature of big data, coupled with its voluminous and high-
speed generation, presents critical challenges for effective data analysis and interpretation (Cirillo &
Valencia, 2019; Hariri et al., 2019; Francois et al., 2020), and this requires adaptive learning
strategies. In view of the inherent complexity and uncertainty of big data, there is growing consensus
among data science educators that a shift in curricular and pedagogical priorities is needed to
maximize the benefits of big data (Hassad, 2020; Picciotto, 2020; Weissgerber, 2021). This involves
revising the traditional statistics topic-based curriculum in favor of an integrated curriculum that
prioritizes critical thinking skills, data quality, methodological standards, collaboration, and domain-
specific expertise (Hassad, 2022; Song & Zhu, 2016). Reflective learning is a pedagogical approach
that can effectively foster these skills and knowledge sets, helping learners to make meaningful
connections between their prior knowledge and new information, resulting in improved application of
knowledge in real-world situations (Boud et al., 1985; Boud & Walker, 1998; Chan & Lee, 202;
Denton, 2018; Moon, 1999).

A commonly used and seminal definition of reflective learning is “the process of internally
examining and exploring an issue of concern, triggered by an experience, which creates and clarifies
meaning in terms of self and which results in a changed conceptual perspective” (Boyd & Fales, 1983,
p. 100). Other definitions are largely similar but also emphasize learners’ beliefs and emotions. As
such, reflective learning can be viewed as a self-evaluative and metacognitive process (Colmer et al.,
2020) that involves mindfulness, curiosity, and inductive reasoning (Kurniawati et al., 2020).
Mindfulness can help students become aware of their thought processes, emotions, assumptions, and
biases when working with data. Curiosity can drive exploration and inquiry, leading to new insights
and discoveries. Inductive reasoning can help students draw generalizations and identify patterns in
data, leading to more robust understanding and analyses (Hassad, 2020). These skills are particularly
important in complex fields like data science, where learners must navigate vast amounts of
information, analyze data, and make decisions that have real-world consequences (Bosman et al.,
2023).

While reflective learning is widely accepted, it is not without controversy. Some argue that
traditional assessment methods are not well-suited to capture its complex learning processes, and that
it can be time-consuming (Jung, et al., 2022), as well as challenging for students who are not
accustomed to self-evaluation and critical reflection (Chan & Lee, 2021; Ryan & Ryan, 2013).
Nonetheless, several positive outcomes of reflective learning have been reported, including improved
critical thinking, problem-solving, and motivation to learn (Fullana et al., 2016; VVan Beveren et al.,
2018). Pedagogical strategies, such as projects, case studies (Song & Zhu, 2016), reflective writing
and self-assessments, as well as group discussions, scaffolding, and simulations (Chernikova et al.,

In: EM Jones (Ed.), Fostering Learning of Statistics and Data Science
Proceedings of the Satellite conference of the International Association for Statistical Education (1ASE),
July 2023, Toronto, Canada. ©2023 ISI/IASE http://iase-web.org



IASE 2023 Satellite Paper — Refereed Hassad & lacullo

2020) have been used to foster reflective learning. These activities can help learners develop a
nuanced understanding of complex concepts and enhance their decision-making skills.

THEORETICAL UNDERPINNINGS OF REFLECTIVE LEARNING

Reflective learning is grounded in Dewey's (1933) concept of reflective thinking, which
involves active, persistent, and careful consideration of beliefs and knowledge based on evidence and
logical reasoning. This concept is fundamental to subsequent theories that focus on reflective learning.
Specifically, constructivism (Hassad, 2011; Piaget, 1932; Savery & Duffy, 1995; Vygotsky, 1978)
posits that learning is a meaning-making experience where learners actively construct knowledge
through their experiences and interactions. Kolb’s (1984) experiential learning theory is another
conceptual framework that supports reflective learning. It suggests that learning occurs through a
cyclical process of experiencing, reflecting, conceptualizing, and experimenting. Reflective learning
involves making connections between different parts of the curriculum, linking theory and practice,
and connecting learning to real-world applications (Mann, Gordon, & McLeod, 2009).

PURPOSE AND RATIONALE

This paper explores reflective learning in the context of big data analytics. Reflective learning
emphasizes critical evaluation and analysis of personal experiences and the learning process, and such
skills can potentially enable data scientists to become more proficient and thoughtful in applying
complex and novel technigques to manage big data, especially given its multifaceted and unpredictable
nature. Specifically, reflective learning can develop and enhance expertise in data cleaning and
transformation, machine learning algorithms, as well as data visualization and communication.
Moreover, while there is a large body of research on reflective learning in general, its
conceptualization as an intricate construct creates challenges for implementation and assessment,
necessitating domain-specific research. This study helps to fill that gap and inform the teaching and
learning of big data analytics.

METHODOLOGY

A systematic review of the scientific literature was conducted to identify and analyze articles
on reflective learning and big data analytics. The search was conducted using primarily Google
Scholar, PsyclInfo, and ERIC, with search terms including reflective learning, reflective thinking, big
data, big data analytics, data complexity, curriculum, and pedagogy. The inclusion criteria were peer-
reviewed articles published in English language that focused on reflective learning and/or big data
analytics, regardless of the year of publication. A total of 44 publications (qualitative and quantitative
including theoretical analyses, expert opinions, books, book chapters, meta-analyses, and systematic
literature reviews) were selected and reviewed by the authors, who are both statistics educators. The
majority, 26 (59%) of the publications could be considered qualitative reviews. A thematic approach
was used to identify key aspects of reflective learning. Potential biases associated with the authors’
perspectives and interpretations, as well as the search strategy and inclusion criteria were considered.

RESULTS

Reflective learning involves active engagement with an intentional mindset toward facilitating
meaningful learning (Chan & Lee, 2021; Denton, 2018; Engel & Martignon, 2022; Ryan & Ryan,
2013; Van Beveren et al., 2018). It begins with evaluation of information and experiences, that is,
making judgments about quality, effectiveness, and applicability. Another inherent and essential
component of reflective learning is critical thinking (a broader cognitive construct), which empowers
individuals to analyze, question, and interpret information and experiences, as well as identify and
understand relationships and patterns, and make reasoned judgments (Duron et al., 2006; Hassad &
lacullo, 2018). Reflective learning also involves integrating and synthesizing the information resulting
from evaluation and critical thinking. Integration connects different elements, offering a holistic
understanding, while synthesis allows for generating new insights and meaning. Prior knowledge,
beliefs, and emotions shape these processes, and future actions are guided by the acquired
understanding.
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Figure 1. Core Elements of Reflective Learning

Prior knowledge: Prior knowledge refers to the knowledge and experiences that a learner brings to a
new learning situation. It is a critical factor in the learning process, as it shapes how learners interpret
and make sense of new information (Boud et al., 1985; Chan & Lee, 2021; Chernikova et al. 2020;
Colmer et al., 2020; Jung, et al., 2022; Muntazhimah et al., 2021). Prior knowledge can take many
forms, including formal education, work experience, personal interests, and cultural background.
When learners encounter new information that relates to their prior knowledge, they can utilize this
knowledge to establish associations and enhance their comprehension of the new material. However,
when learners encounter new information that conflicts with their prior knowledge, they may
experience cognitive dissonance and struggle to make sense of the new information (Jung et al., 2022).
This can help to highlight the need for strategies to help learners reconcile conflicting information and
make sense of new concepts in light of their existing knowledge.

Beliefs: Learner beliefs play a key role in the learning process, especially in the context of statistics
and big data analytics (Boud et al., 1985; Chan & Lee, 2021; Colmer et al., 2020; Engel & Martignon,
2022; Jung et al., 2022; Lindh & Thorgren, 2016; Winkel et al., 2017). Such beliefs and associated
attitudes can influence learners' engagement with the subject matter and their ability to apply related
concepts. Learners might have misconceptions or biases regarding the utility and scope of big data
analytics or believe that they lack the necessary technical skills to effectively work with such data.
These beliefs can impede learning by reducing interest and self-efficacy or leading to erroneous
conclusions. For example, learners might mistakenly believe that big data inherently produces causal
relationships, or that meaningful big data analytics necessitates hypothetico-deductive reasoning. By
encouraging learners to question their beliefs and assumptions, educators can help them reframe their
perspectives in more constructive ways.

Emotions: Emotions are fundamental to the learning process (Boud et al., 1985; Boud & Walker,
1998; Chan & Lee, 2021; Colmer et al., 2020; Denton, 2018; Engel & Martignon, 2022; Lindh &
Thorgren, 2016; Linnenbrink-Garcia & Pekrun, 2011; Pretorius & Ford, 2016; Winkel et al., 2017). In
the context of big data analytics, for instance, learners may feel overwhelmed by the volume and
complexity of big data, leading to frustration or anxiety. Alternatively, they may feel excited and
motivated by the potential of big data to solve real-world problems. By reflecting on their emotions,
learners can gain insight into their learning process and develop strategies to manage their emotions
effectively. Emotions drive learning by impacting cognitive processes, motivation, self-regulation, and
social interactions. Positive emotions, such as curiosity and enjoyment, can broaden attention, enhance
memory, and increase motivation, while negative emotions like anxiety and frustration, can impair
these processes and hinder learning.

Intentionality: Reflective learning involves intentional efforts to make connections, evaluate
information, and apply concepts (Bereiter & Scardamalia, 2020; Boyd & Fales, 1983; Chan & Lee,
2021; Foley & Kaiser, 2013; Hung, 2014). Intentionality in learning refers to the deliberate and
purposeful engagement in the learning process, driven by cognitive and motivational factors. This can
involve setting goals, creating plans, and actively seeking out opportunities to apply what was learned.
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For instance, learners can set a goal to improve their data visualization skills or to better understand
particular statistical techniques used in big data analytics by applying these to a real-world dataset.

Future actions or behaviors: Reflective learning results in the utilization of acquired knowledge and
understanding to inform and guide future actions and behaviors (Chan & Lee, 2021; Colmer et al.,
2020; Lindh & Thorgren, 2016). In the context of big data analytics, it is essential to encourage
learners to contemplate future applications of their acquired knowledge. For example, they may reflect
on how their data analysis skills can address real-world problems within their field of study. This can
enhance understanding of the relevance and importance of big data analytics, while fostering
appreciation for continued learning. As well, it can improve self-efficacy, which refers to the belief in
one's ability to achieve specific goals or outcomes (Bandura, 1997; Zimmerman et al., 2017).
Moreover, when learners engage in the process of envisioning future actions and behaviors, they are
more likely to take action and achieve their goals (Cirocki & Farrell, 2017; Oettingen & Mayer, 2002;
Schunk & Zimmerman, 1997). For instance, by considering future actions and behaviors, learners can
develop the skills necessary to effectively communicate their findings to different stakeholders, handle
ethical and privacy concerns related to data collection and analysis, and adapt to new and emerging
technologies and applications.

CONCLUSION AND IMPLICATIONS

Big data analytics is a rapidly growing field that involves the processing and analysis of
massive amounts of data to extract insights and inform decision-making. Reflective learning can be
particularly useful in this context as it can facilitate more meaningful analyses, as well as greater
understanding and application of complex concepts. Reflective learning strategies such as case-based
learning, for example, allow learners to analyze and evaluate real-world scenarios, while problem-
based learning encourages learners to solve complex problems collaboratively. These techniques
foster critical thinking and evaluation skills and enable learners to draw valid conclusions from
complex data. Instructors can create a supportive learning environment by addressing learners' beliefs
through feedback, discussion, and active listening, as well as acknowledging and helping manage their
emotions. Encouraging learners to be intentional and purposeful in their learning can also enhance
their engagement and skill development. Indeed, it is important to note that addressing these key facets
of reflective learning in the teaching of big data analytics is not a linear process. Educators should aim
to create a learning environment that allows for flexibility and adaptation, as learners may encounter
challenges or have different needs at different stages of their learning journey. By taking an iterative
and responsive approach, educators can better support learners, in this regard.

Future research in this area could investigate the effectiveness of different pedagogical
approaches and technological tools for integrating reflective learning into data science education. In
particular, virtual reality including simulations can enhance reflective learning by providing learners
with immersive, interactive, and realistic environments in which they can apply their knowledge and
skills in a controlled setting, with immediate feedback, allowing them to reflect on their approach and
adjust accordingly. In summary, reflective learning involves making connections between new
experiences and existing knowledge and using this new understanding to inform future actions. It is an
effective tool for personal and professional development and can help us to become more effective
learners, communicators, and problem solvers.
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