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Purpose of the study: Many learners experience difficulties in generating
questions that lead to research questions. This study aimed to present
perspectives on questions that inquire into the logic within each type of logical
reasoning, propose a new question classification method based on these
perspectives, verify its objectivity, and examine participants' logicality.

Methodology: This study deductively developed perspectives and classification
methods for questions based on the logical reasoning theory. To verify the
question-classification method and examine participants' logicality, 1,164 Self-
described questions from 24 graduate-level students were collected. These
questions were classified by two raters using qualitative research software,
followed by a statistical analysis. Descriptive and inferential statistics were used
for the analysis.

Main Findings: Based on the analysis of the question data, the degree of
agreement on question classification between the two raters was high. Notably,
there was exceptional concordance in categorizing questions asking about
deductive reasoning, hypothetical reasoning, and specific questions.
Additionally, the analysis of question characteristics revealed a predominant
presence of questions asking about inductive reasoning and ambiguous
questions. In contrast, there were fewer questions asking about deductive
reasoning, hypothetical reasoning, and specific questions.

Novelty/Originality of this study: This research adds a logical perspective to
traditional question frameworks and develops objective question classification
methods. It provides a framework to support the formation of questions that lead
to research questions and a method to objectively assess the quality of learning
question formation techniques, with significant implications for educational
practices. This study is limited by few raters, few specific questions.
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1. INTRODUCTION

We are currently facing various challenges such as climate cries, the proliferation of misinformation,
and the rapid expansion of digital technologies [1]. These issues have ushered us into a VUCA era, which
characterized by volatility, uncertainty, complexity, and ambiguity [2]. In such times, learners are increasingly
expected to utilize science proactively to advance science and technology, drive societal change, and create new

value [1].
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Questions are important tools for stimulating creativity and generating new ideas and knowledge [3].
Therefore, questions are the starting point of scientific discovery and play a key role in the processes of inquiry
and research [4], [5]. However, many questions generated by learners tend to remain at the level of confirming
facts and procedures [6]. In other words, learners find it difficult to spontaneously generate questions that can
evolve into research questions and potentially advance science and technology. Therefore, unlike authentic
scientific inquiry where scientists generate their own questions and explore the answers, in most school-based
inquiry activities, the research questions are directly provided to the learners [7].

Wittgenstein [8] revealed that the totality of facts forms the world, asserting that "logic fills the world:
the limits of the world are also its limits." This can be interpreted as the limitations of science, which is a part of
the world determined by logic. Popper argued that scientific theories should be falsifiable and presented this as a
criterion to distinguish between science and non-science, characterizing falsifiability through "the logical
relationships that exist between the theory and the class of basic propositions.” He revealed that the development
of science is a process of constantly testing existing theories and adding new theories when faced with facts that
cannot be handled, thereby improving or updating the reliability of theories [9]. According to Popper, scientific
development is achieved by critically questioning the logic between theories and the groups of propositions that
establish those theories. Kuhn pointed out that science does not always develop continuously based on existing
paradigms and that "anomalies" that cannot be explained by existing paradigms often exist, arguing that the
development of science progresses through paradigm shifts [10]. In the process of continuously testing the
existing paradigm, when difficult-to-explain cases emerge, the old paradigm may gradually be reconsidered, and
a new paradigm that can adequately explain these anomalies may emerge. Therefore, the requestioning of the
logic between the existing paradigm and its propositions becomes a foundation for paradigm shifts. In the
scientific field, questioning the logic between the existing theories and the group of propositions that compose
these theories is an important element for breaking the limits of science and promoting the development and
innovation of science and technology. Consequently, It is important for learners generate questions that probe
logic forming the basis of research questions, in order to engage in authentic scientific inquiry and create new
value.

Providing a framework for questions facilitates the generation of relevant questions within its scope
indicated by the framework [11]. Moreover, to enhance the quality of education and measure the achievement of
learning objectives in science education, it is essential to objectively assess the learning processes and outcomes
of learners in the classroom[12], [13]. Therefore, to effectively form research questions , it is important to
identify the types of questions that probe logic and clearly present their schema ,and it is crucial for learners to
accurately understand question formation methods and the quality of their learning, which necessitates an
objective classification method for questions.

But, Questions that lead to research questions have been primarily classified based on their form and
content. From a formal perspective, De Vaus categorized questions that can be posed in social science research
into two types based on the use of interrogatives: a "what" type concerning the description of reality, and a
"why" type pertaining to the explanation of mechanisms [14]. To further develop De Vaus's classification, White
used the commonly employed journalistic 5SW1H (Who, What, When, Where, Why, How) to further subdivide
questions related to description and explanation, stating the research methods corresponding to each question
type [15]. From the content perspective, Aristotle typified questions that could be raised in inquiry as those
concerning the existence, nature, attributes, and causes of an object [16]. Inspired by Aristotle's classification,
Dillon divided questions that can be posed in scientific inquiry and research based on the types of propositions
(knowledge) obtained about a phenomenon into “primary questions” asking about basic attributes, such as the
existence and function of a phenomenon; "secondary questions” regarding comparative attributes, such as
relationships, similarities, and differences between two or more phenomena; "tertiary questions™ asking about the
relationship between two phenomena or objects; and "other questions" asking about new methods of
understanding the phenomenon [17]. Moreover, Chin and Kayalvizhi proposed a classification of investigable
questions regarding the characteristics of a phenomenon or the relationship between variables and non-
investigable questions related to religion, among others [18]. These classifications help to grasp the scope of
questions in scientific inquiry and research, recognize the direction of questions about the subject, and identify
missing content, thereby aiding in the generation of questions that can evolve into research questions.

From a logic perspective, [19] proposed the existence of "Questions to Close" in scientific inquiries,
which questions the veracity of conditional propositions or the unexamined conditional propositions that extend
scientific knowledge. This is because scientific knowledge consists of propositions that are inductively or
deductively falsifiable, and the falsifiability of propositions and the conditional propositions that constitute them
can be considered. However they pointed out that this alone could not facilitate the application of scientific
knowledge or promote paradigm shifts. Thus, "Questions to Extend," which inquire about propositions that can
be deductively derived by assuming certain propositions to be true, and "Questions to open," which question the
propositions, are necessary [19]. In this study, within the category "Question to Close," the focus is on the logic
between the theory and the conditional propositions that establish it, presenting a framework for questions
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related to conditional propositions. Like this, these studies have focused on the types of propositions obtained by
answering questions overlooking the aspect of logic. Among them, [19] classified scientific questions from a
logical perspective, but a detailed examination regarding specific question perspectives that probe the logic
between existing theories and their supporting propositions in each logical reasoning as well as question
classification methods based on these perspectives is lacking.

Therefore, this study formed the following research questions: What categories of questions that probe
logic exist, and how can questions be objectively classified based on logic? What will be the logicality of the
participants? This study first proposes perspectives on questions that probe the logic within each logical
reasoning and introduces a new classification method for questions based on these perspectives while
simultaneously verifying its objectivity. Second, this study seeks to reveal the logicality of participants through
the questions they posed. This provides a framework for generating questions that lead to research questions ,
which are essential for learners to conduct authentic scientific inquiry. It is hoped that this study will objectively
grasp the logicality of learners, provide a foundation for educational interventions, and understand the learning
situation of question generation techniques, giving direction for learning improvement.

2. RESEARCH METHOD

Following Barton's approach [20], we established classification axes based on theories of logical
reasoning and deductively constructed perspectives and classification methods for questions. Logical reasoning
can be classified into three forms: inductive, deductive, and hypothetical. This division is based on the inference
of one of the elements, that is, premise; rule; or result, from the other two [21]. Additionally, as demonstrated in
Michita [22], the completeness of inference elements is the first condition for logic, and the validity of the
relationships between elements is the second condition. The questions concerning logical reasoning are based on
these conditions, with the first-level questions directly probing inductive, deductive, and hypothetical reasoning.
Second-level questions were established to break down the first-level questions and explore the relationships
between elements. The second-level questions, namely, questions for logical reasoning, can be considered from
three perspectives within the reasoning process. Perspective 1 probes the set of propositions that form the
starting point of the inference, Perspective 2 questions the validity of the connections between each proposition,
and Perspective 3 queries the process of inferring a conclusion from these sets of propositions (Figure 1).

e

Proposition R Proposition Q ~—t——————p Perspective 2

Inference
Perspective 1 — Proposition R—Proposition S

-

Figure 1. Perspectives on questions for logical reasoning

The questions regarding logical reasoning were as follows. First, the questions regarding inductive
reasoning are explained. Inductive reasoning is a method that abstracts from multiple premises and results and
derives general rules. The first question is whether a specific general law can be derived from a specific set of
premises and results. The second level of questions, which breaks down this first-level question, includes the
following three perspectives. The first involves questions about the set of premises and results that form the basis
of inductive reasoning, specifically, whether a limited set of premises and results is sufficient to derive a rule.
The second perspective verifies whether the result can always be obtained based on these premises, that is, the
possibility of deficiencies in the premises that affect the result. The third perspective determines the validity of
information omissions and the presence of distortion when deriving a conclusion from the set of premises and
results.
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Deductive reasoning involves applying a rule to a certain premise and predicting the results. The first-
level questions ask whether a result can be predicted based on a given premise and rule. Deductive reasoning has
the characteristic that if the premises and rules are true, the conclusion is necessarily true. However, scientific
inquiry and research often involves implicit premises and rules, leaving room to doubt the validity of the logic.
The second-level questions can be considered from three perspectives, similar to inductive reasoning. The first
perspective investigates whether a set of premises and rules is sufficient to lead to a result. The second
perspective questions the relationship between the premise and the rule, that is, whether the rule applied to the
premise is truly valid. The third perspective examines the validity of information omission and the presence of
distortion in the process of predicting results based on a set of premises and rules.

Hypothetical reasoning is a method that applies a rule to a specific result to infer the premises that led to
that result. First, a first-level question applies a rule to an observed result and asks about the possible premises.
When inferring the premises that lead to a result, a possibility that numerous rules could be applied to that result
exists; therefore, similar to inductive and deductive reasoning, second-level questions also have three
perspectives. These perspectives question whether the set of results and rules is sufficient to infer the premises,
the validity of the rules applied to the observed results, validity of information omission, and presence of
distortion in the process of inferring. The three perspectives on the questions for logical reasoning are presented
in Table 1.

Table 1. Perspectives on questions for the three types of logical reasoning

A | Perspectives on questions for inductive reasoning

1. | Questioning the validity of the set of premises and results

2. | Questioning the validity of the relationship between individual premises and results

3. | Questioning the validity of information omission and the presence of distortion during the process of
generalization

B | Perspectives on questions for deductive reasoning

1. | Questioning the validity of the set of premises and rules

2. | Questioning the validity of the relationship between individual premises and rules

3. | Questioning the validity of information omission and the presence of distortion during the process of
prediction

C | Perspectives on questions for hypothetical reasoning

1. | Questioning the validity of the set of results and rules

2. | Questioning the validity of the relationship between the results and individual rules

3. | Questioning the validity of information omission and the presence of distortion during the process of
inference

The question classification method based on the perspectives of logic described above was developed
around the three common elements of premises, rules, and results, which are integral to inductive, deductive, and
hypothetical reasoning. The specific steps are as follows.

(1) Element identification: Elements corresponding to the premises, rules, and results in a question
statement are identified.
(2) Classification of questions: Based on the identified elements, it is determined which of the
following five types each question belongs to, and the appropriate type is assigned.
a) Ambiguous questions
Those that contain only one of either the premises or results.
b) Questions asking about inductive reasoning
Those that contain premises and results and inquire about a rule that can be generalized.
¢) Questions asking about deductive reasoning
Those that contain premises and rules and inquire about a predictable result.
d) Questions asking about hypothetical reasoning
Those that contain results and rules and. inquire about an inferable premise.
e) Specific questions
Those that inquire from the perspectives shown in Table 1, namely those that include all
elements of premises, rules, and results and further inquire about one of these elements.

Types b), c), and d) correspond to first-level questions that directly probe logical reasoning, whereas

type €) corresponds to second-level questions that examine the validity of logical reasoning.

This research employs a quantitative approach, which is considered appropriate for verifying the
objectivity of the proposed question classification method and for examining the current state of participants'
logicality. The quantitative method, suited for testing theory and hypothesis, is considered more " objective" due
to its quantitative nature and is frequently used to understand the current state [23].
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When researchers have limited resources, they can use the convenience sampling technique, which
allows them to select samples that are easily accessible [24]. Thus, considering the feasibility of the study , this
approach was adopted to select the sample. The study participants 24 students who were enrolled in the course
"Socio-constructivism for Science and Technology 1," a specialized class in the Faculty of Science and an Inter-
graduate School Class for graduate students at H University in Japan, during the spring term of 2020 (April to
May). All participants were first-year master's students. The reasons for selecting graduate students were as
follows. Many university graduates and new graduate students are reported to have improved their research
skills, including the discovery and formulation of problems, due to their research experience [25].

The course consisted of seven lectures, each lasting 90 minutes, presented along the following seven
themes: the importance of questions and factors that influence curiosity, human perceptual characteristics,
human visual characteristics, characteristics of human consciousness and attention, the importance of better
questions, the definition of science, and science from the perspective of social constructionism.

The mothed of self-describing questions on a sheet is an effective technique for collecting questions
[26]. Therefore, this study adopted this method, and the survey sheets were designed to consist of two stages,
based on the theory that breaking down the questions can further refine the content [27]. This approach is
believed to enhance the likehood of recognizing the validity of the relationships between the elements contained
in the question text. After each lecture, participants filled out these survey sheets. They were encouraged to pose
numerous questions. In the first stage, the participants were prompted to raise questions related to the lecture
content (referred to as the initial question). Next, from among these initial questions, they were asked to select
the one they considered the most important, explain why, and then raise further questions to delve deeper into
their chosen question (referred to as follow-up questions). Through the email client and learning management
system, which was accessible to the faculty and students, questions related to each lecture's content were
submitted in the following class. In the first class, it was explained that the data would be used solely for
research purposes, and consent from the participants was obtained on this basis.

Obijectivity refers to the fair property that ensures that the results match when different people classify
and evaluate the same subject [28]. Moreover, background knowledge about the subject and method is important
for the accuracy of the classification work [29]. Therefore, to validate the objectivity of the proposed
classification method, a graduate student from the same institution as the first author classified the questions
independently. In the analysis of qualitative data, coding is primarily done using qualitative data management
software [30]. This classification was conducted using the qualitative research software MAXQDA 2022, which
is a convenient tool suitable for labeling and classifying data, allowing for the analysis through a series of
processes including data organization and coding settings [31]. Drawing from [30], [31], the specific procedures
were as follows: (1) Importing and organizing the question data: All questions were imported and checked
for any that were not in the form of questions, and inappropriate questions were excluded.; (2) Setting question
classification codes: To identify ambiguous and first-level questions, main codes, such as "elements of
inference," "ambiguous questions," "asking about inductive reasoning," "asking about deductive reasoning," and
"asking about hypothetical reasoning," were set. In addition, to identify specific inference elements and second-
level specific questions, sub-codes, such as "premise,” "rule,"” "result," "set of premises and results,"
"relationship between premise and result," and "generalization causing information omission/distortion," were
assigned to "inductive reasoning." Similar sub-codes were also assigned to "deductive reasoning" and
"hypothetical reasoning” to provide the necessary codes for question classification.; (3) Sharing files and
explaining the operational methods: Project files containing questions and question classification codes were
shared among the raters. Furthermore, the first author explained in detail the question classification method and
application of codes using each type of question example generated based on the lecture content, which was
different from those asked by the participants, and conducted a classification exercise. For example, the question
"What is the relationship between language and ways of illusion?" identified "language and ways of illusion™ as
premise, to which a "premise" code was assigned. "Has a relationship" was identified as the result, and it was
thus assigned the code for "result.” Considering that it enquires about the rule deriving from the language and
ways of illusion, the "asking about inductive reasoning" code was assigned. Based on the above operational
methods, each question was individually classified, and the appropriate codes were selected.

The agreement between the raters and the number of questions of each type obtained through these
classification activities were analyzed using SPSS 29. This analysis included descriptive statistics summarizing
the number of questions by type as well as inferential statistics to test inter-rater agreement and differences in the
number of questions across types. To evaluate the inter-rater agreement, Cohen's kappa coefficients were
utilized. This coefficient is widely used across various fields to measure the degree of agreement between
different raters when classifying the same object [32]. To compare the differences in number of questions across
types, a chi-square goodness-of-fit test was conducted. This allowed for the determination of statistically
significant differences among the various types of questions. Through this analysis, the study aimed to gain
insight into the objectivity of the question classification method and participants' logicality.
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3. RESULTS AND DISCUSSION
3.1. Inter-rater agreement on question classification

Invalid questions were excluded, resulting in 1.164 questions raised by participants during the seven
lectures having been analyzed. Specific examples of questions agreed upon by the two raters and their
classification results are shown in Table 2.

Table 2. Examples of consensus in question classification among raters

Question Classification result
How to ask high-quality questions? Ambiguous question
Question asking
What actions does one take when possessing intellectual curiosity? about inductive
reasoning
When illusions occur, people try to perceive Gestalt based on their knowledge and Question asking
experience. Does the way they experience the illusion differ depending on their about deductive
individual knowledge and experiences? reasoning
The unknown is a source of anxiety and fear. Is our instinctive fear or aversion to Question asklng
. . - about hypothetical
things that are different from ourselves a result of ignorance? reasoning

The fact that a hypothesis cannot be subjected to a falsification test does not mean

that it can be definitively declared false. What other theories, such as string theory, Specific question
cannot be falsified but cannot necessarily be considered untrue?

Curiosity is influenced by the degree of surprise, the amount of knowledge, the level

of confidence, and the complexity of the subject. However, can the extent of

curiosity and its relationship with the amount of knowledge, the level of surprise, Specific question
the strength of confidence, and the complexity of the subject be individually

quantified?

To verify the objectivity of the classification method for questions based on logical reasoning, the
classification results of the questions among the raters were first cross-tabulated (Table 3). Then, based on the
data from this cross-tabulation, Cohen's kappa coefficient was calculated for all questions. To analyze the degree
of agreement for each type of question in detail, Cohen's kappa coefficients were calculated for each type. The
results are summarized in Table 4. These results confirmed that the k coefficients for all the questions were high.
In particular, the k coefficients for the questions on deductive reasoning, hypothetical reasoning, and specific
questions were extremely high. The high k coefficients among the raters suggested that the question
classification method based on the submitted perspectives was highly objective, eliminating personal biases or
preferences of the raters and enabling consistent judgments. The level of agreement in the classification of
questions asking about deductive reasoning, hypothetical reasoning, and specific questions was remarkably high,
indicating that when applying the classification method to these questions, there was little difference in
interpretation among raters, leading to more objective outcomes. However, since the occurrence of questions
regarding deductive reasoning, hypothetical reasoning, and specific questions was relatively low in this
classification task, caution should be exercised in generalizing the results.

However, the k coefficients for ambiguous questions and questions asking about inductive reasoning
were relatively low. As shown in Table 3, it was common for one rater to classify a question as ambiguous
whereas another classified it as requiring inductive reasoning. For example, consider the question, "What
beneficial outcomes have arisen from the questions | posed?" In this case, one rater considered the question to be
ambiguous, noting that only the premise "I posed a question" was clear. Another rater identified the premise as "I
posed a question™ and the result as "beneficial outcomes," interpreting this as a rule, namely a question requiring
inductive reasoning. After a discussion between the two raters, the question was classified as ambiguous because
it only assumed the premise of "l posed a question,” and it was unclear whether it sought to know a rule deriving
benefit from this premise or the beneficial outcomes of applying rules. It suggests that some ambiguous
questions and questions asking about inductive reasoning could be easily confused. This confusion may stem
from the structural similarities in these questions, causing differences in interpretation among raters. For
instance, questions like "What beneficial outcomes have arisen from the questions | posed?" categorized as
ambiguous, and "What actions does one take when possessing intellectual curiosity?" categorized as probing
about inductive reasoning have different scopes of queried premises but similar structures, which may lead to
potential confusion among raters.
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Table 3. Cross-tabulation among the raters

Rater B
Question  Question  Question
asking asking asking Specific
Ambiguous about about about question  Total
question inductive  deductive  hypothetical
reasoning  reasoning  reasoning
Rater Ambiguous  Frequency 282 106 1 2 4 395
A question Rater A 71.4% 26.8% 0.3% 0.5% 1.0% 100%
Rater B 82.7% 15.6% 2.1% 4.8% 73%  33.9%
Question Frequency 57 564 8 3 7 639
asking about  Rater A 8.9% 88.3% 1.3% 0.5% 1.1% 100%
inductive Rater B 16.7% 88.2% 16.7% 7.1% 127% 54.9%
reasoning
Question Frequency 0 2 36 0 0 38
asking about  Rater A 0.0% 5.3% 94.7% 0.0% 0.0% 100%
deductive Rater B 0.0% 0.3% 75.0% 0.0% 0.0% 3.3%
reasoning
Question Frequency 2 5 3 37 0 47
asking about  Rater A 4.3% 10.6% 6.4% 78.7% 0.0% 100%
hypothetical ~ Rater B 0.6% 0.7% 6.3% 88.1% 0.0% 4.0%
reasoning
Specific Frequency 0 1 0 0 44 45
question Rater A 0.0% 2.2% 0.0% 0.0% 97.8%  100%
Rater B 0.0% 0.1% 0.0% 0.0% 80.0%  3.9%
Total Frequency 341 678 48 42 55 1164
Rater A 29.3% 58.2% 4.1% 3.6% 4.7% 100%
Rater B 100% 100% 100% 100% 100%  100%
Table 4. Inter-rater agreement on classification
Agreement
rate Kappa Lower CI Upper CI
Ambiguous question 62% 0.66 0.60 0.72
Question asking about inductive reasoning 75% 0.67 0.61 0.73
Question asking about deductive reasoning 72% 0.83 0.77 0.88
Question asking about hypothetical reasoning 71% 0.83 0.78 0.88
Specific question 79% 0.88 0.82 0.93
All questions 83% 0.70 0.66 0.74

3.2. Characteristics of the number of questions
3.2.1. Characteristics of all questions

To explore the logicality of the participants, all questions with discrepancies were discussed between
two raters to reconcile their decisions. Subsequently, the total number of questions submitted, including the
initial and follow-up questions, was analyzed in detail. First, a chi-square goodness-of-fit test was conducted on
the total number of ambiguous questions, first-level questions probing inductive, deductive, and hypothetical
reasoning and second-level specific questions collected over seven lectures. The results showed a significant
difference in the number of questions among these types, y2 (4) = 1320.70, p < .01. Additionally, a residual
analysis revealed that the number of questions enquiring about inductive reasoning and ambiguous questions
were higher than questions asking about deductive reasoning, hypothetical reasoning, and specific questions. The
number of questions per type, relative frequencies, and adjusted residuals are listed in Table 5.
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Table 5. Distribution by question type and results of residual analysis in all questions

Relative Adjusted

Frequency Frequency(%) residual
Ambiguous question 333 29% 6.57
Question asking about inductive reasoning 678 58% 29.18
Question asking about deductive reasoning 46 4% -12.24
Question asking about hypothetical reasoning 50 4% -11.98
Specific question 57 5% -11.52
Total 1164 100%

3.2.2. Characteristics of the initial questions

To examine the characteristics of the initial questions, a chi-square goodness-of-fit test was conducted
on the numbers of ambiguous questions, questions asking about inductive reasoning, deductive reasoning,
hypothetical reasoning, and specific questions among initial questions, resulting in y2 (4) = 674.04, p < .01. This
confirmed the presence of significant differences. Residual analysis indicated that, similar to the overall findings,
there were more questions asking about inductive reasoning and ambiguous questions and fewer questions
asking about deductive reasoning, hypothetical reasoning, and specific questions. The frequencies, relative
frequencies, and adjusted residuals for each question type are presented in Table 6.

Table 6. Distribution by question type and results of residual analysis in initial questions

Relative Adjusted
Frequency Frequency(%) residual
Ambiguous question 173 26% 3.19
Question asking about inductive reasoning 386 57% 21.47
Question asking about deductive reasoning 40 6% -8.22
Question asking about hypothetical reasoning 37 5% -8.48
Specific question 43 6% -7.96
Total 679 100%

3.2.3. Characteristics of the follow-up questions

Next, a similar chi-square goodness-of-fit test was conducted on the number of ambiguous questions,
questions regarding inductive reasoning, deductive reasoning, hypothetical reasoning, and specific questions
among follow-up questions, yielding x2 (4) = 662.06, p < .01, indicating a significant difference. Residual
analysis showed that the number of questions asking about inductive reasoning was the highest, followed by
ambiguous questions. Conversely, there were fewer questions on deductive reasoning, hypothetical reasoning,
and specific questions. The frequencies, relative frequencies, and adjusted residuals for each question type are
presented in Table 7.

Although it was hypothesized that the proportion of second-level specific questions would increase in
the follow-up questions raised to further break down the selected base initial questions, the analysis of the actual
questions revealed that ambiguous questions constituted approximately 30% of all questions, initial questions,
and follow-up questions, whereas specific questions accounted for only 5%. This indicates that some participants
in the course were not sufficiently aware of the relationship between the elements of logical reasoning (premise,
rule, and result) and tended to ask illogical questions, implying a possible lack of the first condition of logicality.

Table 7. Distribution by question type and results of residual analysis in follow-up questions

Relative Adjusted
Frequency Frequency(%) residual
Ambiguous question 160 33% 6.40
Question asking about inductive reasoning 292 60% 19.80
Question asking about deductive reasoning 6 1% -9.24
Question asking about hypothetical reasoning 13 3% -8.53
Specific question 14 3% -8.43
Total 485 100%

Moreover, the prominent number of questions asking about inductive reasoning and fewer questions
probing deductive or hypothetical reasoning suggest that many participants did not contemplate the relationship
between premises and results but were keen to learn the rules (knowledge) and requested immediate answers.
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Considering that Japanese learners are required to provide answers in regular tests [33] and that traditional
classes are often teacher-led, directly instructing learners, it should be borne in mind that even at the graduate
level, the mindset of requesting answers may strongly persist.

The implications of this research include proposed perspectives and objective classification methods for
questions not only expand the knowledge about questioning but can also be applied in educational settings to
efficiently analyze learners' question characteristics or logic, identify gaps in question generation, and aid in
prompting questions that lead to research questions and conducting authentic scientific inquiry. Moreover, the
discovery that even graduate students may lack logic underscores the need to build a solid foundation for
improving logic and question formation. Teaching should not involve merely imparting existing knowledge but
rather promote a deep understanding of the methods of deriving and applying knowledge or rules and provide
practical experience in using all three types of logical reasoning: inductive, deductive, and hypothetical.
Furthermore, in agreement with the view outlined in [34], it is necessary to establish an examination system that
allows for the demonstration of the required skills. To achieve this, it is essential to construct a testing system
that enables candidates to demonstrate their "ability to ask questions,” which is vital for setting research
questions.

This study has certain limitations. The low frequency of questions asking about deductive reasoning,
hypothetical reasoning, and specific questions in the classification task as well as the fact that only two raters
participated in the classification process, are limitations. To address these concerns, future studies should first
refine the classification method by considering the characteristics of easily confused question types, thus
enabling raters to better understand the intentions behind the questions. Additionally, educational programs that
utilize the question framework provided by this study should be developed, incorporating perspectives and
concrete examples of questions and further promoting the formation of questions that demand logic. Finally, it is
necessary to increase the number of raters and revalidate the objectivity of the classification method.

4. CONCLUSION

This study proposes perspectives on questions that probe logic within logical reasoning and introduces a
new method for classifying questions based on these perspectives. We attempted a detailed examination of the
objectivity of this method and the logic of the participants based on these classifications. The results revealed the
following insights. First, the high degree of agreement in question classification demonstrates the objectivity of
the proposed method, suggesting that it effectively eliminates the subjectivity of the raters and can yield
consistent outcomes across different raters. Furthermore, the results of the analysis of the various types of
questions posed by the participants suggest that even graduate students were prone to asking illogical questions
and tended to request answers (rules), indicating a lack of logicality.
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