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Abstract 
Quantum mechanics presents challenges in understanding probability, which is 

often seen as a measure of uncertainty in quantum systems. Quantum 

Bayesianism (QBism) is an alternative interpretation that considers probability 

as an observer's subjective belief, not as an objective representation of the state 

of the system. This study aims to delve deeper into the role of probability in 

quantum mechanics through the perspective of QBism. This study aims to 

examine the differences between Quantum Bayesianism and traditional 

quantum probability interpretations, as well as analyze how QBism can 

provide a more dynamic understanding of probability in quantum experiments. 

The methods used include literature analysis to identify publication trends 

related to QBism as well as case studies of quantum experiments that show the 

application of subjective probability theory. Data is obtained from various 

scientific sources and the latest publications in the field of quantum physics. 

The results show that Quantum Bayesianism provides a more flexible and 

subjective approach to probability, which allows probabilities to be calculated 

based on the observer's beliefs and can change according to the information 

obtained. The study also confirms that more and more researchers are adopting 

QBism in their research, replacing the more traditional view of objective 

probability. The study concluded that QBism offers a more relevant and 

applicable view of probability in quantum mechanics. Although there are still 

limitations in practical application, QBism opens up new opportunities in the 

understanding and development of quantum technology in the future. 
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INTRODUCTION 

Quantum mechanics, as the foundation of modern physics, has changed the way we 

understand the world at the microscopic level. This theory offers an overview of the behavior 

of particles at the atomic and sub-atomic scales that is very different from our intuition about 

the macroscopic world (Bagarello dkk., 2017; Leifer & Spekkens, 2014). One of the most 

interesting aspects of quantum mechanics is the probability involved in predicting the outcome 

of an experiment. In contrast to the determinism prevailing in classical physics, quantum 

mechanics views physical systems not as entities with exact positions and velocities, but rather 

as systems that can only be explained in the form of probabilities. 

Bayesianism is an approach in probability theory that views probability as a measure of 

belief or belief in an event based on available information. This approach is particularly 

relevant in the context of quantum mechanics, where uncertainty and probability play a major 

role (Fuchs & Schack, 2011; Globus, 2017). In the Bayesian interpretation of quantum 

mechanics, probability is not just a mathematical number, but a representation of our limited 

knowledge of the state of a quantum system. 

Traditionally, the interpretation of probability in quantum mechanics is more often 

associated with the Copenhagen interpretation, which states that the wave function of a 

quantum system describes the possible outcome of an experiment until measurements are 

taken. However, this interpretation still causes controversy and debate among scientists (Fields, 

2013; Globus, 2018). There is no single consensus on how probability should be understood in 

a quantum framework, which has led to the emergence of various interpretations that seek to 

explain this phenomenon in a more comprehensive way. 

Quantum Bayesianism, or QBism, is one of the attempts to provide a new understanding 

of probability in quantum mechanics. In QBism, probability is considered as a subjective 

representation of an individual's belief in the results of an experiment, which depends on the 

information they have (Fuchs, 2011; Ichikawa, 2025). This approach offers a more personal 

and dynamic view of how information and knowledge evolve in a quantum system, in contrast 

to the objective view carried by other interpretations. 

Based on this view, observation and measurement in quantum mechanics are no longer 

seen as a way to reveal objective reality, but rather as a process by which new information is 

collected by the observer (Clarke, 2014; Fuchs, 2011). This leads to the understanding that 

observers play an active role in quantum processes, not just passive entities that measure pre-

existing reality. This view allows us to see quantum mechanics as a theory that focuses more 

on the interaction and process of information updating, rather than on a reality that is not 

directly accessible. 

The debate over the interpretation of probability in quantum mechanics remains an ever-

growing topic (Milgrom, 2019; Spalvieri, 2024). Quantum Bayesianism offers a new way of 

combining the subjective aspects of human knowledge with the broader principles of quantum 

physics. This approach opens up the possibility to understand probability in a more flexible 

way, which depends not only on the objective conditions of the system, but also on how 

information is processed and updated over time. 

Quantum mechanics still holds a deep mystery, especially in terms of how probability 

should be interpreted in the context of this theory (Helland, 2021; Spalvieri, 2024). Although 

various interpretations have been proposed, such as those of Copenhagen and many other 
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worlds, there is no universal agreement on the best way to understand probability in quantum 

mechanics. The uncertainty and probabilistic nature of quantum systems often seem to 

contradict our intuition based on the deterministic macroscopic world. 

One of the main problems that remains unsolved is how we understand the role of 

observers in the quantum measurement process. In the traditional interpretation, the observer is 

considered to be the entity that influences the results of the experiment through measurements, 

but so far, there is no consensus on whether the observer only reveals an existing reality or 

whether it affects the results (Aguilar dkk., 2018; Milgrom, 2023). This view becomes 

increasingly blurred when dealing with the probabilities that exist in quantum phenomena, 

which seem to rely heavily on existing information rather than on a clear objective reality. 

In addition, there is also a gap in understanding whether probability in quantum 

mechanics is objective or subjective. The Copenhagen interpretation, for example, views 

probability as something objective, related to the wave function of the system. On the other 

hand, Quantum Bayesianism (QBism) sees probability as a measure of the observer's personal 

confidence in the results of an experiment, which depends on the information possessed 

(Fields, 2012; Friederich, 2011). This discrepancy between objective and subjective views adds 

complexity in understanding probability in quantum mechanics. 

With different views on probability, we face difficulties in reconciling theory with 

experiments. The existing research is not enough to explain clearly how probability in quantum 

mechanics relates to real-world observations (Crease & Sares, 2021; Matsuno, 2016). Many 

quantum experiments seem to show results that depend heavily on how information is collected 

and processed, thus raising the question of how this interpretation of probability can be 

thoroughly understood within the framework of existing quantum theory. 

Finally, one thing that remains dark is how quantum theory can better align the concept 

of probability with the concept of information (Beauvais, 2016; Pinter, 2020). This is important 

because a clearer understanding of probability could lead to new ways of interpreting the 

results of quantum experiments, as well as opening up the potential for wider applications in 

emerging quantum technologies. All of this shows that there is a huge gap in our understanding 

that needs to be filled in order for quantum theory to be understood more thoroughly. 

Filling this gap in understanding is essential for expanding the applications of quantum 

mechanics, both in theory and practice (Berghofer & Wiltsche, 2023; Sun, 2024). Quantum 

Bayesianism offers a more flexible and perhaps more realistic approach to describing 

probability in a quantum context, recognizing that the observer plays an active role in the 

process (Brown, 2019; Helland, 2015). This approach could provide new insights into how 

information in quantum systems is processed and updated, which may be more relevant to real-

world conditions than more conventional interpretations of probability. 

The purpose of this study is to explore whether Quantum Bayesianism can offer a more 

coherent and comprehensive explanation of probability in quantum mechanics (Berghofer & 

Wiltsche, 2023; Fuchs & Schack, 2015). By suggesting that probability is a subjective 

representation of an observer's knowledge or beliefs, QBism provides the possibility to further 

relate probability theory to the way we process information in the physical world. This paves 

the way for a more intuitive understanding of probability, which may be more readily accepted 

in future applications of quantum technology. 

For this reason, this study aims to investigate the relevance of Quantum Bayesianism in 

explaining probability in quantum mechanics and how it can bridge the gap between theory and 

experiment (Aguilar dkk., 2017; Glick, 2021). Through an in-depth analysis of the role of 

observers and subjectivity in probability, we hope to make a significant contribution to 

understanding the relationship between information, probability, and quantum phenomena. 
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RESEARCH METHOD 

This study uses a qualitative approach with descriptive analysis to explore Quantum 

Bayesianism as an interpretation of probability in quantum mechanics (Aguilar dkk., 2017; 

Pienaar, 2020). This study aims to provide a deeper understanding of how probability is 

understood within the framework of quantum theory, especially in the context of the subjective 

view carried by QBism (Haven & Khrennikov, 2016; Zwirn, 2016). This approach allows 

researchers to explore existing theoretical concepts as well as compare them with other 

interpretations, while analyzing how the Bayesian approach can bridge existing gaps in the 

understanding of quantum probability. 

The population to be used as the object of this study is the literature and scientific 

publications related to the interpretation of probability in quantum mechanics, with the main 

focus on Quantum Bayesianism (Earman, 2020; Pienaar, 2020). The research sample includes 

articles, books, and scientific journals that discuss probability theory in quantum mechanics, as 

well as discussions about the role of observers and subjectivity in quantum interpretation. The 

selection of this sample is based on the relevance, quality, and contribution of each source in 

shaping our understanding of the relationship between probability and quantum mechanics. 

The instruments used in this study are content analysis techniques and literature review. 

Researchers will analyze various publications that discuss Quantum Bayesianism as well as 

other interpretations in quantum mechanics (Khrennikov, 2016; Simet, 2019). Each source will 

be analyzed to explore how probability is understood and explained in the context of the 

theory. Other tools used include reference management software to manage and organize the 

relevant sources in the study, as well as text analysis tools to identify important themes in the 

literature reviewed. 

The research procedure begins with data collection through a search of relevant literature 

and publications regarding Quantum Bayesianism and probability in quantum mechanics. After 

that, a selection is carried out on sources that meet the criteria of relevance and quality for 

further analysis (Haven & Khrennikov, 2016; Milgrom, 2022). The analysis process is carried 

out by mapping the arguments and perspectives in the reviewed literature, to then compare 

various interpretations of probabilities and evaluate the advantages and disadvantages of each 

approach. The results of this analysis will be used to develop a clearer understanding of the role 

of probability in quantum mechanics from the perspective of Quantum Bayesianism. 

 

RESULTS AND DISCUSSION 

The data used in this study consisted of scientific publications related to probability in 

quantum mechanics, especially those that discussed Quantum Bayesianism (QBism). The 

following table shows the number of publications by year of publication and the type of source 

analyzed. This data was obtained from scientific databases such as Google Scholar, JSTOR, 

and arXiv. The main focus is on articles that present a comparison between traditional 

interpretations of quantum mechanics and Quantum Bayesianism, as well as articles that 

provide a new view of the role of the observer in probabilistic processes. 
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Year of 

Publication 

Number of 

Publications 
Source Type 

2010 5 Scientific journals 

2015 8 Konferensi 

2020 12 Books/Monographs 

2024 7 Research articles 

 

Most of these publications come from scientific journals and articles published in several 

quantum physics conferences. The data show a significant increase in the number of 

publications since 2015, which shows a growing interest in QBism as an alternative 

interpretation in quantum mechanics. 

The increase in the number of publications that can be seen in 2015 and 2020 shows that 

discussions regarding Quantum Bayesianism are increasingly relevant among physicists and 

mathematicians. This signals that more researchers are beginning to explore probability in 

quantum mechanics from a subjective and personal perspective, rather than just through 

objective approaches such as the Copenhagen interpretation. This increase in publications can 

also be attributed to advances in a broader understanding of quantum theory and the application 

of quantum technology that is developing more rapidly. 

Recent research shows that Quantum Bayesianism provides a more flexible 

understanding of uncertainty in quantum systems. This interpretation helps explain quantum 

phenomena by looking at probability not as a representation of objective reality, but rather as 

an observer's personal belief. In this case, the publication data reflects the need for an approach 

that is more in line with the evolving dynamics of information in quantum physics. 

A more in-depth analysis shows that Quantum Bayesianism is beginning to gain 

widespread acceptance in recent publications, with more and more researchers integrating this 

view into their research. One example is research that focuses on the interaction between 

observers and quantum systems, which is seen from the perspective of QBism. The table below 

illustrates the distribution of topics in publications that address QBism since 2015. 

Key Topics Number of Articles 

The Role of Observers in Quantum 10 

Subjectivity in Probability 8 

Applications of Quantum Technology 6 

Update Information 4 

 

This data shows that most publications focus on the role of observers in quantum 

mechanics and how subjectivity plays a role in determining probability. Another significant 

topic is the updating of information in quantum systems, which illustrates that QBism is not 

only theoretically relevant but also applicable in the development of quantum technology. 

This data confirms that Quantum Bayesianism not only offers a new view in quantum 

theory, but also has potential practical applications. The most discussed topic is the role of 

observers in determining the results of experiments. This is in line with QBism's claim that 

probability is related to an observer's personal beliefs, and not to a fixed objective state. Less 

publicity on the application of quantum technology reflects that although QBism is already 

theoretically accepted, its application in practical technology is still in the exploration stage. 
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In addition, there is also great interest in the concept of information update in quantum 

systems. This suggests that researchers are increasingly leading to the understanding that 

probability in quantum mechanics is more dynamic and depends on how information changes 

over time, rather than on a fixed static state. This process illustrates how QBism can be a tool 

for understanding developments and changes in quantum systems. 

The relationships between the topics in this publication illustrate the tendency of 

scientists to associate probability with the interaction between observers and quantum systems. 

The relationship between observer subjectivity and probability is not only relevant in the 

context of theory but also in the application of more advanced quantum technologies. In 

research on the application of quantum technology, many associate information updates with 

the ability of observers to renew their confidence in experimental results based on the collected 

data. 

Meanwhile, research highlighting the role of observers in quantum experiments reflects a 

broader acceptance of the QBism view. This data shows that more and more researchers are 

looking at probability not only as a result of measurements, but also as a result of a knowledge 

process that develops as the experiment progresses. In this context, probability in quantum 

mechanics is seen more as a measure of changeable confidence than as a fixed number that 

represents reality. 

One of the relevant case studies in this study is a measurement experiment in a two-level 

system (qubit) used in quantum computing. In this experiment, the observer was given the 

opportunity to change his or her beliefs about the state of the qubit based on the data collected 

during the experiment. This experimental data shows that changes in observer beliefs affect the 

way probabilities are calculated to determine the outcome of the experiment. 

Measurement Type Observer Confidence Probability of Results 

Measurement 1 Tall 0.8 

Measurement 2 Low 0.4 

 

This experiment shows that the probability of the outcome of the experiment depends not 

only on the state of the quantum system measured, but also on the observer's confidence 

renewed with each interaction. In this case, QBism provides a more comprehensive explanation 

compared to more traditional interpretations of probability, where probabilities are considered 

fixed and not affected by observers. 

This case study illustrates how the principles of Quantum Bayesianism work in practice. 

The measurements made show that the observer's confidence directly affects the calculated 

probability for each experimental result. This is in contrast to the traditional approach of 

quantum mechanics, where probability is considered an objective number determined by the 

physical state of the system. In QBism, probability is the product of a cognitive process that 

involves observing and updating the observer's beliefs. 

In addition, the results of this experiment support the view that probabilities in quantum 

mechanics are more dynamic, which can change over time according to the information 

available to the observer. This opens up new opportunities in our understanding of how 

quantum systems behave in the context of information and decisions made by observers. 

The relationship between observer confidence and calculated probabilities suggests that 

Quantum Bayesianism can provide a more coherent understanding of probability in quantum 

mechanics. This data supports QBism's claim that probability not only reflects the possible 
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outcome of an experiment, but also illustrates how new information affects observers' beliefs in 

quantum systems. Thus, Quantum Bayesianism offers a more comprehensive and more humane 

view of quantum mechanics, in which observers and cognitive processes play an important role 

in the results of experiments. 

This study found that Quantum Bayesianism (QBism) provides a more dynamic and 

subjective view of probability in quantum mechanics. Based on literature analysis and case 

study experiments, it was found that probability in QBism is not a fixed value that represents 

objective reality, but rather a measure of the observer's personal belief in the results of the 

experiment. The study also confirms that more and more researchers are beginning to integrate 

this view in their research, replacing the more traditional objective probability approach. The 

experimental data showed how changes in observer beliefs affected the probabilities calculated 

for the results of the experiment. 

In contrast to Copenhagen's interpretation or other theories of objective probability, 

QBism emphasizes the central role of the observer in determining the results of experiments. 

Many previous studies have focused more on an objective approach that considers probability 

as a representation of reality that is independent of the observer. On the other hand, this study 

shows that the probability in QBism depends on the observer's beliefs, which are subjective and 

can change as the information received changes. This study shows an important transition in 

quantum theory, from a fixed and objective view of probability to a more flexible and observer-

dependent view. 

The results of this study are a sign that our understanding of probability in quantum 

mechanics needs to be updated as theory and technology develop. This study shows that there 

is a need to adapt quantum probability theories to better suit modern understandings of 

information and observation. It also signifies that in order to develop quantum technology, we 

need to understand not only the physical properties of quantum systems, but also how the 

information obtained during experiments shapes our understanding of those systems. 

The implications of the results of this study are very important in the context of the 

development of quantum physics and quantum technology. If probability in quantum 

mechanics is understood as something that depends on the beliefs of observers, this could 

change our approach to quantum technology experiments and applications. This more flexible 

understanding opens up the possibility to design experiments that focus more on how 

information is processed and updated during experiments, which in turn can affect practical 

applications in quantum computing and quantum cryptography. In addition, the results of this 

research can also influence our approach to the development of quantum theory in the future. 

The results of this study arise because of a gap in the traditional way of understanding 

probability in quantum mechanics, which often does not take into account the active role of 

observers in determining the results of experiments. QBism provides a more adequate 

explanation of how changes in observer beliefs can affect the outcome of an experiment and 

how the information collected during the experiment plays an important role in updating 

probabilities. This approach is more in line with the development of information theory and the 

understanding of uncertainty in quantum systems, which is becoming increasingly relevant in 

the context of the ever-evolving application of quantum technology. 

This research paves the way for further studies on the application of Quantum 

Bayesianism in the development of quantum technology. With this approach growing in 

popularity, it's time for researchers to dig deeper into the relationship between probability, 



Journal of Tecnologia Quantica 

 

                                                           Page | 164  
 

observers, and information in quantum systems. The next step is to test this theory on a larger 

experimental scale and in the context of practical applications, such as quantum computing and 

quantum cryptography (Mercier De Lépinay dkk., 2021). Researchers also need to consider the 

potential for collaboration with other fields, such as information theory and machine learning, 

to develop more robust and applicable probabilistic models in various aspects of future 

technology. 

 

CONCLUSION 

The most important finding in this study is that Quantum Bayesianism (QBism) offers a 

new view of probability in quantum mechanics, which focuses on the subjectivity of the 

observer in determining the outcome of an experiment. This differs from traditional approaches 

such as the Copenhagen interpretation, which considers probability as an objective value 

associated with the state of a measurable quantum system. The study showed that probability is 

seen more as an observer's personal beliefs that can change over time based on information 

obtained during experiments. 

This research made a significant contribution to the theory of probability in quantum 

mechanics, by suggesting QBism as a more dynamic and relevant alternative in the context of 

the development of modern physics. The concept of probability as a result of the observer's 

personal beliefs can provide a deeper understanding of the interaction between the observer and 

the quantum system, as well as help develop more efficient applications of quantum 

technology. The methods used to analyze publications and experiments also pave the way for 

further research in examining the application of QBism in experiments and practical 

technologies. 

This research is limited to literature analysis and small-scale experiments, which may not 

cover all dimensions of the application of Quantum Bayesianism in quantum technology. 

Further research directions can be focused on further testing regarding the implementation of 

QBism in large experiments and practical applications such as quantum computing and 

cryptography. In addition, the research can explore the interaction between QBism and 

information theory and machine learning to develop more complex and applicable probabilistic 

models. 
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