
Development and Verification of a Method of Acquiring Skills based on the Cognitive 

Apprenticeship Theory Using Technologies 

: Applying "Smart Mirror" 

 

Hiroshi TAKAGI, M.S. 

Doctoral Course, The United Graduate School of Education 

Tokyo Gakugei University, Japan 

 

Email: r228002x@st.u-gakugei.ac.jp 

 

Abstract 

 

The spread of COVID-19 restricted outings and lost opportunities for physical activity. As a 

result, there were fewer opportunities to learn new movement skills. Therefore, a need arose to 

learn movement skills online while ensuring social distancing. The purpose of this study was 

to develop a distance learning system and verify its effectiveness by focusing on the cognitive 

apprenticeship theory proposed by the American cognitive scholars Brown and Collins as a way 

of acquiring skills. The developed system displayed a full-scale model of the role of a proficient 

learner and allowed a novice learner to observe it. The model was used as a reference, and the 

movement of the novice learner was displayed in a mirror for the learner to learn while self-

evaluating. In addition, the system used deep learning technology to provide feedback on the 

learner's movements. It was named that system “Smart Mirror” and used to help eight students 

learn movement skills and conducted a case study. As a result, all eight participants succeeded 

in acquiring movement skills. In addition, six stages of cognitive apprenticeship theory were 

found in the process of movement skill acquisition. These findings suggest that Smart Mirror 

might be effective in the online acquisition of motor skills. 
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Introduction 

 

New Virus Changed Methods of Acquiring Motor Skills 

The spread of COVID-19 led to repeated declarations of a state of emergency in 

Japan as the number of infected people increased. As a result, daily life activities continued to 

be restricted, resulting in various effects on the field of sports and physical education. For 

example, sporting events were canceled, no-spectator games were played, and the use of 

sports facilities was restricted. Furthermore, the long school closures resulted in the loss of 

opportunities for students to participate in physical education classes and club 

activities(Yomoda, 2020). Therefore, the need arose for students to learn motor skills online 

and independently while ensuring social distancing. 

 

Cognitive Process Structure 

Because learners cannot objectively view their motor actions, it is not easy to 

ascertain whether they are performing them correctly(Okamoto, 2018). The structure of motor 

skill acquisition presupposes proper instruction and is preferentially treated as a matter of 

physical skill and technique between the parties involved and was viewed as an 

incomprehensible process to outsiders. The acquisition of motor skills by learners was 

objectively discussed from the perspective of cognitive science, focusing on the cognitive 

apprenticeship theory(Brown et al., 1989) proposed by the American cognitive scholars 

Brown and Collins. According to previous research(Miyauchi et al., 2018), conventional 

motor skill acquisition consists only of receiving instruction on how to solve problems and 

learn from a support system. In contrast, cognitive apprenticeship theory consists of learning 

support that encourages learners to improve their applied skills and inquisitiveness. Cognitive 

apprenticeship theory was expected to be used in learning situations where learners learn by 

solving problems, suggesting that they may improve learners' motor skills. The learning 

process between a proficient and a novice learner has been theorized as a cognitive structure. 

This cognitive apprenticeship theory was adopted as the learning model implemented by the 

Smart Mirror proposed in this study. 

 

Cognitive Apprenticeship Theory 

Cognitive apprenticeship theory is a study that observes a novice learner receiving 

instruction and passing on skills from a proficient learner and consists of six stages of the 

learning process(Enkenberg, 1994) (Figure 1). The learning process was cognitively theorized 

as follows, modeled on the process of vocational skills training as a pedagogy that should be 

utilized in school education. (i) Modeling: A proficient learner provides a model, which a 

novice learner observes and visually grasps. (ii) Coaching: A proficient learner provides hints 

so that a novice learner can practice solving the problems taught. A novice is given a task to 

carry out as modeled. (iii) Scaffolding: A proficient learner encourages a novice learner to 



solve the problem using only their ability. A proficient learner also provides the same hints as 

in (ii) Coaching if a novice learner has difficulties. They seek and help a novice learner 

achieve a moderate level of task completion and remove the scaffolding as a novice learner 

progresses. (iv) Articulation: A proficient learner encourages a novice learner to explain the 

thought process that went into solving the problem. A proficient learner verbalizes a novice 

learner's knowledge and thinking and clarifies the problem-solving process to support a 

novice learner's learning. (v)Reflection: A proficient learner shows a novice learner other way 

to solve the problem and encourages a novice learner to examine the thinking process of 

solving their problem. (vi) Exploration: A proficient learner encourages novice learners to 

challenge themselves with new learning content. Encourage novice learners to choose and 

solve problems independently, encourage a novice learner's uniqueness, and proficient 

learners to withdraw. 

 

 

Figure 1: Cognitive Apprenticeship 

 

Purpose 

The purpose of this study was to develop a learning support system that enables 

novice learners to confirm their movements and acquire motor skills acquisition based on 

cognitive apprenticeship theory using deep learning technology and to conduct a case study in 

which the system was used to acquire motor skills for eight students. To realize this system, a 

mechanism allows a novice learner to check the motor actions being performed on a monitor 

or projector as an extension of the mirror used in daily life. A life-size model of a proficient 

learner was displayed on the screen for a novice learner to observe. The model is used as a 

reference, and a novice learner's movements are displayed on the mirror to learn while self-

evaluating. In addition, the system uses deep learning technology to provide feedback on a 



novice learner's movements. It was named that system "Smart Mirror" and was used to help 

novice learners learn motor skills. The Smart Mirror is considered as a point of contact with a 

novice learner and is compared with the actions analyzed by deep learning(Guan & Chen-zhi, 

2019) to provide richer information necessary for judging their merits and demerits, and 

differences. The goal was that this would result in the activation of novice learners' cognitive 

activity and, at the same time, promote the transformation of physical movements. 

 

Methods 

 

Online Survey 

First, an online survey was conducted to explore the mission and stakeholder 

requirements for designing the proposed system. One hundred people were surveyed online 

regarding changes in exercise habits after COVID-19. The survey was conducted in 

December 2020 through the author's account on a social networking service (SNS), and 100 

responses were received; it should be noted that the sample was biased due to the SNS survey, 

but it should be used as a reference. 

 

System Design 

The system was designed based on systems engineering methodology(INCOSE, 

2015). After verifying the mission requirements and stakeholder requirements, a support 

system was designed for novice learners to learn motor skills independently (Figure 2). The 

system implements the educational system shown by the cognitive apprenticeship theory. 

 

Figure 2: System Overview 

 

Development of Smart Mirror 

A hardware Smart Mirror was developed as a prototype to realize the system. The 

system is a combination of a monitor that can play video clips and a mirror with transparency 



that allows a novice learner to check their actions. A small single-board computer, the 

Rasberry Pi4, was used to meet the need for a system that could operate in an Internet 

environment and be carried around by novice learners to a certain extent. In addition, deep 

learning video analysis technology was implemented in the Smart Mirror. This enables 

analysis of a novice learner's video captured by the camera, without using an acceleration 

sensor, but only the image and video from the camera and real-time movement detection 

(Figure 3). 

 

 

Figure 3: Smart Mirror 

 

Case Study 

Eight learners were recruited, and case studies were conducted according to the flow. 

In the process, all learners were evaluated through pre-and post-interviews, post-

questionnaires, and observations. The evaluation method was judged comprehensively, 

including the post-interviews, since there were many cases where it was impossible to clarify 

the evaluation by numerical values. In addition, the author provided explanations and 

implementation support to all learners. The items of verification and validation are described 

below (Figure 4). 

 

Verification 1 

Did the experience of learning motor skills with the Smart Mirror enable the novice 

learner to perform the exercise movements correctly? 

 

Verification 2 

Has the process of acquiring motor behavior progressed based on the stages of 

cognitive apprenticeship theory? 



 

Validation 

Did the novice learner repeat the process of the system to make it a habit and seek 

further exploration? 

 

 

Figure 4: Verification and Validation 

 

Findings 

 

In an online survey conducted on 100 people, the number of people with exercise 

habits increased after COVID-19 for health maintenance reasons. However, the closure of 

facilities and infection control measures forced them to change their exercise habits and 

limited the exercise they could perform, assuming they could maintain their social distancing 

and perform an exercise. As a result, the number of exercises that could be performed was 

limited. The study found that the opportunity to learn new motor skills was reduced due to the 

limitation of simple exercises that can be performed alone at home. The results of this survey 

were reflected in the system. The system was designed, and a prototype Smart Mirror was 

developed and tested on eight learners. The results showed that all the learners in Verification 

1 successfully mastered the motor skills. Verification 2 showed that learning progressed to the 

stages of cognitive apprenticeship theory. However, Validation did not allow us to observe 

any change in the process until it became habitual by repeating the process (Figure 5).



 

Figure 5: Verification2 and Validation 

 

Discussions 

 

The activity derived from the learner's impressions was to try the exercise, check the 

learner's figure displayed on the smart mirror and the results of the deep learning analysis, and 

then try the exercise again, repeating the cycle to experience the mastery of the exercise. Using 

Smart Mirror is expected to promote the improvement and development of learners' thinking, 

judgment, and skills. The most common comment from learners was, "This is not what I 

expected." Regardless of the learner's level of exercise proficiency, they said, "By watching my 

movements with the Smart Mirror, I can notice the difference between the image in my mind 

and the actual movement," and "I realize that what I think I am doing is not actually being 

done." Observation skills include self-observation and observation of others. Imaging without 

seeing the learner's figure is self-observation, in which the learner uses their somatosensory 

perception to form a motor image. On the other hand, watching the learners perform the exercise 

is an objective observation through the sense of sight and is, therefore, an observation of others. 

Using Smart Mirror, the learners can visually analyze their movement as an observation by 

others, which they may have found easier to understand. In addition, by using Smart Mirror, "I 

can analyze myself. I can observe what I am not doing calmly". 

 

Conclusions 

 

Smart Mirror contributed to the acquisition of new motor skills, and six cognitive 

apprenticeship theory learning processes in the process of motor skills acquisition were found. 

Smart Mirror may be effective for online motor skills acquisition. Traditionally, it has been 

difficult for learners to find the necessary information about the difference between their 

behavior and their role models while learning motor skills. In this study, using Smart Mirror 

that implemented deep learning, the novice learners noticed the differences and found out the 



modifications. People kept social distancing to improve their sports performance and maintain 

their health, while the opportunities to exercise decreased. They wanted to exercise in an 

environment with COVID-19 measures. The Systems Engineering approach was used to 

design the system. The system's functional requirements were validated through online 

surveys and case studies. Although the system did not meet the learners' requirements for 

continuous use of the system, other functional requirements were verified. 

To encourage continued use of the system, the system must meet the diverse needs of 

learners. Therefore, a platform that adapts to an individual's health status and physical 

condition of the day and supports the entire system is considered necessary. Furthermore, to 

provide a personalized and high-quality solution, it is necessary to envision a system that 

provides a menu of exercise learning methods by the learner and by objective, which would 

be managed appropriately. 
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