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Abstract 

This research aims to explore the existence of metacognition during the use of text-to-image generators in the 

design ideation stage. We recruited five participants with a design background to use Midjourney as an 

ideation tool and to produce three sketches at the end of their task. Through semi-structured interviews and 

retrospective verbalization, we collected data on their thought processes. The qualitative analysis revealed 

clear indications of metacognitive engagement, such as monitoring and evaluating, which opens the path for 

future research into the impact of AI on design cognition. 
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1. Introduction 
The subject of AI has consistently held significant interest across various disciplines. In 2022, with the 

rapid advancement of technology, the emergence of AIGC (Artificial Intelligence Generated Content) 

not only has led to changes in the structures of various industries, but it has also become a highly 

promising tool in different fields. In design, the emerge of text-to-image AI can generate corresponding 

images with simple instructions. Moreover, it can also enhance visual communication and creative 

ideation efficiency (Liu et al. 2023). Therefore, several studies have been investigating the use of AI 

and its application (Ploennigs and Berger 2022; Vartiainen and Tedre 2023). However, design is 

regarded as a discipline not just about producing work, but also a complex process involving thinking, 

analysis, and decision-making (Kavousi et al. 2020a). In psychology, we mentioned it as 

“Metacognition”. Not only it plays a significant role in design education and the design ideation (Ball 

and Christensen 2019), the improvement of creativity is achieved through the training process of 

metacognitive thinking. Hence, in this paper, instead of discussing the application of AI integrating in 

design, we aim to have a deeper understanding of its impact on the design field. 

1.1. Motivation 

As mentioned above, design ideation involved metacognitive process, such as creative thinking, 

evaluating, decision-making and text-to-image AI tools facilitate the unexpected finding of ideas and 

foster a creative mindset, enhancing the design process (Paananen et al. 2023). Therefore, we seek to 

understand whether metacognitive processes are still actively engaged when designers interact with AI 

tools. To specify, our study aims to explore the thinking processes of designers when using AI as an 

ideation tool during the conceptualization stage of design. 
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2. Literature review 

2.1. AI text-to-image generation in design 

Text-to-image AI is capable of generate novel images for inspiration in design ideation stage (Liu et al. 

2023). Not only being applied in different fields of design, included art, architecture, visual 

communication, product design etc, it brings about new changes in education realms. Dehouche and 

Dehouche (2023) conducted an experiment, using a group of 72,980 Stable Diffusion prompts and 

classified into different categories, to assess the potential of teaching history of art, aesthetic, and 

technique. In the study (Vartiainen and Tedre 2023), the researcher recruited 15 craft teachers and 

teacher educators to discuss their thoughts in semi-structure interview about text-to-image AI in design 

education after the experiment using Midjourney to generate images in 90 minutes. Apart from research 

in education, Liu and Hu (2023) used different training method in Stable Diffusion and apply within 

different stage of product design process to explore how AI demonstrate concept in industrial design. 

Numerous studies have indicated that AI could play an important role in stimulating creative ideas 

during the conceptual ideation phase of design. In other words, AI generation tools can stimulate 

designers to optimize products and seek innovative ideas by generating various concept images 

(Daumiller and Dresel 2019; Ploennigs and Berger 2022; Fang 2023; Liu and Hu 2023). Lee and Chiu 

(2023) launched an experiment about comparing the impact between using AI generation tools and the 

largest exploration platform, Pinterest, as a visual stimulus in design ideation stage. Although the result 

did not show a significant different in the performance of the participants, the students held a positive 

attitude towards the integration of AI. The study further indicates that the uniqueness and ambiguity of 

AI allow designers to freely get the inspiration they need, making it very suitable for the use of early-

stage product design. In another research, Ploennigs and Berger (2022) developed a  workflow by 

analysing 3 different generative models’ (Midjourney, DALL-E and Stable diffusion) different-use-

cases in the early stage of architecture design process.  

From the recent research, we can identify the direction of AI in design field into two parts. The first one 

is about Prompt Engineering, mainly exploring within different angles on how to write prompts to get 

better images (Liu and Chilton 2022). The second part is about applying AI generation tools in each 

design realm, including education, design process, etc. To conclude, we find that AI could continuously 

refine itself through various training method to provide more accurate images in Prompt Engineering 

research. Moreover, numerous literatures indicate that the research on text-to-image generators mainly 

focus on their potential in practical applications of design fields. However, there are seldom research 

investigate deeply into the thinking process while using AI tools in design industry.  

2.2. Metacognition in design thinking 

Design thinking is a complicate process that involved initial time to reflect on what the problem is 

(Ball and Christensen 2019). In the other words, it takes systematic approach to problem-solving in 

design. The unlimited feature of it often overwhelms students and makes them anxious during the 

process of thinking. However, a significant characteristic of human cognition is the ability to critically 

reflect on their thinking process (Kavousi et al. 2020a). We called this kind of behaviour: 

Metacognition, refers to an awareness of one’s own cognitive processes. This concept was first be 

introduced by Flavell. He defined it to be the ability to think about your own thinking, which plays 

an important role on self-controlling and self-educating (Flavell 1979). Moreover, several studies have 

explored the role of metacognition in design education and have found that it plays a significant role 

in students' design processes. In the research of Sternberg et al. (1996), it indicated that self-monitoring 

and adjustment are one of the methods that can develop creative thinking. In other words, 

metacognitive thinking is particularly essential in design idea generation and development, as it 

contributes to the creative process in design. In the research of Kavousi et al. (2020b), the results show 

that high performance students spend more time on thinking about the task, which got higher score in 

Reflective monitoring process in metacognition. In the contrary, Low performance students drive into 

their work directly in most of the time instead of planning, which got lower score. In the conclusion, 
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metacognition is an essential component of design thinking and can enhance the design process and 

its outcomes for learners. 

Metacognition have been categorized into different ways in several studies. Currently, it is most 

classified into two parts: Metacognition Knowledge, Metacognition regulation. Metacognition 

Knowledge refers to how much you know about your own thinking and the strategies you possess. 

Metacognition Regulation means that the actions you take while learning, included planning, 

monitoring, and evaluating. The assessment of one’s metacognition have be classified into two parts: 

offline and online (Marra et al. 2022). One is conducted before or after the task. The data mostly gather 

through questionnaire and semi-structure interview, such as Metacognition Awareness Inventory 

(Schraw and Dennison 1994). The other one is conducted during the task with thinking-aloud method. 

2.3. Qualitative analysis 

"Qualitative" typically refers to non-numerical, descriptive data, which often comes from text or 

transcripts of interviews. The methods include both inductive and deductive ways (Siiman et al. 2023). 

Coding is a common process in qualitative analysis, where paragraphs and texts are labelled and 

organized. This helps researchers break down and reassemble data in a meaningful way (Elliott 2018). 

However, both methods are time-consuming. Therefore, many studies had been exploring the use of AI 

for coding. 

ChatGPT is a generative artificial intelligence developed by OpenAI, a large language model capable 

of autonomous learning from data. The development of artificial intelligence could categorize complex 

content, organize themes, and encode quickly through typing prompts. In the research of Rahman et al. 

(2023), they applied ChatGPT in various stages of their research, including ideation, introduction, 

literature review, research methodology, and experimental analysis. Their study shows that with 

transcribed data provided, ChatGPT is capable of delivering satisfactory results for certain qualitative 

data analyses. Moreover, several research found ChatGPT as a valuable tool in qualitative analysis 

(Tabone and de Winter 2023). ChatGPT assists researchers in simplifying the coding process of 

qualitative data, thereby improving the efficiency of coding and uncovering insights that may have been 

overlooked (Zhang et al. 2023). It challenges and supplement human interpretations. 

3. The experiment 
The study aims to explore the Metacognition thinking process of designer while using text-to-image AI 

in design conceptual phase. In the experiment, we recruited 5 participants to attend the study. The reason 

that we recruited a small number of participants is that we hope to observe whether metacognition 

emerges in the design process involving AI. If any metacognitive ability is employed during the process 

of using AI, we will be able to carry out further experiments in the future. In other words, this 

preliminary study of exploring the existence of metacognition process allow us to continue the future 

work. During the experiment, each of them must use Midjourney in Discord as a design ideation tool 

and propose 3 sketches at the end of the task. After the task, we conducted semi-structured interviews 

with retrospective verbalization to collect the data and analysed the qualitative results with the AI tool 

ChatGPT. 

3.1. Participants 

The research recruited participants with more than 4 years of product design background to assure the 

knowledge of basic design process and have mature design abilities. In addition, the current text-to-

image generators are commonly used in English input. To maintain the accuracy of the data, the English 

proficiency of the participants is all above score of 750 of the contest TOEIC.  

3.2. Procedure 

The entire experiment was divided into three parts. The first part was the preparation phase, the 

researcher introduced the basic tips about prompt engineering of Midjourney in 5 minutes. After the 

guide, participants were asked to prompt whatever they want for warm-up with 15 minutes. The purpose 
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of this phase is to ensure participants understand the rules and be familiar with Midjourney to avoid 

research errors. 

In the second phase, participants were asked to design a home decor item that can be mass-produced. 

They must propose 3 sketches at the end of the task. The task was told with an open-ended question 

with no correct answer and encourage them to be creative (Kavousi et al. 2020b). Each participant 

should at least try refining 5 times of the prompts to get different visual stimuli. It last 60 minutes in the 

stage. 

Finally, semi-structure interview was conducted with audio recorded. This stage last 15-30 minutes. 

There were 11 questions structured with subjects from different stage of the task and opinion of 

Midjourney (Figure 1). There are three main aspects of the interview we want to investigate, (a) the 

thinking process while using Midjourney as an ideal tool in the design task. We asked them to recall 

their memory with their Midjourney prompts record and tell us what they were thinking while they 

refine their task. (b) Their opinion upon text-to-image AI as an ideation tool and visual stimulation. (c) 

How participants will use AI in their future design practice.  

 
Figure 1. Semi-structured interview questions’ structure (source: this research) 

3.3. Data coding 

To answer the research question “What are the metacognitive process designer used while using AI tool 

in conceptualization phase”, we transcribed the text from the interview about the retrospective 

verbalization of thinking process while using Midjourney to prompt from the structure to examine the 

frequency and sequence of the metacognitive process emerge from the design task.  

In this study, we used retrospective verbalization to collect data of Metacognition and ChatGPT as a 

tool for qualitative data analysis. We referred to the classification of metacognition in the article of 

Kavousi et al. (2020b) and categorized each data into 5 groups, Reflective process knowledge (RPK), 

Reflective process monitoring (RPM), Reflective process control (RPC), Cognitive thought process 

(CTP) and Other process (OP). The reason to add the group “Cognition” into the theme is to clearly 

recognize the Metacognitive Process with other processes. To identify, cognitive processes involve 

students' actions in understanding, planning, and carrying out a design task. Metacognition enters this 

process when designers review their understanding, evaluate their ideas' creativity, judge their ability to 

execute these ideas, and check the quality of their end results. 
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Table 1. The definition of each theme 

Themes Definition 

Reflective process knowledge Learner’s knowledge regarding how to learn, which could influence the 

process of learning 

Reflective process monitoring Judgments made by learners regarding the status of learning (how learning 

is progressing, how learning should progress) 

Reflective process control Decision or actions taken by learners that influence the progress of the 

learning-task 

Cognitive thought process Include activities that students perform during the interpretation of a 

learning task, and in the conceptualization and execution of a design in 

response to that task 

Other process Unrelated of the above themes, domain knowledge, solution, reading 

4. Results and discussion 

4.1. Experiment results 

After the design task, the final sketches from 5 of the participants are shown (Figure 2) and the large 

number of images generated by Midjourney from each participant are displayed (Figure 3). The purpose 

of formulating sketches as the method of presenting results is to clearly define Midjourney as an ideation 

tool. In other words, the images generated by AI from each designer are the visual stimuli being used to 

inspire them to get better ideas. In the stage of semi-structure interview, the total amount of words and 

duration are organized, and we calculated the number of times each participant modified the prompts 

(Table 1). The average number of the frequency each participant refines their prompts is 9. Some of the 

examples of prompts are included: 

• a floor lamp, home style, minimalist, futuristic, warm color, concept design, product design, 

original, highly detailed, realistic, 8K, 3D render. 

• cushion, round square shape, color warm green, rough texture, product design, realistic photo, 

perspective angle display. 

• cushion, random shape, on a sofa, color warm, smooth touch, fluffy, product design, realistic 

photo. 

• a vase, wooden material, alien, space, light color, geometric, product design, placement on top, 

render image. 

• living room vase, Japanese style, concrete and wood material, product design, product concept, 

4k rendering 

• tall straight cylinder living room vase, ceramic material, product design, product concept, 4k 

rendering. 

Table 2. The list of each participant’s frequency of refining prompts, total amount of words and 
duration in semi-structured interviews 

 Midjourney Task Semi-Structure interview 

No Frequency prompts refining Total amount of words Duration (mins) 

P1 8 3268 28 

P2 8 3776 24 

P3 7 2018 15 

P4 13 3667 20 

P5 7 2092 15 
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Figure 2. Final sketches from 5 participants 

 
Figure 3. Images generated by Midjourney 

4.2. Metacognition results 

We used ChatGPT to organize the data. To enhance the quality and reliability of the analysis from 

ChatGPT, we focused on refining the prompts and used part of the workflow from the study of Zhang 

et al. (2023) . We started the prompts with a role-playing. Then, we describe the task background, how 

the task should be conducted and the expected performance. The original prompts were written in 

Chinese and the examples of the codes are shown in (Table 3). 

Here are the prompts: 
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“You are a researcher, and I have posted an excerpt from an interview. This interview 

content comes from an experiment, which aims to explore the design thinking involved 

in using Midjourney (a text-to-image generator) as a design ideation tool. You will use 

the interview content to conduct a qualitative analysis (in research and analysis, 

'qualitative' usually refers to non-numerical, descriptive data, which often comes from 

texts or transcripts of interviews). Please encode each sentence of the interview content 

(1209 words), excluding the interviewer's questions, according to the five thematic 

categories of Reflective process knowledge, Reflective process monitoring, Reflective 

process control, Cognitive thought process, and other process. Below are the 

explanations of the themes. 

1. Reflective process knowledge: Learner’s knowledge regarding how to learn, which 

could influence the process of learning 

2. Reflective process monitoring: Judgments made by learners regarding the status of 

learning (how learning is progressing, how learning should progress) 

3. Reflective process control: Decision or actions taken by learners that influence the 

progress of the learning-task 

4. Cognitive thought process: Include activities that students perform during the 

interpretation of a learning task, and in the conceptualization and execution of a design 

in response to that task 

5. Other process: Unrelated of the above themes, domain knowledge, solution, reading 

Please remember to encode the entire context that I required and encoded in the order 

of the conversation.” 

Table 3. The list of themes and examples 

Themes Evidence/Examples 

Reflective Process Knowledge “Considering the feasibility of mass production and manufacturing, I 

directly deleted three and four.” 

Reflective Process Control “So, at that time, I entered the prompt to test since I want to first 

understand their perspective on the prompt of ‘vase’.” 

“I am not satisfied with the result, so I removed ‘fluffy’, as I believed 

that 'fluffy' was the reason for that outcome.” 

Reflective Process Monitor “The next thing I realized was that this did not give me any inspiration 

to design the vase I originally wanted, so I continued to adjust the 

material.” 

Cognitive thought process “I started to try different locations to see how they would affect the 

design of the vase, combined with changes in style.” 

“Then I wanted to design another product with a different style. Since I 

just designed a desk lamp, I want to design a floor lamp.” 

Other process “Because it indeed is an attractive thing, I played around with it a bit.”  

“Besides that, I made no other changes, just transformed it into a floor 

lamp.” 

 

We organized the data and developed the color-coded map (Figure 2) of students’ thought process 

(Kavousi et al. 2020b). Reflective process knowledge refers to the red areas, which happened in the 

beginning of the task. Reflective process control refers to the yellow areas. Reflective process monitor 

refers to the orange areas. Cognition process refers to the grey areas, which take most of the time. And 

Other process refers to the black areas.   
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Figure 4. Color-coded map of students’ thought process 

Another source of insights about metacognition, we calculated the number of each theme that emerged 

in the analysis (Figure 5). In the chart, although the number of cognitive thought process is the most, we 

can see that there are numbers of metacognitive process emerge in designers’ thinking. In addition, we 

calculated each participant’s metacognitive and cognitive thought processes’ percentage. 

 
Figure 5. Chart of the number of each theme that emerged in the analysis 

Table 4. Participant’s metacognitive, cognitive, and other thought processes’ percentage 

No Metacognitive thought 

process  

Cognitive thought 

process 

Other process 

P1 29% 46% 25% 

P2 28% 35% 27% 

P3 38% 35% 6% 

P4 47% 40% 13% 

P5 73% 26% 0% 

4.3. Discussion about text-to-image AI  

According to the records of semi-structured interview, to answer the questions about their opinion upon 

text-to-image AI as an ideation tool and visual stimulation: 

“I think it serves as an excellent tool for ideation. I believe this is a great practice for 

students, not to copy but to use AI to generate numerous ideas. I think it can save them 

a lot of time and help them come up with even more ideas. At the same time, it trains 

students to develop their ability to narrate something.” 

“I do think it's suitable as a tool for ideation. On the positive side, it can provide a very 

clear image, a good render, a great visual representation. On the other hand, its 

downside is that it's too visual. If you rely entirely on it, your work will end up feeling 

very hollow, like an empty shell. Based on my experience, that's how I see it.” 
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“It should be used in combination because conventional visual stimulation methods 

provide you with diverse adjectives, more colourful ideas, or thoughts about materials, 

especially since the image appears right in front of you. In contrast, with Midjourney, 

you need to think of specific words to get stimulated. But this is just one of my answers, 

and it's also possible that I'm not using prompts frequently enough.” 

“I might initially still rely on other forms of visual stimulation to find more specific and 

concrete scenarios. Only after I have a clear idea of the shape and transformation, I'm 

aiming for would I then turn to Midjourney to explore further variations.” 

The result of the interview indicates that most of the participants show a positive attitude towards text-

to-image AI as ideation tools. They admire its speed and reaction with numerous ideas generated. In 

other hands, to serve as a tool for visual stimulation, sometimes they find it too abstract to be use as a 

reference and it’s hard to find words to describe your products. But overall, they all look forward to 

using it to combine with other tools and applying it to the ideation stage of their future design works.    

5. Conclusion and future work 
This paper adopted an exploratory research design to explore the possibility of metacognitive process 

existence while using text-to-image AI as a tool in design ideation stage. The result shows evidence of 

metacognitive process emerges in the integration of designer and AI tools. In addition, this study 

discovered designers’ opinion towards text-to-image AI as a visual stimulation and ideation tool and 

highlights the question of over-reliance. It gave an opportunity to discuss the fundamental issue, the 

importance of one’s thinking process in the rapid development of technology and brings out the future 

investigation opportunities. However, several research indicated that AI does not replace the needs for 

human, but a complement (Morgan 2023; Siiman et al. 2023). It is still under debate to use only 

ChatGPT in qualitative research. In the future work, we will recruit more participants to attend the 

research to investigate the impact metacognition brings while using Midjourney and the potential use of 

it as a method to train designer’s metacognition. Meanwhile, we will integrate human researchers for 

verifying and enriching the findings from ChatGPT to enhance the reliability of the analysis. 
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