


Change blindness is a phenomenon of visual perception where a change occurs without the observer noticing (Attwood, Kennard, Harris, Humphreys, & Antoniades, 2018). It is defined as a misplaced confidence in the ability to correctly identify a visual change (Baddeley, Eysenck, & Anderson, 2009). Its causes are down to limited attentional capacity and memory failures, but other factors are highly impressionable as well. Factors such as age, attention, object presentation and substance use can highly effect capabilities to notice a change in our environment. When we are visually stimulated with a complex picture it is more likely that only a small portion of the image is retained and not the image in its entirely. There is also the consideration of how this information is being input, and then how it is processed, stored, and then retrieved. The past decade, study of change blindness has contributed to understanding of human attention, perception, and consciousness (Simons & Rensink, 2005). Primarily, studies have been done in a laboratory setting by changing images on a computer through saccades, screen flicker, and mud splashes or in the real-world swapping out an object or person in an individual’s environment. However, these studies have been focused on the change a participant does not notice rather than the changes they do notice which shows a prejudice towards change blindness rather than change detection (Simons D. , 2000). Theories which will be discussed are human attentional capacity limitations, saccadic suppression, and external factors which all try to explain this phenomenon. Change blindness has a massive effect on everyday life and its implications are evident from eyewitness testimonies to driving ability which is why there is so much interest in understanding why seminally obvious changes are not detected. Within the context and definitions set out above this paper intends to review and discuss change blindness on the real-world. 
The study of change blindness started in the early 1970s with the intention of exploring the phenomena of examining eye movement and working memory. These studies were laboratory-based and conducted through saccades using words and text. In these early studies, changes were introduced while the observer performed a saccadic eye movement and suggested that observers often did not notice the change during an eye movement (McConkie & Rayner, 1976). The first centralised experiment on change blindness showed poor change detection in complex displays without eye movements being involved and instead flickering on and off an array of letters (Pashler, 1988). As technology advanced the ability to display complex real-world images on a computer screen developed resulting in the study of change blindness being much easier to test. Studies started to be more complex and expanded to further test human attentional capabilities. A real-world study of change blindness came much later and is something that has been difficult to replicate with different stimuli. Current research is aimed at testing different stimuli to understand what areas change blindness is affected by and recent studies suggest change detection is easier to identify when items are holistically processed (Wilford & Wells, 2010). However, there are theories which aim to explain change blindness and why it happens. 
Theories to explain change blindness differ in the focus of what is the cause. The first point of focus being the brain, the physical object that is active and systematically processing all the information which can be seen through scans. The brain processes and stores all information for later retrieval through encoding. This is accomplished by selecting the information that has been focussed on, and this is limited to what our attentional capacity can hold. During change blindness the visual system is still intact and functioning as normal however, it is the information that must pass through a tight choke point so only certain details are processed (Simons & Levin, 1997).  Another explanation for change blindness is the mechanisms that generate an eye movement actively supress perception during an eye movement known as saccadic suppression (Bremmer, Kubischik, Hoffmann, & Krekelberg, 2009). This suggests that our vision is based on snapshots and jerky movements of our visual perception and how visual stability transforms this input into a stable perceptual experience of our environment (Watson & Krekelberg, 2009). This led to studies which focus on these eye movements called saccades which look to understand how this eye movement affects our visual input. There is also the issue of causes to change blindness such as distractions which take away focus from the object or person that is changing, expectations which our minds constantly fill in the blanks of our vision and manipulation such as using saccades to manipulate where the focus of attention is. Age has been implicated as a factor which increases the severity of change blindness as the older the participant the longer they usually take to detect a change (Bergmann, Schubert, Hagemann, & Schankin, 2016). Attention is another factor that impacts change blindness in that depending on what the focus is means previous focus can be missed. Studies suggest increasing shifts in attention decrease the severity of change blindness (Smith & Schenk, 2008). Object presentation could impact change blindness if the object presented forces the viewer to redefine objects in the image (Landman, Spekreijse, & Lamme, 2004). Finally, substance use has been suggested to decrease change blindness through detection bias on tasks if related to a regularly used substance (Colflesh & Wiley, 2013). Studies have suggested alcohol can, on occasion improve change blindness through quicker detection from a more passive way of viewing (Colflesh & Wiley, 2013). This study also suggests how alcohol can slow down controlled search processes through saccades which allows for more fixations allowing better processing of the brain (Colflesh & Wiley, 2013). Research is imperative to understand stimuli which affects change blindness, and this has mainly been done in three different ways: saccades, flicker paradigms and real-world. 
Saccades are a study in neuroscience where the centre of gaze is manipulated from one part of the visual field to another with rapid eye movements (McConkie & Currie, 1996). This is achieved by an auditory-visual transformation of the stimulus, and they are mainly used to direct a participant’s gaze to an object of interest. This eye movement can be tracked through eye tracking software which uses an infrared light to track where the retina is focused. The saccade target theory suggests that when our eyes are in movement to focus on another part of what we are looking at our viewpoint is obscured to the picture as a whole (Currie, McConkie, Carlson-Radvansky, & Irwin, 2000). This sudden demand for attention to a certain object means we are reliant on what our short-term memory holds of that previous point of focus in a complex picture. In the real-world a sudden demand like this could have a massive impact which can be quite catastrophic. A different approach of study to change blindness which is unrelated to saccades is the flicker paradigm. A flicker paradigm is created by flickering between two identical images, one of which is altered, with a blank screen in between. The participant is required to indicate when they notice a change. Rapid visual flicker is known to capture attention (Cass, Van der Burg, & Alais, 2011). This method of study has aided researchers through qualitative data to show how long it takes for participants to notice a change even when being aware to look for a change (Rensink, O'Regan, & James, 1997). It also aided in what participants notice first changed and how more important areas were noticed first compared to areas of less interest (Rensink, O'Regan, & James, 1997). It suggests that the limitations of human attention in laboratory studies and the implications this can have on real-world events such as eyewitness testimonies or distractions while driving. Although the flicker paradigm was first used in the late 1990s, it is still common and contributing towards current research on change blindness. Another approach used less than previously mentioned is real-world study of change blindness. This type of study enables researchers to investigate a situation without the participant knowingly expecting change and is conducted in a natural environment. Simmons & Levin’s (1998) study consisted of two experiments. In experiment one, a real-world interaction was conducted which involved asking a pedestrian for directions. This interaction is interrupted by people carrying a door which allows the experimenter to swap with another experimenter. The pedestrian is then debriefed and asked if they noticed anything unusual and their response was recorded. The second study using the same procedure as before, but the experimenters were dressed as construction workers. Both experiments revealed that individuals rarely recognise when their conversation partner is exchanged while they are concentrating on a high demanding task (Simons & Levin, 1998). The first study concluded that only half of the participants noticed the change and that detection was dependant on social group membership (Simons & Levin, 1998). The second study showed even less participants with 33% noticing a change. It is interesting how an entire person who is the object of focus can change and half of participants did not notice due to enough distraction. However, this study does show bias towards the demands of the situation to the increase of participants reporting the change (Simons & Levin, 1998). There is also the distraction of giving directions which takes focus from the experimenter and instead focus is on the door passing and the large map. 
Change blindness in real-world settings is experienced every day to various degrees ranging from minor missed changes to causing severe catastrophes. This tells us that failing to detect changes in the environment can lead to fatal consequences and distractions can impact attention and lead to increased change blindness. Research has suggested that there is a high possibility of inaccuracy in eyewitness testimonies (Davies & Hine, 2007). This could result in negative consequences of incorrect witness statements and can lead to inaccuracy in identifying criminals, mistaken eyewitness identification, and wrongful convictions (Nelson, Laney, Fowler, Knowles, & Loftus, 2011). Another area where change blindness has been studied is how it affects driving ability. Research suggests that older drivers compared to younger drivers, were more likely to make incorrect decisions when faced with a change at a junction (Caird, Edwards, Creaser, & Horrey, 2005). Laws have been implemented to make it illegal to use your phone while driving as this is a distraction that increases change blindness by diverting attention. Other research has suggested that change detection efficiency is impacted by several factors which include driving environment, the type of object changed and safety relevance (Beanland, Filtness, & Jeans, 2017). There is also the consideration of cultural differences in how different ethnicities view the world. Research suggests that through perception and cognition a difference in east Asians who view the world more holistically and Westerners who view more analytically (Masuda & Nisbett, 2006). Air traffic control requires the upmost attention to be able to detect changes when monitoring take-offs, landings, and flight paths. Attention is vital and should it faulter, could allow for disasters and even fatalities. However, studies show that a more holistic approach is needed as current systems in place to try to prevent change blindness by diverting attention to key changes can have both positives and negatives (Imbert, et al., 2014). Social interactions are also affected and range from not noticing a new hair cut to the person changing or disappearing without noticing. 
Human capability to withhold information is limited to the level of attentional capacity the individual can hold, therefore, we can only focus on a limited number of objects at one given time. This means that large volumes of information must pass our awareness simply because we lack the resources to take it on board. There is so much stimulation in different formats to process that without some form of filtering we would get overwhelmed and therefore be unable to process anything. Lab based studies are artificially produced to make such a sudden change it is difficult to apply to the real-world. It has been suggested that people do not notice when a change has occurred because in the real world an object would not suddenly change to something else or disappear entirely. However, these studies suggest how bad humans are at noticing when something has changed even with instructions to look for change. Real-world studies are also limited in how reliable they are and how they depend on the social demands and distraction tools to be successful. The real-world implications of change blindness have been evident in areas such as near misses while driving to full blown tragedies of planes colliding so there is still more to be done to further prevent this. A further focus must be on tools which aid attention within demanding roles such as air traffic control and everyday occurrences such as driving and whether these aid or hinder a person’s attention capacity.
In conclusion, change blindness in human’s attentional capabilities in the real-world has the potential to cause harm and is not something that is easily solved within human capabilities. .
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