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Abstract

Previous studies revealed astonishing observers’ inability to notice visual change if scene perception is briefly interrupted for some reasons. This phenomenon is referred to as change blindness. The present study is aimed to clarify how observers look for visual changes, what strategies they use and how these strategies affect change blindness. In Experiment 1 participants performed free search for change in standard flicker paradigm (Rensink et al., 1997). Results of experiment led to some possible classifications of search strategies. Distinction between location-based and object-based strategies is the most essential one. In Experiment 2, these two strategies were isolated by manipulation with special cues at three difficulty levels of change detection task. Object-based strategy had been found to be most efficient one and location-based was helpful in difficult tasks. On the other hand, location-based strategy was even less effective in accurate identification of changes than free search for visual changes.
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Introduction

Our everyday visual environment normally consists of many objects varying in wide range of characteristics. Dynamics of environment is one of its important properties. Dynamics means that objects can be exposed to physical transformations. Physical transformations result in perceived changes. Experience of naïve introspection suggests that observer is normally able to see all objects at once and to notice all their changes (Beck et al., 2007; Levin et al., 2002). Thus, a car driver may be strongly convinced that he is able to notice a sudden hazard on the road timely and react immediately.

Nevertheless, such intuitive beliefs about change perception are not completely reasonable. Thus, if a change takes place in stable visual field it would be automatically detected and attended involuntarily. But if a change occurs when scene perception is interrupted (e.g. during eyeblink or saccade) person often shows astonishing inability to detect such a change. This effect called change blindness has been intensively studied for last years.

Impressive illustrations of everyday change blindness have been obtained by Simons and Levin. In one of their field studies (Simons, Levin, 1998) an experimenter with a campus map asked unexpected pedestrians for a direction to a nearby building. Some seconds after conversation beginning two other experimenters carrying the door walked between talkers. At that time the first experimenter had been replaced by one of those carrying the door. Thus, pedestrian continued his conversation with another person. Almost half pedestrians failed to notice the change with their conversation partner. In another research (Levin, Simons, 1997) participants watched short movies with different details changes that occurred when shot changed. Levin and Simons (1997) found that almost 70% participants failed to notice change with an actor, and changes with another details (e.g., clothes, plates on the table, etc.) remained unnoticed in almost all cases!

Observations made by Simons and Levin (1998; Levin, Simons, 1997) are concerned with blindness to changes occurring unexpectedly. But change blindness also takes place when a person is aware of change in advance and searches for it actively. There are several special paradigms for studying active search for changes. One of such paradigms is so called flicker paradigm developed by Rensink, O’Regan and Clark (1997). In flicker paradigm observer is exposed to temporal alternation of two similar displays interrupted by briefly presented blank field. Two alternating displays are similar excluding single detail. In flicker paradigm observer has to detect a changing detail across alternations as soon as possible and to identify it. 

Change blindness is also observed for static displays in ‘mudsplash’ paradigm (O’Regan, Rensink, Clark, 1999). In this paradigm local visual distractors (‘mudsplashes’) are briefly presented above static display with concurrent visual change in that display. O’Regan, Rensink and Clark (1999) claim that ‘mudsplashes’ can induce change blindness even if visual change is not spatially superimposed by distractor. Another foundation made by Grimes (1966) is that visual change may remain unnoticed if it takes place during eye saccade.

Change blindness phenomenon is closely related to visual attention in humans and is traditionally referred to attentional failures. Some determinants of whether observer is able or unable to detect visual changes are associated with attention as well. Thus, as Rensink, O’Regan and Clark (1997) reported visual changes in meaningful details of a visual scene called ‘central interests’ are more easy-to-detect than changes in insignificant details called ‘marginal interests’. Moreover, there are individual differences in details which are more likely to be noticed depending on observer’s personal interests (Simons, Rensink, 2005). For instance, football experts are better in change detection in football match pictures than naïve observers (Werner, Thies, 2000), and social alcohol and drug users are more efficient in search for changes in things related to their addictions (Jones et al., 2003). Hazardous changes in road traffic environment (e.g. bicyclist suddenly appeared at a roadside) are also more detectable than non-hazardous ones (e.g. road advertisement) (Velichkovsky et al., 2002).

Nevertheless, as experiments described above showed, attention is necessary but not sufficient for visual change awareness (Simons, Ambinder, 2005). Thus, changes in objects of direct attention (like conversation partner (Simons, Levin, 1998) or movie character (Levin, Simons, 1997)) often remain unnoticed. In addition, people often unable to aware of visual change for the long period of time even when they are seeking for visual change actively (Rensink, O’Regan, Clark, 1997).

Most of contemporary researchers of change blindness are concerned with the nature of the phenomenon and conditions determining whether it takes place or not. Nevertheless, they are less concerned with operational and strategic aspects of change search. Thus, there are no systematic experimental researches studying different modes of active search for changes. Perhaps, efficient observers who detect changes with relative ease implement some special search strategies? Description and comparison of such strategies is important in attempt to clarify some theoretical issues concerning change blindness and is critical for some future applied researches.

The main goal of the present experiments is systematic analysis of strategies used in search for visual changes. Experiment 1 is aimed to primary description and classification strategies reported by observers. In Experiment 2 some of previously found strategies have been isolated with special instructions, and this permitted to compare their efficiency.

Experiment 1. Free search for visual changes.

Objectives of the Experiment 1 are as follows. First, description and classification of possible strategies used in free search for visual changes in typical version of flicker paradigm. Second, it had to provide an estimation of standard task difficulty
.

Methods

Participants

Fifty-four undergraduate students (27 males, 27 females) of psychology departments of Moscow State University and Higher School of Economics took part in Experiment 1. Average age was 21.5 y.o. All participants reported to have normal or corrected to normal vision. All participants performed flicker task, eleven of them had been exposed to free postexperimental interview (self-report) to reveal search strategies.

Apparatus and Stimulation

Stimulation was prepared and presented with the help of StimMake system (authors A.N. Gusev, A.E. Kremlev). Stimuli were presented on the standard VGA-monitor at refresh frequency of 85 Hz.

Thirty pictures of wild nature, animals and architecture have been used as stimuli. Each original picture had been modified with Adobe Photoshop and MS Paint. Modified pictures differed with original ones in only one detail. To provide flicker blank gray field had been used.

Procedure

Participants were seated 60 cm from the monitor. They were instructed to detect changing detail between two permanently alternating pictures. Participant had to press Y button on the keyboard as soon as he or she detected a change. Alternation of pictures stopped by button pressing and replaced by static display containing only original picture where participant had to indicate the change and to tell what it was.

Trial design. In typical trial participants exposed to alternation of original picture (picture A) and modified picture (picture A`). Every time when one picture replaced with another there was blank gray field on the screen reproducing standard flicker procedure developed by Rensink, O’Regan and Clark (1997). Duration of picture A or A` presentation was 400 ms, duration of blank field was 200 ms. Alternation of A and A` continued permanently until participant pressed the Y button on keyboard. Temporal sequence of stimuli ‘A – blank field – A` – blank field’ was one full alternation which then repeated cyclically. Typical trial design is presented in Figure 1. After participant presented Y button picture A appeared on the screen with unlimited duration. Participants had to report what had changed (after-trial reports) and then experimenter pressed N button to start next trial.
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Figure 1. Typical trial of flicker paradigm used in Experiment 1. Alternation of stimuli continues until participant presses the button.

Participants were allowed to miss some trials if they considered them to be too difficult. In this case participants had to press Y button and to say ‘I can’t see the change’.

Total number of trials was 30. Trials were intermixed in quasi-random order to avoid more than two pictures of similar content (e.g. animals, architecture, etc.) following one after another. Half of participants had been exposed to direct sequence of 30 trials and another half of participants had been exposed to reversed sequence.

Dependent variables were search time measured as a number of full alternations ‘A – blank field – A` – blank field’ until button pressing and different errors made by participants in their after-trial reports including ‘miss’ reports.

Post-experimental reports. In post-experimental interviews participants were asked to remember and describe strategies and techniques they used for more efficient search for changes. 

Results and Discussion

Post-experimental reports. All interviewed participants had been able to describe their strategies and techniques of search. Most of reported strategies had been divided into two large types. The first type of strategies referred as location-based search. This type of strategies includes reports containing search over spatial segments of visual scene. For instance, “First, I looked at the centre of the picture and if there was nothing changing looked at the bottom, and so on…” or “First I looked at foreground and then step by step moved to background”, etc. The second type of strategies was object-based search. It includes all cases when search is associated with specific objects presented in picture. Nevertheless, it is necessary distinguishing between two different modes of object-based strategy. The first mode is search driven by physical characteristics of objects, i.e. “I used to start my search with small details, since they are less noticeable”. The second search mode is one defined by object’s categorical characteristics, or its meaning, i.e. “I was sure that something should change either in one of zebras or in one of the trees” (one of stimuli depicted herd of zebras in African savanna, and visual change consisted in disappearance of one zebra). 

Seven of eleven interviewed participants reported that they used both location-based and object-based strategies. Three participants mentioned only object-based strategy, and one participant mentioned only location-based strategy.

In addition to location-based and object-based strategies of visual search for changes some participants mentioned other specific techniques. Thus, one of such techniques is so called ‘intuitive’ search mentioned by two participants. According their reports they were simply feeling that ‘something is changing’ before seeing a change. One of participants (A.T.) told that she was feeling ‘some change’ and then that feeling was ‘leading her’ to the proper location and allowed to detect change with relative ease. This phenomenon referred as mindsight (Rensink, 2004) may take place in 18-30% cases of active search for changes (Mitroff, Simons, 2002). However, according to Simons, Nevarez and Boot (2005) mindsight phenomenon indicates specific uncertainty experience of some observers that they really detected a change rather than true intuition.

There is also another possible classification of search strategies. In some cases participants reported that their search was based on their presuppositions about which details are likely to be changed. In contrast, in other cases their search was based on contrary presuppositions about what details are likely to be not changed. The first mode of changed is called conjunctive strategy, the second one is called disjunctive strategy. Noteworthy, that disjunctive search is mentioned only in ‘object-based’ but not in ‘location-based’ search.

Search time. According to search time data all thirty pictures used in Experiment have been divided into three degrees of difficulty, each contained ten pictures. Time limits for each degree were as follows: ‘easy’ pictures included those with average search time under 15 alternations, ‘medium’ pictures included search time between 16 and 30 alternations and ‘hard’ pictures included search time above 30 alternations. Noteworthy that all changes have not been detected immediately. Thus, change blindness phenomenon presented in all trials of Experiment 1.

Errors. Total amount of errors during all experiment was under 15 per cent responses. All errors were divided into three classes. The most frequent errors were missed responses (9.63%). In identification errors (5.43%) participants are able to indicate change location correctly but had problems with recognition of corresponding object, e.g. recognized a monkey instead of a cat. In localization errors (0.37%) participants indicated the wrong location of change.

Here is the summary of the most important results of Experiment 1. These results are critical for Experiment 2. Participants’ reports provided classification of basic strategies used in free search for visual changes. Thus, the major classification included two types of strategies – location-based and object-based ones. In turn, object-based strategies can be subdivided into different modes based on two grounds: 1) physical versus categorical properties of objects and 2) conjunctive versus disjunctive search. Of course, such differentiation is purely preliminary because of lack of empirical data.

In next stage of my research (Experiment 2) I have been focused on comparative analysis of two basic types of strategies, i.e. location-based and object-based search for changes.

Experiment 2. Comparison of location-based and object-based strategies of visual search for changes.

Objectives of the Experiment 2 are as follows. First, it developed special experimental manipulations that allowed isolating location-based and object-based strategies. Second, it was aimed to compare efficiencies of both strategies in different difficulty levels of change detection task.

Methods

Participants

Sixteen undergraduate students (3 males, 13 females) of psychology department of Higher School of Economics took part in Experiment 2. Average age was 21.5 y.o. All participants reported to have normal or corrected to normal vision. Participants were randomly divided into two groups which performed change detection task in two distinctive instructions. The first group (N=9) received ‘object-based’ instruction and the second group (N=7) received ‘location-based’ instruction (see below for descriptions).

Apparatus and Stimuli

Apparatus and stimuli were the same as in Experiment 1. The only addition was that there were modified blank screens used in ‘location-based’ group for visual scene interruption. Blank screen contained homogenous light gray background with white grid above dividing the whole screen into three vertical by four horizontal squares (totally twelve squares). Two, four or six squares could have dark gray color and covered an area of pictures A and A` containing alternating detail.

Procedure

Procedure was, in whole, similar with the one from Experiment 1. Sequences of trials were the same, temporal parameters were also the same and response registration did not differ from procedure of Experiment 1. Instructions for participants were the only principal distinction between two experiments. There were two possible instructions.

‘Object-based’ instruction. Before the experiment participants were instructed to search for changes. They were also told that they would have a verbal cue before each trial. A verbal cue contained information about which objects might be changed in course of corresponding trial. Indeed, participants received such cues before each trial in form of written instruction on the screen, e.g. “Search for on the cows changes”, “Search among cars for changes”, etc. In distinct trials cues provided search zone from about 15% to 50% of the whole screen square.

‘Location-based’ instruction. Before the experiment participants were instructed to search for changes. They were also told that they would see a gray field divided into 12 squares in blank intervals interrupting picture presentations. They were asked to search for changes in those particular areas marked with the dark gray squares. Since number of dark gray squares varied from 2 to 6 they provided proximately the same search zone as verbal cues in ‘object-based’ instruction did.

After experiment participants exposed to postexperimental interview aimed mainly to provide evidence that participants did actually search for changes in the way assigned by instruction. Data from those ones who reported about non-fulfillment of instructions had to be excluded from further analysis.

Analysis

Data obtained from both ‘location-based’ and ‘object-based’ have been analyzed with data from free search for visual changes obtained in Experiment 1. Comparison between two experiments is possible since they did not differ in procedure except only search instruction.

Design

Independent variables. Experiment had 3×3 mixed design. The first between-group factor was ‘Search instruction’ with three conditions: 1) free search (from Experiment 1), 2) ‘object-based’ instruction and 3) ‘location-based’ instruction. The second within-subject independent variable was ‘Difficulty level’ of change detection defined by search time obtained from Experiment 1. There were three difficulty levels (ten trials per each level): 1) easy (under 15 alternations until change detection), 2) moderate (16 to 30 alternations) and 3) difficult (over 30 alternations).

Dependent variables. There were two dependendent variables analyzed in Experiment 2: 1) search time and 2) amount of errors. There were three distinct types of errors according to what Experiment 1 revealed: missed responses, identification errors and localization errors.

Results

Search time

Table 1 contains data from measurement of search time in three instructions and three difficulty levels. Figure 2 depicts the same result.

Table 1. Search time data depending on instruction (Experiments 1 and 2).

	
	Difficulty level of change detection

	
	Easy (under 15 alternations)
	Moderate (16 to 30 alternations)
	Difficult (over 30 alternations)
	Mean

	Search instruction
	‘Object-based’ (Exp. 2)
	5,63
	7,98
	21,78
	11,80

	
	‘Location-based’ (Exp. 2)
	10,21
	17,47
	30,53
	19,40

	
	Free search (Exp. 1)
	10,53
	20,98
	50,63
	27,38

	
	Mean
	8,79
	15,48
	34,31
	


[image: image2.emf]0

10

20

30

40

50

60

Easy Moderate Difficult

Difficulty level

Search time, alternations

Free search

Object-based

Location-based


Figure 2. Search times depending on search instructions and difficulty level of change detection.

ANOVA revealed significant main effect of ‘Search instruction’ on search time [F(2,67)=14,59, p<0,001] demonstrating that participants tend to detect changes faster in ‘object-based’ condition than in ‘location-based’ one and they are also faster in ‘location-based’ condition than in free search. Main effect of ‘Difficulty level’ on search time is also significant [F(2,67)=11,03, p<0,001].

Effect of interaction between ‘Search instruction’ and ‘Difficulty level’ on search time is also significant [F(4,65)=3,41, p<0,05]. As it can be seen from Figure 2, this interaction is due to increment in difference between free search and ‘location-based’ condition that takes between moderate and difficult tasks. Post-hoc tests revealed significant difference between free search and ‘location-based’ instruction only in difficult tasks and no differences in two other difficulty levels. Differences between ‘object-based’ and other two conditions are also significant in all difficulty levels.

Errors

Errors were relatively rare in Experiment 2 and took place in just few combinations of levels of factors. So, they have been exposed to only one-way ANOVAs regarding ‘Search instruction’ instead of full analysis with ‘Difficulty level’.

Fugure 3 depicts distribution of errors of three types between three search instructions.
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Figure 3. Amount of errors depending on search instruction (Experiments 1 and 2).

Missed responses. ANOVA revealed significant effect of ‘Search instruction’ on amount of missed responses [F(2,67)=4,04, p<0,05]. According to post-hoc test this effect is due to small percentage of missed responses in ‘object-based’ instruction (3.33%) in comparison with ‘location-based’ and free search conditions – 10.48% and 9.63% respectively.

Identification errors. ANOVA revealed significant effect of ‘Search instruction’ on amount of identification responses [F(2,67)=4,54, p<0,05]. Post-hoc test revealed significant difference between all three conditions. Thus, 2.5% such errors are made in ‘object-based’ instruction, 10.0% in ‘location-based’ instruction and 5.43% in free search condition.

Localization errors. ANOVA revealed significant effect of ‘Search instruction’ on amount of localization errors [F(2,67)=3,42, p<0,05]. This effect is due to difference between ‘location-based’ (1.9%) and free search (0.37%) conditions.

Self-reports 

According to self-reports it was established that all participants did actually followed their search instructions. So, there were no grounds for postexperimental data screening. Nevertheless, two of seven participants from the group which passed through ‘location-based’ condition reported that they sometimes paid attention to characteristics of objects although they searched for changes only in dark grey squares.

Discussion

The present experiment with specially controlled instructions was aimed to estimate how efficient may visual search for changes be under different search strategies.

It is obvious from the results that object-based strategy is the most efficient one. Thus, search time in this instruction reduced more than twice. So, object-based strategy provided reduction of change blindness. Noteworthy, search time in ‘object-based’ instruction consisted about 40% search time in free search condition. Zone of search provided by the cue in ‘object-based’ instruction was also proximately 40% of total screen. This fact may be interpreted in three possible ways. According to the first and the second interpretations, cues provide appropriate reduction in number of search operations and more meaningful perception of visual scene and its elements. Distinction between two interpretations concerns the nature of this effect. The first hypothesis is that it is number of inspected objects what is reduced under the cue condition. The second hypothesis that it may be restricted ‘visual square’ under cue condition. In other words, although selective basis is more likely ‘object-based’ one, it is difficult to say what primary ‘working units’ of attention operate in visual search. It may be the whole object or some part of object or even spatial location where cued object is placed. The third interpretation is that proportional ratio between search times and potentially inspected part of visual scene is due to coincidence. Unfortunately, results of present study do not allow certain choice between these possible interpretations. In this case it is necessary to admit only relative efficiency of object-based strategy of visual search.

Object based strategy of search affects not speed alone but it also influences accuracy of change detection. As it is seen from results object-based cues provide reduction of missed responses and identification errors. In my opinion, reduction of errors can be due to at least two distinct reasons. Thus, decrement in number of missed responses is associated with reduction of change blindness or improvement of change detection. Decrement in number of identification is the consequence of more rich and elaborated perceptual representations of inspected objects in comparison with another ways of search. In my opinion, the most probable explanation for decrement of identification errors is that object-based cues require active and conscious emphasis of meaningful objects, so accurate object identification is natural element of task demands, otherwise cue is merely inefficient.

Location-based strategy. According to results of Experiment 2, deliberate search for changes based on knowledge about spatial zone of potential change is helpful only in difficult tasks. In other cases speed of location-based search is hardly better than in free search. In theory, spatial restriction of zone of search was aimed to reduce number of inspected places by 60-65% in relation to free search condition. In fact, it had no effect on search speed in easy and moderate tasks unlike in ‘object-based’ condition. In my opinion, the possible explanation is as follows. Thus, according to their self-reports, participants who performed free search task in Experiment 1 often combined both location-based and object-based search strategies. In other words, they divided visual scene to few relatively large spatial zones and scanned them one by one but at the same time they tended to pay attention to particular objects (most meaningful and most likely ‘to-be-changed’, in their opinion) in each zone. Since ‘location-based’ instruction emphasized particular spatial segment of visual scene and reduced relative object importance (according to self-reports) participants tended to inspect emphasized spatial zone avoiding preferences of particular objects, and that led number of search operation and search time. This hypothesis is supported by more frequent identification errors in ‘location-based’ condition in comparison with free search: participants probably tend to pay less attention to concrete meaning of inspected objects and this results in more likely failures in identification changing stimuli alongside with unaffected change detection.

Nevertheless, location-based strategy is still relatively efficient when free search is quite complicated, i.e. in difficult tasks. In my opinion, the basic reason for low efficiency of free search in difficult tasks may be that participants fail to orient their attention among marginal objects which in fact are exposed to visual changes, maybe because of their faint sensory characteristics, or maybe because of their insignificance for observers. This presupposition fits to hypothesis by Rensink, O’Regan and Clark (1997) about role of attention on search speed and change blindness. In turn, ‘location-based’ cues provide relative equality between objects of central and marginal interests. In latter case observers are able to search for change in restricted spatial zone inspecting object one by one systematically.

The present study was aimed to isolate and compare fundamental strategies of visual search for changes. Since this issue is quite uninvestigated in change detection and change blindness literature I consider classifications and interpretations discussed above to be preliminary and hypothetical. Results of present studies provide some problems and directions for future research rather than unambiguous answers.

There is also important applied aspect of the present study. Thus, it was established that distinct strategies different in their efficiency. Object-based strategy improves visual search for changes in all conditions while location-based strategy is also useful but only when changes are extremely difficult to detect. In Experiment 2 efficiency of visual search was manipulated by external cues which may be useless in real world change perception. Nevertheless, the present research demonstrates that systematical development of expert knowledge of potential places and particularly objects of change and training of strategies may be useful in formation of internal system of cues and providing more efficient visual search for changes.

General conclusions

1. When observers are looking for visual changes they more frequently use two strategies. These are object-based and location-based strategies of visual search.

2. Object-based strategy of search for changes among certain set of objects of visual scene is the most efficient. It allows to reduce both search time and amount of errors of visual search.

3. Location-based strategy of visual search is always less effective than object-based one independently on task difficulty. On the other hand, location-based strategy provides more fast change detection in comparison with free search (search without cues) in difficult tasks. But location-based strategy is the most inefficient, in terms of accuracy of change identification.
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