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 The research study aimed to explore how preservice teachers engaged with an artificial 

intelligence (AI)-based tool called Ask.SMILE to develop higher-order level of questions based on 

the criteria of Bloom’s taxonomy. Specifically, we evaluated students’ questioning techniques, 

motivation, satisfaction with Ask.SMILE, and assessed their aspirations to use the tool in future 

classrooms. Using a mixed-methods approach, 178 participants generated over 50 questions 

each, received feedback from Ask.SMILE, and reflected on their experiences through written 

responses. The results revealed that Ask.SMILE supported participants in creating questions 

aligned with Bloom’s taxonomy principles, encouraging iterative improvement and fostering 

metacognitive awareness. Participants reported enhanced understanding of inquiry-based 

learning and recognized the importance of using structured questioning strategies to promote 

critical thinking. While the findings highlight the educational potential of AI tools like Ask.SMILE, 

limitations include reliance on self-reported data, the absence of longitudinal tracking, and 

varying levels of AI proficiency among participants. It is suggested that future research should 

focus on the long-term impact of AI-supported questioning strategies and practices in diverse 

classroom contexts, and professional development to enhance teacher proficiency with AI tools. 

Keywords: question-generating, techniques, strategies, inquiry-based learning, engagement 

INTRODUCTION 

Critical thinking is dynamically defined and described by different academic scholars. At its core, critical 

thinking refers to the ability to assess information, question assumptions, weigh evidence, and make 

reasonable judgments (Ennis, 1987; Paul & Elder, 2006). Decades ago, Facione (1990, p. 3) defined critical 

thinking as “purposeful, self-regulatory judgment,” including analysis, evaluation, and inference skills, while 

Ennis (1985) described it more broadly as “reasonable, reflective thinking focused on deciding what to believe 

or do” (Ennis, 1985, p. 45). Paul and Elder (2006) characterized critical thinking as the art of analyzing and 

evaluating thinking with a goal to improving it. These varied but complementary definitions and description 

indicate critical thinking goes beyond accumulating knowledge to learning to think, analyze, and evaluate in a 

disciplined and independent manner.  
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In the age of generative artificial intelligence (GenAI), critical thinking skill becomes more crucial than ever 

in both academia, social and informal learning environments. The relationship between large language 

models (LLMs) use and critical thinking is complex and inherently conditional as shown in emerging research. 

Specifically, systematic reviews indicate that LLMs can support higher-order cognitive processes by facilitating 

argumentation, idea generation, and the synthesis of multiple perspectives when constructed within 

structured learning environments (Vendrell & Johnston, 2026; Zawacki-Richter et al., 2019). Specifically, 

empirical studies demonstrate that artificial intelligence (AI)-supported dialogues and guided tasks can 

enhance learners’ engagement in reflective thinking and collaborative knowledge construction, especially 

when instructional scaffolds encourage evaluation and justification of AI-generated outputs (Hou et al., 2025). 

In other words, LLMs function as cognitive partners that can extend learners’ reasoning processes and 

promote active learning. 

On the other hand, other sets of evidence highlight potential risks associated with unstructured use or 

over-reliance on LLMs. Studies have shown that early or continuous reliance on AI tools may lead to cognitive 

offloading, resulting in reducing learners’ reasoning effort and engagement and limiting metacognitive 

regulation (Vendrell & Johnston, 2026; Zhi et al., 2026). Additionally, while LLMs have demonstrated excellent 

capabilities in question answering tasks, yet their ability to identify and address ambiguous questions remains 

underdeveloped (Shi et al., 2025). The fact that learners tend to accept AI-generated content uncritically raises 

a concern they are in superficial engagement rather than meaningful critical analysis with AI. Experimental 

findings further suggest that strategic access and the timing of AI use play a crucial role in promoting stronger 

independent reasoning compared to immediate reliance (Zhi et al., 2026). 

Apparently, the current literature does not suggest that LLMs inherently enhance or diminish critical 

thinking; rather, their impact depends on how they are integrated in educational contexts. Crucially, the use 

of LLMs appears to shift the nature of critical thinking from knowledge production toward evaluation, 

verification, and refinement of AI-generated information (Vendrell & Johnston, 2026; Zawacki-Richter et al., 

2019). This shift underscores the need for instructional approaches to explicitly cultivate learners’ critical 

engagement with AI outputs. Despite these emerging insights, there remains a need for further empirical 

research examining how learners, particularly preservice teachers (PSTs), develop and apply critical thinking 

skills in AI-mediated learning environments. 

Among the many components of critical thinking, the ability to generate meaningful, thought-provoking 

questions is increasingly recognized as both fundamental and teachable skill for deep learning and intellectual 

development (Chin & Osborne, 2008). The findings indicate that strong questioning skills play a crucial role in 

fostering deep learning by prompting learners to explore underlying relationships between concepts. Along 

these same lines, Paul and Elder (2006) emphasize the importance of asking clear, relevant, and precise 

questions as part of reasoning and analysis. Unlike accumulating knowledge passively, asking questions 

activates high-order thinking processes, especially in analysis, evaluation, and creation of new knowledge that 

are aligned with Bloom’s revised taxonomy (Anderson & Krathwohl, 2001). Hence, teaching students to ask 

good questions to synthesize knowledge, assess evidence, and construct new ideas is essential to cultivating 

rigorous thinking and deep learning (Becker, 2000; Chin & Osborne, 2008; King, 1994). 

In the age of GenAI, the ability to formulate meaningful questions becomes even more critical, as learners 

are not only consuming information but also evaluating and interrogating AI-generated output. As mentioned 

above, even though AI tools can rapidly produce responses, explanations, and even arguments; AI tool 

outputs are not always accurate or contextually appropriate. Consequently, in this increasingly AI dominant 

age, learners need to have strong questioning skills to critically examine the information provided (Kasneci et 

al., 2023; Rudolph et al., 2023) by probing the validity, relevance, and underlying assumptions of the 

responses. In fact, effective engagement with AI involves iterative prompting and questioning practices that 

shape the quality of outputs and deepen understanding (Holbeck, 2025; Mollick, 2024). In this context, 

question generation functions as a key metacognitive strategy that allows learners to regulate their thinking, 

refine inquiries, and co-construct knowledge with AI systems (Vendrell & Johnston, 2026). Therefore, fostering 

learners’ capacity to generate purposeful and critical questions is not only essential for deep learning but also 

fundamental for navigating and leveraging AI tools in responsible ways. 
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The present research study aims to explore PSTs’ deep engagement with Ask.SMILE, an AI-based feedback 

provider tool, in their practice of question generation. Specifically, the study reports the participants’ deep 

engagement with the Ask.SMILE AI tool where learner generated questions were evaluated by the system. 

This study also explored the techniques that learners employed when using Ask.SMILE, the types of questions 

they asked, how they processed the feedback that they received from Ask.SMILE, and their stated intentions 

to apply Ask.SMILE in their future teaching endeavors.  

In this study, the following research questions (RQ) were asked:  

RQ1: How do PSTs’ questioning techniques (i.e., how questions are asked) and motivation (i.e., why 

questions are asked) interact and contribute to their question-generation ability? 

RQ2: To what extent does PSTs’ satisfaction with Ask.SMILE vary based on their questioning techniques 

and questioning motivation?  

RQ3: What are the perceived impacts of using Ask.SMILE on PSTs’ critical thinking development? And 

what are aspirations of PSTs to implement inquiry-based learning practices in K-12 classrooms? 

The study uniquely contributes to the prevailing literature by providing empirical insights into how AI-

driven feedback and iterative question refinement can improve students’ metacognitive skills development, 

curiosity, and personal interests in certain topics. It bridges a gap in current studies by exploring the practical 

classroom applications of AI-supported student-generated questioning (SGQ) practices, highlighting its 

transformative role in preparing educators to create dynamic, student-centered learning environments.  

LITERATURE REVIEW 

Student-Generated Questions 

SGQ enables PSTs to cultivate critical thinking and active learning through effective peer and instructor or 

system modeling, timely and pointed instructional scaffolding or facilitation, and opportunities to reflect on 

the art of inquiry (Buckner & Kim, 2014; Wu et al., 2023). Generating good questions requires diligent practice 

to think deeply about the material, robust conceptual understanding, and refined metacognitive reasoning 

(Chin & Brown, 2002; Chin & Osborne, 2008; Davey & McBride, 1986). Such practice not only enhances PSTs’ 

cognitive skills but also enables them to assess their own understanding and learning needs (Yu & Wu, 2020) 

by effectively crafting increasingly higher-order levels of questions (Kim et al., 2025). As a result, PSTs develop 

the ability to scaffold similar skills for their future students; thus, creating a more dynamic, inquiry-driven 

learning environment that fosters sophisticated and powerful classroom discourse (Quintana et al., 2002; 

Singer et al, 2000). 

Incorporating SGQ techniques into TE programs shifts classroom power dynamics towards student agency 

and collaborative knowledge construction (Wu et al., 2023) through hands-on experiences (Aguilar et al., 2010; 

King, 1997; Terada, 2020; Yu et al., 2015). As an inquiry-based framework, SGQ requires learners to actively 

participate in a social learning process (Rogoff, 1991; Vygotsky, 1978; Wertsch, 1991) and construct new 

knowledge (Khasawneh et al., 2023). Through interactions with peers, experts, or digital tutors, learners 

receive the scaffolded support necessary to pose higher-level questions and deepen their understanding of 

concepts and ideas (Aflalo, 2021; Bozkurt, 2023; Palincsar & Brown, 1984; Yu & Wu, 2020). 

GenAI further individualizes instructional scaffolding (Crompton & Burke, 2024; Schroeder, 2024) and 

provides layers of support for learners towards self-direct learning (Ali et al., 2023; Li et al, 2024; Wang et al., 

2024) in constructivist learning environments (Kim & Adlof, 2024). In the age of AI, SGQ bridges traditional 

pedagogy with AI-based technology, enabling PSTs to navigate and generate questions using AI tools 

(Anistyasari et al., 2024; Chiu et al., 2023; Digital Education Council, 2024). AI systems can analyze patterns of 

inquiry to identify areas of strengths and challenges to tailor support that transits learners from factual recall 

to higher-order thinking (Ali et al., 2023; Kim et al., 2025). For instance, with its responses and analysis, AI can 

recommend question prompts aligned with Bloom’s taxonomy that help PSTs unpack question components 

to explore deeper levels of understanding and apply knowledge in novel ways. This practice, in its entirety, 

helps the learners develop a nuanced understanding of the interactions between their questions and the AI 

responses. 
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Despite these benefits, implementing SGQ remains challenging due to the prevailing focus on examination 

preparation, traditional lecture approaches and lack of SGQ practices in K-12 school settings (Hsu & Kim, 2016; 

Wu et al., 2023). Research suggests that well-designed interventions that integrate frameworks like Bloom’s 

taxonomy can help bridge the gaps by fostering both conceptual understanding and reflective thinking (Wu 

et al., 2023).  

Ask.SMILE: An AI-based Assessment Tool for Critical Thinking  

The Stanford mobile inquiry-based learning environment (SMILE) is a robust, cloud-based AI-based mobile 

learning tool designed to stimulate higher order thinking and creative ideation by facilitating the synthesis, 

analysis, and exchange of critical inquiries (Buckner & Kim, 2014; Kim, 2024). Ask.SMILE operates as an 

intervention that integrates the SMILE platform with GenAI (GPT 3.5/4) to transition SGQs from an informal 

activity into an intentional, assessable learning process (McGivney & Kim, 2016). Ask.SMILE also acts like a 

coach by allowing learners to input their inquiries and offering customized output that reflects differentiated 

support with individual’s learning trajectories. This process leverages learners’ cognitive engagement, while 

promoting an environment of learner-centeredness and empowering participants to become architects of 

inquiry rather than passive recipients of information. 

At the core of the Ask.SMILE interface is an evaluative engine that categorizes SGQs based on a cognitive 

complexity scale based on the revised Bloom’s taxonomy (Anderson & Krathwohl, 2001), which differs from 

the traditional forms of teaching and learning by emphasizing an active and more dynamic learning process 

including opportunities to level 1: remember, level 2: understand, level 3: apply, level 4: analyze, and level 5: 

evaluate and create. Questions are ranked from fundamental recall of knowledge (i.e., level 1 and level 2) to 

advanced analytical and creative synthesis (i.e., level 3-level 5), using these levels as both learning stimuli and 

assessment vectors (Kim et al., 2025). To help learners refine the depth of questions, Ask.SMILE provides real-

time, formative feedback on the clarity, depth, and cognitive rigor of the inquiries. Critically, the AI tool does 

not provide direct answers; instead, it offers criterion-based suggestions for improvement, encouraging 

learners to regulate metacognitive practice and intellectual curiosity (Kim et al., 2025). This iterative feedback 

loop enables learners to reflect on the nuances of their questioning techniques and facilitates their 

progression toward high-cognitive inquiry with an emphasis on analytical reasoning (Kim et al., 2025). Table 

1 shows a critical thinking rubric based on Bloom’s taxonomy adopted from Hsu and Kim’s (2016) study.  

Figure 1, Figure 2, Figure 3, Figure 4, and Figure 5 demonstrate the question generation process on 

Ask.SMILE by each level. 

The platform also allows collaboration in developing, sharing, and evaluating questions against both peer 

responses and AI-generated assessments. This process not only allows teachers to monitor classroom-wide 

inquiry patterns in real-time but also provides immediate insights into the learners’ cognitive and 

metacognitive needs. For teacher education field, Ask.SMILE serves as a vital tool for bridging pedagogical 

theory and classroom practice. By engaging with the platform, PSTs can model and reflect upon the 

interaction between their own questioning techniques, the structural “how” of inquiry and their underlying 

questioning motivation, the “why” that drives cognitive curiosity. The data generated through these 

interactions allows for a nuanced assessment of how questioning strategies and intrinsic motivation 

contribute to the development of higher-level critical thinking. Moreover, evaluating PSTs’ satisfaction with 

Table 1. A critical thinking rubric based on Bloom’s taxonomy 

Rating Bloom’s taxonomy question types 

Level 1. 

Knowledge recall 

Questions at this level assess basic recall of facts, concepts, or procedures. 

Example: What are the levels of Bloom’s taxonomy? 

Level 2. 

Understanding 

These questions require comprehension and the ability to explain ideas or concepts.  

Example: How would you summarize the purpose of Bloom’s taxonomy? 

Level 3. Applying These questions involve using knowledge in a new situation or applying learned concepts to real-

world scenarios. 

Examples: Can you apply Bloom’s taxonomy to design a lesson plan? 

Level 4. Analyzing These questions require breaking down concepts into components and examining relationships. 

Example: How do the levels of Bloom’s taxonomy interact to develop critical thinking? 

Level 5. 

Evaluating 

These questions involve making judgments on criteria, supporting opinions, or critiquing ideas. 

Example: Which level of Bloom’s taxonomy is most effective for fostering deep learning and why? 
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Ask.SMILE provides essential data on the tool’s efficacy as a scaffolding agent. Ultimately, these experiences 

inform PSTs’ professional identities and their future aspirations to implement sophisticated inquiry-based 

learning practices in K-12 settings, ensuring they are prepared to navigate the complexities of the modern, AI-

augmented classroom. 

Finally, to address issues of equity and the digital divide, Ask.SMILE supports offline operation on low-cost 

hardware such as the Raspberry Pi 5 (Seeds of Empowerment, 2025). This democratization of high-tier 

educational technology ensures that inquiry-based learning frameworks remain accessible to underprivileged 

regions with limited infrastructure, making the cultivation of critical thinking both scalable and equitable 

across diverse global contexts (Kim & Lee, 2020; Kim et al., 2008). 

The core technical framework behind this study involved three components:  

(1) a Web application designed to evaluate the levels of questions posed by the user,  

(2) a growing database of user-generated questions and system-generated responses, and  

(3) a mechanism for cleaning and analyzing the data. 
 

 

 
Figure 1. Level 1 (https://ask.smile.seedsofempowerment.org/) 

 

 
Figure 2. Level 2 (https://ask.smile.seedsofempowerment.org/) 

 

 
Figure 3. Level 3 (https://ask.smile.seedsofempowerment.org/) 

https://ask.smile.seedsofempowerment.org/
https://ask.smile.seedsofempowerment.org/
https://ask.smile.seedsofempowerment.org/
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The Web application was designed in Python to facilitate user interactions, allowing users to engage with 

the system by posing questions and receiving responses generated by the OpenAI model. In addition, a 

managed NoSQL database instance, Amazon Lambda, was used to store and organize user-generated 

questions and system-generated responses. Finally, to derive meaningful insights from the user observations, 

RStudio helped sanitize and find trends and patterns within the data set. 

In the Ask.SMILE software tool, enterprise level security measures are in place to protect education data 

collection. Data encryption ensures the confidentiality of student questions and responses both on the 

website and within the database at rest. Use of Amazon API Gateway ensures compliance with Amazon’s built-

in robust security standards for data in transit. Access to research data is limited to authenticated personnel 

only.  

METHODS 

Participants  

Participants were drawn from eight sections of the CI 100 course, application of technology in the classroom, 

a prerequisite for the teaching credential program offered during Fall 2023, Winter 2024, and Spring 2024 at 

 

Figure 4. Level 4 (https://ask.smile.seedsofempowerment.org/) 

 

Figure 5. Level 5 (https://ask.smile.seedsofempowerment.org/) 

https://ask.smile.seedsofempowerment.org/
https://ask.smile.seedsofempowerment.org/
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a public university on the West coast of the United States. The sample represented a convenience sample of 

PSTs enrolled in these course sections. Out of the 191 PSTs enrolled in the course, responses were obtained 

from 178 individuals, of whom 84.8% were female. The majority of enrolled PSTs were from liberal studies 

department (87.1%). Most PSTs in the sample were either juniors (31.5%) or seniors (62.4%), although the 

sample also included sophomores (1.7%), post-baccalaureates/graduate students (3.9%), and one participant 

who did not indicate their academic level (0.6%). The majority of participants self-identified as Hispanic 

(65.2%), followed by White (17.4%), Asian (5.1%), African American (1.1%), and two or more races (1.1%). In 

addition, 6.2% were classified as nonresident alien, and 4.0% were classified as unknown/not reported. Their 

ages ranged from 20 to 41 years, with an average age of 24 years (standard deviation [SD] = 3.96). Regarding 

their prior experience with AI, most PSTs indicated some level of familiarity with the concept prior to using it 

in the CI 100 course (see Table 2 for distribution of responses).  

Instruments 

Ask.SMILE and critical thinking course assignment 

As part of the course, PSTs individually completed an assignment using the AI tool called Ask.SMILE and 

reported their user experience with the tool. Specifically, this assignment required PSTs to generate 50 or 

more questions on the Ask.SMILE platform (https://Ask.SMILE.stanford.edu/). Second, they were to reflect on 

Ask.SMILE as a critical thinking assessment and constructive feedback tool provider (Kim, 2024; Kim & An, 

2016; Kim et al., 2025). The reflection concerned:  

(1) whether and how Ask.SMILE fed students’ critical thinking with its assessment and feedback,  

(2) how it inspired them to find the answers and learn more in depth about a topic, and  

(3) whether it motivated them to ask better questions to receive better assessment.  

In addition, the students reflected on  

(4) the breadth, depth, and usefulness of the feedback,  

(5) how they perceived the authenticity and accuracy of the feedback, and  

(6) how they would apply the tool in their future K-12 classroom.  

The predominant learning outcomes of the assignment include the practice of critical and reflective 

thinking by the PSTs as displayed in their question asking and reflective writing activities, respectively. 

Specifically, hands-on experience with Ask.SMILE and real-time personalized assessment and feedback on the 

questions help PSTs improve their question asking skills and question quality. The reflection, which requires 

deep reasoning and analysis, is metacognitive in nature, and demonstrates growth in reflective analysis and 

critical thinking over time.  

Post-survey  

Upon completion of the course, PSTs were invited to participate in a graded survey, part of which focused 

on their experiences with the Ask.SMILE tool. The survey included items prompting PSTs to describe their 

questioning techniques (i.e., how questions were asked) and questioning motivation (i.e., why questions were 

asked). The survey items were developed based on the instructional objectives of the course and the design 

features of Ask.SMILE and were reviewed by project experts to support content relevance and coverage. 

Questioning techniques item read “What were the techniques you used to ask the questions on 

Ask.SMILE?” with six predefined options related to structure, phrasing, and methods, along with an “other” 

Table 2. Students’ familiarity level with the concept of AI before using it in course 

Prior familiarity level N Percentage (%) 

1. Never heard of it 11 6.4 

2. Heard of it but not familiar at all (never exposed to or used it) 51 29.5 

3. Somewhat familiar (seen it but not used it yet) 67 38.7 

4. Quite familiar (used it/have some exposure to it) 39 22.5 

5. Very familiar (used it quite a bit) 5 2.9 

Total 173 100 

Note. Five PSTs did not provide a response to this question 

https://ask.smile.stanford.edu/
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option for additional detail. PSTs were able to select multiple response options and offer further details if they 

chose “other.” Hence, they were coded as seven dichotomous items measuring questioning techniques. 

Because these items represented distinct questioning techniques rather than indicators of a single latent 

construct, they were treated as independent categorical variables rather than as a scale.  

Questioning motivation item involves “What was/were your approach/es to asking questions? (i.e., Why 

you asked what you asked?) Select all that apply. Please specify if ‘other.’” Seven predefined options were 

provided, along with “Other” category for open-ended responses. Hence, they were coded as eight 

dichotomous items measuring questioning motivation. Similar to questioning techniques, these items 

reflected independent categories of motivation and therefore were not conceptualized as a unidimensional 

scale. In addition, since the questioning techniques and questioning motivation items represented 

independent categorical indicators rather than reflective scale items, internal consistency reliability estimates 

were not considered appropriate. 

Satisfaction with Ask.SMILE was measured using three Likert-type items assessing students’ perceptions 

of  

(a) how well Ask.SMILE evaluated their critical thinking through their questions,  

(b) the helpfulness of feedback received, and  

(c) their overall experience.  

The first two satisfaction items read:  

(1) “How happy/satisfied were you with the Ask.SMILE assessment of your critical thinking skills through 

the questions?” and  

(2) “How happy/satisfied were you with the feedback given by Ask.SMILE on your questions?”  

Responses to these two items were recorded on a 5-point Likert-type scale (from 1 Not satisfied at all to 5 

Very satisfied). The third item: (3) How did you rate your overall experience with Ask.SMILE has a different 

Likert-scale label, ranging from 1 poor to 5 excellent.  

Unlike the questioning techniques and questioning motivation items, the three satisfaction items were 

conceptualized as indicators of a single latent construct (i.e., satisfaction with Ask.SMILE). Therefore, 

exploratory factor analysis using the principal axis factoring extraction method was conducted to examine 

dimensionality. The Kaiser-Meyer-Olkin measure of sampling adequacy was .70, and Bartlett’s test of 

sphericity was significant, χ² (3, N = 178) = 250.93, p < .001, supporting the suitability of the data for factor 

analysis. Because only one factor emerged, rotation was not applicable. All items loaded onto a single factor, 

with factor loadings ranging from .75 to .94, collectively explaining 67.7% of the variance. The reliability 

estimate, assessed by Cronbach’s alpha, was .85. Based on these results supporting a unidimensional 

measure of satisfaction, a composite score was computed by averaging the three items.  

Finally, PSTs were invited to provide an open-ended response to discuss how they would utilize Ask.SMILE 

in their future classrooms if they had access to the data generated by the tool.  

Procedure  

This study was approved by the Institutional Review Board of California State University, Fresno (Protocol 

No: 2441-2024). Surveys were administered online using Google Forms at the conclusion of the course.  

Security of Data Collection and Use 

Collected data for the course include three parts:  

(1) the questions asked by the PSTs together with the ranking and the feedback from Ask.SMILE,  

(2) the PSTs’ reflections on Ask.SMILE as an assessment and a constructive feedback provider, and  

(3) the pre- and post-survey data.  

All of the data are secured and protected for five years under the university Canvas course shell. For the 

scope of this project, only the survey data on the question techniques and motivation on Ask.SMILE platform 

were used. The total surveys collected were 178 (74 for Fall 2023, 14 for Winter 2024, and 90 for Spring 2024). 
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All of the data were completely de-identified and anonymized to remove the PSTs’ identifying information. 

An IRB approval was obtained for using the archival data on the human subjects. An IRB approval was 

obtained for using the archival data on the human subjects. 

In the Ask.SMILE software, enterprise level security measures were in place to protect the education data 

collected. Data encryption ensured the confidentiality of user’s questions and responses both on the website 

and within the database at rest. Use of Amazon API Gateway ensured compliance with Amazon’s built-in 

robust security standards for data in transit. Access to research data was limited to authenticated personnel. 

Data Analysis  

Quantitative analyses were conducted using SPSS, version 29.0.1.0 (IBM Corp., 2023). To address RQ1, 

frequency and chi-square analyses were used to examine trends and associations between students’ 

questioning techniques and questioning motivation when using Ask.SMILE. To address RQ2, a series of one-

way analyses of variance (ANOVA) were performed to examine whether students’ satisfaction with Ask.SMILE 

differed based on their reported questioning techniques and questioning motivation.  

The qualitative approach involves a systematic analysis of the open-ended survey responses to gain insight 

into the PSTs’ stated plans to use Ask.SMILE in their future classroom. Content analysis was used to identify 

recurring patterns, trends, and relationships within the data. The coding process was independently 

conducted by the researchers, who reviewed and developed the initial set of codes, which were refined 

through iterative discussions to ensure clarity and consensus. The finalized codes were grouped into broader 

categories, leading to the identification of key themes. Importantly, these themes provided a nuanced 

understanding of how the PSTs were inspired to use Ask.SMILE in their future classroom.  

RESULTS 

Data used in this study include 178 surveys on Ask.SMILE as an assessment and a constructive feedback 

provider as of April 2024. The data collected was intended to help understand the PSTs’ thought process when 

using the Ask.SMILE application. Specifically, the question technique and motivation items indicated that the 

PSTs had a natural desire to improve their critical thinking skill level and learning results. The data on the 

open-ended question revealed the PSTs’ experience and satisfaction with Ask.SMILE that led them to consider 

using it in their future classroom.  

Questioning Techniques  

As shown in Table 3, PSTs used a variety of techniques to ask questions on the Ask.SMILE platform. Many 

PSTs attempted various techniques, with the most prevalent being asking the same question but phrasing it 

differently (ask the same question but phrase it differently every time, 70.8%) as a way to explore nuanced 

perspectives or improve clarity. Additionally, other techniques employed by PSTs included exploring 

hypothetical questions (i.e., ask more hypothetical questions to get level 5, 66.3%), questions about topics 

they were familiar with and genuinely interested in or on topics that they often wondered about and had not 

found answers to (i.e., ask questions on topics/answers I care about, 60.7%), choosing a specific topic and 

formulating questions around it, and rephrasing questions when unable to think of new ones (i.e., ask random 

Table 3. Questioning techniques: Frequencies and differences by gender and AI familiarity level 

Questioning technique N P (%) 
Across gender 

Across prior 

familiarity level 

X-1 p CV X-2 p CV 

1. Ask the same question but phrase it differently every time 126 70.8 0.75 .386 .065 1.65 .801 .098 

2. Ask more hypothetical questions to get level 5 118 66.3 0.70 .401 .063 2.43 .657 .119 

3. Ask questions about topics/answers I care about 108 60.7 2.40 .122 .116 5.11 .277 .172 

4. Ask random questions on a variety of topics 106 59.6 0.70 .413 .061 1.12 .892 .080 

5. Ask questions that challenge Ask.SMILE’s assessment and 

feedback 
94 52.8 0.28 .598 .039 1.68 .795 .098 

6. Ask the same question in different languages 26 14.6 0.00 .973 .002 5.81 .214 .183 

7. Other 4 2.2 0.73 .392 .064 0.55 .968 .056 

Note. P: Percentage; X-1: χ2 (1, N = 178); X-2: χ2 (4, N = 173); CV: Cramér’s V; & Cramér’s V represents the effect size for Chi-square analyses 

and is interpreted as negligible (< .10), small (.10-.29), medium (.30-.49), or large (≥ .50) 
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questions on a variety of topics, 59.6%). These findings suggest that PSTs actively adapted their questioning 

techniques to suit their learning goals, highlighting the versatility of Ask.SMILE in accommodating diverse 

learning needs and preferences. The prevalence of techniques focused on rephrasing questions, generating 

hypothetical scenarios, and asking questions related to personally meaningful topics suggests that PSTs were 

not merely attempting to complete the activity, but were actively experimenting with different approaches to 

questioning and engaging with the AI-supported feedback process. No significant differences in questioning 

techniques were observed across gender and prior familiarity levels with AI. 

Questioning Motivation  

Table 4 presents the prevalence of different questioning motivation to asking questions in Ask.SMILE. The 

majority of PSTs (75.3%) indicated that they became competitive and wanted to ask questions to get them to 

higher levels of critical thinking. Additionally, a significant portion of PSTs (57.9%) cared about their level of 

critical thinking but were more interested in the topic(s). Interestingly, almost half of the PSTs (44.9%) wanted 

to test Ask.SMILE with tricky questions. Another notable finding was that approximately one-third of PSTs 

(29.8%) truly wanted to know the answer and did not really care about the level Ask.SMILE gave them. It was 

troubling to see that more than one in four PSTs (27.5%) reported having problems coming up with questions. 

Furthermore, ten PSTs selected “other” and explained their questioning motivation but did not specify what 

they were. They enjoyed asking questions related to familiar topics like banking and housing, aimed to earn 

high critical thinking ratings, and sought abstract answers from Ask.SMILE. Some PSTs in this study noted their 

questions were random, sparked further curiosity, or became a competition for higher ratings. Personal 

interests, such as skincare, and the challenge of testing the AI tool or platform also influenced their questions. 

Taken together, these findings suggest that PSTs’ motivations for interacting with Ask.SMILE extended beyond 

assignment completion and reflected a combination of curiosity, competitiveness, and experimentation with 

AI capabilities. At the same time, the presence of PSTs who struggled to generate questions suggests possible 

differences in PSTs’ ease of engaging in AI-supported inquiry and critical questioning practices. 

There were no significant differences in questioning motivation by gender. However, differences emerged 

based on prior AI familiarity level for PSTs who had problems coming up with questions, χ2 (4, N = 173) = 10.57, 

p = .032, Cramér’s V = .25, indicating a small association. Adjusted standardized residuals showed that PSTs 

unfamiliar with AI were more likely to report difficulty formulating questions (adjusted residual = 2.7), whereas 

those somewhat familiar with AI were less likely to have such difficulties (adjusted residual = -2.9). Additionally, 

differences emerged based on prior AI familiarity level for PSTs who neither cared about the answers nor 

their assessed levels of critical thinking, they just randomly put down what came to mind for questions, χ2 (4, 

N = 173) = 10.76, p = .029, Cramér’s V = .25, indicating a small association. Adjusted standardized residuals 

showed that PSTs who had heard of AI but had no prior exposure were more likely to report randomly 

generating questions without concern for answers or critical thinking levels (adjusted residual = 3.3).  

Table 4. Questioning motivation: Frequencies and differences by gender and AI familiarity level 

Questioning motivation N P (%) 
By gender 

By prior familiarity 

level 

X-1 p CV X-2 p CV 

1. I became competitive and wanted to ask questions to get 

me to higher levels of critical thinking. 134 75.3% 0.03 .875 .012 4.04 .401 .153 

2. I cared about my level of critical thinking but I was more 

interested in the topic(s). 103 57.9% 1.01 .315 .075 3.24 .519 .137 

3. I wanted to test Ask.SMILE with tricky questions. 80 44.9% 0.61 .433 .059 4.03 .402 .153 

4. I truly wanted to know the answer and did not really care 

about the level Ask.SMILE gave me. 53 29.8% 0.19 .661 .033 3.22 .522 .136 

5. I had problems coming up with questions. 49 27.5% 1.30 .255 .085 10.57* .032 .247 

6. I neither cared about the answers nor levels of critical 

thinking, I just randomly put down what came to mind for 

questions. 13 7.3% 0.61 .435 .059 10.76* .029 .249 

7. I neither cared about the answers nor levels of critical 

thinking, I just wanted to complete the assignment. 3 1.7% 0.78 .376 .066 4.83 .305 .167 

8. Other 10 5.6% 0.19 .661 .033 7.05 .133 .202 

Note. P: Percentage; X-1: χ2 (1, N = 178); X-2: χ2 (4, N = 173); CV: Cramér’s V; & Cramér’s V represents the effect size for Chi-square analyses 

and is interpreted as negligible (< .10), small (.10-.29), medium (.30-.49), or large (≥ .50) 
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The Relationships Between Questioning Techniques and Questioning Motivation  

Table 5 shows the results of chi-square tests examining the relationships between questioning techniques 

and questioning motivation. Several significant associations emerged between them as indicated by the 

asterisks.  

Table 5. Chi-square test of questioning approaches by questioning motivation, N = 178 

Questioning 

technique 
Questioning motivation X p CV 

1. Ask the same 

question but 

phrase it 

differently every 

time 

1. I became competitive and wanted to ask questions to get me to higher levels 

of critical thinking. 

3.87* .049 .147 

2. I cared about my level of critical thinking but I was more interested in the 

topic(s). 

4.13* .042 .152 

3. I wanted to test Ask.SMILE with tricky questions. 1.25 .264 .084 

4. I truly wanted to know the answer and did not really care about the level 

Ask.SMILE gave me. 

0.80 .371 .067 

5. I had problems coming up with questions. 0.24 .628 .036 

6. I neither cared about the answers nor levels of critical thinking, I just 

randomly put down what came to mind for questions. 

1.95 .163 .105 

7. I neither cared about the answers nor levels of critical thinking, I just wanted 

to complete the assignment. 

2.07 .150 .108 

8. Other 2.21 .137 .112 

2. Ask more 

hypothetical 

questions to get 

level 5 

1. I became competitive and wanted to ask questions to get me to higher levels 

of critical thinking. 

11.36*** < .001 .253 

2. I cared about my level of critical thinking but I was more interested in the 

topic(s). 

7.84** .005 .210 

3. I wanted to test Ask.SMILE with tricky questions. 8.17** .004 .214 

4. I truly wanted to know the answer and did not really care about the level 

Ask.SMILE gave me. 

2.06 .152 .107 

5. I had problems coming up with questions. 0.03 .864 .013 

6. I neither cared about the answers nor levels of critical thinking, I just 

randomly put down what came to mind for questions. 

0.97 .324 .074 

7. I neither cared about the answers nor levels of critical thinking, I just wanted 

to complete the assignment. 

0.00 .989 .001 

8. Other 0.19 .665 .032 

3. Ask questions 

about topics/ 

answers I care 

about 

1. I became competitive and wanted to ask questions to get me to higher levels 

of critical thinking. 

0.01 .914 .008 

2. I cared about my level of critical thinking but I was more interested in the 

topic(s). 

10.66*** .001 .245 

3. I wanted to test Ask.SMILE with tricky questions. 2.84 .092 .126 

4. I truly wanted to know the answer and did not really care about the level 

Ask.SMILE gave me. 

8.81** .003 .222 

5. I had problems coming up with questions. 2.15 .142 .110 

6. I neither cared about the answers nor levels of critical thinking, I just 

randomly put down what came to mind for questions. 

0.00 .947 .005 

7. I neither cared about the answers nor levels of critical thinking, I just wanted 

to complete the assignment. 

1.98 .160 .105 

8. Other 0.39 .534 .047 

4. Ask random 

questions on a 

variety of topics 

1. I became competitive and wanted to ask questions to get me to higher levels 

of critical thinking. 

0.18 .670 .032 

2. I cared about my level of critical thinking but I was more interested in the 

topic(s). 

0.52 .470 .054 

3. I wanted to test Ask.SMILE with tricky questions. 5.11* .024 .169 

4. I truly wanted to know the answer and did not really care about the level 

Ask.SMILE gave me. 

0.66 .415 .061 

5. I had problems coming up with questions. 2.72 .099 .124 

6. I neither cared about the answers nor levels of critical thinking, I just 

randomly put down what came to mind for questions. 

0.55 .460 .055 

7. I neither cared about the answers nor levels of critical thinking, I just wanted 

to complete the assignment. 

0.06 .800 .019 

8. Other 0.40 .526 .047 
 



 

Phan et al. 

12 / 24 Contemporary Educational Technology, 18(3), ep672 

 

Asking the same question but phrasing it differently every time 

Chi-square tests revealed that PSTs who asked the same question but tended to phrase it differently every 

time were more likely to become competitive and wanted to ask questions to get me to higher levels of critical 

thinking, χ2 (1, N = 178) = 3.87, p = .049, Cramér’s V = .15, indicating a small association, and cared about their 

level of critical thinking but were more interested in the topic(s), χ2 (1, N = 178) = 4.13, p = .042, Cramér’s V = 

.15, indicating a small association.  

Asking more hypothetical questions to get level 5 

PSTs who asked more hypothetical questions to attain higher critical thinking levels were motivated by 

becoming competitive and wanting to ask questions to get me to higher levels of critical thinking, χ2 (1, N = 

178) = 11.36, p < .001, Cramér’s V = .25, indicating a small association, caring about their level of critical thinking 

but being more interested in the topic(s), χ2 (1, N = 178) = 7.84, p = .005, Cramér’s V = .21, indicating a small 

association, and wanting to test Ask.SMILE with tricky questions, χ2 (1, N = 178) = 8.17, p = .004, Cramér’s V = 

.21, indicating a small association.  

Table 5 (Continued).  

Questioning 

technique 
Questioning motivation X p CV 

5. Ask questions 

that challenge 

Ask.SMILE’s 

assessment and 

feedback 

1. I became competitive and wanted to ask questions to get me to higher levels 

of critical thinking. 

3.87* .049 .147 

2. I cared about my level of critical thinking but I was more interested in the 

topic(s). 

4.13* .042 .152 

3. I wanted to test Ask.SMILE with tricky questions. 1.25 .264 .084 

4. I truly wanted to know the answer and did not really care about the level 

Ask.SMILE gave me. 

0.80 .371 .067 

5. I had problems coming up with questions. 0.24 .628 .036 

6. I neither cared about the answers nor levels of critical thinking, I just 

randomly put down what came to mind for questions. 

1.95 .163 .105 

7. I neither cared about the answers nor levels of critical thinking, I just wanted 

to complete the assignment. 

2.07 .150 .108 

8. Other 2.21 .137 .112 

6. Ask the same 

question in 

different 

languages 

1. I became competitive and wanted to ask questions to get me to higher levels 

of critical thinking. 

11.36*** < .001 .253 

2. I cared about my level of critical thinking but I was more interested in the 

topic(s). 

7.84** .005 .210 

3. I wanted to test Ask.SMILE with tricky questions. 8.17** .004 .214 

4. I truly wanted to know the answer and did not really care about the level 

Ask.SMILE gave me. 

2.06 .152 .107 

5. I had problems coming up with questions. 0.03 .864 .013 

6. I neither cared about the answers nor levels of critical thinking, I just 

randomly put down what came to mind for questions. 

0.97 .324 .074 

7. I neither cared about the answers nor levels of critical thinking, I just wanted 

to complete the assignment. 

0.00 .989 .001 

8. Other 0.19 .665 .032 

7. Other 

1. I became competitive and wanted to ask questions to get me to higher levels 

of critical thinking. 

0.01 .914 .008 

2. I cared about my level of critical thinking but I was more interested in the 

topic(s). 

10.66*** .001 .245 

3. I wanted to test Ask.SMILE with tricky questions. 2.84 .092 .126 

4. I truly wanted to know the answer and did not really care about the level 

Ask.SMILE gave me. 

8.81** .003 .222 

5. I had problems coming up with questions. 2.15 .142 .110 

6. I neither cared about the answers nor levels of critical thinking, I just 

randomly put down what came to mind for questions. 

0.00 .947 .005 

7. I neither cared about the answers nor levels of critical thinking, I just wanted 

to complete the assignment. 

1.98 .160 .105 

8. Other 0.39 .534 .047 

Note. X: χ2 (1, N = 178); CV: Cramér’s V; & Cramér’s V represents the effect size for Chi-square analyses and is interpreted as negligible 

(< .10), small (.10–.29), medium (.30–.49), or large (≥ .50) 
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Asking questions on topics/answers students care about  

PSTs who asked questions on topics that they cared about were more likely to care about their level of 

critical thinking but were more interested in the topic(s), χ2 (1, N = 178) = 10.66, p = .001, Cramér’s V = .25, 

indicating a small association, and truly wanting to know the answer and not really caring about the level 

Ask.SMILE gave them, χ2 (1, N = 178) = 8.81, p = .003, Cramér’s V = .22, indicating a small association.  

Asking random questions on a variety of topics  

PSTs who asked random questions on a variety of topics primarily tested Ask.SMILE with tricky questions, 

χ2 (1, N = 178) = 5.11, p = .024, Cramér’s V = .17, indicating a small association.  

Asking questions that challenge Ask.SMILE’s assessment and feedback 

PSTs who asked questions that challenged Ask.SMILE’s assessment and feedback were more likely to 

become competitive and want to ask questions to get them to higher levels of critical thinking, χ2 (1, N = 178) 

= 10.33, p = .001, Cramér’s V = .24, indicating a small association, and wanted to test Ask.SMILE with tricky 

questions, χ2 (1, N = 178) = 8.67, p = .003, Cramér’s V = .22, indicating a small association. In contrast, PSTs did 

not engage in this approach when they faced difficulties generating questions, χ2 (1, N = 178) = 5.34, p = .021, 

Cramér’s V = .17, indicating a small association. 

Asking the same question in different languages 

Finally, PSTs who asked the same question in different languages primarily due to competitive motivations 

to achieve higher levels of critical thinking, χ2 (1, N = 178) = 4.74, p = .029, Cramér’s V = .16, indicating a small 

association, and to test Ask.SMILE in innovative ways with challenging questions, χ2 (1, N = 178) = 5.14, p = 

.023, Cramér’s V = .17, indicating a small association. 

Overall, the relationships between questioning techniques and questioning motivation suggest that PSTs’ 

approaches to generating questions were shaped not only by the strategies they used, but also by the 

motivations underlying their engagement with Ask.SMILE. PSTs who were motivated by curiosity, competition, 

or interest in improving their critical thinking were more likely to engage in exploratory and adaptive 

questioning approaches, such as asking hypothetical questions, rephrasing questions, and challenging the AI 

system’s responses. In contrast, PSTs who reported difficulty generating questions appeared less likely to 

engage in these more exploratory questioning strategies. These findings suggest that question-generation 

approaches in AI-supported learning environments may be associated with both questioning motivation and 

strategic questioning behaviors.  

Satisfaction With Ask.SMILE 

Table 6 shows the results of a series of ANOVA exploring dissidences in PST satisfaction with Ask.SMILE 

based on their questioning techniques and questioning motivation. Examination of descriptive statistics 

(skewness = -0.74, kurtosis = 0.18), together with visual inspection of group distributions and Q-Q plots, 

suggested acceptable normality of the satisfaction variable; Levene’s test additionally supported the 

assumption of homogeneity of variance. There were no significant differences in PSTs’ satisfaction based on 

questioning techniques they used. However, differences in satisfaction with Ask.SMILE emerged based on 

questioning motivation. Specifically, PSTs who became competitive and wanted to ask questions to get to 

higher levels of critical thinking (M = 4.29, SD = 0.68) reported significantly higher satisfaction with Ask.SMILE 

compared to those who did not exhibit this competitive approach (M = 3.89, SD = 0.78), F (1, 176) = 10.11, p = 

.002, η² = .05. In contrast, PSTs who had problems coming up with questions (M = 4.01, SD = 0.81) expressed 

significantly lower satisfaction with Ask.SMILE than those who found question generation less challenging (M 

= 4.26, SD = 0.69), F (1, 176) = 4.00, p = .047, η² = .02. According to conventional interpretations of η², these 

effects were in the small range, suggesting meaningful but modest associations between questioning 

motivation and satisfaction with Ask.SMILE. Importantly, these findings suggest that PSTs who approached 

Ask.SMILE with greater curiosity, competitiveness, and interest in critical thinking tended to report more 

positive experiences with the platform, whereas PSTs who struggled with question generation reported lower 

satisfaction. These patterns suggest that PSTs’ questioning motivation and prior experiences generating 

questions may be associated with how they experience AI-supported critical thinking tools or platforms. 
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Applications of Ask.SMILE into Future Classrooms 

 There were 178 PSTs responding to the open-ended survey question of how they would utilize Ask.SMILE 

in their future classrooms. These PSTs reported diverse plans for integrating Ask.SMILE into their future 

classrooms, among which enhancing student questioning practices and critical thinking development ranked 

the highest. Whether used collaboratively through group activities or individually, Ask.SMILE was recognized 

as a versatile resource. In addition to utilizing it to enhance the design of one’s lesson plans, these PSTs viewed 

it as a viable tool for creating an inclusive, innovative, and intellectually stimulating learning environment 

across various subjects. Lastly, the PSTs in this study indicated that they would use Ask.SMILE as a critical 

thinking and content comprehension assessment tool, as well as a resource for learner writing support. 

Table 7 illustrates three areas of application of Ask.SMILE reported by the PSTs, followed by themes and 

indicators.  

Table 6. Results of ANOVA for satisfaction with Ask.SMILE based on approaches and techniques to asking 

questions, N = 178 

 
Yes No LEVENE ANOVA 

N M SD 95% CI N M SD 95% CI F(1, 176) p F (1, 176) p η² 

Questioning techniques              

1. Ask the same question but 

phrase it differently every time 

126 4.21 0.75 [4.07, 4.34] 52 4.15 0.69 [3.96, 4.34] 0.32 .573 0.24 .625 .00 

2. Ask more hypothetical 

questions to get level 5 

118 4.21 0.67 [4.09, 4.33] 60 4.14 0.83 [3.93, 4.36] 2.95 .088 0.34 .561 .00 

3. Ask questions on 

topics/answers I care about 

108 4.21 0.76 [4.06, 4.35] 70 4.16 0.68 [4.00, 4.32] 0.40 .529 0.16 .689 .00 

4. Ask random questions on a 

variety of topics 

106 4.12 0.79 [3.97, 4.27] 72 4.29 0.63 [4.14, 4.43] 3.46 .065 2.20 .140 .01 

5. Ask questions that challenge 

Ask.SMILE’s assessment and 

feedback 

94 4.26 0.75 [4.10, 4.41] 84 4.12 0.70 [3.96, 4.27] 0.90 .343 1.65 .200 .01 

6. Ask the same question in 

different languages 

26 4.05 0.92 [3.68, 4.42] 152 4.21 0.69 [4.10, 4.32] 7.14 .008 1.09 .297 .01 

7. Other 4 4.00 0.82 [2.70, 5.30] 174 4.19 0.73 [4.08, 4.30] 0.19 .667 0.28 .600 .00 

Questioning motivation              

1. I became competitive and 

wanted to ask questions to get 

me to higher levels of critical 

thinking 

134 4.29 0.68 [4.17, 4.40] 44 3.89 0.78 [3.66, 4.13] 0.50 .480 10.11** .002 .05 

2. I cared about my level of 

critical thinking but I was more 

interested in the topic(s) 

103 4.22 0.74 [4.07, 4.36] 75 4.15 0.72 [3.99, 4.32] 0.03 .862 0.35 .553 .00 

3. I wanted to test Ask.SMILE 

with tricky questions 

80 4.30 0.72 [4.14, 4.46] 98 4.10 0.73 [3.95, 4.24] 0.18 .676 3.69 .057 .02 

4. I truly wanted to know the 

answer and did not really care 

about the level Ask.SMILE gave 

me 

53 4.08 0.80 [3.86, 4.30] 125 4.24 0.69 [4.11, 4.36] 0.88 .349 1.85 .176 .01 

5. I had problems coming up 

with questions 

49 4.01 0.81 [3.78, 4.25] 129 4.26 0.69 [4.14, 4.38] 1.17 .280 4.00* .047 .02 

6. I neither cared about the 

answers nor levels of critical 

thinking, I just randomly put 

down what came to mind for 

questions 

13 3.82 0.52 [3.51, 4.13] 165 4.22 0.73 [4.11, 4.33] 2.72 .101 3.65 .058 .02 

7. I neither cared about the 

answers nor levels of critical 

thinking, I just wanted to 

complete the assignment 

3 4.11 0.84 [2.03, 6.20] 175 4.19 0.73 [4.08, 4.30] 0.00 .998 0.04 .852 .00 

8. Other 10 4.10 0.77 [3.55, 4.65] 168 4.19 0.73 [4.08, 4.31] .00 .971 0.16 .691 .00 

Note. CI: Confidence interval; LEVENE: Levene’s test of homogeneity of variance; & η² represents the effect size for ANOVA analyses and is 

interpreted as negligible (< .01), small (.01–.059), medium (.06–.139), or large (≥ .14). 
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Cognitive development (student thinking) 

Theme. Development of questioning skills and critical thinking: This is one of the main areas of 

application of Ask.SMILE reported by the participants. Under this theme, PSTs emphasized the platform’s role 

in supporting students’ development of questioning skills and critical thinking. Many PSTs reported planning 

to leverage the platform to guide students in crafting thoughtful and critical inquiries to eventually enhance 

their metacognitive processes. The PSTs envisioned using Ask.SMILE to encourage learners to elevate their 

inquiries and explore more thought-provoking topics using Ask.SMILE’s feedback on the questions. They also 

suggested using this feedback to teach students how to rephrase their questions and develop critical thinking 

through an iterative process. As an example, one participant shared “I would have students practice their 

critical thinking skills through trying to find ways to get a Level 4 or 5 through adjusting their questions.” 

Another noted “I would like to use Ask.SMILE in my future classroom to allow my students to practice better 

levels of questioning. It really helps practice the necessary skills and thought process that is required to 

formulate deeper level thinking.” These reflections show how Ask.SMILE enables iterative question 

refinement, encouraging students to elevate their inquiries from simple recall to deeper analysis and 

synthesis. 

PSTs also emphasized the tool capacity in helping students ask questions in different ways, explore the 

responses, and differentiate their questioning approaches based on their cognitive levels and abilities. Using 

these refinement processes iteratively allows PSTs to deepen their lines of inquiry, explore deeper and more 

meaningful questions. ultimately strengthening their critical thinking skills. 

Ask.SMILE is particularly valued for its ability to enhance critical thinking in writing assignments and other 

subject areas by the PSTs. They reported planning to incorporate the tool to guide students in crafting 

meaningful questions that inspire compelling essay topics and argument development. As an example, one 

participant explained: 

I may incorporate Ask.SMILE to teach students the different ways to ask a critical thinking question. 

Maybe specifically in the English portion of the class to showcase how to receive a particular 

response based on how you ask a question. (student participant)  

Table 7. Application of Ask.SMILE to future classrooms 

Areas of 

application 
Themes Indicators 

Cognitive 

development 

(student 

thinking) 

Development of 

questioning skills 

and critical 

thinking 

● Support student question-asking practices and critical thinking development • 47 

● Improve question-asking skills • 36 

● Ask meaningful, thoughtful, deep, and critical questions • 23 

● Coach asking advanced/high-level questions with examples • 21 

● Ask questions by student ability and show different question levels • 15 

● Practice how questions are made and refine question-asking skills • 12 

● Ask questions in different ways to explore responses • 10 

● Have students ask questions and elaborate on the responses • 8 

Pedagogical 

applications 

(instructional 

practices) 

Classroom 

engagement and 

inquiry-based 

learning 

● Use for research, brainstorming, and exploration activities • 13 

● Use as a game to encourage asking more questions • 6 

● Promote student engagement through games and rewards (e.g., Level 5 questions) • 4 

● Use in discussion boards to facilitate student interaction • 3 

Instructional and 

lesson design 

● Build course content, lessons, and better questions • 15 

● Use for research questions and brainstorming in lesson planning • 15 

● Incorporate in course assignments • 3 

Assessment 

and 

feedback 

provider 

Assessment of 

critical thinking & 

understanding 

● Test critical thinking skills and question asking ability • 11 

● Ask reflective questions to show understanding (e.g., end-of-lesson reflection) • 7 

● Measure different types and levels of questions• 4 

Academic skill 

development 

(e.g., writing and 

argumentation) 

● Assist essay writing by asking meaningful questions • 8 

● Support writing by asking questions in different ways• 6 

● Support argument development• 5 

● Apply across subject areas (e.g., science, history, English) • 5 
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Besides writing, the PSTs planned to use Ask.SMILE across subject areas such as history, science, and 

English to prompt reflective and analytical questioning, which fosters deeper engagement with content and 

supports higher-order thinking across disciplines. 

Pedagogical applications (instructional practices) 

Theme 1. Classroom engagement and inquiry-based learning: Beyond cognitive development, PSTs 

identified Ask.SMILE as a valuable tool to promote classroom engagement and inquiry-based learning. 

Participants described using the platform to support student-centered activities such as research, 

brainstorming, and discussion-based learning. For instance, one participant wrote: “Ask.SMILE would be a 

good tool for discussion boards. Students can ask a question for their peers to answer but put it in Ask.SMILE 

in order to have a good critical discussion.” In regards to promoting independent thinking and inquiry-driven 

learning, one participant indicated, “I think I could see myself using Ask.SMILE to challenge myself to ask open-

ended questions that encourage independent thought and reflection so my students have a better 

opportunity to share their knowledge and explore concepts even further.” 

Several PSTs highlighted the potential of gamifying Ask.SMILE to motivate student engagement. For 

example, one participant suggested using the tool as a game to encourage students to generate higher-level 

questions, while another proposed rewarding student for achieving level 5 questions. Additionally, Ask.SMILE 

was viewed as an effective tool for facilitating online discussions and fostering collaborative inquiry, where 

students could pose questions for peers to answer, and explore the topic in depth through their back and 

forth interaction. As one participant noted, “Students can ask a question for their peers to answer… in order 

to have a good critical discussion.” And another suggested, “I would use Ask.SMILE during discussion boards 

so students can ask critical thinking questions and encourage students to think critically and ask questions 

that stimulate deeper understanding.” And another elaborated, “I would use it when having students do peer 

reviews. By having students practice the depth of their questions, they can introduce these practices on their 

peer’s work to enhance it.” Finally, the tool was also recognized for its role in supporting hypothesis 

generation, as one participant noted, “I think I would use it if my students had an assignment where they had 

to come up with a theory or hypothesis. They could utilize Ask.SMILE to see if their theory or hypothesis was 

good.” 

Theme 2. Instructional and lesson design: PSTs proposed several ideas on how to use Ask.SMILE for 

students to practice and refine their questioning skills through lesson planning, assignment creation, and 

gamification activities. envisioned integrating Ask.SMILE into building course content, develop lesson ideas, 

and design assignments that incorporate structured questioning activities. As an example, one participant 

shared that students could experiment with generating their own questions, evaluate the usefulness of the 

feedback provided by the tool, draw their own conclusion whether to use Ask.SMILE or not.  

I would use Ask.SMILE in my future classroom as a learning method. I would allow students to 

experiment and come up with their own questions. They either will think more critically about their 

questions or think about how the data is being helpful or not. In addition, it would allow my students 

to collect data on if Ask.SMILE is reliable or not. I would ask them to come up with an answer on 

why students should use Ask.SMILE or not. They would have to provide evidence to support their 

answers. (student participant) 

This sentiment demonstrates that Ask.SMILE’s feedback mechanisms help students improve their 

questioning skills and analytical abilities. Participants who raised this idea perceived the value of fostering a 

deeper understanding of how to construct meaningful inquiries and knew how to maneuver the tool to gain 

the purpose. On that note, a participant reflected, “The feedback provided to the students will help them 

improve their question-asking skills over time.” Another indicated that he would “change up my question to 

get my students to think a little harder when we are doing certain activities.” Yet, another mentioned using it 

in an assignment, “where my students have to come up with a theory or hypothesis. They could utilize 

Ask.SMILE to see if their theory or hypothesis was good.” 

By integrating Ask.SMILE into lesson plans, teachers can motivate students through gamified activities and 

structured feedback loops, encouraging them to aim for higher-level questions. As one participant aptly 
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noted, “I would have students practice their critical thinking skills through trying to find ways to get a level 4 

or 5 rating through adjusting their questions.” This iterative process of question refinement fosters both 

critical thinking and intrinsic motivation, preparing students for success in academic and real-world contexts.  

Interestingly, some participants indicated using Ask.SMILE “when having students do peer reviews. By 

having students practice [adjusting] the depth of their questions, they can introduce these practices on their 

peer’s work to enhance it.” AI tools like Ask.SMILE will undoubtedly find many additional uses on paired and 

collaborative team projects in the coming decade. 

Importantly, PSTs also emphasized the adaptability of Ask.SMILE for different instructional contexts and 

student populations. They described tailoring questioning activities to align with learning objectives, cognitive 

levels, and student interests. For instance, more complex questioning tasks could be assigned to middle and 

high school students, while simpler, more engaging activities could be designed for younger learners. These 

reflections highlight the potential of Ask.SMILE to support differentiated instruction and responsive teaching 

practices. 

Additionally, PSTs recognized Ask.SMILE as a versatile tool to cater to students’ diverse needs and interests 

in a certain topic to further enhance their engagement in the classroom. One participant explained, “I believe 

I would use Ask.SMILE in my future classroom not only for critical thinking purposes but to understand what 

comes to students’ minds when asking (topic-wise, if they are interested in the assignment, etc.).” This 

sentiment highlights how Ask.SMILE can help teachers design lessons peculiar to their students’ interests, 

promoting meaningful and relevant learning experiences. Another student elaborated on using Ask.SMILE to 

support their reflective learning as a means “to challenge myself to ensure I’m asking open-ended questions 

that encourage independent thought and reflection so my students have a better opportunity to share their 

knowledge and explore concepts even further.” 

Finally, student teachers stated they could use Ask.SMILE to assess and gauge their teaching strategies. By 

using Ask.SMILE’s assessment and feedback on students’ critical thinking levels, the teachers can design 

lesson plans and assignments that align with their learners’ interests and cognitive abilities. This data-driven 

approach ensures that instruction remains both challenging and accessible to all students and allows them 

to thrive. Through the incorporation of Ask.SMILE into lesson plans to enact question-asking practice and 

critical thinking development, teachers are increasingly equipped to inspire curiosity, enhance problem-

solving skills, and prepare students for academic and real-world success. 

Assessment and feedback provider 

Theme 1. Assessment of critical thinking and understanding: Another key area of application 

identified by PSTs was the use of Ask.SMILE for assessment purposes. One significant utilization is content 

comprehension assessment, where PSTs envision having their students use the platform to ask reflective 

questions to show their understanding at the end of a lesson. Through the question levels and feedback 

received from the Ask.SMILE system, teachers can assess students’ critical thinking levels, identify their 

strengths and weaknesses as well as interest areas and learning processes to personalize their teaching 

strategies accordingly. As an example, one participant wrote:  

I would use Ask.SMILE to check for understanding. Students would be asked to create questions 

ranging from level 3-5 after having completed required readings. In doing so students are ensuring 

that they are asking higher level questions. Additionally, I could incorporate Ask.SMILE for any 

assignment that requires students to ask questions. Using this tool will help students develop 

higher level thinking questions. Ask.SMILE would ideally be a supportive tool for students. (student 

participant) 

Recognizing the diverse needs and capacities of their students, the PSTs envisioned adapting Ask.SMILE 

differently for different age groups. For middle and high school students, these PSTs planned to deepen 

intellectual engagement by assigning more complex critical thinking tasks such as collaboratively analyzing 

questions in groups, testing their ideas, and refining their approaches based on feedback, whereas, for 

elementary students, the tasks could be more fun and simpler. The participants reported that the adaptability 
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feature of Ask.SMILE made it a versatile resource for cultivating critical thinking across varied learning 

contexts with various age groups of learners. For example, one participant reported: 

Ask.SMILE provided me with constructive criticism on how to better structure the questions I asked. 

I could see this being helpful in devising more thought-provoking questions, allowing for more 

critical thinking from students. The rating system could be helpful in helping the instructor decide 

if the question is fit for the targeted age group/subject matter. (student participant) 

Another explained: 

In my own classroom, and if I had access to the data, I would probably use this tool as a response 

tool! I would have my students ask questions on this tool and this would allow me to see what I 

need to cover more in depth, and I feel that this can be used for any subject! I can also have my 

students do a research project on a topic, and I would have them formulate questions in which the 

class would have to go over with the teacher! (student participant) 

Lastly, the PSTs concur with the fact that Ask.SMILE serves as a valuable resource for young learners’ 

academic writing support and subject-specific integration. These future teachers plan to use the tool to assist 

students with essay writing by empowering them to ask meaningful questions, crafting strong thesis 

statements, and structuring arguments effectively. Beyond writing, the platform is integrated into subjects 

like science, history, and English to promote inquiry-based learning and subject-specific critical thinking. As 

an example, one participant wrote: 

As a future elementary teacher, I would use Ask.SMILE in class to help my students in writing. For 

example, having them ask questions in different ways so that they can see the different scores they 

get and how they can better the way they word phrases. (student participant) 

Yet, another shared: 

I would be teaching a younger group of kids so I would want them to pick a topic by asking questions 

on Ask.SMILE. Once they get a question that was ranked as a number 3, they would write their 

paper on that. I do not want it to be a number 5 because I feel as if my number fives would be very 

hard to research. That is why they would only need a level 3. (student participant) 

And another:  

I would highly recommend Ask.SMILE if students needed help with theoretical questions, like to 

help them out with their writing, it would help them improve with paraphrasing questions when it 

[sic] needs to understand a certain problem or help them with any writing information. (student 

participant) 

Theme 2. Academic skill development (e.g., writing and argumentation): In addition to assessment, 

PSTs recognized Ask.SMILE as a valuable resource for supporting academic skill development, especially 

writing and argumentation. Participants described using the tool to help students generate ideas, refine 

questions, and structure their writing more effectively. For instance, PSTs proposed students using Ask.SMILE 

to develop essay topics, construct arguments, and improve the clarity and coherence of their writing. One 

participant indicated that students could experiment with asking questions in different ways to observe how 

changes in phrasing affect the quality of responses and feedback. Another suggested that students could use 

the tool to develop hypotheses or theories and evaluate their strength based on the feedback received. 

DISCUSSION 

As discussed in the first half of this paper, one of the unique aspects of this particular study is in using 

Ask.SMILE with PSTs who have decades of future life experiences in which to implement generative AI tools 

like it in their own teaching. These PSTs now have firsthand knowledge of how to implement such tools to 

foster learning environments of inquiry, question asking, and general pedagogical experimentation and 
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innovation. Along with this knowledge, they now have a powerful, free tool for fostering learner critical 

thinking skills. And they witnessed such critical thinking happen. They have seen distinct growth in their ability 

to formulate higher-order questions aligned with Bloom’s taxonomy’s criteria on critical thinking. These six 

different cognitive levels can now be targeted one-by-one or in unison.  

While there were fewer than 200 participants in this study from a single teacher preparation program out 

of more than 2,300 (American Association of Colleges for Teacher Education [AACTE], 2022) and there is an 

estimate of 5.7 million practicing K-12 teachers and over 54 million K-12 students across the United States 

(United States Census Bureau, 2025), this study offers insights into the question asking process with a freely 

available and easy to navigate and use tool that can readily be implemented in schools and universities 

worldwide. While this study represents just 178 of the more than 500,000 PSTs enrolled across the United 

States (AACTE, 2022), they are of sufficient number to begin to understand how teachers might rely on AI tools 

like Ask.SMILE in the classroom, especially for its use as a feedback provider (Phan et al., 2026) and improving 

student-question generation to improve their critical thinking skills (Phan & Zhu, 2026). It would not be very 

difficult to imagine many of them demonstrating and training others about this tool and the iterative process 

of question generation. It is also important to understand how receiving and processing AI-driven feedback 

allows PSTs to reflect on the outputs, including identifying gaps in their reasoning and refining their 

questioning techniques. Unlike previous research on Ask.SMILE that was used with conference participants 

(Kim et al., 2025), the outcomes of this particular study with PSTs indicates that Ask.SMILE not only serves as 

a self-assessment tool but also as an interactive learning environment that cultivates metacognitive 

awareness, a crucial skill for future educators, especially when incorporating inquiry-based forms of learning 

and instruction.  

At its core, the present study highlights the broader educational value of SGQ practices supported by such 

AI-based tools like Ask.SMILE. By exposing future educators to AI-supported questioning frameworks, the 

study equips them with strategies to facilitate dynamic, student-centered learning environments. This finding 

is particularly relevant in modern classrooms, where critical thinking and problem-solving are prioritized to 

meet 21st century educational goals. Teachers can use Ask.SMILE to scaffold questioning skills progressively, 

encouraging students to elevate their inquiries from factual recall to more complex, analytical and creative 

questions. However, as Kim et al. (2025) pointed out, while users find it highly valuable, there is a need for the 

Ask.SMILE tool to continue to evolve beyond a question evaluation to include new features that might support 

user reflection, question answer generation, and more explicit feedback on the relevance of user questioning 

to the subject matter. 

In terms of classroom applications or relevant uses outside of traditional classrooms, the PSTs in this study 

reported strong intentions to integrate Ask.SMILE into their future instructional practices. But learner 

intentions all-too-often do not get realized in the real world. A follow-up study might explore actual behaviors 

in the classroom after these PSTs graduate and find their way into a diverse set of K-12 classrooms. For 

example, the study participants envisioned using the Ask.SMILE tool for a wide range of activities, including 

lesson planning, student engagement, and formative assessment. As such, it would be valuable to find out if 

these PSTs would employ Ask.SMILE to guide students in brainstorming essay topics, testing their content 

comprehension, and improving their reflective thinking, among many other typical tasks. Additionally, the 

ability to tailor questions to individual students’ abilities allows educators to differentiate instruction, helping 

ensure that all learners are appropriately challenged. This adaptability makes a generative AI tool such as 

Ask.SMILE a highly versatile and valuable resource for diverse subject areas including science, history, and 

writing and for different age groups. 

Furthermore, the competitive and reflective nature of Ask.SMILE encourages PSTs to engage actively with 

learning materials, fostering a sense of ownership over their inquiry processes. Future teachers can leverage 

this feature to motivate learners through gamified activities (Buckner & Kim, 2014; Kim & Lee, 2020), where 

students strive to craft thoughtful, high-level questions to achieve better feedback ratings (Phan & Zhu, 2026). 

This dynamic interaction not only enhances students’ critical thinking but also nurtures their creativity and 

intrinsic motivation to learn. Moreover, the real time, human-like feedback provided by Ask.SMILE can reduce 

the burden on teachers while still offering students personalized, constructive guidance to improve their 

questioning techniques.  
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At the same time, the present findings should be interpreted with consideration of factors that may have 

influenced PSTs’ experiences with Ask.SMILE beyond the questioning process itself. For example, the gamified 

structure of the platform, including critical thinking levels and competitive elements, as well as the immediate 

AI-generated feedback, may have contributed to PSTs’ engagement and satisfaction with the activity. Because 

these features were integrated simultaneously within the learning experience, it is difficult to determine the 

extent to which observed responses were attributable specifically to AI-supported question generation versus 

the combined influence of gamification and immediate feedback. Future research should further examine the 

relative contributions of these instructional and technological features. 

Although the relationships between questioning motivation and satisfaction with Ask.SMILE were 

statistically significant, the observed effect sizes were within the small range. These findings, therefore, 

suggest modest, yet meaningful, associations that warrant further investigation. 

Limitations and Implications for Future Research  

This study presents several limitations that may affect the generalizability and depth of the findings. First, 

the participant group consisted solely of PSTs from a single teacher education program, potentially limiting 

the applicability of results to other educational contexts, geographic areas, or populations. Additionally, the 

study relied on a convenience sample that was heavily represented by female students and Liberal Studies 

majors. Therefore, the findings should be interpreted with caution and may not fully generalize to broader 

PST populations, teacher education programs, or institutional and disciplinary contexts. Expanding future 

research to include a more diverse range of programs, as well as a wider range of in-service teachers, would 

provide a more comprehensive understanding of the implementation and effectiveness of Ask.SMILE in 

different educational settings. Additionally, the reliance on self-reported data introduces potential biases, 

including selective memory and a tendency toward socially desirable responses, which may compromise the 

reliability and accuracy of the findings. 

Additionally, while the study captured immediate responses and reflections on Ask.SMILE usage, it did not 

include longitudinal tracking to determine how PSTs implement the tool in real-world classroom settings over 

time. Along these same lines, we were unable to explore how users might experiment with different 

approaches to employing Ask.SMILE as they become increasingly adept at using it. Just how might learner 

metacognitive awareness play a role in effectively deploying such AI technology? This lack of follow-up data 

raises questions about the sustained effectiveness and long-term adoption of Ask.SMILE in K-12 

environments. Variations in participants’ familiarity and comfort with AI tools may have also influenced their 

ability to fully engage with the platform, creating uneven experiences that were not fully accounted for.  

Future research should aim to explore the long-term impact of Ask.SMILE on teaching practices and 

student outcomes in diverse educational settings. Longitudinal studies that track how PSTs implement and 

adapt Ask.SMILE in their classrooms can provide valuable insights into the tool’s sustainability and 

effectiveness. Additionally, incorporating observational and case study methods would allow researchers to 

capture the nuanced ways in which AI tools influence classroom dynamics, instructional strategies, and 

student engagement over extended periods. 

Another promising avenue for future research is investigating the intersection of equity and accessibility 

in AI-supported education. Studies could examine how to ensure equitable access to AI tools like Ask.SMILE 

across schools with varying resources, particularly in underserved communities and those in the Global South 

(Kim et al., 2008; Kim & Lee, 2020; Zhang et al., 2020). Moreover, researchers could explore strategies for 

bridging the gap in AI proficiency among educators, such as targeted professional development and 

scaffolding. Finally, future research should delve deeper into the relationship between students’ critical 

thinking growth and their satisfaction with AI tools, as well as the effectiveness of different questioning 

techniques in fostering higher-order cognitive skills. Addressing these areas would provide a more 

comprehensive understanding of the pedagogical potential of AI in education. 

CONCLUSIONS 

This study demonstrates the transformative potential of integrating AI-based tools like Ask.SMILE into 

teacher education programs to enhance critical thinking and SGQ practices. By encouraging PSTs to generate, 
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evaluate, and reflect on their questions, the data in this study revealed that Ask.SMILE supported the 

development of higher-order cognitive skills and fostered metacognitive awareness. The AI-driven feedback 

and ranking system allowed participants to iteratively refine their questioning techniques, improving both 

their critical thinking abilities and their understanding of the role of inquiry in learning. This process not only 

helped the PSTs in this study assess their own learning but also equipped them with strategies to scaffold 

similar skills in their future students. However, although some statistically significant relationships emerged 

between questioning motivation and satisfaction with Ask.SMILE, the practical significance of these effects 

was relatively modest and should therefore be interpreted cautiously. 

In addition, the study highlights the practical implications of Ask.SMILE for classroom instruction. PSTs 

reported plans to implement the tool as a versatile resource to foster student engagement, support content 

comprehension, and enhance reflective thinking across various subjects and grade levels. By leveraging 

Ask.SMILE’s ability to provide immediate feedback and assess critical thinking levels, educators can create 

more dynamic, student-centered learning environments. This finding aligns with 21st century educational 

priorities, where fostering inquiry-based learning and problem-solving skills are essential for preparing 

students to navigate complex real-world challenges. 

Suffice to say, the pedagogical possibilities are seemingly endless. Cleary, pedagogical experimentation 

with generative AI in general and Ask.SMILE, more specifically, has only just begun. Additionally, the findings 

should be interpreted within the specific institutional and cultural context of this study, which was conducted 

within a single teacher education program in the United States. Teacher preparation structures, attitudes 

toward AI, educational technologies, and classroom questioning practices may differ substantially across 

institutional, disciplinary, and international contexts. Therefore, additional research across more diverse 

educational settings and cultural contexts is critical to better understand the broader applicability of these 

findings. Given the potential impact of such studies on human learning and inquiry across age groups and 

educational sectors, there is some urgency to additional research on Ask.SMILE and similar generative AI tools 

and platforms. 

Overall, the results of this study suggest that Ask.SMILE has far-reaching implications for teacher education 

and K-12 classrooms specifically. It bridges the gap between traditional teaching methods and modern 

technology by empowering PSTs to embrace AI tools that enhance critical thinking and inquiry-based learning. 

By equipping future educators with skills to implement SGQ practices, Ask.SMILE promotes reflective 

teaching, student engagement, and deeper learning outcomes; such a tool aligns educational curricula with 

the evolving demands of the 21st century. Future research could further explore the longitudinal impact of AI-

supported questioning tools on student achievement and critical thinking development across different 

educational contexts.  

In conclusion, the results underscore the importance of incorporating AI tools like Ask.SMILE into teacher 

preparation programs to bridge the gap between traditional pedagogies and emerging technologies. By 

equipping PSTs with the ability to use AI tools and systems such as Ask.SMILE to facilitate inquiry and critical 

thinking, they are better positioned to cultivate curiosity, creativity, and deeper learning in their classrooms. 

Future research should explore the long-term impact of these tools on teaching practices and student 

outcomes, as well as address issues of equity, accessibility, and teacher readiness to maximize the benefits 

of AI in education. Researchers might also experiment with pedagogical variations across different subject 

matter disciplines, age levels, and educational sectors.  

With such a freely available technology tool for bolstering the level of cognitive complexity of classroom 

discourse at the ready, we have potentially entered an exciting new era of teaching and learning. Perhaps 

most importantly, in this era, there is newfound hope that AI-based learning technology can elevate levels of 

classroom discourse, and, in turn, enhance literacy skills and cognitive processes of learners from the Global 

South to the Global North. Let the questions rain. Let the questioning culture reign. 
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