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Abstract 

The increasing use of data in educational research, framed within fields like Eduinformatics, 

necessitates effective strategies for hypothesis generation within the cyclical data-driven and 

hypothesis-driven approach. However, the crucial step of forming novel hypotheses often relies 

on Abduction, a form of inference known to be challenging. This paper addresses the difficulty 

of abductive hypothesis formation by exploring potential aids. Through conceptual analysis 

grounded in Eduinformatics and IR Philosophy, we investigate the role of contradiction in fa-

cilitating this process. We argue that constructively engaging with contradictions—whether they 

arise from data conflicting with existing theories or from differing normative view-

points—serves as a powerful catalyst for the "surprise" that triggers abduction. The development 

of the Significant Other Groups (SOGs) concept is presented as an illustrative case where ana-

lyzing contradiction led to new theoretical insight. This study concludes that reframing contra-

diction not as an obstacle but as a vital prompt for inquiry offers a valuable perspective for en-

hancing creativity and knowledge generation, thereby aiding abduction within the research cycle 

in Eduinformatics. This perspective helps reconstruct the cycle linking hypotheses and data by 

leveraging the generative power inherent in contradiction.  

Keywords: Abduction, data-driven and hypothesis-driven approach, Eduinformatics, Contra-

diction 

1 Introduction 

1.1   Eduinformatics 

The landscape of higher education is undergoing significant transformation, particularly spurred 

by the societal shift towards Society 5.0, an era emphasizing the integration of cyber and phys-

ical spaces. Within this evolving context, the role and methodologies of Institutional Research 

(IR) are also being re-evaluated. Traditional approaches often struggle to bridge the gap between 

practical institutional needs and theoretical advancements. To address these challenges and lev-
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erage the increasing availability of educational data, a novel interdisciplinary field termed 

"Eduinformatics" has been proposed [1]. 

Eduinformatics represents a synthesis of education and informatics, aiming to create a syn-

ergistic field that draws upon the problem-solving methods of informatics to address complex 

issues within education. It is conceptualized as an intersection where educational challenges 

meet data-driven analytical techniques, as illustrated in Figure 1 which depicts Eduinformatics 

bridging the two domains to link problems requiring solutions with problem-solving method-

ologies [2]. The core idea is to move beyond simply collecting data towards applying sophisti-

cated analytical methods, derived from informatics, to gain deeper insights into student learning, 

institutional effectiveness, and overall educational processes. This involves not only analyzing 

existing student data but also actively developing new analytical methodologies specifically 

tailored to the unique contexts and goals of educational institutions. 

Figure 1: Conceptual representation of Eduinformatics as the intersection of Education and In-

formatics, adapted from [2]. 

The field was conceived to address observed needs within higher education institutions, par-

ticularly concerning the skills and knowledge required by IR professionals. Surveys indicated 

that practitioners desire capabilities extending beyond statistical analysis to include a broader 

understanding of higher education contexts. Eduinformatics provides a framework for integrat-

ing these technical and contextual dimensions. By combining the rigorous analytical power of 

informatics with the nuanced understanding of educational theory and practice, Eduinformatics 

seeks to offer fresh perspectives and more effective, data-informed strategies for institutional 

improvement and educational reform. It aims to equip educators and administrators with the 

tools and approaches necessary to navigate the complexities of modern higher education and 

harness data for meaningful advancements in teaching, learning, and institutional management. 

This interdisciplinary approach fosters a more holistic understanding, facilitating the develop-

ment and application of novel solutions to persistent educational problems. 
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1.2   The Interplay of Data-Driven and Hypothesis-Driven Research 

Scientific inquiry, including research within fields like Eduinformatics, often employs two 

complementary approaches: hypothesis-driven and data-driven research. Understanding the 

distinction and relationship between these approaches is crucial, particularly in an era 

characterized by large datasets ("big data") [3]. 

Traditionally, much scientific investigation has followed a hypothesis-driven pathway. 

This approach, as illustrated in the latter part of Figure 2, begins with the formulation of a 

specific hypothesis or question based on existing knowledge or observations. Researchers 

then design and conduct experiments or analyses specifically aimed at testing the validity of 

this hypothesis [4]. If the results do not support the initial hypothesis, the process iterates: the 

hypothesis is revised or a new one is constructed, leading to further experimentation. This 

cycle continues, refining understanding through directed investigation [4]. This method was 

the primary mode of research in many fields, such as life sciences, before the advent of 

large-scale data generation technologies [3]. 

Figure 2: Schematic representation of data-driven and hypothesis-driven research 

approaches over time, adapted from [4]. 

The emergence of big data, exemplified by projects like the human genome sequencing, 

has catalyzed the prominence of the data-driven approach. In contrast to the hypothe-

sis-driven method, data-driven research often starts with the data itself (Figure 2) [4]. Re-

searchers explore large datasets to identify patterns, correlations, or anomalies, which then 

lead to the generation of new hypotheses. Essentially, the data serves as the primary source of 

inspiration for research questions, reversing the traditional sequence [4] . This approach has 

become increasingly relevant in education, where the widespread use of technologies like 

Learning Management Systems (LMS) generates vast amounts of student data, creating 

opportunities for data-driven discovery. 
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However, it is essential to recognize that these two approaches are not mutually exclusive 

but rather exist in a dynamic, cyclical relationship [4] [5]. As depicted in Figure 3, insights 

gained from data-driven exploration lead to new hypotheses, which can then be rigorously 

tested using hypothesis-driven methods. Conversely, the results (data) generated from hy-

pothesis testing feed back into the pool of knowledge, potentially sparking new data-driven 

inquiries. This continuous cycle, where data informs hypotheses and hypotheses guide data 

collection and analysis, represents a powerful paradigm for advancing knowledge in com-

plex fields like Eduinformatics [3], [5], [6], enabling both broad exploration and focused 

investigation. Understanding this interplay is fundamental to effectively leveraging data for 

educational improvement. 

Figure 3: The cyclical relationship between data and hypothesis generation, adapted 

from [4]. 

1.3   Abduction and the Emergence of IR Philosophy 

The cyclical interplay between data and hypotheses, as discussed previously (Section 1.2, 

Figure 3), highlights a critical juncture: the generation of novel hypotheses from data. While 

the data-driven approach leverages large datasets for inspiration [6], and the hypothe-

sis-driven approach refines understanding through testing [5], the cognitive leap from ob-

serving data patterns to formulating a plausible, testable hypothesis remains a complex 

challenge. This process often involves more than straightforward deduction or induction; it 

requires a form of inference capable of generating new ideas or explanations. 

Charles Sanders Peirce identified this type of reasoning as "abduction" or hypothetical 

inference [7]. He proposed it as a third fundamental mode of reasoning alongside deduction 

K. Takamatsu, S. Matsumoto, T. Inakura, K. Murakami, S. Imai, I. Noda, K. Bannaka, 
Y. Kozaki,A. Kishida, K. Mitsunari, M. Omori, M. Mori, Y. Nakata4



Copyright © by IIAI. Unauthorized reproduction of this article is prohibited. 

and induction [7]. Abduction involves observing a surprising fact or pattern within data and 

then inferring a potential rule or hypothesis that, if true, would explain that observation. 

Unlike deduction (which applies a general rule to a specific case to derive a necessary con-

clusion) or induction (which generalizes from specific instances to infer a probable rule), 

abduction generates potential explanations or hypotheses that are plausible but not guaran-

teed [7]. It is often described as an inference to the best explanation. In the context of the 

data-hypothesis cycle (Figure 3), abduction plays a crucial role, particularly in the da-

ta-driven phase where new hypotheses are sought from potentially complex or noisy da-

tasets. However, effectively performing abduction is acknowledged to be difficult, often 

requiring intuition, creativity, and deep contextual understanding, making the systematic 

generation of valuable hypotheses challenging. 

Recognizing the practical challenges and the evolving nature of IR in the era of Society 

5.0 and Eduinformatics, a need arises to bridge the gap between the practical application of 

IR methods and the underlying theoretical and philosophical considerations. Historically, IR 

in Japan has often focused heavily on the practical aspects, such as the content of IR work, 

organizational positioning, and responses to accreditation evaluations, sometimes over-

shadowing deeper theoretical engagement. This mirrors historical developments in peda-

gogy during the transition from Society 2.0 to 3.0, where a divide existed between practical 

teaching techniques and theoretical/philosophical foundations[8], eventually bridged by 

figures like Herbart who sought to systematize pedagogy by integrating practical philosophy 

and psychology[8].  

Drawing parallels to this historical evolution and acknowledging the current gap in IR [8], 

the concept of "IR Philosophy" has been proposed. IR Philosophy aims to establish IR as a 

more robust academic discipline by scientifically deriving theoretical insights from practical 

IR activities and continuously questioning the nature and goals of effective IR. It encourages 

a reflective approach that integrates technical skills with "contextual intelligence" and "issue 

knowledge"—a deep understanding of the educational environment and the specific prob-

lems being addressed. Within this framework, understanding the role and challenges of 

abductive reasoning in hypothesis generation becomes a key component. IR Philosophy, 

therefore, seeks not only to enhance the effectiveness of IR practice but also to build a 

stronger theoretical foundation for the field, potentially offering insights into complex pro-

cesses like abduction within the specific context of higher education data analysis and re-

form. It advocates for learning from historical context, including Japan's own educational 

history, to better inform current practice and future theory, often leveraging insights from the 

related field of Eduinformatics [1], [2].  
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1.4   Research Question 

As established, the effective use of both data-driven and hypothesis-driven research hinges 

on the cyclical generation and testing of hypotheses (Figure 3). A significant bottleneck in 

this cycle often lies in the transition from data analysis to hypothesis formulation. While data 

can reveal patterns and correlations, the leap to a meaningful, explanatory hypothesis fre-

quently requires more than standard inductive or deductive logic. 

This creative step aligns closely with the concept of abduction, as described by Peirce [7]. 

Abduction allows for the generation of novel explanations for observed phenomena, a pro-

cess essential for scientific discovery but notoriously difficult to systematize or execute 

reliably. Existing logical frameworks often focus on continuous, inferential steps, whereas 

abduction represents a potentially discontinuous leap towards a new idea. Given the in-

creasing complexity and volume of data available within Eduinformatics, coupled with the 

practical challenges associated with performing effective abduction, a critical question 

arises: How can this vital process of hypothesis generation from data be facilitated? There-

fore, the central research question guiding this paper is: 

Research Question (RQ): What frameworks, methods, or tools can effectively aid the process 

of abductive hypothesis formation within the data-hypothesis cycle in the context of Edu-

informatics? 

Addressing this question, it aims to provide practical support for researchers and practi-

tioners seeking to leverage data more effectively for insight and innovation in education. 

2 Methods 

This study employs a conceptual analysis methodology to address the central research question 

concerning aids for abductive hypothesis formation within the Eduinformatics context. The core 

of the investigation involves a theoretical exploration of the mechanisms underlying the cyclical 

relationship between data and hypotheses, with a particular focus on the challenging transition 

where novel hypotheses are generated from observed data or contradictions. 

The analysis is theoretically grounded in the principles of Eduinformatics and the emerging 

framework of IR Philosophy, as delineated in the introduction [1], [8]. Eduinformatics provides 

the interdisciplinary lens integrating educational problem contexts with informatics-based 

problem-solving approaches [1], while IR Philosophy guides the reflection on bridging practical 

research activities with deeper theoretical understanding, including the nature of scientific in-

ference in institutional settings (Section 1.3) [8]. 

Specifically, this research synthesizes and analyzes existing knowledge drawn from several 

key domains. Foundational concepts of abduction, primarily drawing from the work of Peirce 

[7], are examined to understand its characteristics as a mode of inference distinct from deduction 
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and induction and its role in generating novel explanations. The dynamics of data-driven and 

hypothesis-driven research paradigms [3], [5], [6] are reviewed to contextualize the specific 

point in the research cycle where abductive reasoning is most critical. Furthermore, the analysis 

incorporates relevant perspectives from the philosophy of science regarding hypothesis genera-

tion and the role of anomalies or contradictions as potential triggers for scientific discovery. 

By critically examining and structuring these concepts through the frameworks of Edu-

informatics and IR Philosophy, this study aims to identify potential pathways, conceptual tools, 

or framework characteristics that could facilitate the difficult but essential process of abductive 

hypothesis formulation in data-rich educational research environments. The approach is primar-

ily theoretical, seeking to construct a coherent conceptual argument rather than relying on em-

pirical data collection for this stage of inquiry. 

3 Results and Discussion 

This section addresses the research question regarding potential aids for the challenging process 

of abductive hypothesis formation within the data-hypothesis cycle. Drawing upon the concep-

tual analysis outlined in the methods, we propose that encountering and constructively engaging 

with contradiction serves as a primary catalyst for the abductive leaps necessary for generating 

novel insights in Eduinformatics. 

3.1   Contradiction as a Catalyst: The Case of Significant Other Groups (SOGs) 

A key "result" emerging from practical application within the Eduinformatics framework illus-

trates this principle. In a study focused on university reform, a significant contribution (including 

figure creation) was made by a graduate student. Typically, university reform processes primarily 

involve faculty and administrative staff, sometimes extending to current students or formally 

defined external stakeholders. Consequently, a contradiction arose regarding the graduate's role: 

prevailing "common sense" suggested that involving graduates (as alumni/alumnae) in such 

internal initiatives was inappropriate. This led to the decision that the graduate's contribution, 

despite its significance, would be recognized only in the acknowledgments section rather than 

through full co-authorship [9]. Instead of simply accepting or dismissing this conventional 

viewpoint, the researchers embraced the contradiction as an object of inquiry. They delved into 

the underlying reasons why common sense dictated the exclusion of graduates from such roles. 

This critical examination of the contradiction between the graduate's actual contribution and 

the perceived norms led to a deeper understanding of stakeholder roles in university governance. 

It prompted the development of a new conceptual framework: Significant Other Groups (SOGs). 

SOGs were defined to include a broader range of participants (including faculty, staff, students, 

and graduates or external faculty) who genuinely wish to contribute to higher education devel-

opment, moving beyond traditional, often interest-based, stakeholder definitions [9]. This novel 

concept, born directly from analyzing a point of contradiction, formed the core of a subsequent 

publication that received international recognition (Outstanding Paper Award at IIAI AIT 2020) 

[9]. 

This example serves as a concrete illustration of how confronting disagreement or contra-

diction—rather than avoiding or suppressing it—can be a fertile ground for generating new 

theoretical constructs and practical frameworks. The process involved questioning the premises 
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of the "common sense" view that created the initial conflict.  

3.2   Discussion: Contradiction, Abduction, and Creativity 

 The SOGs case exemplifies a broader principle crucial for hypothesis formation. When faced 

with data, ideas, or perspectives that contradict one's own or existing theories, the critical step is 

not dismissal but inquiry. This echoes philosophical approaches where resolving contradictions 

often involves examining differing premises, incorporating new information or contexts, dif-

ferentiating specific cases, or achieving a synthesis that transcends the initial opposition (Auf-

heben). 

This principle resonates strongly with the process of abduction. As discussed (Section 1.3), 

abduction is the form of inference often required to generate new hypotheses, particularly when 

existing data contradicts established theories or expectations. Charles Sanders Peirce, who for-

mulated the concept, noted that abduction often begins with a "surprising fact" or an "unexpected 

observation" (CP 5.189) [10].  

Such "surprise" inherently arises from a contradiction between what is observed and what is 

expected based on prior knowledge or hypotheses. Therefore, contradiction appears to be a key 

trigger, perhaps even a necessary condition, for initiating the abductive process that leads to new 

hypotheses. 

Abduction is often characterized as a non-continuous or discontinuous logical leap, distin-

guishing it from the more linear processes of deduction and induction; this inherent discontinuity 

contributes significantly to the difficulty generally associated with novel hypothesis formation 

[7]. Yet, fostering this abductive capability is increasingly vital in the context of profound soci-

etal shifts. We are currently navigating the transition from Society 4.0 (the Information Society) 

towards Society 5.0, a new human-centered societal model proposed by the Japanese govern-

ment that deeply integrates cyberspace and physical space [11]. This transition, depicted con-

ceptually in Figure 4, aims to balance economic advancement with the resolution of social 

problems through sophisticated systems. Internationally, similar concepts like Industry 5.0 are 

discussed, highlighting a global move towards societies where technology serves human 

Peirce: CP 5.189 Cross-Ref:†† 

189. Long before I first classed abduction as an inference it was

recognized by logicians that the operation of adopting an explanatory hypothesis - 

- which is just what abduction is -- was subject to certain conditions. Namely, the 

hypothesis cannot be admitted, even as a hypothesis, unless it be supposed that it 

would account for the facts or some of them. The form of inference, therefore, is 

this: 

The surprising fact, C, is observed; 

But if A were true, C would be a matter of course, 

Hence, there is reason to suspect that A is true. 
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well-being and sustainability alongside productivity. 

Figure 4: Conceptual diagram illustrating the progression towards Society 5.0, adapted from 

[11] 

Successfully navigating and contributing to Society 5.0 requires skills and competencies that 

go beyond rote knowledge acquisition or proficiency in established procedures. Educational 

paradigms are shifting accordingly, with a strong emphasis placed on fostering 21st-century 

skills. International organizations like the OECD emphasize competency-based education, dis-

tinguishing between specific technical competencies required for jobs and broader core compe-

tencies clustered around delivery, interpersonal skills, and strategic thinking [12]. Within these 

frameworks, Creativity emerges as a particularly crucial element [13]. It is increasingly recog-

nized as essential not just in artistic fields but across disciplines—including science, technology, 

engineering, and mathematics (often discussed within the STEAM educational approach)—for 

addressing complex, real-world problems that lack predefined solutions [13]. 

This demand for creativity is intrinsically linked to the ability to formulate novel hypotheses 

– the very outcome of successful abduction. Generating creative solutions or new lines of inquiry

fundamentally depends on the capacity to look beyond existing data or theories and propose

plausible new explanations or possibilities. Therefore, enhancing the ability to perform abduc-

tion is not merely a technical challenge for researchers but a core educational goal for preparing

citizens capable of thriving in and shaping Society 5.0. Furthermore, this challenge is amplified

as research methodology itself increasingly shifts towards data-driven paradigms [3], [5], [6].

While these paradigms provide unprecedented amounts of data, the critical step of extracting 

meaning and generating insightful hypotheses from that data—the abductive step—becomes 

even more central and demanding. Without effective hypothesis generation, data remains inert. 

Consequently, having effective triggers and aids for the difficult abductive leap is paramount for 

translating data into actionable knowledge and innovation. This underscores the importance of 

investigating catalysts, such as the constructive engagement with contradiction proposed in this 

paper, to support this vital cognitive process. 

This analysis suggests that contradiction, often viewed negatively or as an error signal in 

many contexts (excluding specific logical methods like proof by contradiction), deserves 
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re-evaluation within the framework of scientific discovery and Eduinformatics. It should perhaps 

be recognized not merely as an obstacle, but as a valuable catalyst for abduction. Embracing 

contradictions, analyzing their origins, and using them as explicit prompts for inquiry may rep-

resent a powerful strategy to aid researchers in formulating the novel hypotheses needed to ad-

vance understanding and drive innovation in education. 

4 Conclusion 

This paper sought to explore aids for the challenging yet crucial process of abductive hypothesis 

formation, particularly within the context of Eduinformatics where data-driven insights are in-

creasingly sought. The central research question guiding this exploration was: 

RQ: What frameworks, methods, or tools can effectively aid the process of abductive hypothesis 

formation within the data-hypothesis cycle in the context of Eduinformatics? 

Based on the conceptual analysis and the illustrative case study of Significant Other Groups 

(SOGs) presented, this paper concludes that contradiction itself serves as a powerful, yet often 

undervalued, catalyst and aid for abduction. The key lies not simply in encountering contradic-

tion—whether between data and existing theories, or between differing viewpoints and 

norms—but in the constructive engagement with it. By actively analyzing the sources and un-

derlying premises of contradictions, rather than dismissing them, researchers can unlock path-

ways to novel insights and hypothesis generation. The development of the SOGs concept from a 

point of normative conflict provides a concrete example of this principle. 

Therefore, this study proposes a reframing of contradiction: viewing it not as a mere error or 

obstacle, but as a vital trigger for the "surprise" that Peirce identified as the starting point of ab-

duction. Cultivating a research disposition that actively seeks out and interrogates contradictions 

may offer a valuable strategy for facilitating the abductive leaps required for creativity and ad-

vancing knowledge within Eduinformatics and related fields. 
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