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‘The failure to apprehend’ may have serious consequences. Chapter 2 discussed 
that selection plays a crucial role in generating a response, explaining ‘the failure to 
apprehend’ by the information not being selected. However there are also instances 
where information is selected, but there is still no response. Chapter 3 discusses the 
theoretical notion that information can be selected even though it does not lead to a 
response. An important question is why there is no response despite selection. 

3.1 Evidence for processed information

There is evidence that in some cases, information is selected and even processed 
without resulting in an appropriate response. Some examples will be given in this 
paragraph.

3.1.1 Evidence from forcing a response
In many change detection tasks, observers are asked to determine whether objects 
have changed from one display to the next. In many of those cases, observers claim 
that they did not respond because they did not perceive any changes in the visual field. 
However, observers are better than chance in selecting changed items even if they 
claim that they did not ‘perceive’ any changes (e.g. Fernandez-Duque & Thornton, 
2000; Mitroff, Simons & Franconeri, 2002; Fernandez-Duque & Thornton, 2002). 

In an experimental study, observers were confronted with a circular array of 
horizontally or vertically oriented rectangles (Fernandez-Duque & Thornton, 2000). 
After a brief interruption, a change was introduced, which was the rotation of one 
of the rectangles by 90°. Observers had to select which of two items had changed. 
Even in cases in which observers claimed not to know the answer, they still selected 
the changed item more often than the non-changed item in a forced-choice task. In 
another study (Thornton & Fernandez-Duque, 2000) a change detection task was 
used, with one out of 8 items changing in orientation. Even when observers reported 
not to see any change in an item’s orientation, it still positively biased their response 
in the orientation discrimination task. 

A third study that showed that information may be processed without resulting 
in a response comes from Mitroff, Simons and Franconeri (2002). They presented 
observers with changing displays in a flicker task. On 75% of the trials one item 
in the display rotated in the picture plane. Observers were asked to respond when 
they detected a change, after which they had to indicate which item (location) had 
changed. Even those observers who did not report a change correctly selected the 
changed item above chance level when they were forced to respond. 

VanRullen and Koch (2003) showed observers a brief presentation of 10 objects. 
When asked to recall as many items as possible, observers were able to recall an 
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average of 2.5 objects. However, when observers were forced to make a choice out 
of a set of objects, there correctly selected 5 objects. The other 5 objects that were 
not recalled or recognised were still processed to some extent, since they resulted in 
negative priming in a later task.

Also in real life studies, observers appear to process more information than they 
spontaneously report. For example in a study by Simons, Chabris, Schnur and Levin 
(2002) participants were approached by an experimenter that asked for directions to 
the gymnasium. When a participant started to give directions, some people passed 
between the experimenter and the participant. In some cases, they took away the 
basketball that the experimenter was holding. Only about 1/3 of the participants 
spontaneously mentioned the disappearance of the basketball if they were asked 
if they noticed anything unusual or if anything had changed. This means that the 
conclusion that 2/3 of the participants did not detect the change can quickly be 
drawn. However, twice as many people correctly reported the change if they were 
asked leading questions. This means that far more information was processed than 
participants initially used for their response. This is in line with the other studies 
that show evidence for the processing of information if people are forced to choose 
even though they cannot spontaneously claim to be aware of the information.

3.1.2 Evidence from fixations
Fixation duration is also affected by changes in a scene, even without observers 
responding to the change. In one study, observers were asked to look at black and 
white line drawings of complex naturalistic scenes (Hollingworth, Williams & 
Henderson, 2001). They were instructed to immediately report any change to the 
drawings by pressing a key. On some trials, objects were replaced as the eyes of 
the observer moved away from this particular object. When the eyes returned to 
the changed object, mean fixation duration was longer in the change condition than 
in the control condition that did not have a change. This was the case even in the 
absence of explicit detection, so even when observers could not report the change. 
This was also found in a block-copying task (Karn & Hayhoe, 2000). Participants had 
to build an exact copy of a shown model of coloured blocks as quickly and adequately 
as possible on a separate workspace. On some occasions, all blocks previously placed 
on the workspace disappeared for a short period of time when participants fixated the 
model. These blocks reappeared during the next saccade towards the workspace. The 
total glance duration for a block was longer in the disappearing condition compared 
to the non-disappearing condition, even though participants could not always report 
the disappearance. This study demonstrated that even without being able to report 
it, changing information resulted in higher fixation duration. 

In a study of Ryan, Althoff, Whitlow and Cohen (2000) observers viewed a series 
of images of real-world scenes while eye movements were recorded. After viewing 
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these images, observers were presented with new scenes that had not seen before, 
scenes they had seen before and scenes with a change compared to what they had 
seen before. Observers were not informed about the possible appearance of changes. 
The results showed that in scenes with a change, eye movements were drawn to 
the changed region, with a greater proportion of fixations and of total viewing time. 
Also, an increased number of saccades were made to and from the critical region 
compared to the exact same scenes or completely new scenes. This effect could be 
observed without observers being able to report any changes. Ryan and Cohen (2004) 
showed that different types of manipulations to real-world scenes lead to different 
results. The three types of scene manipulations they used were (1) the deletion of 
an object, (2) the addition of an object or (3) a shift of an object from the left side 
of the scene to the right side, or vice versa. For all changes, fixations were directed 
relatively early to the region that had undergone the change, with longer glance 
durations and a larger number of fixations to the changed region. When a new item 
was present (addition or left and right switch), the newly occupied region received 
more viewing than when an item was deleted. Many other studies have found this 
increase in glance duration for changed items (Hollingworth & Henderson, 2002; 
Karn & Hayhoe, 2000; Hayhoe, Bensinger & Ballard, 1998).

These studies using eye fixation as a dependent measure have shown that there 
may be information processing without observers reporting the change, showing 
that ‘the failure to apprehend’ does not necessarily mean that the information was 
not processed. 

3.1.3 Evidence from brain potentials 
Some studies use brain potentials to measure whether information is processed. 
Event-related potentials (ERPs) are known to accompany the detection of low-proba-
bility targets (Johnson, 1986) and are thought to reflect a range of cognitive processes, 
including recognition and identification (Vogel et al., 1998). Interestingly enough, 
ERPs measured in Change Blindness studies seem to be related to the ability to 
report the change. For example, the P300 component of ERPs is found in consciously 
detected changes. This brain potential is absent both in cases of Change Blindness 
and in control trials where no change is present (Turatto, Angrilli, Mazza, Umilta 
& Driver, 2002, Fernandez-Duque et al., 2000; Niedeggen et al., 2001). Eimer and 
Mazza (2005) found that the P300 is primarily related to variations in the confidence 
of the observers’ perceptual judgments and not by conscious change detection as 
such. They found that the N2pc component of the ERP was the most direct electro-
physiological correlate of conscious change detection. The N2pc component was 
elicited on detected change trials but was entirely absent on undetected change 
trials. 
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Many researchers have used brain potentials to study whether a change has been 
processed (Donchin & Coles, 1998; Luck et al., 2000; Vogel, Luck & Shapiro, 1998; 
Koivisto & Revonsuo, 2003; Niedeggen et al., 2001; Turatto, Angrilli, Mazza, Umilta 
& Driver, 2002; Fernandez-Duque et al., 2000; Fernandez-Duque, Grossi, Thornton 
& Neville, 2003). Specific brain activity has been found in response to changes or to 
new information without the observer being able to report it (Beck, Rees, Frith & 
Lavie, 2001; Dehaene, Naccache, Cohen, Le Bihan, Mangin, Poline & Riviere, 2001; 
Vuillemier et al., 2001; Fernandez-Duque, Grossi, Thornton & Neville, 2003; Eimer 
& Mazza, 2005). These studies suggest that visual information is processed in specific 
regions of the brain without people being able to report the information.

The magnitude and latency of an ERP vary as a function of the physical and infor-
mational properties of a stimulus as well as the observers’ cognitive response to the 
stimulus (Israel, Wickens, Chesney & Donchin, 1980; Callaway, Tueting & Koslow, 
1978; Donchin, 1979; Donchin, Ritter & McCallum, 1978; Picton, Hillyard, Krausz 
& Galambos, 1974). The amplitude of an ERP is often used as an illustration of the 
level of processing. For instance, when people have to deal with a second stimulus 
shortly after the presentation of a first stimulus, there is a suppressed P300 wave 
(Luck, 1998). This is seen as evidence that processing of one stimulus interferes 
with the processing of the other, resulting in a lower amplitude. Wickens, Israel 
and Donchin (1977) demonstrated that the amplitude of the P300 component was 
reduced by the load imposed by the concurrent tracking task, also indicating that 
increased workload decreases the amplitude of the ERP. 

Uetake and Murata (2000) found that fatigue is associated with a decreased P300 
amplitude and a prolonged P300 latency. The prolonged P300 latency indicates 
delayed cognitive information processing and the decreased P300 amplitude is related 
to the decreased activity of cognitive information processing. Intoxication (alcohol) 
also causes a significant reduction in amplification of the novelty-P300 signal in car 
drivers compared to sober drivers (Rakauskas, Ward, Bernat, Cadwallader, Patrick & 
de Waard, 2005). However, talking on the cell phone while driving showed an even 
larger decrease in the ERP amplitude, suggesting that people driving and talking on 
the phone are cognitively impaired, especially in terms of evaluating sudden and 
unexpected stimuli (Rakauskas et al., 2005). 

ERPs are therefore not only useful as an indication that a stimulus is processed but 
also to identify the level of processing by measuring ERP amplitude and latency. 
This way it is possible to estimate the level of attention, task load, fatigue or intoxi-
cation.
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3.1.4 Evidence from priming
If it is indeed true that information can be processed without the observer being able 
to report it, then the processed information may influence later stages of processing. 
In Change Blindness experiments, the response is almost always a verbal report that 
a change has occurred. Examining the effect of the presentation of a stimulus on the 
processing of a subsequent stimulus – so called priming effects – provides another 
way to examine the fate of processed stimuli that did not lead to a verbal response. 

Mitroff, Simons and Franconeri (2002) found some form of implicit learning, thereby 
showing that information was indeed processed without observers being aware of 
the information. Change detection was found to improve after observers had seen 
more trials of the same pictures. Even when observers indicated to guess, change 
detection rates were about 16% on the first trial 1, increasing to 26% on trial 6, 
a performance level well above chance. 

Thornton and Fernandez-Duque (2000) found evidence of an implicit effect of cueing 
on change detection. Observers viewed a display with an array of rectangles. After 
a blank screen another display with rectangles appeared either with or without 
a rectangle having changed orientation from vertical to horizontal or vice versa. 
Immediately after the change, one of the rectangles was briefly cued and observers 
were asked to report the orientation of the cued rectangle. It was found that observers 
made more errors in naming the orientation of the cued item when its orientation 
was different from that of the changed item, even if they did not consciously detect 
the change. This indicates some form of negative priming without explicit change 
detection.

Chun and Jiang (1998) showed that representations may directly influence behaviour. 
Participants found a target more efficiently when they had seen the search array 
before, even when they did not recognise the display. This benefit represents a form 
of implicit learning or positive priming effect (Lewicki, Hill & Czyzewska, 1992; 
Reber, 1989; Stadler & Frensch, 1998). Despite the fact that in a forced choice 
recognition test, the observers could not discriminate the old from new contexts, the 
previously seen context improved search performance.

3.2 Why is there no response?

If visual information is not selected for further processing, it is not able to generate 
a response. However, the previous paragraph described evidence that information 
can indeed be processed, while at the same time it does not result in the required 
response. What can explain the absence of a response under these conditions?
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3.2.1 Processing that is not sufficiently deep
Attention facilitates perceptual processes (Tipper & Weaver, 1998; Broadbent, 1958; 
Treisman, 1988) and allows higher-level cognitive processing (Cavanagh, 2004; 
Allport, 1993; Desimone & Duncan, 1995; Broadbent, 1958). Therefore, lack of 
attention or not paying ‘enough’ attention is a plausible explanation for ‘the failure 
to apprehend’. The information is processed to some extent, but for some reason not 
enough attention is available to allow the type of processing that results in triggering 
the required response. 

The attention argument has been used for explaining Change Blindness results 
(Rensink, O’Regan & Clark, 1997; Henderson & Hollingworth, 1999a, 2003a; Holling-
worth, 2003; Hollingworth & Henderson, 2002; Hayhoe, Bensinger & Ballard, 1998; 
Pringle et al., 2001), claiming that paying attention to the specific features that 
change is necessary for successful change detection (Levin & Simons, 1997; O’Regan 
et al., 2000). The question here is whether attention facilitates selection (see Chapter 
2) or whether attention facilitates more elaborate processing. Most plausible is that 
attention plays a role in both processes. Some argue that a change is not detected 
if the object is not the focus of attention at the moment that the change occurs 
(Rensink, 2000a), pointing to a failure to select the information. Others show that 
observers are well capable of detecting changes even when the object is not attended 
at the time of the change (Hollingworth, Williams & Henderson, 2001; Henderson 
& Hollingworth, 1999a, 1999b; 2003a; Hollingworth & Henderson, 2002; Holling-
worth, 2003). This suggests that not-detecting the change does not necessarily have 
to be the result of a failure to select, but might rather be a problem of processing that 
is not deep and elaborate enough. In both accounts, attention plays a crucial role in 
detecting the change, but in this chapter we will only focus on the failure to respond 
and not on the failure to select. 

Landman (2003) claims that even though the whole scene enters into iconic memory 
(which may be comparable to what Wickens (1984) calls the short term sensory store), 
only a small subset of items enters into the more stable working memory. This is the 
result the rapid decay of iconic memory. Iconic memory was first studied by Sperling 
(1960) and it is thought to be the literal visual memory that has a capacity of about 
5 to 8 items and lasts for only tenths to hundreds of seconds (Allen, 1926; Avons & 
Phillips, 1980; Francis, 1996; Sperling, 1960; Dick, 1971). It is literal in the sense that 
it holds physical properties (e.g. the colour or size of letters) but no semantic proper-
ties (e.g., words vs. consonants). Working memory temporarily stores and processes 
information in order to perform a task (e.g. Baddeley, 1986, 2000, 2002; Jeffries, 
Lambon Ralph & Baddeley, 2004). Working memory therefore plays a crucial role in 
deeper processing of selected information. In case of ‘the failure to apprehend’ it may 
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be that information never entered working memory. Attention increases the chance 
of information entering into working memory, resulting in deeper processing of the 
information. This is in line with the claim of Landman (2003) that paying attention 
to items increases the chance of information entering into working memory, thereby 
increasing the chance of change detection. Working memory has a capacity limit 
of about 4 independent objects (e.g. Pylyshyn & Storm, 1988; Cowan, 2001), which 
is identical to the number of items people can monitor for a change (Pashler, 1988; 
Luck & Vogel, 1997). 

That attention indeed results in deeper processing was shown by Liu and Jiang 
(2005). When observers were confronted with a brief presentation of 10 objects, 
they were only able to recognise at most one object out of a test screen contai-
ning 20 choice objects. Only one object was retained in working memory. In the 
control condition in which observers were allowed to look at the scene as long as 
they wanted, allowing more attention to be paid to every single item, more than 
5 objects were remembered (with an average viewing time of 13 seconds). This limi-
tation in memory is therefore likely to originate to a failure to encode visual details 
into working memory due to insufficient attention. This is in accordance with other 
findings (Melcher, 2001) showing that longer viewing times result in recalling more 
objects. Longer viewing times allow more objects to enter working memory.

These examples illustrate that attention and working memory play an important role 
in the depth of visual information processing. If an observer does not pay enough 
attention to selected information, the information does not or only partly enters 
working memory. This means that the information is not processed to a deeper 
extent in working memory. This failure to deeply process the information is one of 
the explanations for the failure to respond. 

3.2.2 No need to respond 
‘The failure to apprehend’ may also be the result of simply not seeing the need 
to respond. In these cases, the information is processed to such an extent that a 
response could be generated, but is simply not actively initiated by the observer. 

Some evidence for this explanation is provided in the Pearson and Schaefer (2005) 
study, already briefly described in Chapter 2. They presented drivers with a 
photo change detection task, asking them to indicate any changes. By specifically 
in-structing one group of drivers that the results of the task would be used for 
future identification of drivers who need extra driver training, they emphasised 
the importance of providing the correct response. Participants that received this 
instruction were better at detecting driving-relevant changes than participants 
without this instruction. Interestingly, detecting changes for non-driving items 
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was not better for participants with this instruction compared to those without the 
instruction. This indicates that is was not the mere fact of paying more attention 
to the change detection task. However, the instruction may also have altered visual 
search and thereby selection.

Other illustrations of people not realising that they had to respond could be found 
in manipulations of central or marginal objects. Changes to semantically central 
items are detected faster than changes to other items (Rensink et al., 1997; Kelley 
et al., 2003; Landman, 2003; Pearson & Schaefer, 2005; O’Regan, Rensink & Clark, 
1999; Rensink, O’Regan & Clark, 1997; Henderson, Weeks & Hollingworth, 1999), 
which may be explained by the fact that the observers simply did not feel the need to 
respond to changes of marginal items. Again here, it may also be due to the selection 
process, with central objects being selected more often than marginal objects. In 
driving scenes, participants are faster in detecting driving related changes than 
driving unrelated changes (Richard, Wright, Ee, Prime, Shimizu & Vavrik, 2002), 
which may point to the same issue.

The most direct evidence of people not realising they have to respond comes from 
Change Blindness studies. Some Change Blindness studies show the observer the 
change if they are not able to report it. In these cases, it may be that observers do not 
report a change but once pointed, they realise that they indeed detected this change 
without reporting it. We have already seen such an example in the Simons, Chabris, 
Schnur and Levin study (2002). Even though most participants did not report the 
change (disappearance of a basket-ball), twice as many people correctly reported 
the change if they were asked leading questions. This may be interpreted as the par-
ticipants not realising this was what they had to respond to. A similar phenomenon 
was found in a real life experiment with an identity change of the experimenter. 
Levin, Simons, Angelone and Chabris (2002) found that some participants reported 
that they did not notice anything unusual, but once they were told that there was a 
person substitution, they indeed claimed to have detected this. 

Under these circumstances it may very well be that the information was selected, 
entered the visual system, was processed but since participants did not realise it was 
relevant, the processing of this information did not lead to a response.

3.2.3 Failure in memory 
If information enters the visual system and the information is processed to some 
degree, ‘the failure to apprehend’ may also be associated with a failure in memory. 
Indeed, it is feasible that the information was processed but immediately forgotten. 
By the time a response is required, the information may have vanished from memory. 
The question is why this information has disappeared from memory?
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Wolfe (1999) introduced the term ‘Inattentional Amnesia’ instead of Inattentional 
Blindness, suggesting that the specific stimuli are indeed processed, but that in 
absence of attention they are simply not remembered (see also Rensink, 2000a, 
2000b). In a series of experiments Horowitz and Wolfe (1998) demonstrated that 
participants did not retain information about previously viewed distractor items in 
a visual search task. In these studies, a target letter that had been a distractor in 
previous search trials was not found more rapidly than a target letter that was new 
to the search array. The lack of improvement in search efficiency suggested to Wolfe 
(1999) that attending to a distractor item on prior search trials did not establish a 
memory representation that could later be used to facilitate search for that item. In 
other words, the failure to report changes or to respond to objects may not reflect a 
failure in processing, but rather a failure of memory (Horowitz & Wolfe, 1998; Wolfe, 
1999; Moore, 2001). 

There are several hypotheses about the relationship between Change Blindness 
and memory. One hypothesis is that Change Blindness is the result of the replace-
ment of the information about the first scene by information about the second 
scene. In other words: new visual information simply wipes out older information. 
Experiments on visual search and memory indicate that detailed representations do 
exist but that they are indeed replaced when a new stimulus is introduced (Becker, 
Pashler & Anstis, 2000; Rensink, 2000a; Landman, 2003; Liss, 1968; Sperling, 1967). 
Another hypothesis is that the first representation has faded by the time the second 
is presented. This hypothesis is based on experiments showing that the detailed 
representations that do exist rapidly disappear (Phillips & Singer, 1974; Stelmach 
et al., 1984). In Change Blindness studies, a blank screen is often used to separate the 
first from the second scene. The longer this interval between the presentation of the 
first scene and the second scene, the higher the levels of Change Blindness (Phillips 
& Singer, 1974; Rensink, O’Regan & Clark, 1997; Becker, Pashler & Anstis, 2000). 
This could be taken as evidence for the fading hypothesis. 

Becker, Pashler and Anstis (2000) found that a cue, indicating the location of change 
improved change detection and identification as long as the cue was presented 
during the blank interval in between two displays. Since the cue only appeared 
after the presentation of the first display, all information from the first display was 
retained, otherwise the cue would not have had any effect. If the cue was introduced 
at the same time as the second display, there was no advantage for change detection. 
This supports the idea that it is not related to selection, since adding a cue at the 
time of the appearance of the second display would help selection of these items. 
Identification only improved with a cue when the time interval between the two 
displays was limited. The findings that cueing the location of a change during the 
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blank interval improves change detection and identification have also been found 
earlier (Averbach & Coriell, 1961; Gegenfurtner & Sperling, 1993; Sperling, 1960). 
These results suggest that there is an iconic memory for the first display (all items 
are selected) that persists during the blank interval. With the proper cue, informa-
tion from this iconic image can be used to detect changes. The number of detected 
changes and identified items decreased with longer intervals, suggesting fading of 
the iconic representation. The fact that a cue appearing at the moment of present-
ing the second display did not improve performance (detection nor identification) 
supports the overwriting assumption. It is also plausible that the cue allows already 
selected information to be transferred to a more durable memory system by means 
of deeper processing, not subject to being overwritten by new visual information 
(Gegenfurtner & Sperling, 1993; Rensink et al., 1997).

Taken together, these results (Averbach & Coriell, 1961; Gegenfurtner & Sperling, 
1993; Sperling, 1960; Becker, Pashler & Anstis, 2000; Rensink et al., 1997) suggest 
that there is indeed an iconic trace that is usually overwritten by new information. 
In these cases, ‘the failure to apprehend’ cannot result from a failure in selection, 
since adding a cue after presenting the first display improves change detection. This 
indicates that all information was retained before the display disappeared. However, 
directing attention to an item in this iconic trace transfers that item to a short-term 
memory buffer, with deeper processing of that information as a result. Once an item 
has been moved to this separate buffer it may be compared with the later occurring 
item in that location, leading to accurate change detection. 

3.3 Explicit and implicit measures

Together these results clearly show that the link between information input on one 
side of the information processing cycle and response output on the other side is not 
a simple one. In order to understand the process of information intake, information 
processing and response selection, it should be realised that in addition to explicit 
measures that indicate that processing took place, there are also so-called implicit 
measures.

Explicit measures typically are those in which observers make an explicit manual or 
verbal response that particular information (a target) is present or absent. Examples 
of explicit measures would be to instruct observers beforehand to speak out loud 
whenever they see a specific item or to ask somewhere in the process if they have seen 
a specific item. Change Blindness often uses explicit reports, either asking observers 
to report a change when they see one, or afterwards ask observers whether they 
have seen anything strange. Problems arise when the failure to report a change is 
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used as evidence that observers were blind to the information. This is a problem that 
is similar to using verbal reports. Verbal reports, in which observers speak out loud 
while performing a task, assume that observers have a clear idea of the kind of infor-
mation they need to report (Martens, 2000). As soon as they consider something to be 
irrelevant, it will not be reported, possibly leading to the claim that the information 
was not processed. Verbal reports may also omit information that participants use to 
perform a task (Ericsson & Simon, 1980). More automatic processes are generally not 
recorded in working memory and will therefore not be available for verbal reports. 
Nisbett and Wilson (1977) even warn that instructing people to verbalise specific 
information can even change cognitive processes and therefore task performance. 
Since verbalising takes more time than processing per se, participants process much 
more than they are able to verbalise (Martens, 2000). Also, people have the tendency 
to stop talking when they are under high workload or when they have to respond to 
something imminent (e.g. driver who has to brake to a braking lead vehicle). 

Asking observers whether they have seen anything only after the information has 
been presented introduces three problems. The one already mentioned, is that the 
observer may have processed the information but did not consider it to be relevant. 
Because people think it is not relevant they do not respond or report it. The second 
already mentioned is failure of memory. It may be that information is processed 
but due to the time interval between processing and retrieval, the information is 
no longer available for retrieval and responding. In this respect, there is a positive 
relationship between traffic sign recall and the relevance of the information for the 
driver (Näätänen & Summala, 1976; Johansson & Rumar, 1966; Milosevic & Gajic, 
1986). This is confirmed by Häkkinen (1965) who found that road signs with specific 
information, having a higher relevance for the task, were recalled more often than 
signs communicating more general information. Luoma (1991) found that informa-
tion with a minor subjective importance suffers more from a time delay between 
the information presentation and recall than information with a high subjective im-
portance. A third problem is that participants may fill out or generalise incomplete 
memories, leading to discrepancies between what people report afterwards and the 
behaviour they show when encountering the information (Ericsson & Simon, 1980).  

Therefore, the key to explaining ‘the failure to apprehend’ lies in the definition of 
what is measured. Neurophysiological evidence (e.g. ERP signals), fixations, priming 
studies and forcing people to guess have all shown that much more is processed 
than explicit measures may lead us to believe. For this reason, a great deal of studies 
suggest that verbal reports are not always the best tool for measuring visual proces-
sing (Marcel, 1983a, 1983b; Graves & Jones, 1992; Kolb & Braun, 1995; Luck et al., 
1996; McCormick, 1997; Moore & Egeth, 1997; Bar & Biederman, 1998; Chen, 1998; 
Dehaene et al., 1998; Mack & Rock, 1998). Implicit measures, such as eye fixations, 
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seem valuable in trying to explain ‘the failure to apprehend’, shedding new light on 
the visual processes involved (Rensink, 2000b; Fernandez-Duque & Thornton, 2000; 
Smilek et al., 2000).

The main advantage of eye movements is that under natural viewing conditions, 
without any specific instructions what to fixate, they provide an indication of what 
is being attended. As we have already seen, there is a strong relation between what 
is fixated and what is relevant for the task at hand and between what is fixated and 
what is being reported. Fixation duration and number of fixations have also shown 
to reveal the processing of information not necessarily revealed in explicit measures. 
Brain potentials may reveal that some information was actually processed, not 
available from explicit dependent measures. However, brain potentials are difficult 
to measure and interpret, since some brain potentials show a high correlation with 
explicit reports, being present in case of correctly reported changes and being absent 
when people are change blind or when there is no change (Turatto, Angrilli, Mazza, 
Umilta & Driver, 2002, Fernandez-Duque et al., 2000; Niedeggen et al., 2001). Also, 
some brain potentials are primarily related to variations in the confidence of the 
observer’s judgments (Eimer & Mazza, 2005). 

Another implicit measure for change detection is response time. In an experimental 
setting, observers had to respond whether a change was present or absent from 
one display to the next. Compared to the conditions in which a change was absent, 
observers needed more time to process the information in a display that contained 
a change. This was reflected in higher response times even though observers 
were not able to report the change (Williams & Simons, 2000; Mitroff, Simons & 
Franconeri, 2002). Forcing people to respond even though they cannot report a 
change or using paradigms in which the ‘unreported’ information is required for 
response on some later trials all reveal that explicit reports do not always represent 
an accurate measure of whether something was processed. 

Of course the most important measure in this type of research is the response itself. 
If it is not important for the task that a response will follow, measuring a failure 
to explicitly report it is not so relevant. However, when a response is crucial, for 
instance in case that ‘the failure to apprehend’ results in an accident, the response to 
presented information is a crucial dependent measure.

Measuring the required response is very important in understanding the severity 
of the consequences. Consequently, explicit reports are only important if explicit 
reports are the required response for the task, e.g. when reporting information to 
another operator is of crucial information. Implicit measures are required when 
trying to understand the mechanism underlying ‘the failure to apprehend’. 
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3.4 Conclusion

This chapter showed that selecting relevant information is not always sufficient to 
generate a response. There are various instances in which information is indeed 
selected, but there is still no response. This evidence comes from studies using 
explicit as well as implicit measures. Even if explicit measures (e.g. verbally respon-
ding that something is detected) do not reveal that anything was processed, implicit 
measures may show some level of processing. For example, fixation durations to a 
changed item have proven to be higher, even if observers do not explicitly respond 
to the change. Also, specific brain activity is found as a response to changes or new 
information without the observer being able to explicitly report the change. Some 
studies even showed that information that is not explicitly detected by an observer 
can be used in generating responses that require the processing of this information.

So what happens if this information is indeed selected and processed but does not 
generate a response? It may be the case that the information is indeed processed, but 
that the observer does not see the need to respond. In these cases, the information 
is processed to such an extent that a response could be generated, but the response 
is simply not actively initiated. This may indeed play a role if the observers are 
not aware that they have to respond or if responding to that item does not seem 
relevant for the task at hand. For the research theme of this thesis, this explanation 
is not viable since we specifically focus on information that is highly relevant for the 
task. Another explanation is that the information is selected, processed but is simply 
forgotten or overwritten by other information. Although this may be an interesting 
and important aspect of the failure to respond, is it not relevant for this thesis. In 
this thesis our main focus is on information that is visible at the moment that people 
need to respond. Since there is no time gap between the presentation of the informa-
tion and the required response, there is no new information that has overwritten the 
original item and memory does not play a role. Yet another explanation is that the 
information is indeed processed, but this processing is not deep enough to generate 
the response. This insufficiently deep processing is most likely the result of 
insufficient attention for that item after it has been selected. In this respect it is also 
interesting that longer viewing times result in recalling more items, thereby revealing 
a relationship between viewing times and the depth of processing. In addition to the 
failure to select information (Chapter 2), the failure to deeply process relevant infor-
mation seems to be an explanation that is relevant for the current research theme. 
Together, the failure to select and the failure to deeply process relevant information 
are viable explanations for ‘the failure to apprehend’. 

Given this analysis, the thesis focuses on visual selection of information, deeper 
processing of information, attention and the failure to respond. In order to get a 
better insight in the underlying mechanisms of ‘the failure to apprehend’, we need to 
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use implicit as well as explicit measures. By using eye tracking, we can see if people 
visually select the information relevant for the task. Glance duration is an indicator 
of the amount of information processing. Ultimately, an adequate response to the 
relevant information is a direct result of visual selection and deep processing.
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