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Student-generated questioning or question posing activity proved to have a positive im-
pact on students’ learning as students are enabled to develop higher-order thinking skills
and seek richer knowledge. However, students are having trouble in creating high level
questions which is why they might not be able to develop higher-order thinking skills. One
way to solve this issue is to implement the activities from the creative processes, that recom-
mends a way to generate a high-level idea by gathering inspiration, generating the idea, and
also improving its quality through refining the idea. In this study, we implemented online
learning with question posing and question refinement activities to improve students’ gen-
erated questions quality. Utilizing off-the-shelf online tools from the Internet, we proposed
a learning strategy for generating better questions by incorporating the activities in creative
processes collaboratively and individually. The activities are gathering knowledge, question
generation, and question refinement. These activities are performed respectively.

We examined our proposed learning strategy using a between-subject design with dif-
ferent numbers of students involved (individual, two students, and three students). The
students are coming from different academic backgrounds, which are generally not familiar
with our selected topic for the learning material.

Based on our initial pilot study we found out that most of the students are able to improve
the quality of other students’ questions and their own questions in the refinement stage based
on questioning rubric by Taboada and Guthrie. Moreover, we also found that students re-
fining questions collaboratively in the pair condition have no significant difference in terms
of quality level compared to students refining individually. Whereas when students are re-
fining questions collaboratively in the triad condition, they can improve the questions to a
better quality.

In addition, from the questionnaire and interview results, the students claimed that the
question generation and refinement activities helped them gain deeper understanding and
helped them memorize the learning material.
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Chapter 1

Introduction

Empirical studies on student-generated questioning (SGQ) have been well-documented
and upheld the effects of facilitating students’ cognitive and affective development. Var-
ious benefits of SGQ were reported in the literature; for instance, SGQ assists students in
identifying the crucial aspects of the learning content and focusing on its essential ele-
ments. Students can deepen their understanding of the study material, reflect on and un-
derstand the information they receive, concentrate on using the learned knowledge and
skills in solving new problems and situations, rather than just "acquiring" the knowl-
edge/skills, and finally, they can relate the newly acquired information to their prior
knowledge. SGQ is also deemed useful in helping students monitor and appraise their
comprehension level, reinforcing their degree of confidence regarding the subject matter,
helping students embrace a positive attitude in learning, and growing their interest and
skills in the problem-solving activity following the SGQ activity. Through this, students
can develop divergent thinking and enhance their learning strategies [1, 2, 3, 4, 5].

Furthermore, student-generated questioning is found to be a practical technique for
learning since it supports an active process. Once students actively construct relations
between their prior knowledge and the learning material, students build-up their un-
derstanding and comprehension. During the process of question generation, students
allotted their attention and cognition on generating meaning through finding relevant
information within the material and connecting it with their knowledge, which helped
enhance their comprehension [6, 7, 8]. Through the student-generated questioning ac-
tivity, students are engaged in analyzing the content, making relationships with prior
knowledge, evaluating it, and constructing personal knowledge.

However, despite the benefits of student-generated questioning, one study found
that students have difficulty creating high-level questions [9]. In addition, other re-
searchers reported a low number of high-level questions during implementation [10].
Moreover, studies have reported that using student-generated questioning strategy has
appeared to have different results depending on whether it is performed in groups or in-
dividually [11, 12, 13]. One way to solve this issue is to implement the activities from the
creative processes (see Section 2.8), that recommends a way to generate a high-level idea
by gathering inspiration, generating the idea, and also improving its quality through
refining the idea by manipulating, reorganizing, structuring, altering, and or removing
information [14]. Our study investigates the activity of refining student posed questions
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individually and collaboratively in regards to increasing the quality level of the ques-
tions.

Question refinement has been used to improve the quality of a question in a certain
parameter, different researches using different approaches have been conducted in order
to investigate the improvement of questions’ quality. For instances, King applied ques-
tion refinement through a continuous process of self-questioning and work in groups to
ask the question and answer each other’s questions [11]. Moreover, Denny et al.[15] and
Yu [16] have also demonstrated this technique by asking students to evaluate multiple-
choice questions created by others based on the quality of the question, distractors and
the explanation why the answer is correct. This technique was used in one of the newest
studies in 2020, [17] in which the students can modify each other’s questions and claim
ownership of the modified question by adding justification to why the previous question
needed to be refined.

Researchers in machine learning have also tried to improve the quality of a ques-
tion in terms of clarity, spelling, and grammar. For instance, Elgohary [18] constructed a
dataset that contains standalone questions to which context was added, in order to im-
prove the clarity, such as “What happened in 1983?” to “What happened to AnnaVissi
in 1983?”. Furthermore, Liu [19] proposed a unified model called Qrefine to refine ill-
formed questions to well-formed questions.

Inspired by both question-posing and refinement techniques, we came up with the
following research question:

RQ: How the generated questions could change and evolve through question re-
finement activity?

To answer our research question, we proposed a learning strategy that enables stu-
dents to pose questions to a particular lecture video and refine the existing questions
to have better quality. The procedure will provide guidance as a form of scaffolding to
students for creating questions at a better-quality level.
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Chapter 2

Related Work

2.1 Collaborative Student-Centered Learning

Student-centered learning (SCL) is one of the learning approaches where the learning
process is centered on a student’s inquiry to achieve knowledge with the help of a teacher
as a facilitator. The traditional teaching method is a more teacher-centered learning en-
vironment: the teachers choose the content, look up the references, restructure the in-
formation, and then deliver the knowledge to the students in the classroom [20]. The
problem with the teacher-centered approach is that students become passive informa-
tion receivers from teachers or tutors without any active thinking.

One of the concepts related to the SCL is self-regulated learning (SRL), which has
been receiving increased attention in the educational field, especially in higher educa-
tion. In SRL, students have the ability to control and monitor their learning processes and
determine how to locate suitable learning resources [21]. As the MOOCs on the Internet
is getting popular recently as a distance learning environment, making SRL more preva-
lent as MOOCs give everyone freedom of learning time and pace without any physical
restriction such as the traditional classroom.

In a collaborative learning context, similarly to SCL and SRL, learners share and
communicate knowledge in order to achieve mutual "learning goals," they are actively
involved in acquiring knowledge through various practices, such as having discussions,
seeking information, and interchanging opinions. The acquired knowledge is shared
among learners instead of it being owned by one learner [22]. The collaborative learning
process is used in the context of student-generated questions to help students acquire
"higher-order thinking skills" as it requires students to use their metacognitive abilities.

2.2 Student Generated Questions

Rosenshine et al. [2] defined the activity of question generation as both a cognitive strat-
egy and a metacognitive strategy. In this sense, the process of asking questions is con-
sidered a way to build up learners’ comprehension as they focus on main ideas, and to
verify the learners’ level of understanding in order to confirm if the content is assimi-
lated.
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In the context of social-cognition, question-generation is considered a helpful activ-
ity and a crucial element of student debate in ’talking science’ [23, 24]. Additionally, ask-
ing questions can lead students to discuss and establish dialogues from different view-
points, encourage them to contemplate and examine issues from different perspectives
(pros and cons). It can promote argumentation and critical thinking in science which
is considered an essential process in which students can acknowledge insufficient or
inadequate reasoning and false assumptions, build-up hypotheses, come-up with expla-
nations, determine evidence which either supports or disproves a hypothesis, assesses
options logically, and try to link discordant ideas.

Diverse research was conducted on student-generated questions, such as PeerWise
[15], a tool that students use to create multiple-choice questions (MCQs) and respond to
their peers’ questions. This tool can be used to support the learning process in different
ways, as students are asked to create questions meant to align with the course’s learning
outcome. The process of coming up with questions and writing an explanation for the
answer to their question can help students improve their understanding of the course
content.

Moreover, Hirai et. al. [25] examined how students can improve their understand-
ing on what they learned by learner- centered learning with question-posing. Based on
the results, they reported that the students who actively posed questions scored higher
score than the students who were passive in the answer test. It also reported that the
learners who asked higher quality questions scored higher on the both pre- and post-test
than the learners who posed low-quality.

Furthermore, Saarinen et. al. [26] suggested a process called Adaptive Tool-Driven
Conception Generation, in which they developed a tool that was implementing this pro-
cess. The tool can explicitly optimize the process for multiple-choice questions that di-
vide students’ opinions. It can create questions similar to expert-designed questions,
produce novel questions that can identify potential student misinterpretations, and cal-
culate statistical estimation and probability of misconceptions.

Previous studies on student-generated questions discussed the process of asking
questions and suggested different tools to help students generate questions [15, 26], how-
ever, the generated questions could be distinguished in terms of its quality level.

2.3 Types and Quality of Questions

In different studies, the following questions were discussed: "What types of questions are
considered ’quality questions’?" "Which qualities or properties qualify some questions as
better or worse than others?". For instance, Graesser and Person distinguished between
shallow, short answer questions addressing and describing the content and high-level
questions comprising inferences, multi-step reasoning, applying an idea to new knowl-
edge, synthesizing new ideas from different information resources and evaluating new
claims [27].
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In another study, Elder and Paul [28] describe the following criteria as helpful to
qualify a question as good: "clarity, accuracy, precision, relevance, depth, breadth, and
logic". Similarly, using a process called "reciprocal questioning", King reported the suc-
cessful results he obtained using a process called ’Reciprocal questioning’ in which stu-
dents are instructed to use high-level questions in asking each other [29]. These types
of questioning sessions were compared with equal time open-ended discussions, and
although the latter’s answers were longer, they were approximately all classified "low
level". The questioning groups were deemed remarkably better in terms of ’critical think-
ing’ and ’high-level elaboration’.

Fisher [30] declared that the planning and also the use of quality questions are re-
lated to ’critical thinking skills’, in which he perceives learning critical thinking as in-
volved with questioning. Fisher encourages teaching students’ ’generic’ questions, such
as:

• What is the main idea here? How would you compare this with . . .? But how is
that different from . . .? Now, can you give me a different example? How does this
affect . . .?

In Browne and Keeley [31], critical thinking is defined in terms of the awareness of
and ability to ask ’critical questions’, such that critical thinking is the:

1. Awareness of a set of interrelated critical questions,

2. Ability to ask critical questions at appropriate times, and

3. Desire to actively use these critical questions. (p. 2)

In his study, De Jesus [32] differentiated between "confirmation questions" and "Trans-
formation questions", based on which he came up with a taxonomy of questions, the
class measures of each type of question is based on constructing meaning and building-
up frameworks of understanding. According to the author, confirmation questions are
meant to clarify information, to differentiate between facts and opinions, to examine is-
sues, and ask for definitions and examples. These questions help in deciding whether
the information is applicable and admissible, also in understanding the basis for its in-
clusion in a certain context or setting as well as deciding on its worth and place. On
the other hand, Transformation questions are used to identify logical steps, to omit, to
understand thought’s structures, and to defy accepted reasoning. These questions imply
a reorganization of the student’s understanding. The student is assumed to go deeper
within the ideas, to be hypothecio-deductive, to examine the overlapping of knowledge
domains, and to go beyond what is known.

"Questions are typically classified by the level of cognitive demand required to an-
swer them." [33], Bloom’s taxonomy [34] is the best-known system for categorizing the
cognitive level of questions. In this activity, six levels of cognitive demand move from
the lowest-order processes to the highest. Lower-order questions are asked to remember
and comprehend material that was previously read or taught by the teacher. Higher-
order questions are asked in order to use information previously read or taught to create
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or support an answer with logically reasoned evidence. Although they serve different
purposes, both types of questions are useful for the teaching-learning process. A recent
revision of Bloom’s taxonomy done by Anderson Krathwohl in 2001 expresses the levels
as verbs instead of nouns [35]. Table 2.1 presented the levels of revised Bloom Taxonomy
in detail.

Table 2.1: Revised Bloom Taxonomy

Creating Compile information together in a different way by
combining elements in a new pattern or proposing
alternative solutions.

High Order Think-
ing (HOT)

Evaluating Present and defend opinions by making judgments
about information, validity of ideas, or quality of
work based on a set of criteria.

Analyzing Examine and break information into parts by iden-
tifying motives or causes. Make inferences and find
evidence to support generalizations.

Applying Solve problems to new situations by applying ac-
quired knowledge, facts, techniques and rules in a
different way.

Understanding Demonstrate understanding of facts and ideas by
organizing, comparing, translating, interpreting,
giving descriptions, and stating main ideas.

Low Order Think-
ing (LOT)

Remembering Exhibit memory of previously learned material by
recalling facts, terms, basic concepts, and answers.

Gallagher & Aschner [36] developed a different taxonomy which categorizes ques-
tions into four types:

• Memory questions focus on identifying, naming, defining, designating, and re-
sponding with yes or no. Keywords are who, what, where, when.

• Convergent questions focus on explaining, stating relationships, comparing, and
contrasting. Keywords are why, how, in what way.

• Divergent questions focus on predicting, hypothesizing, inferring, and reconstruct-
ing. Keywords are imagine, suppose, predict, if...then..., how might, can you create,
what are some possible consequences.

• Evaluative questions focus on valuing, defending, judging, and justifying choices.
Keywords are defend, judge, justify, what do you think, what is your opinion.

The Graesser–Person taxonomy [27] classifies questions according to the nature of
the information being sought in a good answer to the question. Table 2.2 lists and defines
these categories. A scaling of depth outlined by the amount and complexity of content
produced in a good answer to the question is used for the 16 question categories. In some
of their analyses, simple shallow questions (categories 1–4), intermediate questions (5–8),
and complex deep questions (9–16) were differentiated. The scale of depth is validated
to the extent that it correlates significantly (r = .60 ± .05) with both Mosenthal’s scale of
question depth [37] and the original Bloom taxonomy of cognitive difficulty [34].
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Table 2.2: Question Taxonomy Proposed by Graesser and Person (1994)

Question category Generic question frames and examples
1. Verification Is X true or false? Did an event occur? Does a state exist?
2. Disjunctive Is X, Y, or Z the case?
3. Concept completion Who? What? When? Where?
4. Example What is an example or instance of a category?
5. Feature specification What qualitative properties does entity X have?
6. Quantification What is the value of a quantitative variable? How much?

How many?
7. Definition What does X mean?
8. Comparison How is X similar to Y? How is X different from Y?
9. Interpretation What concept or claim can be inferred from a static or ac-

tive pattern of data?
10. Causal antecedent What state or event causally led to an event or state? Why

did an event occur? Why does a state exist? How did an
event occur? How did a state come to exist?

11. Causal consequence What are the consequences of an event or state? What if X
occurred? What if X did not occur?

12. Goal orientation What are the motives or goals behind an agent’s action?
Why did an agent do some action?

13. Instrumental procedural What plan or instrument allows an agent to accomplish a
goal? How did an agent do some action?

14. Enablement What object or resource allows an agent to accomplish a
goal?

15. Expectation Why did some expected event not occur? Why does some
expected state not exist?

16. Judgmental What value does the answerer place on an idea or advice?
What do you think of X? How would you rate X?

In Mosenthal [37], a coding system was developed in order to estimate the level of
questions’ abstractness, which matches the depth of the question to some extent. The
level of abstraction as suggested by Mosenthal [37] vary between most concrete, target-
ing explicit information, to intermediate levels which target information that could be
explicit or not (such as Procedures, goals) and to abstract levels which target information
meant to identify causes and effects, reasons and evidence. Similar to the taxonomy of
the Graesser–Person scheme, the classification of Mosenthal focuses on the information
desired from the answer. However, the "world knowledge" and "cognitive processes"
are needed to generate answers to questions are not taken into consideration. Although
both classification schemes combine possibly separable dimensions, both have a certain
level of validity in estimating question quality for promoting learning.

In addition, Guthrie and Taboada [38] defined a questioning rubric for measuring
student-generated questions quality for conceptual knowledge, which comprises four
levels of question quality. These levels are:

• Level 1: Factual Information. In this level, questions are simple in form and request
a simple answer, such as a single fact. Examples of this level of question are: How
big are bats? Do sharks eat trash? How much do bears weigh?
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• Level 2: Simple Description. In this level, questions request general information
that denotes a link between concepts. The question can be simple, yet the answer
may contain multiple facts and generalizations.

• Level 3: Complex Explanation. In this level, Questions request for an elaborated
explanation about a specific aspect of concept with accompanying evidence.

• Level 4: Pattern of Relationships. In this level, questions display science knowledge
coherently expressed to probe the interrelationship of concepts, they are a request
for principled understanding with evidence for complex interactions among multi-
ple concepts and possibly across concepts.

As explained in the previous section and this section, prior works have investigated
the quality of the question. Researchers have supported students to generate questions
by providing them with different types of scaffolding [39, 40, 41, 42], which are created
based on the aforementioned criteria and/or the types of questions.

2.4 Function and Types of Scaffolding

Wood et al. [39] defined the term of "scaffolding" as an approach to help students reach
pedagogical goals that might be difficult to achieve if they perform it alone. More par-
ticularly, scaffolding serves as a link to join the student’s current abilities (actual devel-
opment) and the goals they wish to achieve (potential development), which can later be
discarded as the student becomes more competent in terms of skills.

In literature, diverse functions and types of scaffolding have been investigated from
different viewpoints. Jackson et al. [40], suggested three scaffold designs, namely: sup-
portive, reflective, and intrinsic scaffolding, each one performs different purposes in soft-
ware systems:

• Supportive scaffolding: provides advice and support all along the process and en-
sures purposes such as guiding, coaching, and modeling. For example, including a
built-in button such as "Show me an example" could help context-sensitive learners.

• Reflective scaffolding: uses forms and prompts to obtain statements from learners
for planning, explaining, testing, and evaluating. This aims to help learners reflect
on how they solve or conceptualize tasks.

• Intrinsic scaffolding: along with making a task less complex, this design uses visual
support, such as maps and models, in helping learners reflect upon concepts.

Hannafin et al. [41] identified four kinds of scaffolding that can be used to fos-
ter students’ learning in open-ended learning environments: conceptual, metacognitive,
procedural, and strategic scaffolding:

• Conceptual scaffolding facilitates understanding the complex problem space cur-
rently under consideration or clarifying misconceptions through providing struc-
tural maps, content trees, or explicit hints to learners.
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• Meta-cognitive scaffolding helps learners handle their individual thinking processes;
learners are reminded to reflect upon their goals or propose self-regulatory strate-
gies and related monitoring processes.

• Procedural scaffolding assists learners in using the available tools and resources,
usually through the use of a ’balloon’ or ’pop-up’ help window.

• Strategic scaffolding offers alternative approaches or techniques for learning or sug-
gestions for initial questions.

As for Ge and Land [42], they identified three kinds of scaffolding for question
prompts: procedural, elaborative, and reflective:

• Procedural prompts guide learners to finish their specific tasks and facilitate them
to spot and examine the important features of those tasks.

• Elaboration prompts support learners in articulating their thoughts, construct ex-
planations, create justifications, and perform reasoning while using prompting ques-
tions such as: "Why is it important?" and "How does .... affect ...?"

• Reflective prompts facilitate learners’ reflection and self-monitoring alongside the
process by using embedded questions such as "What is our plan?" and "Have our
goals changed?"

Based on the reviewed literature, we think that using procedural prompt techniques
is the most suitable type of scaffolding for student-generated questioning since it guides
students during the process of generating questions.

2.5 Techniques in Procedural Prompt

The procedural prompt is one of the types of scaffolding, where it is designed to help
students’ complete specific tasks such as writing [43] or problem-solving [44] by provid-
ing specific procedures or suggestions. Students can rely on these hints or suggestions
until they are capable of performing it alone. A number of different procedural prompts
were used in previous studies to help students learn how to generate questions.

According to Rosenshine [2], five techniques were commonly used in previous stud-
ies for the procedural prompt: (a) signal words. (b) generic question stems and generic
questions. (c) the main idea of a passage. (d) question types. (e) story grammar cate-
gories. Each of these prompts was used in a way to help students to generate questions
with or without the help of a teacher.

Signal words. A well-known and frequently used procedural prompt for helping
students generate questions consists of first providing students with a list of signal words
for starting questions, such as who, what, where, when, why, and how. Students are
taught how to use these words as prompts for generating questions.
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Generic question stems and generic questions. The second most frequently used proce-
dural prompt was to provide students with generic questions or stems of generic ques-
tions. Students were given generic question stems in three studies by King [11, 29, 8],
and specific generic questions in the study by Weiner [45]. Following are examples of
the generic question stems used in the studies by King [11, 29, 8]: "How are ... and ...
alike?", "What is the main idea of ... ?", "What are the strengths and weaknesses of... ?",
"How does ... affect... ?", "How does ... tie in with what we have learned before?", "How
is ... related to ... ?", "What is a new example of... ?", "What conclusions can you draw
about... ?", "Why is it important that ... ?"

In another study, Weiner [45] used specific generic questions; the following ques-
tions were provided: (1) How does this passage or chapter relate to what I already know
about the topic? (2) What is the main idea of this passage or chapter? (3) What are the
five important ideas that the author develops that relate to the main idea? (4) How does
the author put the ideas in order? (5) What are the key vocabulary words? Do I know
what they all mean? (6) What special things does the passage make me think about? (p.
5)

Main idea. In the third type of procedural prompt, students were taught or told to
identify the main idea of a paragraph and then use the main idea to prompt the devel-
opment of questions. Using a booklet, Dreher and Gambrell [46] taught this procedure
to high school students and sixth-grade students; the instruction included the following
suggestions:

1. Identify the main idea of each paragraph.

2. Form questions which ask for new examples of the main idea.

3. If it is difficult to ask for a new instance, then write a question about a concept in
the paragraph in a paraphrased form.

In other studies, similar procedures were taught orally to learning disabled and reg-
ular education junior high school students [47], to above-average junior high school stu-
dents [48], and to fourth and sixth-grade students [49].

Question types. Based on Raphael and Pearson [50], in this procedural prompt, ques-
tions are divided into three types that can be differentiated according to the relationship
between the question, its answer, and the amount of cognitive processes needed to pro-
ceed from question to answer. The three types of questions are (a) a question whose
answer can be found in a single sentence. (b) a question that requires integrating two or
more sentences of text, and (c) a question whose answer cannot be found in the text but
rather requires that readers use their schema or background knowledge. In Raphael and
Pearson’s study, students were taught to identify the type of question they were being
asked and to decide upon the appropriate cognitive process needed to answer the ques-
tion. In their studies Dermody [51], Labercane Battle [52], and Smith [53], students were
taught to use this classification to generate questions.

Story grammar categories. In two studies [54, 55], students were taught to use "story
grammar" to help understand the narrative material they were reading. In the study [54],
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story grammar was used to help fourth and fifth-grade students in which consisting of
four elements: (a) setting. (b) main character. (c) character’s goal, and (d) obstacles.
Students were taught to generate questions that focused on each element. For example,
for the character element, they were taught that the set of possible questions included
the following: "Who is the leading character?" "What action does the character initiate?"
"What do you learn about the character from this action?"

2.6 Collaborative Question Generation and Peer Learning

Collaborative question generation boosts confidence and critical thinking abilities, it
highlights various problem-solving solutions, supports imagination, encourages students,
promotes rapid peer-assessment and enhances deep learning [56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72]. It also helps in the creation of question stems, the cor-
rection of wrong choices, justifying that each choice requires critical thinking and evalu-
ating that result in deep learning [59, 73, 67]. Generating multiple-choice questions also
involves metacognitive thinking to understand why other students may choose one of
the right or wrong answers [73]. While developing a false choice, students notice errors
and invent their own solutions to these errors, which contributes to their deeper learning
[59].

PeerWise [74, 56] is a popular online system for collaborative multiple-choice question-
generation. This system offers students a learning environment where they can gener-
ate questions and share them with their classmates for self-testing. Question-generation
through PeerWise is found helpful in a large spectrum of disciplines [57] [59]. Replacing
weekly course assignments with question generation also showed a significant increase
in final exam grades [64]. Moreover, question generation is shown to improve not only
exam performance but also students’ engagement in more learning activities [62, 59].

Numerous studies have attempted to involve students in generating questions col-
laboratively through peer review during the generation process. Peer assessment has
been shown to facilitate and enrich formative assessment. Piaget [75] acknowledges that
opinions or arguments between individuals are the catalysts for meta-cognitive reason-
ing to draw convincing conclusions. Evaluating peers generated questions is helpful for
their peers, where the peers are uncertain about the correctness of the questions gener-
ated by their peers and to participate in metacognitive thinking to clear up any uncer-
tainties. PeerWise used peer assessment as a way to evaluate and examine the quality of
the questions while providing constructive feedback on the generated questions.

Through the feedback given by their peers, students can refine their own questions,
which may lead to better quality.

2.7 Question Refinement

The purpose of question refinement is to improve the quality of a question in a certain
parameter, different researches using different approaches have been conducted in order
to investigate the improvement of questions’ quality [11, 15, 16, 17, 19, 18, 76].
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King et al. [11] have applied question refinement through a continuous process of
self-questioning and work in groups to ask the question and answer each other’s ques-
tions, in hopes that students can improve their questioning and answering.

Moreover, studies like Denny et al. [15] and Yu [16] have also demonstrated the
question refinement by asking students to evaluate multiple-choice questions created
by others based on the quality of the question, distractors and the explanation why the
answer is correct, and allow students to revise their questions. Yu [16] stated that "writ-
ing comments" was perceived as not only helping the question-authors to "refine their
work," but also as a benefit to assessors because it induced them to "think critically" and
to "learn to respond in a socially acceptable way for the purpose of communication.", and
the "receiving comments" helped students "detect and correct incomplete ideas or mis-
conceptions" and "improve one’s questions". In addition, Yeckehzaare et al. [17] used
this question refinement technique in a different approach in which the students can
modify each other’s questions and claim ownership of the modified question by adding
justification to why the previous question needed to be refined.

Based on the reviewed literature, it appears that researchers in the education field
have used the question refinement technique implicitly by compromising the assessment
in learning with peer-assessment that asking students to evaluate other’s questions and
hoping students would use the feedback to improve their own questions.

Researchers in machine learning have also tried to improve the quality of a question
in terms of clarity, spelling, and grammar. For instance, Elgohary et al. [18] constructed
a dataset that contains standalone questions by improving the clarity of the questions by
adding context to the questions such as "What happened in 1983?" to "What happened
to Anna Vissi in 1983?". Furthermore, Liu et al. [19] proposed a unified model called
Qrefine to refine ill-formed questions to well-formed questions.

While previously mentioned researches focused on improving questions’ quality
through using question refinement technique, a research done by Podgorny et al. [76]
has used this technique to make the question simpler in order to make it easy to answer
(less cognitive demand), such as refining "why" questions to "close-ended" questions, for
example: "Why is my debit card being declined" to "My Debit card has been declined.
Is there something I need to do to make it work?", which downgraded the question’s
quality.

However, to the best of the author’s knowledge and the observation from the previ-
ous works, we conclude that there has not been any research focusing on the process of
question refinement to have a better quality in terms of cognitive demand.

2.8 Activities in Creative Processes

According to Buxton [77] in Perteneder et al. [14], creative processes might be best to
involves three separate activities, namely, gathering of inspiration, generation of ideas,
and refinement of these ideas, as shown in the following Figure 2.1:
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Figure 2.1: The three primary activities of creative processes

Gathering occurs everywhere in an amorphic, amebic way, including collecting ar-
tifacts, objects, as well as ideas. An example of gathering inspiration, designer studio
walls are frequently decorated with these artifacts as methods for motivation to influ-
ence and stimulate the procedure for both individual and group-based. Nowadays, this
activity of gathering inspiration can be done both digitally, such as browsing on the web
and physically in the world we live in.

Perteneder et al. [14] described several ways to support gathering, hunting, and
collecting the inspirational ideas: (1) Ubiquitous Ways of Input and (2) Synchronous and
Asynchronous Operations. Ubiquitous Ways of Input is basically utilizing the wide vari-
ety of devices and media types as input. For example, cameras and smartphones can be
used to take a snapshot to capture an idea that can then become content. Synchronous
and Asynchronous Operations is basically allowing the input of ideas in different situa-
tions without limiting the type of content and providing asynchronous and synchronous
activity.

As for ideas generation, brainstorming plays an essential role in this activity, where
the goal is to be deliberately expansive. As the traditional definition of brainstorming
[78], people are to be uncritical and deliberately unconventional. There are at least three
major variations of brainstorming (verbal, nominal, and electronic), each with its own
strengths and weaknesses.

In order to support various brainstorming techniques, Perteneder et al. [14] sug-
gested providing a flexibility that supports more than one of these variations, allowing
people to adopt the style that suits their needs. In addition, the environment should be
given enough flexibility so that people can change the way they view the process. For ex-
ample, a shared workspace could promote group well-being, which might allow people
to overcome evaluation apprehension by anonymous contribution.

While ideas refinement implies working with the ideas generated by organizing,
structuring, and selecting, an example of common practices is critique. Perteneder et
al. [14] described various tools to support idea refinement in the whole process. As
mentioned above, while idea gathering and generating is about expansive thinking. Re-
fining ideas focus on manipulating ideas by reorganizing, structuring, altering, and or
removing information. Refinement mechanisms include interaction techniques that can
provide a way to rearrange content and visualize dependencies quickly. For example,
clustering, grouping, consolidation, linking, coloring, and adjustment of size.
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Chapter 3

Question Refinement Strategy

To answer our research question on how student’s posed question can change or evolve,
we proposed question refinement strategy, a learning strategy (Figure 3.1) adapted from
the activities in creative processes (Figure 2.1) and the student-generated questioning. In
the Gathering Stage, students are given a guidance on how to create questions and they
have to watch a lecture video as the learning material. In the Generation Stage, students
are asked to generates question related to the learning materials. In the Refinement Stage,
students are asked to refine the previous created questions. A detailed explanation of
these stages from our proposed learning strategy will be described in the following.

In order for students to generate better quality questions, our proposed strategy
followed the suggestion from Chin [13], where students are asked to first generate their
questions individually, and then redefine the questions in groups so that they would be
more focused and investigable (doable, interesting, practical, and unknown).

Figure 3.1: Our proposed learning strategy adapted from the three activities in creative processes
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3.1 Gathering Stage

In the gathering stage, students are provided with guidance on how to create high-level
questions as a scaffold in order for them to be able to generate and refine questions.
Students are also provided a lecture video for the learning material, which will be used
for the content of the questions.

Educators widely use Bloom taxonomy for measuring cognitive demand. However,
Papinczak et al. [9] reported that medical students had difficulty creating questions using
Bloom Taxonomy. Besides, based on our observation, the classification between each
level in Bloom Taxonomy is hard to carry out. Moreover, Aflalo [79] also stated that
although education college students were familiar with the Bloom Taxonomy, due to
their little experience, students still had difficulty classifying the questions. Thus the
guidance material is derived from the questioning rubric by Taboada and Guthrie [38]
as in our observation it provides clearer distinction between quality levels compared to
the other taxonomies. In addition, based on our pilot study the questioning rubric also
considered easy to understand by the participants. This rubric has also been employed
in Guthrie and his colleagues studies [80, 38, 81].

Furthermore, based on the questioning rubric’s level, a procedural prompt is chosen
to be the type of scaffolding of the guidance, as it may help the students to identify and
analyze the important features of the levels in the questioning rubric and guides them to
complete the tasks (generate and refine questions) [42]. Moreover, question type is the
technique chosen as for the procedural prompt so the students are able to recognize the
types/classifications of the question they generated according to the appropriate cogni-
tive process which is needed to answer the question [53, 79, 50, 52, 51, 13].

The guidance was presented in two forms, presentation slides, and handout docu-
ment. The presentation slides are used to introduce and familiarize the students with
the concept of high-level questions in terms of question quality. King [8] proved that
students who received guidance in generating questions tend to ask challenging ques-
tions which requires them to think critically about the material and generate good qual-
ity answers as they need to process the ideas more deeply and build broader cognitive
networks that connect the new ideas and the previous knowledge they already have.

The handout document is an additional support for students to generate and refine
questions, as a previous study [9] reported, students required continuous support to
refine questions.

A lecture is given in a video format as it is proved that using videos can lead to
better learning outcomes [82]. In addition, videos can help learners by visualizing how
something works [83] and show information in detail, which are difficult to describe
by text or static image [84, 85]. Furthermore, videos can also attract learner’s attention,
which motivates them and engages them to increase their collaboration [86].

3.2 Generation Stage

In the generation stage, students are asked to create questions as many as they can in
limited time based on the video’s learning content. According to Rosenshine [2], ques-
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tion generation is considered as a cognitive strategy and a metacognitive strategy as
the process of asking questions enhances comprehension through a focus on main ideas
(content) and also checks understanding to determine whether the content is learned.

Furthermore, while generating the questions, students are allowed to open any re-
sources they are provided for creating the questions, including the lecture video and
the handout guidance on how to create a high-level question that was given after the
gathering stage. Making these materials available helps students to generate the ques-
tions since creating a question required to have some prior knowledge about the topic
[87, 7, 68].

In addition, in this stage, students were given a time limit as a constraint, as the
longer the time length, the less motivated students might get. According to Li [88], stu-
dents’ motivation to create questions significantly affects their learning [88], and this
motivation typically declines over time [89, 90]. Several pilots have been conducted to
decide the time length, and we found out that 10 minutes is adequate for most partic-
ipants to create 4 to 6 questions. However, when students are done with generating
questions, they can finish before the time limit ends and move on to the next stage.

Following the idea from Perteneder et al. [14] that, rather than restricting people to
one particular style that suggests providing flexible facilities that support more than one
of these variations, thereby allowing people to choose the style that suits their needs, a
free format question is used in this stage of our study in which:

1. Question can be express not only in text format but also in other form such drawing
and others, and

2. Question can be in both close and open-ended questions.

3.3 Refinement Stage

In the refinement stage, students are actively refining questions in 1 refinement activity for
individuals or 3 refinement activities for groups. There will be three refinement activities
in this stage and it is explained as follows: (1) Collaborative Questions Refinement, (2)
Refining Own Original Questions, and (3) Collaborative Student Posed Refining Ques-
tion.

Collaborative Questions Refinement - this activity is where the students refine others’
previously created questions. For example, after student A generates a question
in their own workspace, a copy of the workspace is shared with student B who is
going to refine the question created by student A.

Refining Own Original Questions - this activity is where the students refine their
own questions. For example, after student A generates a question in their own
workspace (online board), student A is asked to refine their own question in their
own original workspace.
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Collaborative Student Posed Refining Question - this activity is where the students re-
fine their own question after being improved by the others. For example, after
student B refined student A’s question in a copy of student A’s workspace, the copy
of student A’s workspace is shared with student A in order to refine the question
refined by student B.

Like in the generation stage, students are allowed to access the learning materials
and the handout guidance on how to create a high-level question in order to refine the
questions. The learning materials can be used for deepening students’ knowledge about
the topic. The handout can be used as a reference for improving the questions, for in-
stance: an example of an improvement from descriptive questions such as "How do birds
fly?" to complex questions "How the wings on birds can make them fly in the air?". A
time limit is also set for this stage with a maximum duration of 5 minutes. The experi-
ment trails also decided this time-length.
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Chapter 4

Initial Study

To evaluate the feasibility of the proposed learning strategy, a small-scale initial study
was conducted. This study has been approved by the University of Tsukuba Library
Information Media Research Ethics Review Committee with the approval number 20-24.
The study used a between-subject design with 3 conditions to investigate the process
of collaborative (two students and three students) and individual activities on refining
question to produce better quality in one particular video lecture:

1. Individual Question Refinement – Students will create and refine their own ques-
tions individually.

2. Pair-student Question Refinement - Two students will create questions, refine each
other’s questions, and refine their own questions after being refined by their part-
ner.

3. Triad-student Question Refinement - Three students will create questions, refine
their partner’s questions one by one, and refine their own questions after being
refined by their partners.

In this study, students watched a lecture video together in shared screen through
Zoom meeting and continued with question posing activity using our question posing
form (QPR form) on an online board. Question refinements are done by handing over
the online board to the other students, where each student needs to refine the question
posed or refined by the previous student.

Our main objective in this study is to investigate the improvement level of refining
questions in term of quality between individual and collaborative work. Below, we will
explain the detail on this initial study from the equipment and tools to the procedure of
this study.

4.1 Experiment Setup

The experiment will be conducted in a full online setting without any face-to-face in-
teraction to replicate the distance/remote learning environment, where the students are
geographically separated from each other. Moreover, this also support with the current
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COVID-19 pandemic condition that physical distancing is recommended. The experi-
ment will be using a couple of off-the-shelf tools such as Zoom and AWW App. All the
interactions between students and experimenters will be online to support the online
setting. Thus, an online communication tools such as video conferencing and a shared
working space, which replicates papers, will be needed to generate and refine questions
in free format while the students are not in the same place.

One of the popular video conferencing applications is Zoom. Zoom is chosen be-
cause it is easy to use and provides decent video and audio quality. Furthermore, Zoom
also provides a lot of collaboration tools such as screen-sharing, chat box, and etc.

A Web Whiteboard Application or AWW App is a well-known online browser-based
board which provides tools to write text and draw object in a shared workspace. AWW
APP is chosen in this study since it replicates paper. Moreover, the provided pen and the
text tools are the primary tools for question generation and refinement activity where
students create and refine questions.

In this study, Zoom was utilized as the communication tools between experimenters
and students. While, AWW App was utilized for the question generation and refinement
activity, where every student will be given one AWW App board as their original work-
ing space to pose questions and will be given an access to other students original or copy
board according to the experiment conditions.

4.2 Equipment Tools

Here is the list of equipment and tools that we used in our initial study:

Figure 4.1: Zoom application

1. Zoom application (Figure 4.1) was used as a communication tools between experi-
menters and participants such as giving explanation and instruction, sharing links
and documents, and for communication between participants such as discussion.
In this study, the screen sharing feature in Zoom was utilized for playing an expla-
nation video about the purpose and the procedure of this experiment, a demonstra-
tion video on how to fill the consent form, a guidance video on how to create high
quality question, a training video on how to use the other tool (AWW App board),
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and the video lecture to the participants. Moreover, the chat feature in Zoom was
also utilized to share the links and documents to the participants. Furthermore, us-
ing the recording feature, we recorded all of the communication in the experiment
session for further analysis. In this study, the premium version of Zoom was used
since the estimated time for one experiment session is more than time limit of the
free version.

Figure 4.2: AWW application accessed through a web

2. A Web Whiteboard Application or AWW App accessed through a web (Figure 4.2) was
used for the online collaborative question generation and refinement activity. This
online board (workspace) was utilized as a replacement of an actual paper. Each
participant will have one board as their original board (workspace).

Figure 4.3: Guidelines for screen recording.
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3. Guidelines for screen recording (Figure 4.3). We provide a step-to-step guidelines on
how to use screen recording in both MacOS and Windows. In the guidelines we ask
the participants to install an additional plugin (BlackHole for MacOS) or software
(Free Screen Video Recorder for Windows) to be able to record their screen entirely
and also to record the audio coming from the computer not only the audio coming
from the microphone. Both plugin and software that we recommended to install are
coming from developers that are trusted and free from spyware or other adware.
We distribute the guidelines using Google Drive Link, so all the participant can
access it easily.

Figure 4.4: Guidelines for using the AWW App through Zoom

4. Guidelines for using the AWW App (Figure 4.4). We provide a video guidance or video
training about how to use the AWW App through screen sharing from Zoom. In
the training we teach the participants to be able to use the primary tools needed
for this study and how they can use it to complete the given task, so later on they
do not have any trouble when performing the task. For Example, in the left menu
or toolbars, there are 9 tools (select, undo, color settings, pen, eraser, simple object
such as rectangle and ellipse, text, post it, and upload) that participants use to edit
and manipulate the AWW board, however we only focus on two tools. The first
tool is the pen tool which the participants can use to write or draw in the board
freely, and the second tool is the text tool, which the participant can use to write
something in the board, we recommend the participants to use this text feature to
write if they are having difficulty to write using the pen tool.

5. Online consent form (Figure 4.5) is used in order to provide evidence that the par-
ticipants gave their consent that he or she agrees to the procedure and is aware of
any risks that might be involved in the experiment. We provide the consent form
through AWW App, so the participants can easily access it and download the writ-
ten form as a PDF file for their own copy.

6. Guidelines on how to create high-quality question (see Section 4.2.1) to support the par-
ticipants in question refinement activity.
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Figure 4.5: Online consent form through AWW App

7. One lecture video (see Section 4.2.2), for the learning material.

8. Question Posing and Refinement (QPR) form (see Section 4.2.3), for student to generate
the question and a way to collect the generated questions.

9. Online Questionnaire (see Section 4.2.4) for measuring the learning experience from
each participant.

4.2.1 Guidelines on How to Create High-Quality Questions

Figure 4.6: Snapshots of the guidance video on how to create high-level questions.
Left: Video presentation slide, Right: Handout document
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Guidelines or guidance on how to create high-quality questions were provided to
every participant in this initial study. The guidance material was based on the question-
ing rubric by Taboada and Guthrie [38]. This guidance will be provided to the partic-
ipants in two forms (see Figure 4.6), video presentation slide and handout documents.
The video presentation slide will be given through a shared screen in Zoom and the
handout document will be provided through a link to the document in Google Drive.
These presentation slides and handout document will be shared in the training phase
before the participants start performing their tasks.

4.2.2 Learning Material

Figure 4.7: Snapshot of the lecture video (URL https://youtu.be/5peZJxzbMwE)

In this initial study, we defined 5 criteria to choose the lecture video as the learning
material: (1) The format of video should be a talking-head style, where the presenter
and the presentation slides appear side by side in the video as it reported to have bet-
ter engagement [91], (2) The video duration should be around 0-9 minutes [91], (3) The
subject/topic should not be popular in video sharing platform and it should be an intro-
ductory video, (4) The lecture should be given in English and the presenter articulates
clearly, and lastly,(5) The video should be available for free usage.

We found an online lecture video that is matched with the above criteria. The video
was retrieved from the “EnergyX: Sustainable Energy: Design A Renewable Future”
YouTube Channel with a title of “The wind resource - Sustainable Energy - TU Delft”,
(URL https://youtu.be/5peZJxzbMwE). It was presented by Dr. Ir. Axelle Viré, an assis-
tant professor in Delft University of Technology. Our other considerations from choosing
the video is because the topic is relatively easy to understand for the general public since
it gives an introduction to the topic explained.

Moreover, the video was edited to have a video subtitle, where it can help the partic-
ipants easily understand what the lecturer is saying entirely. In order to distribute easily
to each participant, the video was uploaded to a shared folder in Google Drive and later
on the link to that folder was distributed through the Zoom Chat box. In addition, if the
students are having difficulty with accessing the video through Google Drive, then we
will also share the original YouTube link to the participants.
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4.2.3 Question Posing and Refinement Form

Figure 4.8: Question Posing and Refinement (QPR) form provided through AWW App.

The Question Posing and Refinement (QPR) form is designed with 3 boxes as illus-
trated in Figure 4.8, where each box have different purposes. The first box is used for the
students to create their original questions and if they know the answer to the question,
they could also write it in the same box. The second box is used for other students to
create a refined question according to the original question in the first box. And lastly,
the third box is used for students to generate a refined question based on the question
that have been refined in the second box or the original question in the first box. One
form is only for 1 original question, thus if the students want to create 2 questions, then
they will need 2 different QPR forms.

Moreover, each box in the form was designed to have a large space for students
to pose a question and not restricting the format of the questions that the students can
create. Students can create questions using text as well as using drawings or pictures.
All the conditions in the experiment will be using this QPR form as a working space for
creating and refining questions through AWW App.

4.2.4 Online Questionnaire

The questionnaire was designed to measure the participants subjective rating on their
learning experience based on learning experience questionnaire from [92, 93]. The items
for questionnaire are shown in Table 4.1. The items will be rated using 7 points Likert
scale.
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Table 4.1: Questionnaire items

No. Items
Emotional Aspect

1 I felt engaged in this question creation and improvement activity
2 This activity was meaningful
3 I felt this activity was challenging in a stimulating way
4 This activity was fun learning experiences
5 This activity was too difficult

Cognitive Aspect
6 I was able to learn many new things while doing questions improvement
7 I was able to get many new ideas and inspirations while doing questions improve-

ment
8 This activity helped me to understand the key concepts in the video
9 This activity helped me to have deeper understanding to the concepts introduced in

the video
10 This activity helped me to reflect my understanding to the learning content in the

video
11 This activity helped me to memorize the learning content in the video
12 This activity inspired my interests towards the learning content in the video

Collaborative Aspect
13 I prefer doing questions improvement collaboratively with friends
14 I prefer doing questions improvement individually
15 Having feedbacks is very useful to improve my own questions

Teaching Material Aspect
16 The length/duration of the lecture video was good for learning
17 The length/duration of the lecture video was enough for me making questions
18 The learning content in the video was interesting
19 The learning content in the video increased my curiosity to the topic
20 The learning content in the video was too difficult for me

Workspace Aspect
21 The workspace (online board) was easy to use for making and refining questions

4.3 Participants

In this initial study, 18 undergraduate universities students were recruited. Students
were recruited through social network services such as Line, and WhatsApp. All the
recruited students were unfamiliar with the topic in the lecture video. In addition, all
the students are non-native English speakers. The students are divided into 11 groups (6
individual, 3 pair, and 2 triad) to balance the number of students in every condition.

4.4 Procedure

As it was mentioned above, this initial study was conducted in an online setting, where
all the communication and work carried through Zoom and AWW App. The online
meeting was scheduled using Zoom and the guidelines for screen recording were shared
to the participants at least 1 day before the actual experiment.

The experiment was conducted in three stages for each experiment session as can be
seen on Figure 4.9. The detailed procedure is described as follows.
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Figure 4.9: Experiment tasks stages from participant A’s perspective

1. Ensure that the systems and tools being evaluated are functioning properly, the re-
lated instruments are ready for the experiment. Especially for the screen recording
from participant’s side, we will provide a guideline to the participants on how to
record their PC screen prior to the experiment session. Written instruction also will
be given related to the installation of additional screen recording software or plugin.

2. Gather participants for online meetings at the scheduled time.

3. Assign the participants to a specific experimental condition according to the prede-
fined participants order.

4. Let the participants join the Zoom meeting and greet the participants.

(a) In order to provide a safe identity for the participants, an alias names (P, Q, or
R) were given to each of them, to be used for whole experiment.

5. Introduce the purpose of the study and the procedures to the participants.

(a) An explanation video is given to the participants that explained about the pur-
pose of the experiment and the tasks that they are needed to do in the experi-
ment.

(b) Participants are also notified that they are not allowed to do other activities
during experiment which may disturb the experiment and have to record their
own PC screen.

6. Get the consent of the participants.
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(a) The consent form is provided using the AWW App, thus the participants can
fill and sign the form easily.

(b) In order to guide the participants to fill the form, a demonstration video on
how to fill the consent form in the AWW App is presented to the participants
before they are asked to fill the form.

7. Participants complete the first stage in Figure 4.9.

(a) Participants complete training phase.

i. A video presentation slide was presented to the participants on how to
create high-quality questions based on the questioning rubric by Taboada
and Guthrie [38].

ii. After the video is finished, the guidance handout document is shared to
every participant through Zoom chat box so they could read it again if
needed.

iii. Participants are given another video that explained on how to use the AWW
Application (online board) as their working space. Particularly the video
explains on how to use the primary tools that the participants need to com-
plete tasks. First the pen tool to write or draw something on the board.
Second the text tool to write questions. And lastly, the page indicator to
move around board’s pages.

iv. In order to train the students on how to improve a question and to make
them familiarized with the online board, a test board with two example
questions is provided to the students, so they can test using the AWW App
and try to improve the provided questions to a better quality level based
on the questioning rubric by Taboada and Guthrie [38].

(b) Participants are exposed to watch a lecture video and allowed to take notes
during watching the lecture video.

• After the video is finished, the lecture video file is shared to every partic-
ipant through the Zoom Chat box, in such manner, the participants can
watch it again if needed.

8. Participants complete the second stage or Question Posing and Refinement Stage in
Figure 4.9.

(a) Participants are asked to start their screen video recording.

(b) In this stage there are 4 activities:

• Generating Questions: Participants are individually asked to create as
many questions as possible and related to the lecture video content us-
ing his/her online board (AWW App) within a time limit of 10 minutes
(based on the previous experiment trials, 10 minutes is adequate for most
participants to create 4 to 6 questions).

• Collaborative Questions Refinement: Participants will be asked to refine
other’s questions using a copy of other’s online board (AWW App) within
a time limit of 5 minutes per questions.
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• Refining Own Original Questions: Participants are asked to refine his/her
own questions using his/her original online board (AWW App) within a
time limit of 5 minutes per questions.

• Collaborative Student Posed Refining Question: Participants will be asked
to refine his own questions after being refined by others using the copy of
his online board (AWW App) within a time limit of 5 minutes per ques-
tions.

(c) For participants in the individual condition, there are only 2 steps in this stage
as presented in Figure 4.9. An example of the process from participant A’s
perspective is illustrated in Figure 4.10:

(1) Generating Question activity, where participants will create questions.

(2) Refining Own Original Questions activity, where participants will re-
fine his/her own questions.

Figure 4.10: An example of stage 2 in the individual condition

(d) For participants (A & B) in the pair condition, there are 4 steps in this stage
as presented in Figure 4.9. An example of the process from participant A’s
perspective is illustrated in Figure 4.11:

(1) Generating Question activity, where both participants A & B will create
questions individually.

(2) Collaborative Questions Refinement activity, where:

– Participant A will refine B’s questions, and

– Participant B will refine A’s questions.

(3) Refining Own Original Question activity, where both participants A &
B will refine their own questions.
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Figure 4.11: An example of stage 2 in the pair condition

(4) Collaborative Student Posed Refining Question activity, where:

– Participant A will refine his/her own questions after being refined by
Participant B, and

– Participant B will refine his/her own questions after being refined by
participant A.

(e) For participants (A, B, & C) in the triad condition, there are 5 steps in this stage
as presented in Figure 4.9. An example of the process from participant A’s
perspective is illustrated in Figure 4.12:

Figure 4.12: An example of stage 2 in the triad condition

(1) Generating Question activity, where all participants A, B & C will cre-
ate questions individually.

(2) Collaborative Questions Refinement activity, where:
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– Participant A will refine B’s questions,

– Participant B will refine C’s questions, and

– Participant C will refine A’s questions.

(3) Collaborative Questions Refinement activity, where:

– Participant A will refine C’s questions,

– Participant B will refine A’s questions, and

– Participant C will refine B’s questions.

(4) Refining Own Original Question activity, where all participants A, B
& C will refine their own questions.

(5) Collaborative Student Posed Refining Question activity, where:

– Participant A will refine his/her own questions after being refined by
participants B & C,

– Participant B will refine his/her own questions after being refined by
participant A & C, and

– Participant C will refine his/her own questions after being refined by
participant A & B.

(f) While creating or refining the questions, the participants are allowed to watch
the video lecture again or read the guidance again with the provided links.

(g) The maximum duration for the 1st step (question generation) is 10 minutes
and for the refinement steps is 5-minutes for each question generated. The
refinement will be conducted one by one starting from the first question. For
participants who do not have any more question to be refined he/she will be
idle and must wait until other participants finish their refinement. Participants
are allowed to skip refining the question by giving some mark such as - or
Xand write his/her reason to skip the question refinement.

(h) Since the experiment will be conducted online and in order to avoid confusion
among participants in passing questions to the others, the experimenter will be
passing the copy of the generated questions (Individual AWW App board) to
the next person in predefined order for the refinement steps. Furthermore, this
has proven to help participants stay focused on refining tasks during the trial
experiment.

9. Participants are given an online questionnaire to be filled.

10. Participants complete the last or third stage in 4.9 after being interviewed (for in-
dividual condition) or conducted a focus group discussion (for collaborative condi-
tions) with the following questions:

(a) Did you get any benefit from engaging in this question generation and refine-
ment activities? If yes, in what way? If no, then why not? Please explain and
elaborate as much as possible [38].
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(b) What do you think about the learning content or the lecture video itself? Did
you think it was good and easy to understand? Please explain and elaborate as
much as possible?

(c) What kind of difficulty or challenge that you found during this activity? Please
explain and elaborate as much as possible.

(d) What do you think about the workspace or the online board that we use for
this activity? Was it easy to use? Did you found any difficulty when you use
it?
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Chapter 5

Analysis & Results

To understand the effect of collaborative and individual activities in question refinement,
we measured 2 variables in this initial study:

• Question quality level for every refined question, and

• Student’s Learning Experience

In this study, we did not measure the comprehension level of the students since
the focus of our study is on the effect of refinement activity to the previously generated
questions.

5.1 Data Analysis Procedure

5.1.1 Questions Quality Level Analysis

Figure 5.1: Question quality level analysis procedure
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The collection of QPR forms data from the initial study were collected and analyzed
in order to see whether different group treatment in term of the number of participants
has significant differences on the question refinement quality, the increment in question
quality level in each refinement steps will be observed and analyzed. One QPR form
consists of 1 original question and 1 or 2 refined questions. The refined questions may
also have a - or Xsymbol where the participant skipped not to refine the question.

A procedure comprising of 4 steps (see Figure 5.1) was conducted to analyze the
quality level of the generated questions. First, all of the raw data (QPR forms) from the
initial study were collected and organized according to the experimental conditions. We
have gathered 168 QPR forms or 336 questions in total.

Figure 5.2: Representation of step 2 in the QPR form data analysis procedure for individual con-
dition

Second, the content of the QPR forms were transferred into an excel file (table form)
with 3 sheets (Individual, Pair, and Triad). The 3 following columns are the same in every
sheet:

• Group ID,

• Participant’s Alias Name, and

• The Original Question.

In the “Individual” sheet, we have 3 more columns, which are the following: 1st
Refinement Step (by oneself), Question Level of the Original Question, and Question
Level of the 1st Refinement Question. Figure 5.2 represents how the columns filled from
the QPR form from the individual condition.
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Figure 5.3: Representation of step 2 in the QPR form data analysis procedure for pair condition

In the “Pair” sheet, there will be 7 more columns as follows: 1st Refinement Step
(by other), 2nd Refinement Step (by oneself), 3rd Refinement Step (for own questions
after being refined), Question Level of the Original Question, Question Level of the 1st
Refinement Question, Question Level of the 2nd Refinement Question, and Question
Level of the 3rd Refinement Question. Figure 5.3 represents how the columns filled from
the QPR form for the pair condition.

Figure 5.4: Representation of step 2 in the QPR form data analysis procedure for triad condition

In the “Triad” sheet, there will be 7 more columns: 1st Refinement Step (by other),
2nd Refinement Step (by other), 3rd Refinement Step (by oneself), 4th Refinement Step
(for own questions after being refined), Question Level of the Original Question, Ques-
tion Level of the 1st Refinement Question, Question Level of the 2nd Refinement Ques-
tion, Question Level of the 3rd Refinement Question, and Question Level of the 4th Re-
finement Question. Figure 5.4 represents how the columns filled from the QPR form for
the triad condition.
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From the content of the QPR forms, half the columns in the excel file excluding the
columns for question level could be filled. We repeated this step until all the QPR forms
were transferred into the excel file.

Figure 5.5: Representation of step 3 for normal questions in the QPR form data analysis procedure

Third, all questions (the original and the refinements) were analyzed by classifying
the questions one by one to a specific level on the questioning rubric and filled in the
question level columns. Although in Idea Generation field at least two experts are re-
quired in order to classify the quality of an idea. In this study, despite the fact that we are
not an expert in the topic which is used in the learning material, we were able to deter-
mine the level of question quality by following the criteria in the rubric since the rubric
already provides a clear distinction between each level. Moreover, when classifying the
questions, the answer of the question was discarded since only the question was ana-
lyzed. In total we discarded 0 answers since no questions had answers. An example on
classifying the quality of a question with the criteria of the four levels in the questioning
rubric is illustrated in Figure 5.5. In this case, the original question “What are the factors
that contribute to the change in wind speed?” matches with the criteria of level 2 where it is
asking for simple description.

However, if the first refinement question in the third box of QPR form in Figure 5.2,
the question will be “How does the re-circulation of the air contribute to the change of the wind
speed?” and the quality level of the question does not match with the criteria of level
2 anymore since it is not a question asking about a simple description. Therefore, the
question matches with the criteria of level 3 where the question is asking for complex
explanation.

From the excel file, 32 refined questions have - or Xsymbol as its content which
means the participants skipped to refine the question. In this case, these refined ques-
tions were classified as having the same quality level as the previous step’s question. An
example was shown in Figure 5.6, where in the third box of QPR form the refined ques-
tion have the Xsymbol. In this case, the refined question was classified with having the
same level as the question in the second box (level 4).
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Figure 5.6: Representation of step 3 for skipped questions) in QPR form data analysis procedure

Lastly, in order to compare between experimental conditions (Individual, Pair &
Triad), an analysis of variance (ANOVA) was conducted after all the 336 questions (in-
cluding the skipped questions) were classified. The reason we used ANOVA for our
analysis is because we are trying to compare the questions quality level generated in
each experimental condition, including the refinement quality.

5.1.2 Student’s Learning Experiences Analysis

In addition, an analysis on investigating the student’s learning experiences and their im-
pression to the lecture and online workspace was carried out. Questionnaire form with
21 items rated with 7 Likert scale were used to measure participants’ learning experience.
A two steps procedure were conducted to analyze the questionnaire results: collect and
analyze. These 2 steps will be described as follows:

The first step in analyzing the student’s experiences is by collecting the question-
naire results. Since Google Form was used as the platform for the online questionnaire,
the retrieved results were already organized in an excel format, which helps analyzing it
for the next step.

In the second step, the results were analyzed by using Statistical Package for the So-
cial Sciences (SPSS) with a non-parametric test to investigate any significant differences
between variables in the question items.
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5.2 Result

5.2.1 Questions Quality Level

From the initial study, 336 questions which consist of 88 original questions and 248 re-
fined questions were gathered. The results from each condition for each refinement steps
will be presented within 3 sections, overall result, question refinement after making re-
finement, and question refinement after refinement feedback.

Overall Result

Table 5.1: Overall Question Quality Level

Experiment steps Individual Pair Triad Total

Generation Stage
Level 1 6 10 6 22
Level 2 18 9 6 33
Level 3 1 9 4 14
Level 4 5 8 6 19
Total 30 36 22 88

Question Refinement to
Other’s Questions
Level 1 - 1 1 2
Level 2 - 9 2 11
Level 3 - 14 20 34
Level 4 - 12 21 33
Total - 36 44 80

Question Refinement af-
ter Making Refinement
Level 1 2 0 0 2
Level 2 4 1 0 5
Level 3 14 23 9 46
Level 4 10 12 13 35
Total 30 36 22 88

Question Refinement
after Seeing Refinement
Feedback
Level 1 - 1 0 1
Level 2 - 7 2 9
Level 3 - 15 13 28
Level 4 - 13 29 42
Total - 36 44 80

Total from all of the steps 60 144 132 336

From the overall result, we observed how the evolution of the question quality from
step to step, from the generation steps to the last step of the refinement stages. Table 5.1
present the results for the quality of all the generated question in this study.
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Moreover, Figure 5.7 shown the average quality level generated per conditions in
step by step from the whole experiment procedure. As we can see from the graph, the
quality level in triad condition is steadily increasing, and the quality level in individual
condition is significantly increasing, however it is still not as good as the pair and triad
condition.

Figure 5.7: Question quality level changes from step to step

Question Refinement after Making Refinement
We observed how making refinement to the other participants’ questions (step 3 in

Pair condition and step 4 in Triad condition) could affected students in refining their own
original questions. Our ANOVA result reported that there was a significant difference
between Triad and Individual condition (p = .040). This result is represented in Figure
5.8. In addition, no significant difference found between the Pair and the Individual
condition.

Figure 5.8: Question quality level after making refinement to others’ questions
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Question Quality after Seeing Refinement Feedback
To see how questions refinement from other participants can have an effect on ques-

tion quality refinement to the original question poser (step 4 in Pair condition and step 5
in Triad condition), our ANOVA reported significant effect of condition to the question
quality level after participants got question refinement from other participants, F(2,15)
= 4.113, p = .038. This result is represented in Figure 5.9. In addition, Post-hoc LSD test
revealed that the Triad condition was superior compared to the Pair condition (p = .033)
and the Individual condition (p = .020). No significant difference found between the Pair
and the Individual condition.

Figure 5.9: Question quality level after refinement feedback

5.2.2 Learning Experiences Questionnaires Result

From the questionnaire data, we conducted a test using a non-parametric Kruskal-Wallis
test. Table 5.2 shown the results for each question items. It showed there is a significant
difference in the cognitive aspect, specifically in questions item number 9 (Help Deeper
Understanding) with p = .046. Figure 5.11 showed the graph representation of this result.
In addition, a Post hoc Mann-Whitney test showed that participants in Triad condition
significantly has higher rank than the individual condition (U = 6.000, p = .041) and
the pair condition (U = 6.000, p = .046). No significant difference was found between
individual and pair conditions.

Furthermore, we also found that there is a significant effect on the collaborative
aspect, which is the question item number 13 (Prefer Collaborative) with (p = .018). Fig-
ure 5.10 showed the graph representation of this result. In addition, a Post hoc Mann-
Whitney test showed that the participants in Pair condition (U = 12.000, p = .016) and
Triad condition (U = 6.000, p = .018) prefer collaborative format in question refinement
activity than the participants in individual condition.
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Table 5.2: Learning experiences questionnaire result

No. Question Items Avg.
of In-
divid-
ual
condi-
tion

Avg.
of
Pair
condi-
tion

Avg.
of
Triad
condi-
tion

p -
value

Emotional Aspect
1 I felt engaged in this question creation and

improvement activity
5.33 5.83 6.17 .166

2 This activity was meaningful 5.83 6 6.17 .775
3 I felt this activity was challenging in a stimu-

lating way
6.67 6.17 6.17 .462

4 This activity was fun learning experiences 6 5.33 6.17 .320
5 This activity was too difficult 3 3.83 3 .316

Cognitive Aspect
6 I was able to learn many new things while do-

ing questions improvement
5.5 5.5 5.67 .881

7 I was able to get many new ideas and inspi-
rations while doing questions improvement

5.17 5.67 6 .300

8 This activity helped me to understand the key
concepts in the video

5.5 5.33 6.33 .231

9 This activity helped me to have deeper un-
derstanding to the concepts introduced in the
video

5.33 5 6.33 .046

10 This activity helped me to reflect my under-
standing to the learning content in the video

5.5 5.33 6.33 .126

11 This activity helped me to memorize the
learning content in the video

5.83 5.17 5.33 .686

12 This activity inspired my interests towards
the learning content in the video

5.33 4.5 5 .504

Collaborative Aspect
13 I prefer doing questions improvement collab-

oratively with friends
3.83 5.83 6.17 .018

14 I prefer doing questions improvement indi-
vidually

5 3.167 4.67 .060

15 Having feedbacks is very useful to improve
my own questions

6.33 6.17 6.33 .925

Teaching Material Aspect
16 The length/duration of the lecture video was

good for learning
5.5 5 5.67 .476

17 The length/duration of the lecture video was
enough for me making questions

5.33 5.17 6.33 .107

18 The learning content in the video was inter-
esting

5.67 3.67 4.5 .059

19 The learning content in the video increased
my curiosity to the topic

5.33 3.83 4 .085

20 The learning content in the video was too dif-
ficult for me

3 4.17 2.83 .501

Workspace Aspect
21 The workspace (online board) was easy to use

for making and refining questions
5.83 5.83 6 .843
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Figure 5.10: Graph representation for the result of question items 9 (prefer collaborative)

Figure 5.11: Graph representation for the result of question items 13 (deeper understanding)
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Chapter 6

Discussion

Results of question quality improvement from the original questions to the refined ques-
tions showed that participants in Triad condition can improve the questions to the high-
est level better than the other conditions. Results from the learning experience ques-
tionnaire also showed that the participants in Triad condition felt that they have deeper
understanding to the learning content in the video compared to the individual and pair
condition. These results suggested that collaborative questions’ refinement can increase
question quality level as students got feedback in form of refined questions from other
students, in which inspired or help them to increase question quality level. This demon-
strates a correlation between our study and the claim of Yu [16], who stated that provid-
ing feedback was considered as not only helping the question maker to refine their work,
but also beneficial to the evaluators because it motivates them to “think critically”, and
the feedback helped students to find and fix incomplete ideas or misconceptions. Help
that can be used to correct someone’s questions later.

To gather more insight on the learning by making question refinement activity in this
study, we conducted an interview session with participants at the end of the experiment
session. This interview data discussed as follows:

Better Understanding. From the interview sessions, we got insight about students
learning experience as they stated that they were having better understanding to the
video content by doing question generation and refinement activity.

Boosting Knowledge - P5, P6 and P11 stated that this activity assisted them in strength-
ening their comprehension by relating their prior knowledge (original question) with the
new knowledge:

“. . . I think when you can improve it to other level, you can get a lot deeper answer and
it can boost your common knowledge, I think. Not just what it is but also how and why did it
happened” (P5).

“. . . with this kind of method, we will have the opportunity to have a deeper understanding
since we are used to make a relationship between one fact concept to another fact” (P6).

“. . . asking questions and refining the other participant’s’ questions that can increase our
concepts (understanding) about the topic.” (P11).
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These are associated with previous studies in which students focused their attention
and knowledge on making meaning by finding relevant information in the knowledge
material and connecting it with their knowledge, which helped improve their under-
standing [6, 7, 8, 68, 87].

Verifying Knowledge - In addition, on the interview session, P3 claimed that “. . . to
improve the questions or redefining it expand the meaning from the questions from our self. So,
we completely acknowledged what we learned from the video lecture from redefining the question”
(P3), which indicates how this activity helped him to reconfirm his own knowledge about
content of the video. This was also confirmed by P9 “. . . (by asking question and refining
question) I can find the purpose of a one concept, I mean, I can understand the truly meaning of
the concept.” (P9). This result aligns with Rosenshine’s [2] conclusion which also claimed
that asking questions help learners to verify their own level of understanding in order to
confirm if the content is assimilated.

Based on our observation from the interview results that contain a "better under-
standing" as one of the benefits. Moreover, we found different reasons regarding stu-
dents working collaboratively and individually in achieving "better understanding". Stu-
dents working in groups tend to have reasons that are boosting their knowledge. While
students working alone tend to have reasons to have better understanding by verifying
their knowledge.

Helps in Remembering Learning Material. While, most of the students saying
question generation and refinement helps them in understanding the video, some par-
ticipants stated that it is not directly helping them. For example, when P17 were asked
about whether she got any understanding benefit from this activity she claimed that “(. . .
I think, not really . . . it’s not improving like tremendously, (but) like I’ve thought about this be-
fore maybe (helps to remember)” (P17). Which indicates it help her to remember the content
of the video by generating questions. Also, other students have acknowledged that the
question generation and refinement activity could help them to memorize the content,
such as P1 and P2:

“. . . I think it is a kind of way to remember the video content, so it is beneficial for me. By
making the questions helps me to remember” (P1).

“. . . the question refinement like we get to think about what is the content. So, like we
memorize a lot more than just watching the videos ...” (P2).

Furthermore, students in pairs condition stated that working collaboratively was
the other reason that helps her in remembering the learning material.

“. . . when I make a question is really a general question and then participant P improved it
and then I improve it again, that’s makes me remind again about the video (content of the video)
. . . ” (P4).

These are associated with prior works in which students generating high-level ques-
tions which require comprehension and application of principles and concepts to new
situations is deemed to improve students’ learning and retention [7, 8].
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Chapter 7

Conclusion

In this study, we examined the process on how students refining questions individu-
ally and collaboratively to the improvement level of the refined questions. To investi-
gate these processes, a learning strategy that adapted the three activities from creative
processes and student-generated questioning was proposed. A small-scale study com-
paring students refining questions individually and collaboratively (two students and
three students) was conducted using the proposed learning strategy. In this study, the
improvement level of the refined question and students’ learning experiences were mea-
sured.

Based on the result, we found that students refining questions collaboratively in pair
have no significant difference in terms of quality level with students refining individu-
ally. While when students refining questions collaboratively in triad, they can improve
the questions to a better quality.

Moreover, based on the result of students’ learning experiences questionnaire, it
reported that students in pair and triad condition prefer to refine question collaboratively
than individually, and students also claimed to acquire a deeper understanding of the
learning material by carrying out question generation and refinement activity.

In addition, students claimed that question generation and refinement activities help
them gain deeper understanding (P3, P5, P6, P9, & P11) and help them to memorize the
learning material (P1, P2, P4, P17) in the interview sessions. Furthermore, we found dif-
ferent reasons regarding students working collaboratively and individually in achieving
"better understanding". Students in collaborative groups tend to gather a more in-depth
understanding by boosting/improving their knowledge (e.g. P5). While students work-
ing alone tend to have reasons to have better understanding by confirming or verifying
their knowledge (e.g. P3).

However, there are some limitations that should be mentioned in this study. First,
in this study the number of the participants is too small thus we cannot generalize the
current results. For further research, a study with a bigger number of participants should
be considered.

Second, the criteria of "unfamiliar with the topic" when recruiting the participants
is not specific enough, which might result to having a different "starting level" between
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participants in terms of comprehension of the learning material. This might affect the
result of the generated questions since the deeper the participants’ knowledge, the better
questions quality they can produced. A suggestion to balance this variable, is by using a
pre-test before the experiment to ensure the equality of the comprehension level between
participants.

Lastly, the assessment of the question quality in this study is done by the authors
themselves without any help from an expert on the learning topic. Even though the
taxonomy is clear enough to be used to classify the quality of the questions, there still
might be a subjective rating in the assessment. To minimize the subjective variables, an
inter-reliability test should ideally be considered to be conducted in the future.
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