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Abstract  

 The field of eyewitness memory has long been concerned with identifications but 

functioned in the absence of an explanatory theory. Recently Charman and Wells (2007) 

developed applied lineup theory to address this deficiency. They argue that quality of 

memory and the decision process interact to determine lineup decision accuracy. In a 

series of experiments I tested whether their theoretical assumptions hold for face 

recognition tasks and tested the theory using simple manipulations with lineups. 

Experiments 1 through 7 utilized a face recognition paradigm. In Experiments 1 through 

5, the relationship between quality of memory and face recognition accuracy was 

explored as a function of frequency of viewing, duration of viewing, and depth of 

processing. The results indicated that, as expected, increased frequency of viewing and 

deeper processing of faces at encoding led to better recognition memory. Unexpectedly, 

increasing the duration of viewing did not increase recognition memory. In the remaining 

experiments (Experiments 6 to 9) I manipulated the decision process by manipulating the 

match between a face image shown at encoding and retrieval and how quickly 

participants were able to respond. The results of Experiments 6 and 7 only weakly 

supported applied lineup theory. In Experiments 8 and 9 I used a lineup paradigm and 

again found little support for applied lineup theory. Notably, the manipulations of 

decision process were relatively unsuccessful in Experiments 6 to 9. The stimulus 

manipulations used may not have been sufficient to produce differences in the decision 

process or applied lineup theory may not account for lineup decisions. Suggestions for 

future research on lineup decision processes to clarify whether applied lineup theory can 

account for lineup decisions are made.  
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Chapter 1: Introduction 

The field of eyewitness memory has generally operated on the principle of 

practicality. Research has focused on methods that maximize correct identifications (i.e., 

identifications of a guilty suspect) and minimize false identifications (i.e., identifications 

of an innocent suspect). As such, the field has neglected the development of theory to 

guide research, relying instead on the wisdom of theory from other domains to explain 

results and speculate beyond them. Recently, Charman and Wells (2007) posited the first 

theory of lineup identifications, applied lineup theory. My doctoral research program 

tested the suitability of the assumptions of applied lineup theory to account for face 

recognition in general, explored the nature of the components of the theory, and 

questioned whether applied lineup theory adequately accounts for eyewitness decisions 

from lineups. 

 Eyewitnesses are an important cog in the criminal justice wheel. Crimes are 

committed on a daily basis and when a witness to a crime is available, the police draw on 

the witness’s privileged knowledge of the event to assist in their investigation. When a 

police investigation results in a suspect for the crime, eyewitnesses are often asked to 

view a lineup and indicate whether the criminal is in the lineup (and if so, which person). 

The importance of the eyewitness’ role stems from the fact that it is unlikely that the 

police know for certain whether the suspect is guilty or not. The eyewitness provides 

evidence that a suspect is guilty by identifying the suspect from the lineup. Alternatively, 

the witness may provide evidence that the suspect is innocent by indicating that the 

criminal is not in the lineup.  
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 Eyewitnesses do not always make correct decisions; in fact, of the almost 250 

exonerations via DNA evidence handled by the Innocence Project in the United States to 

date, approximately 75% involved mistaken identification (Innocence Project, n.d.). 

Identification evidence is persuasive. Of cases involving mistaken eyewitness 

identification that later resulted in exoneration by DNA evidence, 50% were based almost 

solely on eyewitness identification. Finally, in at least 48% of cases where the perpetrator 

was later found, the perpetrator committed other crimes while an innocent individual was 

serving a sentence for their crime. As such, the accuracy of eyewitness identifications is 

important to the criminal justice system.  
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Chapter 2: Literature Review 

When a crime is committed there is sometimes a witness to it. This witness can 

assist in the capture of the perpetrator in various ways. One of these ways is by viewing a 

lineup once the police have a suspect and indicating whether the lineup contains the 

perpetrator or not. Applied lineup theory outlines how the accuracy of lineup decisions is 

influenced by particular factors (Charman & Wells, 2007). Specifically, Charman and 

Wells suggest that quality of memory influences the accuracy of lineup decisions directly 

and also indirectly through the witness’ decision process (see Figure 1). The focus of this 

thesis is whether applied lineup theory can account for decisions about faces and I will 

discuss the components of the theory in more detail below. 

 

 
 
 

 

 

Figure 1: Path drawing of the relationship between factors in applied lineup theory. 
 

Making a decision about a lineup is essentially a face recognition task: a series of 

faces are presented and the witness must determine whether they recognize anyone. If 

they recognize someone, they must then indicate whether that person is the perpetrator of 

the crime in question. If the identified person is in fact the perpetrator, the witness has 

made a correct identification. On the other hand, if the recognized person is an innocent 

suspect, the witness has made a false identification. Finally, if the identified person is not 

a suspect at all, but rather one of the other lineup members the police do not suspect of 

the crime (foils), then the witness is discredited. A witness need not select anyone from a 

Quality of Memory Decision Accuracy 

 
Decision Process 
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lineup; they may reject the lineup as containing no one they recognize or not containing 

the perpetrator. If the lineup did include the perpetrator then the witness has made an 

incorrect rejection, but if the lineup did not include the perpetrator then they have made a 

correct rejection. The eyewitness field is concerned with maximizing correct 

identifications and correct rejections by minimizing false identifications, foil 

identifications, and incorrect rejections. 

Research has explored many factors relating to the accuracy of eyewitness 

identification decisions. This research has been split into two types of variables: system 

and estimator variables (Wells, 1978). System variables are ones under the control of the 

criminal justice system, including the instructions given to a witness viewing a lineup 

(instruction bias), the way a lineup is constructed (lineup fairness), the amount of 

information the lineup administrator has about the lineup (investigator bias), and how the 

procedure is recorded. For example, a witness may use a different decision strategy when 

informed that the guilty person may or may not be in the lineup than when they are not 

made aware of this (Malpass & Devine, 1981; Steblay, 1997).  

Estimator variables are factors that are not under the control of the justice system 

but must be estimated post hoc, such as the amount of lighting at the time of the crime, 

the duration of the event, and how close to the criminal the eyewitness was. Rehearsal of 

a memory and forgetting would also be considered estimator variables because they are 

internal processes that occur despite the justice system. Estimator variables dictate the 

quality of the encoded memory for a criminal. Research on estimator variables has been 

less systematic than research on system variables (Lindsay, Mansour, Kalmet, Bertrand, 

& Whaley, in press). In applied lineup theory Charman and Wells (2007) identify two 
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variables associated with lineup decision accuracy, one estimator variable (quality of 

memory) and one that could be called a system or an estimator variable (decision 

process).  

Quality of Memory 

Quality of memory has been studied in various ways. Tulving (1985) suggested a 

phenomenological dichotomy for relating memory and consciousness that is relevant 

here: “recollection” or “remembering” refers to conscious knowledge of an episode’s 

occurrence and “knowing” refers to semantic information about an episode without 

conscious knowledge of its occurrence, often referred to as familiarity. A recollected 

memory is considered to be of better quality than a known memory because reports are 

more richly detailed and spontaneously elicited (i.e., are reported in a free report task 

versus a cued recall task; see for example, Tulving, 1985 and Rajaram & Roediger, 

1997). Much research has explored dissociations between these two ways to report 

memory in terms of the effects of attention, neuroimaging, methods of encoding, 

generation, etc. (Yonelinas, 2002).  

 Another way that quality of memory has been studied is by manipulating one or 

more dimensions of the encoding situation. Much past research supports the notion that 

improved viewing conditions lead to more accurate recognition (See for example Braje, 

2003; Braje, Kersten, Tarr, & Troje, 1998; DeJong, Wagenaar, Wolters, Verstijnen 2005; 

Laughery, Alexander, & Lane, 1973; Light, Kayra-Stuart, & Hollander, 1979; Loftus & 

Harley, 2005; Reynolds & Pezdek, 1992; Wagenaar & Van Der Schrier, 1996). For 

example, De Jong et al. asked participants to indicate if they recognized faces at seven 

different distances and under nine different levels of illumination. They showed a 
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proportional relationship between distance and face recognition and between illumination 

and face recognition. However, research has generally not considered quality of memory 

in terms of estimator variables and the eyewitness situation.  

Of course, the “quality” of a memory can be influenced in many ways. For 

example, a person might have a very clear memory for an event, but if the event occurred 

at night from a distance of 500 meters while it was raining, the detail available in that 

memory, while accurate, would also be impoverished compared to a similarly clear 

memory obtained during a sunny day at a distance of five meters. Thus, quality of 

memory must be considered the product of multiple dimensions: clarity of the 

information encoded and the amount of information encoded. Anything that increases 

either the clarity of the details or the amount of details should improve quality of 

memory.  

For example, Bruce, Dench, and Burton (1993) showed that repetition priming1 

and distinctiveness had an additive effect on reaction times for recognizing faces. 

Recently, Mansour et al. conducted four experiments in which participants viewed a 

target and later a lineup. Within each experiment they manipulated the proportion of each 

target’s face covered in a disguise (none, 1/3, 3/4, or all). In two of the experiments 

participants encoded videos of the target that filled their computer screen for 30 seconds 

while in the other two experiments participants encoded targets that filled only about a 

quarter of their computer screen for only three seconds. Within each experiment there 

was a main effect of the disguise manipulation whereby the more of a target’s face that 

                                                 
1 Repetition priming refers to a decrease in response time and an increase in accuracy for judgments, often    

recognition or familiarity judgments, when a stimulus, often a face, has been seen more than once (Hay, 

2000). 
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Automatic 

correct

Automatic 
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correct
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was covered, the less accurate identification decisions were. Across the experiments 

accuracy was better when participants had viewed the large, long videos compared to the 

short, small videos. The results show that manipulating quality of view via the proportion 

of face seen (amount of information) and viewing duration/distance (clarity of 

information) both influenced identification accuracy. 

 Charman and Wells posit a direct relationship between quality of memory and 

decision accuracy (see Figure 1). Their reasoning is that anything that improves the 

quality of one’s memory should make recognition more automatic and that the more 

automatic recognition is the more likely it is to be correct (see Figure 2). This can be 

understood simply by considering how quickly you would recognize a photo of your 

mother, whom you have had much and varied exposure to, versus a photo of the waiter at 

the last restaurant you visited.  

 
 
 
 

 

 
 
 
 
  

  
 
 
 
Figure 2: Graphical representation of applied lineup theory showing the theoretical 
relationship between quality of memory, decision process, and decision accuracy.  
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Charman and Wells draw on Logan’s instance theory for their mechanism of 

automaticity (1988, 2002). Instance theory is a theory of learning and memory that treats 

automaticity as a continuum. Logan reasons that people initially approach tasks using an 

algorithmic, deliberative response pattern. Over repeated experiences of the task, an actor 

becomes able to draw on previous experiences for a response, rather than algorithmically 

working out a response. Thus performance becomes more accurate and faster. I showed 

this to be true in multiple experiments by manipulating the number of times a face was 

seen prior to a recognition task.  

Of course, no theory would predict that greater exposure to a target would lead to 

poorer recognition than lesser exposure. Importantly, instance theory considers the 

development of automaticity in terms of a shift in the cognitive processes, rather than the 

withdrawal of attention from a task (see for example the modal view, Shiffrin & 

Schneider, 1977 or strength theories, Hintzman, 1976). The larger literature on exemplar 

models treats exposure similarly but tends to address the speed and accuracy of 

categorization (Ashby & Maddox, 1993; Medin & Schaffer, 1978). Regardless of these 

distinctions, the more experience with a task one has, the more automatic responding to 

the task becomes.  

A common example of the shift between deliberative and automatic processing is 

the experience of driving. When one first learns to drive, a great deal of cognitive effort is 

devoted to thinking about each step in the process of starting, navigating, and parking. 

However, after a while, these behaviours come to feel automatic, in the sense that they 

can be done well without conscious thought and very quickly at that. Charman and Wells 

similarly argue that the better the quality of memory for a face is, the more automatic a 
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later identification decision will be. That is, a clearer and more detailed memory should 

lead to a fast and accurate decision whereas a less clear and less detailed memory should 

require deliberation, which is slower, to reach a decision. Again, you would probably 

recognize a picture of your mother immediately but a picture of the waiter at the last 

restaurant you visited would probably require careful consideration. Think of how much 

experience you have with your mother compared to how much experience you had with 

your waiter. Clearly, you would expect the memory of your mother to be of higher 

quality. This example highlights the relationship between frequency of exposure and 

quality of memory. For the purpose of applied lineup theory, better quality of memory 

means recognition of a particular face is more likely to rely on automatic retrieval. 

Automaticity is associated with accurate and fast responding. Bentin and 

Moscovitch (1988) showed a face studied once was recognized less accurately than a face 

seen five times in a later repetition priming task. This frequency effect is not restricted to 

face identification. Brooks, Norman, and Allen (1991) found that identification of 

particular skin disorders (i.e. diagnosis) from photos was most accurate when participants 

had previously viewed photos of that particular instance of a disorder, less accurate with 

photos similar to the studied photo and requiring the same diagnosis, even less accurate 

for photos different from the studied photos and requiring the same diagnosis, and the 

least accurate for photos requiring a new diagnosis that had not been seen before.  

Sporer (1993) has argued that response latency may be a better measure of the 

strength of a memory trace (i.e., quality of memory) than is recognition accuracy. There 

is direct support for the influence of frequency of exposure on speed of responding to 

faces also. Hay (2000) considered whether number of instances predicted speed of face 
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recognition by asking participants to indicate whether a presented face depicted a famous 

or a non-famous person using a repetition priming paradigm. He found responding 

became faster as the number of times a face was presented increased from once to eight. 

Similarly, Bruce, et al. (1993) found that response times decreased after viewing a face in 

one, two, and three blocks and Bentin and Moscovitch (1988) found a greater repetition 

priming effect (i.e., faster responses to a second versus first repetition of an item) when 

the face had been studied five times versus once (See also Nosofsky, 1991).  

Applied research has also related frequency of exposure to faster responses. For 

example, Loft, Humphreys, and Neal (2004) examined detection of aircraft collisions in 

an air traffic control simulation. Participants completed ten training sessions and one test 

session in which their task was to identify any aircraft that would fly closer than the 

minimum safe separation standard (i.e., conflict) or that would almost fly closer than the 

minimum safe separation standard (i.e., near miss). Training involved aircraft that nearly 

missed or that conflicted in every session (repeated near miss or repeated conflict), that 

nearly missed or that conflicted in only one of the training sessions (novel near miss or 

novel conflict), and aircraft that were not involved in either near misses or conflicts 

(fillers). Consistent with instance theory, Loft et al. found that the repeated near misses 

and conflicts were detected faster than novel near misses and conflicts.  

Loft et al. (2004) also showed that the more similar a previously experienced 

instance was to a tested instance, the faster the decision was. That is, aircraft in the 

training session varied in speed and/or angle relative to the test session. Conflict detection 

was faster when the aircraft varied on only one dimension compared to two. Similarly, 

Kulatunga-Moruzi, Brooks, and Norman (2001) asked participants to diagnose skin 
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disorders after viewing a series of training slides. Images that were similar to those shown 

in training were more accurately diagnosed than dissimilar ones. Thus, past instances 

need not be identical to a current experience in order to influence performance (see also 

the exemplar-based random walk model of Nosofsky & Palmeri, 1997 for a modification 

to instance theory to account for similar instances and the updated instance theory of 

attention and memory, Logan, 2002). 

 Duration of exposure to a stimulus has also been related to quality of memory. 

Normally, there is an increase in correct identifications with longer exposures and an 

increase in false identifications with shorter exposures (Ellis, Davies, & Shepherd, 1977; 

Laughery, Alexander, & Lane 1971; Light, Kayra-Stuart, & Hollander, 1979; MacLin, 

MacLin, & Malpass, 2001; Memon, Hope, & Bull 2003; Reynolds, & Pezdek, 1992; 

Shepherd, Gibling, & Ellis, 1991). Meissner and Brigham (2001) conducted a meta-

analysis on the own-race bias (the tendency to be less accurate identifying faces of people 

of other races and more accurate at identifying faces of the same race) and factors relating 

to identification accuracy. They concluded that shorter exposures exacerbated the 

tendency to misidentify members of other races. Valentine, Pickering, and Darling (2003) 

showed that duration of exposure influences selections of real world suspects in their 

field study of lineups conducted in London in 2000. Suspect identifications increased 

with longer initial exposure to the criminal. In multiple experiments I considered how 

duration influenced recognition accuracy using the same stimuli used to assess the role of 

frequency of viewing. 

The nature of the encoding task has also been associated with quality of memory 

and decision accuracy (Bower & Karlin, 1974; Craik & Lockhart, 1972). Bower and 
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Karlin manipulated the type of question participants were asked about a face. For 144 

faces shown for five seconds each, participants either indicated the sex of the person 

pictured or were asked to rate the likableness or honesty of the person pictured (more 

than average or less than average). They found that participants remembered significantly 

more faces when they made the likableness/honesty rating than when they indicated the 

person’s sex. This effect has been replicated in many different forms (Rakover & Cahlon, 

2001). Patterson and Baddeley (1971) found better recognition after ratings of personality 

versus facial features; Mueller, Bailis, and Goldstein (1979) found better recognition after 

judgments of dependability or intelligence versus weight or height dimensions; Winograd 

(1981) found better recognition after judgments of traits (friendliness, honesty, 

intelligence) compared to facial features, but better recognition after scanning for facial 

features when the face was considered highly distinctive versus of low distinctiveness; 

and Sporer (1991) found better recognition after ratings of personality or imagination of 

activities versus judgments of physical dimensions. I also considered the role of this 

factor in recognition memory in a series of experiments. 

 The frequency of viewing, duration of viewing, and depth of processing with 

which experienced events are encoded are relevant to eyewitness identification and 

quality of memory is an important component of applied lineup theory. One would expect 

that better quality of memory would correspond to more accurate recognition. In the 

following experiments, I assessed first whether the mechanism of instances proposed by 

Logan (1988, 2002) predicts accuracy for recognizing photos of faces. That is, does 

frequency of exposure to a face predict recognition accuracy? Given findings that 

supported this position, I assessed how variations in frequency, duration, and depth of 
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encoding interacted with regard to accuracy and speed of recognition.  In order to test 

applied lineup theory, I sought to understand the relationship between quality of memory 

and accuracy in general but also, in order to test applied lineup theory it was necessary to 

develop stimuli that I knew would lead to memories with differential quality – as 

measured by accuracy on a later recognition test.  

Decision Process 

Charman and Wells (2007) identify a second factor that is related to the accuracy 

of lineup decisions: the decision process. This factor has also been explored empirically 

but it is a much more difficult concept to operationalize than quality of memory. Because 

it is a cognitive operation the decision process cannot be directly measured. Thus, it 

arguably cannot be controlled - making it an estimator variable. However, it is also clear 

that the decision process can be influenced by external factors, through lineup 

instructions for example (Malpass & Devine, 1981). As such, the decision process may 

also be considered a system variable. 

For decades, research has looked at decision making in terms of dual process 

models (i.e., there two systems or processes involved in decision making) (Charman & 

Wells, 2007; Schneider & Chein, 2003; Smith & DeCoster, 2000). Generally, it is argued 

that there is one process, ostensibly fast and effortless and a second process that is 

relatively slow and requires effort. The first, the more automatic process has been 

associated with other features such as intent/consciousness, stimulus-dependence, 

controllability, effect of learning, etc. The necessity of these features for calling a process 

automatic is debated and the relevance of any particular feature depends on the context 
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under consideration (Moors & De Houwer, 2006). These features will not be considered 

here.  

Accuracy is theorized to be better sometimes with automatic behaviours, 

sometimes with deliberative behaviours, depending on the task. A dual process model of 

decision making used extensively in applied psychology is Petty and Cacciopo’s (1986) 

Elaboration Likelihood Model. This model addresses decision making in response to 

media messages and has been used to design public service announcements. Petty and 

Cacioppo argue that receivers of information use one of two ways to process information. 

Shallow processing involves superficial examination of the message and implications of 

the message are not processed. Alternatively, deep processing critically evaluates the 

message and the supporting evidence for the message. Shallow processing is fast and 

requires little effort while deep processing is slow and requires considerable effort. In this 

model, the slower process is the more accurate one. 

A model in which the faster process is considered more accurate is Lindsay and 

Wells’ (1985) relative versus absolute judgment strategies with lineup decisions. Lindsay 

and Wells argued that sequential lineups (presenting lineup pictures one after the other, 

asking witnesses to make a decision about each face before viewing the next, not 

allowing witnesses to view a face again after a decision about it has been made, and not 

informing witnesses how many faces are in the lineup) leads to lower rates of 

identification of innocent suspects because it encourages an absolute judgment strategy. 

An absolute judgment strategy encourages witnesses to compare their memory of a 

perpetrator to each face they are shown. So, for a six person lineup the maximum number 

of comparisons would be six. The relative judgment strategy, associated with 
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simultaneous lineups (all lineup pictures shown at once) and more innocent suspect 

identifications than absolute judgments, involves comparing amongst lineup faces and 

choosing the face that most resembles one’s memory. This process can be much slower 

because for a six person lineup the max number of (new) comparisons is 15 (Charman & 

Wells, 2007). The absolute judgment strategy is also considered2 more accurate because 

relative judgments allow selection of the best match out of six options rather than 

encouraging the witness to determine if a match to one’s memory exists. 

Similarly, Dunning and Stern (1994) considered relative judgments to be a clear 

example of a deliberative process while absolute judgments more closely resemble an 

automatic process. They suggested that witnesses who make identifications of a guilty 

suspect will be more likely to support statements indicative of automatic processes while 

witnesses who make innocent suspect identifications are more likely to use "process of 

elimination" as a strategy. Consistent with this, they found that statements endorsed by 

accurate witnesses (identified a guilty suspect) were associated with automatic 

recognition, such as “His face just popped out at me” whereas statements endorsed by 

inaccurate witnesses (identified an innocent suspect or a foil) were associated with 

making process of elimination decisions, such as “He was the closest person to what I 

remember, but not exact.”  

Interestingly, in their fourth experiment, Dunning and Stern asked witness-

subjects to identify someone if they were clearly certain or at least 70% confident that the 

individual was the perpetrator, or regardless of how confident they were that the 
                                                 
2 Because there is as yet no accepted behavioural measurement of absolute and relative judgments, 

witnesses are categorized as having used one or the other based on self-report. These self-report measures 

indicate that witnesses make more correct decisions when absolute judgments are used rather than relative 

judgments (Dunning and Stern, 1994). However, whether this dichotomy appropriately reflects the decision 

process is still a matter of debate (Charman & Wells, 2007; Mansour, Lindsay, Brewer, & Munhall, 2009). 
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individual was the perpetrator. They found that manipulating decision criterion in this 

way did not predict whether participants endorsed automatic or process of elimination 

statements, though whether the participant indicated that they had used an automatic 

process or a process of elimination still predicted accuracy. Thus, direct manipulation of 

part of the decision process, the decision criterion, did not affect accuracy but 

participants’ post hoc evaluations of their decision process were predictive of accuracy. 

Research on decision processes raises issues with identifying the decision process 

used to make an eyewitness identification. Self-reports by participants suggest that about 

two thirds of the time participants use an absolute judgment strategy (e. g., Dunning & 

Stern, 1994; Lindsay & Bellinger, 1999). However, as Nisbett and Wilson’s (1977) 

review of the attributional literature shows, people typically base judgments about their 

mental processes on a priori hypotheses and frequently fail to recognize the relationship 

between a presented stimulus and their response, even when this relationship is suggested 

to or explained to them. Indeed, eye tracking research suggests witnesses more often use 

a relative strategy (Mansour, et al., 2009). Mansour et al. showed that while participants 

indicated the use of an absolute judgment strategy to make lineup decisions 63% of the 

time, 91% of the time participants looked at each face in a lineup at least once or more 

and 89% of the time returned to at least one face before indicating their decision 

(suggesting the use of a relative judgment process). 

Competition-Corroboration Hypothesis 

Charman and Wells (2007) approach the decision process as a continuum rather 

than a dichotomy. Drawing on the instance theory idea that automaticity is a continuum 

(Logan, 1988), they argue that an automatic process and a deliberative process operate in 
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parallel (see Figure 2). According to applied lineup theory, when automatic and 

deliberative processes would lead to the same decision if they were to run to completion, 

there is corroboration between the automatic and deliberative decision processes, but 

when automatic and deliberative processes would lead to different decisions, there is 

competition between the automatic and deliberative decision processes. This is the 

competition-corroboration hypothesis. I attempt to test the competition-corroboration 

hypothesis in Experiments 6 through 9. 

The automatic decision process is fast, while the deliberative process is slow to 

complete. Thus, there may be differences in the response (decision) depending on 

whether the participant must respond quickly (so only the automatic process completes) 

versus at their leisure (so both the automatic and the deliberative processes complete). A 

different response will be made if the automatic and deliberative processes compete but 

not if they corroborate. Applied lineup theory does not specify the conditions under 

which the automatic versus the deliberative process is relied on when both processes are 

able to complete. 

The accuracy of a decision depends on which decision process leads to the correct 

response. Panel a of Figure 3 depicts what might happen if the automatic decision was 

correct and the deliberative decision was incorrect. If the automatic decision was 

incorrect and the deliberation decision was correct the bars in panel a of Figure 3 would 

differ. Slow decisions when there was competition would have the highest likelihood of 

accuracy in this scenario. That is, fast decisions would generally be inaccurate relative to 

slow decisions when there was corroboration would be less accurate that slow decisions 

when there was competition.  
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Hypothesis 1: When the automatic and deliberative decision processes corroborate, the 

accuracy of those decisions should not differ regardless of the time given to make the 

decision. When decision processes compete accuracy may differ depending on whether 

the automatic or deliberative decision process is relied on (See panel a of Figure 3). 
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Figure 3: Two predictions derived from applied lineup theory. 
Panel a depicts the relationship between the decision process and the time allowed for 
decisions. Panel b depicts the relationship between quality of memory and the decision 
process. Grey bars represent competition between automatic and deliberative decision 
processes whereas white bars represent corroboration. 
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One thing worth noting is that Charman and Wells (2007) make no prediction 

about whether accuracy will generally be different for fast versus slow decisions. That is, 

panel a of Figure 3 depicts slow decisions overall about as accurate or somewhat less 

accurate than fast decisions. However, it could be that overall, slow decisions are more 

accurate than decisions that are so fast they rely only on automatic processing. The 

eyewitness identification literature generally shows that faster decisions are more 

accurate (e.g., Dunning & Stern, 1994; Weber & Brewer, 2004); however, these decisions 

are ones where there was no pressure to respond and no manipulation of the information 

available in the lineup (i.e., fair lineups were used). Asking participants to make 

identification decisions in very short periods of time may lead them to fail to attend all 

response options and they may thus fail to respond within the response time period or fail 

to respond correctly when they would have given time to attend to the correct response 

option. Under these conditions, one would expect that slow decisions would be more 

correct overall, even if the competition-corroboration hypothesis were true. 

Interaction of Quality of Memory and the Decision Process 

 Research on how quality of memory affects the accuracy of decisions and how 

decisions are made is not new in the domain of eyewitness memory. What Charman and 

Wells (2007) bring to the table with applied lineup theory is the interaction of quality of 

memory and the decision process. They argue that quality of memory impacts accuracy 

directly and through the amount and accuracy of information available to perform the  

identification task but also indirectly, through the decision process (Figure 1). That is, 

when quality of memory is good, the decision process utilized is more likely to be 

automatic and thus more likely to lead to accurate decisions than when quality of memory 
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is poor. Of course, both the deliberative and the automatic processes are likely to lead to a 

correct response if they lead to the same decision (corroborate3; see panel b of Figure 3). 

 

Hypothesis 2: As quality of memory improves so will identification accuracy and 

importantly, reliance on a decision strategy that utilizes cues that lead a witness away 

from making a correct decision will be less likely to be used (See panel b of Figure 3). 

 

The hypotheses outlined above apply specifically to lineups in which the target is 

present. I will discuss target-absent lineups in the context of replicating previous research 

and how the manipulations influence decisions on these types of lineups; however, 

Charman and Wells (2007) have little to say about target-absent lineup decisions in their 

theory and thus I will not discuss this issue in detail.  

Operationalizing Corroboration and Competition 

Operationalizing competition and corroboration is challenging because the 

decision process is a cognitive operation to which we do not have direct access. It is, 

however, possible to create a situation in which corroboration or competition would tend 

to occur. One way to do this would be to manipulate the match between stimuli encoded 

and stimuli presented in a subsequent recognition task. Charman and Wells (2007) refer 

to decision corroboration and competition, but it is possible to create stimulus 

corroboration and competition by manipulating the match between a stimulus presented 

                                                 
3 It is possible to have corroboration that leads to an incorrect response. For example, if the perpetrator of a 

crime had an identical twin who was arrested for the crime and placed in a lineup, it is likely that the 

witness would identify the innocent suspect and experience corroboration of his or her decision processes. 

See for example the case of Romeo Phillion (The Osgoode Hall Law School Innocence Project, 2003). A 

less fantastic case would occur if an innocent suspect bore a very strong resemblance to the actual 

perpetrator.   
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Figure 4: Illustration of the relationship between stimulus and decision competition and corroboration. 
Panel a presents an example encoded face. Panel b 
corroboration. Panels c to e show faces that would elicit
a face that would elicit stimulus competition but decision corroboration
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at encoding and a stimulus presented in a subsequent recognition task. Stimuli 

matching one’s memory (i.e., stimulus corroboration) should elicit decision 

corroboration and stimuli that does not match one’s memory (i.e., stimulus competition) 

may elicit decision competition.  

 To explain, consider that the face shown in panel a of Figure 4 might be seen and 

processed by a person (i.e., an encoded). If the face presented in a recognition task were 

exactly the same as panel a of Figure 4 (see panel b of Figure 4), there would be stimulus 

corroboration (i.e., similarity between the presented stimulus and the target) as well as 

decision corroboration (i.e., the automatic and the deliberative decision processes should 

come to the same conclusion – “I have seen this face before”). If the encoded and judged 

images are so different that they would never be confused (see panel f of Figure 4), there 

would be conflict between what was encoded and what is being shown currently 

(stimulus competition). Importantly, decision competition would not occur in this 

situation. In fact, decision corroboration would be expected - whether the decision was 

made fast or slow, participants could be expected to reject the face as a match to the 

encoded face.   

Face recognition in the real world usually does not involve assessing a face 

exactly as it was seen before. A face presented for recognition could vary from looking 

nothing like the encoded face to perfectly matching the encoded face. A face that falls 

anywhere in between may invoke conflicting outcomes from the deliberative and 

automatic processes (see panels c to e of Figure 4). If applied lineup theory is correct, 

decision competition can occur when a participant must infer that the face shown is the 
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target face based on an imperfect match between their memory and the face they are 

viewing.  

Now consider what would happen if a participant was asked to make either a fast 

or a slow decision in a recognition task. If the participant had to make a fast decision (i.e., 

only the automatic decision process could complete) applied lineup theory predicts that 

only cues consistent with their memory would be considered (Charman & Wells, 2007). 

For example, if asked to make a very fast recognition judgment, a participant presented 

with panel c of Figure 4 would be expected to say the presented face was the target 

because the face matched the participant’s memory of the target and if presented with 

panel d of Figure 4 they would be expected to say the presented face was the target 

because the clothing matched the participant’s memory of the target.  

If the participant could make a slower decision, non-matching cues could also be 

considered. Given panel c of Figure 4, the participant may realize that the clothing does not 

match their memory for the target, but the face does, and therefore conclude that this must 

be the target. Alternatively, given panel d of Figure 4, the participant might infer that the 

person shown must be the target because the clothing they are wearing is the same as the 

person they encoded. Inference requires deliberation. The participant’s automatic decision 

will rely on information consistent with their memory in the image but the information 

attended might be the clothing, face, or some other cue. If the attended information is the 

clothing they will respond “yes, this is the target” to panel d of Figure 4 when relying only 

on the automatic process, but upon further deliberation realize that the face is not a match 

and respond no. On the other hand, if shown panel b of Figure 4, the participant may note 
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that the clothing or face matches immediately and respond that yes this is the target, but this 

should not change with further deliberation.  

 In a series of experiments I manipulated stimulus corroboration and competition, 

as well as quality of memory and the opportunity to complete each decision process (via 

manipulating time to respond) to test applied lineup theory. I use “corroboration” and 

“competition” to refer to situations where I expected decision corroboration and 

competition. Decision corroboration was expected in situations characterized by stimulus 

corroboration and decision competition was expected in situations characterized by 

stimulus competition4.  

With experiments 1 to 6, I addressed the predictions of applied lineup theory 

using a simple face recognition paradigm. In Experiment 1 I asked whether instances 

(frequency of viewing) are associated directly with an increase in recognition accuracy. 

In Experiment 2 I considered how depth of processing and instances interact. In 

Experiment 3 I considered the interaction of depth of processing and duration of viewing 

without manipulating instances. In Experiment 4 I decoupled instances and duration and 

tested whether instances have an impact when duration of viewing is held constant. 

Finally, I tested the interaction of instances, duration, and depth of encoding on 

recognition accuracy in Experiment 5. In Experiments 6 and 7 I tested the competition-

corroboration hypothesis using simple manipulations of face images at test. Finally, in 

Experiments 8 and 9 I addressed applied lineup theory’s ability to predict outcomes of 

lineup decisions.  

                                                 
4 Note that the exception shown in panel f of Figure 4 where stimulus competition corresponds with 

decision corroboration is not expected in the experiments reported because the stimuli are designed to avoid 

this situation. 
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Chapter 3: Experiment 1 - The Impact of Instances on an Old/New Recognition Task 

Frequency of face presentation is rarely manipulated as an independent variable in 

experiments with faces. One way that frequency of exposure to faces has been 

manipulated is in repetition priming paradigms (Bentin & Moscovitch, 1988; Ellis, Flude, 

Young, & Burton, 1996; Hay, 2000; Lander & Bruce, 2004; Lewis & Ellis, 2000; 

Nosofsky, 1991). The general finding is that response time decreases as a function of 

number of exposures to the face. Bentin and Moscovitch further showed that accuracy on 

a recognition memory task using this paradigm was better when faces were viewed five 

times versus only once at study. There is also a vast literature on the impact of practice at 

tasks showing that recognition improves with practice (Diamond & Carey, 1986; 

Gauthier & Tarr, 1997; McKone, Kanwisher, & Duchaine, 2007; Perfect, Hollins, & 

Hunt, 2000). For example, Read (1979) showed that doing tasks involving a to-be-

remembered face (thinking about the face or continued viewing) increased later 

recognition. Also, Hatala, Norman, and Brooks (1999) showed that cardiologists made 

more correct diagnoses based on electrocardiograms than second year residents, who in 

turn, performed better than final year medical students. 

Frequency is a dimension that differentiates familiar and unfamiliar faces. When 

asked to respond to a highly familiar face (for example, to judge sex), people tend to 

respond quickly and accurately, compared to unfamiliar faces (Bruce, 1986). Familiar 

face recognition may be characterized as an automatic process. Logan’s (1988) instance 

theory argues that frequent exposure to a stimulus leads to automaticity via the 

accumulation of experiences (instances). Once processing comes to rely on retrieval of 

stored instances, it is said to be automatic. Until that time, the task is said to be effortful 
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and require deliberate processing. According to Logan and Etherton (1994) an instance is 

a separate representation of an event and that event is a constellation of co-occurrences, 

or rather includes goals, encountered stimuli, interpretations, and responses. Thus, one 

could think of an encounter with a single face as an instance of that face. Thus, many 

exposures to a face could produce automatic recognition. 

 In Experiment 1 I tested whether the number of instances of exposure to a face 

can be directly related to recognition accuracy for the stimuli to be used to test applied 

lineup theory. Participants answered questions about faces, completed an intervening 

task, and then completed a surprise old-new recognition task. I expected that the more 

times participants were exposed to a face prior to a recognition task the more likely they 

would be to correctly recognize the face in the recognition task.  

 Two pilot experiments established instance manipulations that led to clear 

differences in recognition accuracy across the manipulations and avoided ceiling or floor 

effects. See Appendix 1 for specific task instructions and questions. In the first pilot 

experiment six participants viewed faces one, three, or six times and had to answer 

questions about personality traits of the persons pictured. There was no limit on how long 

participants had to view each face and make their response. I found that recognition 

performance (where participants could take as long as they wanted to respond that the 

face was “old” or “new”) was at ceiling (.95) for hits at three and six viewings. 

Participants were also nearly at floor for false alarms (.01). In a second pilot (N = 18) I 

attempted to create a wider distribution of recognition accuracy rates by allowing 

participants to view faces only one, two, or three times under the same encoding and 

retrieval conditions as in the previous pilot experiment. Performance was again near 
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ceiling after only two viewings (.88) and the difference in accuracy from two (.88) to 

three viewings (.92) was small. False alarms again were rare (.06) but less so than in the 

previous pilot. Because I wanted three levels of instances I could present faces no fewer 

than one, two, and three times. Thus, in Experiment 1 I attempted to avoid ceiling effects 

by limiting encoding time for faces.  

Method 

Participants 

 Participants (N = 36) were recruited from the Department of Psychology’s 

PSYC100 subject pool. They were paid $5 per half hour for their participation. 

Participants ranged in age from 17 to 43 years (M = 19.25, SD = 4.24), were primarily 

female (.80) and most considered themselves White (.78) or Asian (.14). 

Design 

 A 3 (Instances: 1, 2, 3) within-subjects design was utilized. Instances refers to 

how frequently a face was presented in the Viewing Phase described below.  

Materials 

 Pictures of faces were collected from a database of pictures in the Legal Studies 

Laboratory at Queen’s University. The images were 120 colour photographs presented on 

a blue background (See Figure 5). Half of the images were selected to be “old” and half 

were selected to be “new” such that “old” images were shown in both the Viewing and 

the Recognition Phases (see below) and “new” images were shown only in the 

Recognition Phase. Which half of the images were “old” and which half were “new” was 

counterbalanced across participants. That is, the images were randomly assigned to one 

of six groups. Three of the groups were randomly assigned as Set 1 and the other three 
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formed Set 2. I counterbalanced whether Set 1 or Set 2 served as old versus new images. I 

further counterbalanced which of the three groups were shown once, twice, and three 

times when they were assigned to be “old.”  That is, the frequency with which a face was 

presented in the Viewing Phase was counterbalanced across participants.  

Program. MediaLab and DirectRT were used to display images and questions in 

random order. 

 Viewing Phase. Participants were asked to rate 20 face images on one or more of 

the following dimensions: Friendliness, Attractiveness, Happiness, Healthiness, 

Pleasantness, Intelligence, Honesty, Typicality, and Likeability (Rakover & Cahlon,  
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Figure 5: Example stimuli from Experiments 1 to 5. 
Panel a depicts stimuli used in the Viewing Phase and Panel b depicts stimuli used in the 
Recognition Phase. All of the faces shown in the Viewing Phase were shown in the 
Recognition Phase, but new faces were also shown in the Recognition Phase. 
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2001). Ratings were made on a 1 to 7 scale with, for example, 1 being the "extremely 

unfriendly" and 7 being "extremely friendly." See Appendix 2 for the task instructions 

which include an example. For each trial, participants were presented the attribute they 

would judge the subsequent face on in the center of the screen for three seconds, a face 

was then shown for one second, followed by the previously displayed attribute and the 

scale, which remained on screen until the participant entered a valid response. The 

attribute to be judged was randomly selected. Participants were informed that images may 

be shown more than once because we wanted to collect ratings on different dimensions 

and that sometimes they may be asked to judge a face on the same dimension more than 

once because we were interested in the reliability of their ratings.  

 Intervening Task. Participants completed an intervening task between encoding 

faces in the Viewing Phase and trying to recognize them in the Recognition Phase in 

order to prevent any latent sensory information from influencing recognition accuracy 

and to prevent primacy and recency effects (Broadbent, Vines, & Broadbent, 1978; 

Phillips & Christie, 1977). The intervening task involved solving as many anagrams as 

possible in two minutes (See Appendix 3). Participants were presented with a single 

anagram that they had to respond to before moving on to the next anagram. There was a 

total of sixty anagrams in the set. No participant completed all sixty anagrams within the 

two minutes allotted for the task. The decision to use two minutes for the intervening task 

was based on how much time the rest of the experiment took and what the ideal time 

would be for obtaining participants. The decision was arbitrary in so far as I wanted to 

provide participants enough time to be engaged in the intervening task. 
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 Recognition Phase. The same faces used in the Viewing Phase were used in the 

Recognition Phase. “Old” and “new” faces were presented to participants one at a time. 

Participants were asked to click a button with a mouse to indicate whether the face they 

were presented was "old" or "new." Trials were presented randomly and there was no 

limit to how much time a participant had to respond nor were participants informed that 

they would be timed. Participants were given no instructions regarding hand placement. 

Procedure 

Participants first read a letter of information and signed a consent form (see 

Appendix 4) outlining the nature of their task. They were then seated at a computer and 

asked to indicate demographic information (See Appendix 5) and then read instructions 

about their task. Next they completed five practice trials, viewed the instructions again, 

and then completed the 120 face rating trials (20 faces seen once, 20 seen twice, and 20 

seen three times). This was considered the Viewing Phase. Next the intervening task was 

done for two minutes and then participants completed the Recognition Phase in which 

they made an old/new judgment about each face in the total set of face images. Finally, 

participants were debriefed (see Appendix 6) and thanked. 

Measures 

Participants were required to make an old/new judgment about each of a series of 

faces 120 (60 old and 60 new) in the Recognition Phase. I calculated the proportion of 

hits (indicating an image is “old” when it had been seen in the Viewing Phase) for one, 

two, and three instances of viewing. The proportion of false alarms (indicating an image 

was “old” when it was shown only in the Recognition Phase) also was calculated. 
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Average response times were calculated for hits for faces seen once, twice, and three 

times as well as for false alarms. 

The majority of statistical analyses in this thesis are repeated measures analyses of 

variances (ANOVAs). There are a number of assumptions associated with this statistical 

test including that cells sizes are equal, the ratio of cases to dependent measures is greater 

than 5:1, homogeneity of variance and covariance, univariate and multivariate normality 

(sphericity, symmetry), and an absence of univariate and multivariate outliers (Tabachnik 

& Fidell, 2007). Appropriate analyses for these assumptions were conducted for each 

ANOVA conducted, however only violations are reported. 

Results 

 Analysis of the proportion correct responses to each face stimulus, when the face 

was seen only once, was conducted to determine whether stimulus effects occurred. The 

distribution of proportion correct was normally distributed (see Appendix 7) ranging from 

never correct to always correct (M = .51, SD = .20). Thus, we concluded that stimulus 

effects were not a concern with the set of faces used. 

A 3 Instances repeated measures Analysis of Variance (ANOVA) was conducted 

first on the proportion of hits and then on the response times. For hits, the main effect of 

Instances was significant (p = .04) as well as the linear contrast for Instances, F(1, 35) = 

233.17, p < .001, partial η
2 = .87 (see Figure 6). Recognition of faces shown three times 

(M = .89, SD = .12) was best, followed by faces shown twice (M = .79, SD = .18) and 

faces shown once (M = .51, SD = .21). All pairwise comparisons were significant (ps < 

.001). These means are tabled in Appendix 8. 
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Figure 6: Proportion of hits in the Recognition Phase by the number of times a face was 
presented in the Viewing Phase for Experiment 1.  
Error bars are standard errors. 
 

 There was a significant main effect of Instances (p < .001) and linear effect on 

response times as well, F(1, 35) = 5.36, p = .03, partial η
2 = .13 (See Figure 7). Response 

times were fastest for faces seen three times (M = 1.21 s, SD = .22), then twice (M = 1.27 

s, SD = .20), followed by faces seen once (M = 1.34 s, SD = .34). All pairwise differences 

were significant (ps < .001). These means are tabled in Appendix 8. 

False alarms were relatively rare (.09), but higher than in the two pilot studies 

(.04) with an average response time of 1.26 s (SD = .27). 
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Figure 7: Average response times for hits in the Recognition Phase by the number of 
times a face was presented in the Viewing Phase for Experiment 1.  
Error bars are standard errors. 

 

Discussion 

In this experiment, I showed that as frequency of viewing increased, so did 

accuracy. Importantly, limiting encoding time and varying between one, two, and three 

presentations of a face led to a satisfactory spread of hits and response times across 

instances of presentation. In the pilot experiments participants had unlimited time for 

encoding and their performance was poorest with one exposure but reached ceiling very 

quickly with multiple exposures. In the current experiment, participants performed well 

above chance5 after only one exposure but performance was much further from ceiling 

after multiple exposures than in the pilot experiments and there was a clear spread in 

performance between one, two, and three exposures (see Figure 6). This was considered 

critical because the applied lineup theory is based on the belief that quality of memory 

                                                 
5 Note that chance is equivalent to the false alarm rate (Banks, 1970). 
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drives accuracy and decision process. In order to effectively test applied lineup theory, I 

needed to ensure that my manipulation of quality of memory was effective.  

 Instance theory predicts and much research has supported a power function speed-

up in responding as instances accumulate and a task becomes more automatic (Logan, 

1988; Hay, 2000; Newell & Rosenbloom, 1981; Shiffrin & Schneider, 1977). While this 

is not critical for the purpose of testing applied lineup theory, it provides another check 

that quality of memory varies with this task. Consistent with this, when a face was 

viewed more often, response times decreased. Notably, participants were not informed 

that they were being timed, so this is a strong result. In summary, instances of viewing 

can be used to manipulate quality of memory.   
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Chapter 4: Experiment 2 - The Impact of Instances and Depth of Encoding on an 

Old/New Recognition Task 

 In Experiment 2, I consider whether frequency of viewing (Instances) interacts 

with the depth of processing of faces. Previous research shows that the context in which 

an item is encoded influences later recognition accuracy (Bower & Karlin, 1974; Bruce, 

1982; Craik & Tulving, 1972; Morris, Bransford, & Franks, 1977; Mueller, Carlomusto, 

Goldstein, 1978). For example, faces are recognized faster and more accurately when the 

initial encoding task involves assessing personality traits compared to indicating the sex 

of the person shown (Bower & Karlin, 1974). 

 In the original depth of processing paper, Craik and Tulving argued that sensory 

information is available earlier in processing than associative information, thus a stimulus 

that is processed for information obtained early in the encoding process will be less well 

remembered than a stimulus processed for information obtained later in the encoding 

process because the latter will have been processed to a deeper extent than the former. 

Bower and Karlin reasoned that judgments of sex would occur at a lower level of 

processing than judgments of likeableness or honesty and as such, recognition should be 

better for more deeply processed faces. This type of manipulation has been used 

extensively (Rakover & Cahlon, 2001); however, the nature of the effect on processing is 

still somewhat ambiguous (see Lockhart & Craik, 1990 for a review of this paradigm). 

Patterson and Baddeley (1977) have argued that what differs between judgments of sex 

and personality judgments is amount of processing rather than depth of processing; their 

research showed that depth did seem to have an effect, but the effect was small. For my 

purpose, either is sufficient as the amount of processing of a face has similar practical 
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relevance to the depth of processing of a face; however the use of “depth” to describe 

effects found must be considered with caution. 

In Experiment 1, a relatively deep processing question was asked in the Viewing 

Phase ("rate the face from 1 to 7 on a dimension such as friendliness"; see Rakover & 

Cahlon, 2001). In the current experiment, I used a paradigm identical to the one used in 

Experiment 1 except that participants were asked to indicate the sex of the person 

pictured in half of the trials (shallow processing) and to rate the friendliness of the person 

pictured in the other half of the trials (deep processing) in the Viewing Phase (Winograd, 

1981). I expected to replicate the finding that deep processing leads to more hits than 

shallow processing. I also expected to replicate the finding from Experiment 1 that 

frequency of viewing (instances) predicts hits and response times.  

Charman and Wells predict that better quality memory itself will improve the 

accuracy of recognition but they also predict that better quality of memory will lead to 

use of more accurate decision processes as well. Thus, I further expected an interaction of 

instances and depth of processing such that the rate of improvement in recognition over 

instances would be greater for shallowly than deeply processed faces. To explain, say that 

deep processing leads to an improvement in recognition of 5% each time a face is seen. 

Say further that seeing a face more than once improves recognition accuracy by 10% per 

repetition. It would then be expected that if recognition accuracy with a shallowly 

processed stimulus seen once was .50, that recognition of a shallow processed stimulus 

seen twice and three times would be .60 and .70 respectively. Recognition accuracy of a 

deeply processed stimulus, however, would be .55 after one viewing, but would rise to 

.70 and .85 after two and three viewings. Thus, these two factors would interact. 
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The intervening task was changed after Experiment 1 because of concern that the 

anagram task may have failed to disrupt rehearsal of the studied faces. Cohen and Nodine 

(1978) showed that similarity between a face recognition task and the intervening task 

predicted performance, such that similar tasks (identifying missing features from line 

drawings or portraits of faces) led to poorer performance than dissimilar tasks (deciding if 

words were misspelled). A visual search task where participants look at cartoon people is 

likely to interfere more with rehearsal than a task involving words. 

Because shallow processing has been shown to lead to poorer recognition 

performance than deep processing of faces (Bower, & Karlin, 1974) and because a more 

difficult intervening task was used, the amount of time for encoding in the Viewing Phase 

was increased from one second in Experiment 1 to three seconds in this experiment. 

Method 

Participants 

 Participants (N = 12) were recruited from the Department of Psychology’s 

PSYC100 subject pool. They received course credit or were paid $5 for participating. 

Participants were primarily female (.83) and White (.75) or Asian (.25). The average age 

of participants was 19.75 years (SD = 3.39, Range = 18 - 29). All participants indicated 

that they were right-handed.   

Design 

 A 3 (Instances: 1, 2, 3) x 2 (Depth of Processing: Shallow, Deep) within-

subjects design was utilized. As in Experiment 1, Instances refers to frequency of viewing 

in the Viewing Phase. Depth of Processing was manipulated by the type of question 

asked of the participant about each face in the Viewing Phase. Shallow processing was 
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elicited by asking about the sex of person shown while deep processing was elicited by 

asking participants to rate the friendliness of the person shown.  

Materials 

 In this experiment, we again used images collected and edited by the Legal 

Studies Laboratory. Images of faces (N = 105) on blue backgrounds were utilized for this 

experiment (See Figure 5). As in Experiment 1, half of the images were designated to be 

"old" and half were designated to be "new" in the Recognition Phase of the experiment. 

Given that there were no stimuli effects in the previous experiment, a set of  images were 

randomly selected to be target faces from the larger database of images from which 

Experiment 1 images were randomly selected; another set were selected to be foils.  

 Program. MediaLab and DirectRT were again used to display images and 

questions in random order.  

 Viewing Phase. Participants were asked to answer one of two questions about 

each of 48 face images one or more times by pressing particular keyboard keys. They 

responded to either "How friendly does the following person appear to be? Please rate the 

person from 1 (Extremely Unfriendly) to 7 (Extremely Friendly)" or "Is the following 

person Male ("s") or Female ("k")?" A trial involved viewing the question to be answered 

for three seconds, then viewing a face for three seconds, and finally the question was 

again presented until the participant made a valid response. See Appendix 9 for exact 

wording of questions and task instructions. 

 Intervening Task.  Participants viewed three Where’s Waldo6 images for one 

minute each. Again, the decision to provide one minute for the task was based on 

                                                 
6 TM & © 2008 Entertainment Rights Distribution Limited. All rights reserved. 
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practical concerns about the length of the experimental session and ensuring the 

participant had sufficient time to be engaged in the intervening task. A Where’s Waldo 

image depicts a scene containing hundreds of cartoon individuals (see Appendix 10 for a 

sample image). The images were presented sequentially so only one image was presented 

at a time. Participants were given a worksheet with questions corresponding to each 

image; e.g., "How many boats are in the picture?" (see Appendix 11). Participants were 

instructed to answer as many questions on this worksheet as possible within the allotted 

time (see Appendix 12). No participant in any of the reported experiments completed the 

worksheet in the time allowed.  

 Recognition Phase. All 105 images were presented in this phase. Participants 

were asked to indicate whether the face they were presented with was "old" (48 images) 

or "new" (57 images) and were prompted about which key corresponded to which 

response while the face was on screen. Trials were presented randomly. Appendix 13 

provides the instructions and Appendix 14 provides information about the question 

wording. 

 Handedness Question. Following the Recognition Phase, participants were asked 

to indicate whether they were left- or right-handed, so that the tendency to respond more 

quickly with the dominant hand could be accounted for. Performance on motor tasks has 

been shown to be faster when the dominant hand is used (Rabbitt, 1978; Annett, Annett, 

Hudson, & Turner, 1979). Because response time was being measured I wanted to 

minimize noise due to handedness. See Appendix 14 for exact question wording.   

Procedure 
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The procedure for Experiment 2 was identical to Experiment 1 except for the 

following:  

1. A subset of images from the larger image database were selected to be 

“old” or “new.” 

2. The instructions for the Viewing Phase asked participants to rate faces on 

one dimension only (Friendliness) or indicate the sex of the person 

presented. 

3. The intervening task was a "Where’s Waldo" task participants had three 

minutes to work on. 

4. Participants had to press a key rather than click a button to indicate 

whether a face was "new" or "old."  

5. A handedness question was presented at the end of the experiment. 

6. Practice trials were omitted due to the simplicity of the task and feedback 

from participants in Experiment 1 indicating they were not necessary. 

Measures 

Similar to Experiment 1, I calculated hits and average response times for each 

level of Instances, as well as the proportion of false alarms and average response times 

for false alarms. In addition, hits and average response times for hits for each level of 

Depth of processing (shallow, deep) and for each level produced by the crossing of 

Instances and Depth of processing were calculated. 

Results 

 A 3 (Instances) x 2 (Depth of Processing) repeated measures ANOVA was 

conducted for each of hits and average response times for hits. Inspection of boxplots 
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indicated one outlier for response time in the one Instance condition and one for response 

time in the two Instances condition. Analyses with and without these outliers had no 

effect on the pattern of results so the full data set is reported. Homogeneity of covariance 

was violated (Mauchly’s test: p > .001) for response times. A follow-up inspection of 

Epsilon for response times indicated that corrected F-values could be interpreted (all 

Epsilons greater than or equal to .7).   

   

 

Figure 8: Proportion of hits in the Recognition Phase by the number of times a face was 
presented and the type of question asked in the Viewing Phase for Experiment 2.   
The grey line represents deep encoding questions and the black line represents shallow 
encoding questions. Error bars are standard errors. 
 

 The results for hits were consistent with Experiment 1, though performance was a 

bit better for reasons that are unknown but may be due to the series of small changes 

made to the procedure. There was a significant main effect of Instances (p < .001) and the 

linear trend was significant, as expected, F(1, 11) = 61.74, p < .001, partial η
2 = .25. 

Participants made more hits as the number of times a face was viewed in the Viewing 

Phase increased. However, follow-up pairwise comparisons indicate that one and three 
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Instances differed significantly (p < .001) and as did one and two Instances (p = .002), 

but the difference between two and three Instances was marginally significant (p = .08). 

All pairwise comparisons were significant in Experiment 1. The main effect of Depth of 

Processing was not significant (p = .36) and there was no interaction of Instances and 

Encoding (p = .88). Figure 8 presents the means for each level of Instances by each level 

of Encoding. Table 1 presents the means by Instances and Encoding.  

For response times, there were no significant main effects (all ps > .30). As Table 

1 shows, the standard deviation for faces shown twice and encoded deeply (SD = 1.11) is 

much different than for the other conditions (average SD = .20).Without the outlying 

case, the standard deviation is similar to the other conditions (.14). The analysis was 

conducted with and without the outlying cases (listwise deletion) and the results did not 

differ (see Table 1 for means). 

The rate of false alarms was slightly higher than in Experiment 1 (M = .13, SD = 

.12) and response times for false alarms were about the same (M = 1.16 s, SD = .50). 

 

 Instances 
Overall 

 1  2  3 

Shallow Encoding     

 Hits .59 (.23) .81 (.16) .90 (.15) .77 (.14) 

 Response Times (s) 1.11 (.20) 1.00 (.16) .95 (.13) 1.02 (.19) 

Deep Encoding     

 Hits .57 (.16) .80 (.15) .84 (.10) .74 (.10) 

 Response Times (s) 1.16 (.29) 1.24 (1.11) .94 (.17) 1.11 (.44) 

Overall     

 Hits .58 (.17) .81 (.12) .87 (.10) .75 (.11) 

 Response Times (s) 1.14 (.22) 1.12 (.57) .94 (.13) 1.07 (.24) 

 
Table 1: Proportion of hits and average response times by the number of times a face was 

presented and the type of question asked for Experiment 2. 

Standard deviations are presented in brackets. 
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Discussion 

 The results of this experiment were not as expected. I replicated the effect of 

instances found in Experiment 1 but did not replicate the classic finding that depth of 

processing influences recognition accuracy for faces (Bower & Karlin, 1974). In fact, 

shallowly encoded faces were slightly (non-significantly) more likely to be recognized 

and recognized faster than deeply encoded faces, which is contrary to what one would 

expect. Given the robustness of the effect of depth of processing on faces in previous 

experiments (Rakover & Cahlon, 2001) I am reluctant to conclude that depth of 

processing has no impact on face recognition. This result requires replication.  

 One possibility is that the depth of processing manipulation was inappropriate due 

to methodological differences from the standard paradigm. Bower and Karlin (1974) used 

a dichotomous response format for both levels of depth of processing (male/female or 

more than average/less than average). I used a dichotomous measure for my shallow 

processing question (male/female) but asked participants to make a rating on a likert-style 

scale for the deep processing question. This may have influenced the effect. However, 

one would expect that making a rating on a one to seven scale would require more 

processing than a dichotomous decision which should result in a larger effect, and thus, 

this explanation seems unlikely.  

 Another difference is that I used a slightly different dimension for the deep 

processing question than did Bower and Karlin (1974). In their experiment, participants 

judged likability or honesty whereas I asked participants to judge friendliness. Again, this 

is an unlikely explanation as there is no reason to believe friendliness should require less 
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processing than likability or honesty. Indeed this measure has been used in other 

experiments to create the depth of processing effect successfully (Rakover & Cahlon, 

2001).  

 I also showed fewer "old" pictures than did Bower and Karlin (24 versus 72) 

which means the cognitive load in my experiment and/or power may have been lower. 

The task may have been easier also because the questions about each face were 

sometimes posed multiple times: depth of processing may have been relatively high even 

for the questions about sex due to rehearsal (Tulving & Craik, 1972). If this were true I 

would have expected an interaction of Encoding and Instances whereby there was a 

simple main effect of Encoding for face seen once; however I did not find this. In the 

next experiment participants viewed each face only once in the Viewing Phase. Thus, if I 

failed to find an effect of depth of encoding in the current experiment due to either lower 

cognitive load or lower power, I should find an effect in the next experiment. 

 Additional differences include that Bower and Karlin showed participants faces 

for five seconds whereas I showed faces for three seconds and I interspersed shallow and 

deep processing trials whereas they blocked them. The blocking explanation suggests that 

perhaps participants simply deeply processed all faces in anticipation of answering either 

the gender or the friendliness question. However, it should be noted that there was no 

reason for participants to put in the additional effort of processing all faces deeply 

because they were provided with the attribute they would be judging a face on prior to 

viewing the face.  

Quality of memory can be operationalized in other ways than via frequency of 

viewing and depth of encoding. In the following study I will use another manipulation of 
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quality of view: duration. That is, participants will see each target face only once for a 

variable amount of time.  
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Chapter 5: Experiment 3 - The Impact of Duration and Depth of Encoding on an 

Old/New Recognition Task 

 Inconsistent with expectations, I found no interaction of frequency of viewing and 

depth of processing in Experiment 2. The depth of processing manipulation in fact had no 

effect on recognition whatsoever. Given the robustness of this effect (Rakover & Cahlon, 

2001) I suspect methodological reasons for failing to find at least a significant main 

effect.  

 A possible reason for the lack of effect of depth is that participants deeply 

processed most or all faces in my experiment. There is reason to believe this could have 

been the case for two reasons. First, Bower and Karlin had participants make gender 

judgments in one block of trials and personality judgments in another block of trials 

whereas I mixed these types of trials together. Because they could be presented with 

either judgment on any trial, participants may have processed all faces deeply. This is 

inconsistent with the fact that participants were presented with the dimension they would 

judge a face on prior to seeing the face, however. Second, the Instances manipulation 

may have led to deeper processing of most shallowly encoded faces in my experiment 

compared to Bower and Karlin’s experiment where each face was presented for encoding 

only once. One might interpret the second and third exposures as rehearsal of the face 

(Craik & Lockhart, 1972). If this were the case, there should have been an effect of depth 

of processing for faces viewed once, but there was not.  

 Finally, my experiment may have lacked power: each participant responded to 

only eight images that were seen once and encoded shallowly, compared to 72 in the 

Bower and Karlin experiment. The current experiment used the same procedure as in 
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previous experiments but all 48 faces presented in the Viewing Phase were seen only 

once. Thus, I expected to find an effect of depth of processing in the current experiment 

because it was more powerful and there was no opportunity to rehearse previously seen 

faces compared to Experiment 1. 

 Because I am interested in how various ways of influencing quality of memory 

interact I manipulated a new dimension of quality of memory, duration of exposure, in 

the current experiment. Moreover, this manipulation allows me to test the power 

explanation for my previous results while still manipulating two dimensions of quality of 

memory. Previous research shows that increasing duration of exposure leads to increased 

recognition accuracy (Read, 1995, Shapiro & Penrod, 1986 though see Kerstholt, 

Raajimakers, & Valeton, 1992; Read, Vokey, & Hammersley, 1990 for contrary 

findings). For example, Ellis, Shepherd, and Davies (1977) had participants view 30 faces 

for .25, .5, 1, 2 or 4 seconds and found that performance improved in a later recognition 

task with increasing exposure times. This has been shown to be true using both face 

recognition (Busey, Tunncliff, Loftus, & Loftus, 2000; Diehl & McKeever, 1987; 

DiNardo & Rainey, 1991;  Laughery, et al., 1973; Light et al., 1979; Reynolds & Pezdek, 

1992; Semmler & Brewer, 2006; Shepherd, Gibling, & Ellis, 1990) and lineup paradigms 

(Maclin, et al., 2004; Meissner & Brigham, 2001; Memon, Hope, & Bull, 2003; Read, 

1995; Weber & Brewer, 2004). Durations have varied from about 200 milliseconds to 

fifteen minutes. I expected to replicate the effect of duration in the current experiment.  

 Additionally, I expected an interaction of duration and depth of processing similar 

to that predicted between instances and depth of processing in Experiment 2. That is, I 

expected that accuracy would improve faster with increases in viewing duration for faces 



48 

 

encoded shallowly compared to faces encoded deeply because as quality of memory 

improves, more accurate decision processes should also be used -  according to applied 

lineup theory (Charman & Wells, 2007). There is some research inconsistent with this 

prediction, however.  

 Mueller et al. (1978) manipulated duration faces were encoded and depth of 

processing and found a main effect of duration but not for depth of processing and no 

interaction. Mueller et al. had participants view faces for five or 15 seconds and make 

judgments of either height of forehead or generosity. They proposed that the effect of 

depth of processing would be smaller after viewing a face for 15 seconds than after 

viewing it for five seconds because further processing would occur when the task 

associated with the face did not take up the entire viewing period. They found that 

duration accounted for the majority of variance in hit rates such that there was no 

interaction with depth of processing and no main effect of depth of processing. They 

speculated that perhaps five seconds was already enough time for processing to proceed 

and the depth of processing effect was already attenuated. In the current experiment, 

much shorter durations are used and the opposing predictions of Charman and Wells and 

Mueller et al. can be examined. 

Method 

Participants 

 Participants (N = 12) were recruited from the Department of Psychology’s 

PSYC100 subject pool. They received course credit or were paid $5 for participating. 

Participants in this experiment were again primarily female (.75) and White (.83) or 
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Asian (.08), ranging in age from 18 to 21 years (M = 18.42, SD = .90). Again, all 

participants indicated they were right-handed. 

Design 

 A 3 (Duration: 1s, 2s, 3s) x 2 (Depth of Processing: Shallow, Deep) within-

subjects design was utilized. Duration refers to how long a face image was presented 

during the Viewing Phase described below. The Depth of Processing manipulation was 

the same as that used in Experiment 2. 

Materials, Procedure, and Measures 

 Materials, procedure, and measures were identical to Experiment 2, except that all 

face images were shown only once during the Viewing Phase and were presented for one, 

two, or three seconds rather than always for three seconds in Experiment 2. 

Results 

 A 3 Duration x 2 Depth of Processing repeated measures ANOVA was conducted 

on hits and average response times for hits. Three univariate outliers were detected for 

faces that were encoded deeply and seen for two seconds (for hits) and one outlier was 

detected for faces shallowly encoded and shown for two seconds (for response time). The 

analyses are reported for all of the data as there was no difference in the results when 

these outliers were omitted. 

 For hits, there was no main effect of Duration (p = .99); however there was a main 

effect of Depth of Processing, F(1, 11) = 5.65, p = .04, partial η
2 = .34. A higher 

proportion of participants' decisions were hits when faces were deeply encoded (M = .69, 

SD = .10) compared to shallowly encoded (M = .60, SD = .11). Pairwise comparisons 

indicate this effect was not significant at one and three seconds but was marginally 
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significant at two seconds (p = .06). Figure 9 depicts the means by duration and depth of 

processing and the means are tabled in Table 2. 

 
Figure 9: Proportion of hits in the Recognition Phase by the duration a face was 
presented and the type of question asked in the Viewing Phase for Experiment 3.  
The light grey line represents deep encoding questions and the black line represents 
shallow encoding questions. Error bars are standard errors. 

 

 Duration ( s) Overall 

 1  2  3  

Shallow Encoding     

 Hits .60 (.18) .58 (.13) .60 (.24) .60 (.11) 

 Response Times ( s) 1.41 (.43) 1.32 (.44) 1.24 (.41) 1.36 (.42) 

Deep Encoding     

 Hits .69 (.16) .70 (.14) .68 (.15) .69 (.10) 

 Response Times ( s) 1.19 (.39) 1.20 (.40) 1.27 (.42) 1.25 (.28) 

Overall     

 Hits .64 (.12) .64 (.10) .65 (.15) .64 (.08) 

 Response Times ( s) 1.30 (.32) 1.26 (.29) 1.25 (.34) 1.27 (.29) 

 

Table 2: Proportion of hits and average response times for hits by the duration a face 

was presented and type of question asked for Experiment 3.  

Standard deviations are presented in brackets. 
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For response times, there were no significant effects (ps = .13 - .65). See Table 2 

for these means.  

The false alarm rate was similar to previous experiments (M = .17, SD = .17) as 

was the average response time for false alarms (M = 1.28 s, SD = .30). 

Discussion 

There was no effect of duration of viewing on hits or average response times. It 

may be the case that duration of viewing influences recognition accuracy in a different 

way than frequency of exposure, because this result was contrary to the literature (Ellis et 

al., 1977; Shapiro & Penrod, 1986). Some experiments have found a harmful effect of 

increasing exposure duration. Read et al. noted that when similarity between encoded and 

tested faces was high, increases in exposure duration led to increases in recognition 

accuracy, however, when similarity was low or medium (determined via independent 

ratings), increases in exposure duration had either no effect or hindered recognition 

performance. Similarly, Kerstholtz et al. (1992) had participants indicate whether a photo 

was of a known or unknown person, where the photo was of poor quality (person was 

wearing a hood) or good quality (person’s head was uncovered). Arguably, the poor 

quality condition represents a situation where the similarity between the target and the 

tested photo was low and as such, exposure harmed recognition accuracy. However, the 

conditions under which participants were tested in the current experiment are exactly 

those that should produce an increase in recognition accuracy with exposure duration: 

participants were presented with the exact same face in the Viewing and Recognition 

Phases. Replication of this effect is necessary. 
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 Contrary to Experiment 2, I found a significant effect of depth of processing in 

the current experiment. It is possible that sampling error led to a failure to find a depth of 

processing effect in Experiment 2, but another explanation is that methodological factors 

led to the discrepancy in these two experiments. I hypothesized that I failed to find the 

depth of processing effect in Experiment 2 because only eight faces were shallowly 

encoded and viewed once and that viewing faces more than once amounted to rehearsal 

of those faces which nullified any depth of processing effect. In the current experiment 24 

faces were viewed once and encoded shallowly – and I found a main effect of depth of 

processing. This results support the power explanation for my Experiment 2 results. 

However, because the number of images shallowly encoded and rehearsal was not 

manipulated directly, this conclusion is speculative.   

Inconsistent with this explanation deeply encoded faces were recognized at a rate 

between that of faces shown once or twice in Experiments 1 and 2. The rate of hits for 

shallowly encoded faces (.60) was approximately the same as the rate of hits for faces 

deeply encoded and seen once in Experiments 1 and 2. In Experiment 1 all faces were 

deeply encoded (.50) and in Experiments 2 faces were deeply or shallowly encoded but 

essentially equally recognized (.57 and .59 respectively). Both the power and rehearsal 

explanations predict that shallowly encoded faces would be recognized less accurately 

than in Experiments 1 and 2. Thus, some other factor is contributing to this finding. 

 Another way of considering my findings is in terms of durations of viewing in 

each experiment. Each time a face was presented in Experiment 1 it was on screen for 

one second and in Experiment 2 it was on screen for three seconds. Thus, total duration 

of viewing for a target (across all instances) for each presented face in Experiment 1 was 
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the same as in the current experiment (1, 2, or 3 seconds) and it was much higher in 

Experiment 2 (3, 6, or 9 seconds). In Experiment 2 the duration of viewing was increased 

to avoid floor effects with the shallow encoding manipulation, though this seems 

unnecessary given the non-significant effect of encoding. One would expect better 

recognition in Experiment 2 than Experiment 1 because exposure was longer in 

Experiment 2 than 1. Furthermore, I would expect lower accuracy in Experiment 3 

because while duration is the same, only half of the faces in Experiment 3 were deeply 

encoded whereas all the faces were deeply encoded in Experiment 1 – thus there were 

more faces to be remembered.   

 The interaction of duration and depth of processing was not found, and thus 

neither Charman and Wells (2007) nor Mueller et al.’s (1987) predictions were 

supported. Clearly, duration and depth of processing do not have the additive effect 

suggested by applied lineup theory, at least durations from one to three seconds. Mueller 

et al. speculated that their shortest duration exposure was long enough to promote deep 

processing regardless of the face processing task. In the current experiment one to three 

second exposures were used. It seems unlikely that deep processing would occur faster 

than this, so I speculate that the depth of processing effect is not mitigated by duration of 

view, but by some other factor. 

In the following experiment, I examine whether the twice found effect of 

Instances and the effect of depth of processing is still found when the total duration of 

exposure across Instances is kept constant.  
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Chapter 6: Experiment 4 - The Impact of Instances, when Duration is Constant, on an 

Old/New Recognition Task 

 It is clear from Experiments 1 and 2 that frequency of exposure predicts 

recognition accuracy with faces, but Experiment 3 suggested that duration does not also 

predict accuracy. This is inconsistent with previous research (Read, 1995; Shapiro & 

Penrod, 1986). If there is an effect of duration, the effect of frequency may not be as 

strong as it appears in Experiments 1 and 2 because Experiments 1 and 2 confounded 

Instances of viewing with duration of viewing. That is, a face viewed once was seen for 

three seconds, a face seen twice was seen for a total of six seconds, and a face seen three 

times was seen for a total of nine seconds. To date, no research has considered the 

interaction of duration and frequency of exposure. 

In the following experiment I manipulated the number of times a face was seen 

(Instances) and held the total duration of viewing constant at three seconds using the 

same paradigm used in previous experiments. I expected to replicate the findings of 

Experiments 1 and 2 that frequency of viewing predicts recognition accuracy. Also, I 

expected to find no effect of depth of processing if the depth of processing effect occurs 

only with a single exposure (i.e., without encoding rehearsal), as theorized in Experiment 

2. Finally, the effect of instances was quite strong in Experiments 1 and 2, while no effect 

of duration was found in Experiment 3. Given these results, I expected that the effect of 

Instances will be just as strong as in Experiments 1 and 2. 

Method 

Participants 

 Again, I recruited participants (N = 12) from the Department of Psychology’s 
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subject pool for course credit or $5. The participants in this sample ranged in age from 18 

to 54 years, with an average age of 21.50 years (SD = 10.28). As in the previous 

experiments, the sample was primarily female (.75), White (.75) or Asian (.17) and right-

handed (1.00). 

Design 

 A 3 (Instances: 1, 2, 3) x 2 (Depth of processing: Shallow, Deep) within-

subjects design was utilized. Here, the Instances manipulation was as follows: faces 

shown once were presented for three seconds each, images shown twice were presented 

for 1.5 seconds each, and images shown three times were presented for one second each. 

The Depth of processing manipulation was the same as in Experiments 2 and 3. 

Materials, Procedure, Measures 

 Materials, procedure, and measures were identical to Experiments 2 and 3 except 

that the duration for which images were presented in the Viewing Phase was different. 

Results 

 As with Experiment 2, I conducted a 3 Instances x 2 Depth of processing repeated 

measures ANOVA on the proportion of hits and average response times for hits. For hits, 

I replicated the significant main effect of Depth of processing found in Experiment 3, 

F(1, 11) = 12.69, p = .004, partial η
2 = .54. Participants made more hits when they deeply 

encoded faces (M = .80, SD = .11) compared to when they shallowly encoded faces (M = 

.69, SD = .15). Pairwise comparisons indicated that this difference was significant for 

faces seen twice (p = .02) but not for faces seen once (p = .26) or three times (p = .43).  

I also found a significant main effect of Instances, F(2, 22) = 10.49, p = .001, 

partial η
2 = .49. As in Experiments 1 and 2, participants made significantly more hits as 
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frequency of viewing increased. The linear trend was significant (p = .03) but pairwise 

comparisons indicated that one and two instances differed (p = .01) and one and three 

instances (p = .03) but not two and three instances (p = .14) (See Figure 10). Table 3 

presents these means. The interaction with Depth of processing was not significant (p = 

.29). 

 

Figure 10: Proportion of hits in the Recognition Phase by the number of times a face was 
presented and the type of question asked in the Viewing Phase for Experiment 4.  
The grey line represents deep encoding questions and the black line represents shallow 
encoding questions. Error bars are standard errors. 

 

 There was also a significant main effect of Instances on average response times, 

F(2, 22) = 5.94, p = .009, partial η
2 = .35. The linear trend was significant (p = .01) and 

the pattern of results similar to hits such that one and two instances differed (p = .04), one 

and three instances differed (p = .01) but not two and three instances (p =.20; See Figure 

11). Table 3 presents these means. There were no other significant effects. 
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Figure 11: Average response times for hits in the Recognition Phase by the number of 
times a face was presented and the type of question asked in the Viewing Phase for 
Experiment 4.  
The grey line represents deep encoding questions and the black line shallow encoding 
questions. Error bars are standard errors. 
 

 Instances - Duration ( s) Overall 

 1 - 3 2 - 1.5 each 3 - 1 each  

Shallow Encoding     

 Hits .58 (.24) .69 (.18) .81 (.16) .69 (.15) 

 Response Times (s) 1.06 (.20) .99 (.11) .95 (.14) 1.00 (.10) 

Deep Encoding     

 Hits .68 (.19) .88 (.12) .84 (.20) .80 (.11) 

 Response Times (s) 1.08 (.18) .99 (.15) .92 (.18) 1.00 (.14) 

Overall     

 Hits .63 (.17) .78 (.11) .83 (.17) .75 (.12) 

 Response Times (s) 1.07 (.16) .94 (.14) .91 (.13) 1.00 (.12) 

 

Table 3: Proportion of hits and average response times by the number of times a face was 

presented and the type of questioned asked in the Viewing Phase for Experiment 4.  

Standard deviations are presented in brackets. 
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The false alarm rate was consistent with that found in previous experiments (M = 

.14, SD = .08), as was the average response time for false alarms (M = 1.11s, SD = .17). 

Discussion 

 In Experiments 1 and 2, I showed that frequency of viewing predicted hits but 

frequency of viewing was confounded with duration. In this experiment, duration was 

controlled and frequency of viewing still predicted hits. That is, even when total duration 

is maintained the effect of frequency of exposures on recognition accuracy is maintained.  

 I further expected that that the magnitude of the effect of Instances would be 

maintained in this experiment because Experiment 3 showed no effect of duration. 

However, inspection of Table 3 shows that the slope of the line from one to three 

instances is flatter in the current experiment compared to Experiments 1 and 2. In the 

current experiment, the overall hit rate with one Instance of viewing was higher (.62) than 

in Experiments 1 and 2 (.51 and .58, respectively), about the same with two Instances 

(.79) as in Experiments 1 and 2 (.79 and .81 respectively), and lower (.82) than with three 

Instances (.89 and .87, respectively).  

These results are interpretable for three instances: in Experiments 1 and 2 faces 

shown three times were seen for a longer total amount of time and thus quality of 

memory for these faces should be better than in the current experiment. This also 

suggests that duration does play a role in recognition accuracy. However, the total 

amount of time for viewing was long for one and two instances in Experiments 1 and 2 

also, but in the current experiment there is no relative decrease in accuracy.  

 In this experiment and in Experiment 1, the time for encoding a face shown once 

was the same (three seconds) so it would be expected that the rates would be similar. The 
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fact that they are not suggests that the environment of encoding may influence later 

recognition accuracy. That is, perhaps because an individual opportunity to view a face 

was not as long in this experiment as in past experiments, there was less opportunity for 

interference and thus faces with less ideal encoding were remembered better. However, 

this explanation conflicts with the explanation for why memory for faces viewed three 

times was better in Experiments 1 and 2 compared to this experiment. 

 Interestingly, when duration and frequency were confounded (Experiment 2) there 

was no effect of depth of processing on hits. When frequency and duration were not 

confounded (Experiments 3 and 4), there was a significant effect of depth of processing 

on hits. However, follow-up analysis shows that this was true only when faces had been 

seen twice in these experiments. This result is puzzling. It would make sense that at some 

point depth of processing would no longer improve recognition, but if two instances was 

the limit, then I would expect a significant difference between deep and shallow encoding 

at one instance of viewing as well. Again, power may be an issue here. Moreover, in 

Experiment 3 faces were seen for up to three seconds and the effect of depth of 

processing was significant across the three levels of duration. The interaction of 

instances, depth of processing, and duration with a powerful design merits examination. 

In the next experiment all three factors are manipulated. 
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Chapter 7: Experiment 5 - The Impact of Instances, Duration, and Depth of Encoding on 

an Old/New Recognition Task 

 Previous experiments have shown a clear effect of instances (Experiments 1, 2, 

and 4) and no effect of duration (Experiment 3). Given that most previous research finds 

an effect of duration, this null effect demands replication. A larger sample was used in the 

current experiment than in Experiment 3 so if the null effect of duration is real, this 

would be a strong replication of that result.  

An effect of depth of processing was found when faces were shown only once 

(Experiment 3) and a large set of faces was encoded (48 faces) but not when the set of 

faces was smaller (8 faces in Experiments 2). In Experiment 4 I found an overall effect of 

depth of processing, but follow-up analysis showed the effect was only significant for 

faces seen twice. This is inconsistent with the perspective that rehearsal of faces in the 

Viewing Phase in Experiment 2 led to a failure to find an effect of depth of processing. 

The current experiment uses the same methods but has more power than previous 

experiments so the nature of the effect of depth of processing effect may be more 

obvious. Moreover, the interaction of frequency, duration, and depth of processing bears 

consideration. Using the same paradigm as used in previous experiments, I manipulated 

instances and depth of encoding. Duration was manipulated between-subjects. 

Method 

Participants 

 Participants (N = 48) were again recruited through the Department of 

Psychology’s PSYC100 subject pool and received course credit or $5 for their 

participation. The participants (N = 48) in this experiment ranged in age from 18 to 21 
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years (M = 18.89, SD = 1.05). The demographic information for one participant was not 

recorded. The sample consisted of White (.68) and Asian (.15) participants and was 

predominantly female (.70). Most participants were right-handed (.96). 

Design 

 A 3 (Instances: 1, 2, 3) x 3 (Duration: 1s, 2s, 3s) x 2 (Depth of processing: 

Shallow, Deep) mixed design was utilized. Instances and Depth of processing were 

manipulated within-subjects while Duration was manipulated between-subjects. Again, 

Instances refers to the frequency with which a face was presented in the Viewing Phase 

(See also Experiments 1, 2, and 4). Depth of processing was manipulated in the same way 

as in Experiments 2 to 4. Finally, Duration again refers to how many seconds an image 

was presented for in the Viewing Phase (See also Experiment 3). 

Materials, Procedure, and Measures 

 Materials, procedure, and measures were identical to Experiments 2 through 4.  

It should be noted however that Duration was a between-subjects factor rather than a 

within-subjects factor. As such, sensitivity (d’) was calculated for each level of duration 

by subtracting the normalized false alarm rate from the normalized hit rate (Yonelinas, 

2002).  

Results 

 A 3 Instances x 2 Depth of Processing x 3 Duration mixed model repeated 

measures ANOVA was conducted on the proportion of hits and average response times. 

There were two univariate outliers for the proportion of hits and three for average 

response times. Analyses were conducted with and without these cases (listwise deletion) 

with no change in the pattern of results for the hits therefore the full data set is reported. 
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However, there was a significant change in the results for average response time data; 

therefore these cases were dropped from the response time analysis. 

 For hits, there was a significant main effect of Instances, F(2, 90) = 22.10, p < 

.001, partial η
2 = .33, replicating previous results. There was also a significant main 

effect of Depth of Processing, F(1, 45) = 145.34, p < .001, partial η
2 = .76. Participants 

made significantly more hits when they were asked to rate the friendliness of a face (M = 

.84, SD = .13) compared to when asked the sex of the person pictured (M = .62, SD = 

.16). Table 4 presents the means for these two analyses. The main effect of Duration was 

not significant (p = .12, partial η
2 = .09).  

The main effects were qualified by a significant interaction of Instances and 

Depth of Processing, F(2, 90) = 3.56, p = .03, partial η
2 = .07. Figure 12 depicts this 

interaction. There was a clear linear positive trend for faces encoded shallowly such that 

the more times faces were seen in the Viewing Phase, the more likely they were to be 

recognized in the Recognition Phase (simple main effect of Instances for shallow faces, p 

< .001; all pairwise comparisons significant (ps ≤ .01). For deeply encoded faces, there 

was a simple main effect of Instances (p = .002), however, that there was no increase in 

accuracy for faces viewed once versus twice (p = .74), though the difference between 

face seen once or twice and faces seen three times was significant (ps  ≤.007). Table 4 

presents the relevant means.  
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 Encoding Question 
Overall  

 Shallow Deep 

 Instances Overall Instances Overall Instances Overall 

Duration of View 1 2 3  1 2 3  1 2 3  

1 second  

 Hits .46 (.23) . 63 (.22) .64 (.20) .58 (.27) .73 (.19) .78 (.17) .84 (.15) .78 (.22) .59 (.17) .70 (.16) .74 (.15) .68 (.13) 

 Response Time (s) .96 (.19) 1.02(.22) .94 (.20) .97 (.16) .95 (.16) .90 (.16) .94 (.19) .93 (.14) .95 (.15) .96 (.16) .94 (.17) .95 (.13) 

2 seconds 

Hits .59 (.23) .58 (.22) .73 (.19) .63 (.27) .81 (.19) .82 (.17) .94 (.15) .85 (.22) .70 (.17) .70 (.16) .84 (.15) .74 (.13) 

 Response Time (s) .1.05 (.20) 1.08 (.22) 1.00 (.20) 1.04 (.16) .95 (.16) .92 (.16) .92 (.19) .93 (.14) 1.00 (.15) 1.00 (.16) .96 (.17) .99 (.13) 

3 seconds 

 Hits .48 (.23) .63 (.22) .82 (.20) .64 (.27) .90 (.19) .88 (.17) .93 (.15) .90 (.22) .69 (.17) .76 (.16) .88 (.25) .77 (.13) 

 Response Time (s) 1.15 (.20) 1.14 (.22) .98 (.20) 1.09 (.16) .93 (.16) .88 (.16) .87 (.19) .90 (.14) 1.04 (.15) 1.01 (.16) .92 (.17) .99 (.13) 

Overall 

 Hits .51 (.23) .61 (.22) .73 (.20) .62 (.16) .81 (.20) .82 (.18) .90 (.16) .84 (.13) .66(.17) .72 (.16) .82 (.15) .73 (.13) 

 Response Time (s) 1.05 (.21) 1.08 (.24) .97 (.22) 1.04 (.17) .94 (.17) .90 (.17) .91 (.20) .92 (.14) 1.00 (.16) .99 (.17) .94 (.18) .98 (.14) 

 

Table 4: Proportion of hits and average response times for hits by number of times a face was presented, duration a face was 

presented, and type of question asked in the Viewing Phase for Experiment 5.  

Standard deviations are presented in brackets. 
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Figure 12: Proportion of hits by the number of times a face was presented and the type of 
question asked in the Viewing Phase for Experiment 5.  
The grey line represents deep encoding questions and the black line represents shallow 
encoding questions. Error bars are standard errors. 

 

For average response times for hits, there was a significant main effect of 

Instances, F(2, 84) = 3.39, p = .04, partial η
2 = .08 (See Table 4 for means). There was 

also a main effect of Depth of Processing, F(1, 42) = 34.09, p < .001, partial η
2 = .45.  

There was no main effect of Duration (p = .71). These main effects were qualified by a 

significant interaction of Instances and Depth of Processing, F(2, 84) = 3.39, p = .04, 

partial η
2 = .08. Follow up simple main effects analysis indicate a simple effect of 

Instances for shallowly encoded faces (p = .03) but not deeply encoded faces (p = .12). 

Pairwise comparisons showed significant differences between one and three instances (p 

= .03), and two and three instances (p = .01), but not one and two instances (p = .43). 

Figure 13 illustrates this interaction.  
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Figure 13: Average response time for hits by the number of times a face was presented 
and the type of question asked in the Viewing Phase for Experiment 5.  
The grey line represents deep encoding questions and the black line represents shallow 
encoding questions. Error bars are standard errors. 
 

There was also a significant interaction of Duration and Depth of Processing, F(2, 

42) = 4.76, p = .01, partial η
2 = .18. Follow up simple effects analysis showed that there 

was a simple main effect of Depth of Processing for the two second (p = .002) and three 

second exposures (p < .001), but not for the one second exposures (p = .23). Figure 14 

illustrates this interaction. The three-way interaction of Instances, Duration, and Depth of 

Processing was not significant (p = .78). 

A one-way ANOVA was conducted on the proportion of false alarms and average 

response times for false alarms by Duration of viewing. There was one univariate 

outlying value for the proportion of false alarms. When this outlier was eliminated there 

was no change in the results of the analysis therefore the full data set is reported on.  

There was no significant effect of Duration on average response times for false alarms (p 

= .90), however there was a significant effect on proportion false alarms, F(2, 45) = 7.71, 

p = .001, partial η
2 = .26. Participants made more false alarms when they viewed faces in 

0

200

400

600

800

1000

1200

1 2 3

A
v

e
ra

g
e

 R
e

sp
o

n
se

 T
im

e
 (

m
s)

Instances



66 

 

the Viewing Phase for one second compared to two seconds and three seconds (ps ≤ .01). 

Table 5 displays all of the means.  

 
Figure 14: Response time for hits by the duration a face was presented and the type of 
question asked in the Viewing Phase for Experiment 5.  
The grey line represents deep encoding questions and the black line represents shallow 
encoding questions. Error bars are standard errors. 
 
 Because duration was manipulated between-subjects, d’ could be calculated for 

each duration. As can be seen in Table 5, sensitivity is low when a face is seen for only 

one second, but increases with longer exposures. This shows that duration does influence 

quality of view. 

 

 Duration ( s) 

Overall 
 1 2 3 

False alarms .25 (.16) .13 (.06) .12 (.06) .16 (.12) 

d’ (sensitivity) 1.00 1.60 1.85 1.45 

Response time ( s) 1.07 (.19) 1.06 (.19) 1.05 (.18) 1.05 (.18) 

 

Table 5: Proportion false alarms, sensitivity, and average response times for false alarms 

by the duration of view in the Viewing Phase for Experiment 5.  

Standard deviations are presented in brackets. 
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Discussion 

 This experiment looked at how face recognition decisions were influenced by 

three different factors related to quality of memory: frequency of viewing, duration of 

exposure, and how the face was encoded (depth of processing). The results clearly show 

that the type of encoding task has the greatest impact on recognition accuracy. The partial 

eta squared (effect size) for the depth of processing manipulation was .76 compared to 

.33 for the instances manipulation and .09 for the duration manipulation. It seems that 

frequency of viewing is the next most influential factor with duration having a relatively 

weak effect, as the main effect of duration did not reach significance. However, when the 

sensitivity of the different durations were assessed, there was a significant effect 

indicating that there is some impact of duration (Yonelinas, 2002). 

A future experiment that is completely within-subjects should be conducted to 

illuminate better the effect of duration. These results are somewhat different than 

previous experiments where the main effect of depth of encoding was unstable. More 

participants were run in the current experiment suggesting that power may have played a 

role.  

Regardless, these results simplify the matter somewhat from the perspective of 

using quality of view to argue about the credibility of an identification decision. The 

effort put into encoding a face is a strong predictor of accuracy and the more often a 

person is viewed prior to a recognition task also predicts accuracy but not as strongly. 

Duration, at least in the range of one to three seconds is weakly predictive of sensitivity 

to whether a face is old or new. These simple relations should be relatively easy to 

express in court. 
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Of course the generalizability of these results is questionable. These experiments 

used a type of encoding task unlikely to occur in the real world.  Moreover, the frequency 

and duration of exposures in the real world vary greatly and well beyond the range of that 

examined. Also, accurately assessing the frequency and duration of viewing is 

challenging in real cases (Nisbett & Wilson, 1977). Subjective reports of event duration 

are notoriously inaccurate (Burt, 1991; Burt & Kemp, 1991; Loftus, Schooler, Boone, & 

Kline, 1987; Yarmey & Matthys, 1990) and there is virtually no research comparing 

perceived to actually experienced “instances.” 

These five experiments clearly show a relationship between quality of view and 

recognition accuracy and show how three different dimensions of quality of memory 

interact. In the next two experiments I switch the focus of the experiments somewhat 

from quality of memory to the role of the decision process in applied lineup theory. In the 

next two experiments I consider how quality of memory interacts with the opportunity to 

use automatic and deliberative processes versus the automatic process only. 
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Chapter 8: Experiment 6 - The Impact of Instances and Competition/Corroboration via a 

Background Manipulation on an Old/New Recognition Task 

 The purpose of Experiment 6 was to address the competition-corroboration 

hypothesis of applied lineup theory with a face recognition paradigm (Charman & Wells, 

2007). The competition-corroboration hypothesis identifies two possible states with 

regard to the decision process: decision corroboration and decision competition. Decision 

corroboration occurs when the outcome of the deliberative and automatic processes 

would be the same, whereas decision competition occurs when the outcome of these 

processes would be different. Because access to cognitive processes is limited, I 

attempted to manipulate decision corroboration and competition by manipulating 

stimulus corroboration and competition. As depicted in Figure 4, stimulus corroboration 

should elicit decision corroboration and stimulus competition may elicit decision 

competition. As such I refer to stimulus and decision corroboration as “corroboration” 

and stimulus and (hopefully) decision competition as “competition.” 

In the current experiment I used a paradigm similar to that used in previous 

experiments. I created a corroboration condition by presenting the same image in the 

Recognition Phase as in the Viewing Phase. Research consistently shows that presenting 

the same image at study and test leads to a high level of recognition accuracy (see 

Experiments 1 to 5; Bruce, 1982). I created a competition condition by presenting other 

seen-before faces in the Recognition Phase with a different background than they were 

paired with in the Viewing Phase. Changing the context in which a face is presented 

between study and test decreases recognition accuracy compared to maintaining context 

(Dalton, 1993; Rainis, 2001). Thus, faces shown in the competition condition included a 
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cue that indicated the face was previously seen (matching face) but also included a cue 

that indicated the face was not previously seen (non-matching background). Background 

is a rather arbitrary cue and had only a two values in this experiment (yellow and blue) so 

it has very little cue validity for memory. When relying on the automatic process, applied 

lineup theory predicts that only cues consistent with the target memory will be attended. 

Thus, participants should see the matching face, not notice the non-matching background, 

and thus say the face is old. When both automatic and deliberative processes are able to 

complete, the inconsistent cue should lead some participants away from saying the face is 

"old" because it is inconsistent with their memory of the target (see panel a of Figure 3).  

In order to manipulate whether only automatic or automatic and deliberative 

processes were used in responding to faces, I manipulated how much time participants 

had to make a decision about a face. In half of the trials participants were required to 

make decisions about faces as fast as possible (automatic process only) and in the other 

half of the trials participants were required to view faces for five seconds before entering 

their decision (automatic and deliberative processes). Unfortunately there is no way to 

measure whether automatic and deliberative processes were actually engaged when I 

hoped they were. However, the instruction to respond as quickly as possible should, in 

the very least, increase the relative proportion of the decision process that is due to 

automatic versus deliberative processing (see Figure 2 and panel b of Figure 3). 

 I expected two interactions (see Hypotheses 1 and 2), based on Charman and 

Wells' (2007) theory. First, I expected that the difference in decision accuracy between 

slow and fast decisions would be non-existent or relatively small in the corroboration 

condition compared to the competition condition (See panel a of Figure 3). That is, for 
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the corroboration condition, it should not matter whether the automatic decision process 

or both the automatic and the deliberative decision process are relied on to make the 

decision because the decision would be the same either way. However, in the competition 

condition, the automatic and the deliberative processes should sometimes lead to different 

decisions. In the fast condition where only the automatic process is available, participants 

may rely only on cues consistent with their memory (i.e., the face is consistent but the 

background is not; however the fact that the background is inconsistent is not processed). 

As such, accuracy should be high because all attended cues suggest the participant should 

say the image was seen before. However, when both the automatic and the deliberative 

process are able to complete, the inconsistent cue of background can be involved in the 

participant’s decision. As such, accuracy should be lower because it suggests the image 

was not seen before.  

Second, I expected that the effect of corroboration versus competition would 

decrease as quality of memory increased (See panel b of Figure 3). That is, as quality of 

memory for a face improves, the reliance on the automatic process should increase. Thus, 

because the automatic process should lead to a correct response, accuracy should improve 

as quality of memory improves. When memory is poor, deliberative processing should be 

more likely and as a result so should attendance to the inconsistent background cue. This 

cue suggests that photos of the target are not a match to one’s memory and as a result 

attending to this cue should decrease accuracy (compared to not attending to the cue). 

Thus, as quality of memory improves, the effect of this inconsistent cue should become 

smaller. Quality of memory was manipulated via frequency of presentation as in 

Experiments 1, 2, 4, and 5 as this factor had the most consistent effect on accuracy. 
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Method 

Participants 

 Participants (N = 144) were recruited from the Queen’s Department of 

Psychology’s paid summer subject pool as well as the Department of Psychology’s 

Psychology 100 class. They received $5 per half hour or a half course credit for their 

participation. The average age of participants was 18.88 years (SD = 2.25; Range = 17 - 

38). The majority of participants were female (.72) and .68 of participants indicated they 

were White while .19 indicated they were Asian. One participant was dropped from 

further analysis because of incomplete data collection. 

Design 

Experiment 6 utilized a 3 (Instances: 1, 2, 3) x 2 (Background: same, different) x 

2 (Response Time: fast, slow) x 2 (Response Keys:  S for old/K for new, K for old/ S for 

new) mixed design. Instances were manipulated in the same way as in Experiments 1, 2, 

4, and 5: participants saw each face in the Viewing Phase once, twice, or three times. 

Background refers to whether images were shown in the Recognition Phase with the 

same or a different background as in the Viewing Phase. Response Time refers to 

whether participants made their decisions in the Recognition Phase as quickly as possible 

(fast) or if they had to wait five seconds before responding (slow). Response Keys refers 

to which hand participants used to say “old” versus “new.” To make certain hand 

dominance did not affect responding, which key was used for “old” versus “new” 

judgments was counterbalanced across participants. 
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Materials 

 The same face photos used in the previous experiments were used in the current 

experiment. For each face image, a second image was created with the background 

changed to a different color (See Figure 15). 

Viewing Phase. The Viewing Phases was the same as used in Experiment 1. 

 

a Viewing Phase   

 

b Recognition Phase 

Same Background Condition                           Different Background Condition 

 

 

 

 
 
 
 
 

 
Figure 15: Example Viewing and Recognition Phase stimuli for Experiment 6.  
Participants saw faces with a blue and a yellow background during the Viewing Phase   
(panel a). In the Recognition Phase they saw new faces as well as old faces, which were 
presented with the same background or a different background from the Viewing Phase 
(panel b). 
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Intervening Task. The intervening task was the same as used in Experiment 1. 

Recognition Phase. The Recognition Phase was the same as used in Experiment 1 

except that participants received instructions to respond as fast as possible or to wait five 

seconds before responding. Also, participants completed five practice trials before 

beginning the recognition task. Appendix 15 contains the instructions read by participants 

prior to the practice and actual trials. 

Procedure 

 Participants were welcomed and shown to a computer terminal. They first entered 

some demographic information (See Appendix 5).  After completing five practice trials, 

participants completed 96 rating trials (Viewing Phase). Next, participants solved 

anagrams for two minutes. Participants then completed two separate blocks of 48 old-new  

recognition trials (Recognition Phase). Half of the participants made their decision as fast 

as possible on the first block, and made their decision after a five second delay in the 

second block. The remaining participants completed the slow block followed by the fast 

block. Participants saw 24 old faces and 24 new faces per block. Of the 24 old faces, 12 

were presented in the same background as in the Viewing Phase and 12 were presented in 

a different background as in the Viewing Phase. 

For each block of trials, participants first read a set of instructions, completed five 

practice trials, and then read a summary set of instructions before beginning the actual 

trials. After completing this task participants were debriefed (See Appendix 6) and then 

asked to sign the consent form (See Appendix 4). Results were collapsed across the 

Response Key factor as there was no effect of this factor (p = .15).  

Analysis  
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 Proportion of hits within and across each condition of Instances, Background, and 

Response Time were calculated. Actual response times within each level of Response 

Time were plotted as a manipulation check. False alarms within each level of Response 

Time were also calculated. 

Results 

 In order to ensure that there was no overlap between the fast and slow Response 

Time conditions, I counted the number of Fast trials in which participants took longer 

than the minimum wait time for slow trials to respond (five seconds) compared to the 

total number of experimental trials. These trials accounted for .001 of the data. Given that 

it is statistically impossible for this percentage of trials to change the results of the 

original analysis, these trials were not dropped from consideration. The distribution of 

actual response times can be seen in Figure 16. 

 I conducted a 3 Instances x 2 Background x 2 Response Time repeated measures 

ANOVA on hits. Univariate outliers were found in the slow Response Time condition. 

There were two outliers were for responses to faces that had been shown twice and with a 

different background in the Viewing Phase and two outliers were for faces seen three 

times with the same background in the Viewing Phase. Analyses were conducted with 

and without these outlying cases (listwise deletion) but there was no change to the results 

so the results are reported for the complete data set.  
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Figure 16: Distributions of response times for responses to faces in the Recognition 
Phase of Experiment 6.  
The top panel shows response times for decisions that were made “as fast as possible” 
and the bottom panel shows response times for decisions where participants had to wait 
five seconds before responding. Note that the bottom panel is on the same scale as the top 
panel but the origin is adjusted for presentation purposes. 
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There was a main effect of Instances, F(2,1284) = 396.52, p < .001, partial η
2 = 

.74, replicating previous findings that more instances of viewing lead to more hits, with 

the hit rates for three, two, and one instance of viewing being .87 (SD = .17), .77 (SD = 

.19), and .51 (SD = .17), respectively. There was also a main effect of Response Time 

such that slow decisions (M = .74, SD = .17) were more accurate than fast decisions (M = 

.70, SD = .19), F(1,142) = 8.31, p = .005, partial η
2 = .06.The main effect of Background 

was also significant, F(2,142) = 12.38, p = .001, partial η
2 = .08. The same background 

(M = .74, SD = .16) led to more hits than a different background (M = .70, SD = .16).  

Two interactions were predicted; however, I did not find the expected interaction 

between Instances and Background (p = .19) nor between Response Time and 

Background (p = .57). Note that the direction of the means is consistent with Hypothesis 

2 though the interaction is not significant (see Table 6). The difference between hit rates 

for the corroboration and competition conditions gets smaller from one instance of 

viewing (.06) to two (.03) to three (.01). Appendices 16 and 17 depict these interactions 

graphically. 

False alarms were rare in general and more frequent in the fast (M = .09, SD = 

.09) compared to the slow Response Time condition (M = .06, SD = .07), t(142) = 4.65, p 

< .001, d = .39. 

Discussion 

 One interesting finding with this experiment was that overall there were more hits 

when participants had to wait five seconds to make their decision. Charman and Wells 

made no predictions about the overall effect of response time on accuracy, but this result 

is interesting because only a single image of a face rather than a lineup was shown and 
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accuracy was better for slower decisions. A single image requires little time for review 

and as Figure 16 shows, most decisions were made within a second and a half regardless 

of whether participants had to wait five seconds or not. The finding that accuracy was 

better for slow decisions may reflect simply that participants made fewer accidental 

responses when they had to wait or it may suggest something about automatic 

responding. Further research could explore this effect, but it is not the focus here. 

The results of this experiment were inconsistent with my hypotheses. Background 

(same versus different) did not interact with quality of memory (Instances) and response 

time as I expected, though the data were in the predicted direction for the interaction of 

quality of memory and background cue. There was a relatively small difference between 

the fast and the slow Response time conditions meaning I may not have forced 

participants to make decisions on the extreme ends of the automatic/deliberative 

continuum, and this may have obscured true differences. Additionally, the background 

factor had only two levels and these were the same across all trials: participants could see 

faces with a blue background or a yellow background. Varying whether faces were 

shown on a blue or a yellow background in the Viewing Phase may have made it easy for 

participants to dismiss the cue as irrelevant in the subsequent Recognition Phase when 

they realized sometimes faces were shown on the same background and sometimes on a 

different background.  

 Furthermore, background is not “part of the person” and as such may not be 

encoded as part of the person stimulus. Brown, Deffenbacher, and Sturgill (1977) found 

that when people were exposed to faces in two distinctly different rooms (thus with 

different backgrounds in some sense), they recognized the faces well but were at chance 
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levels for memory for which room they had seen the faces in. Background may not be 

strong enough or simply inappropriate to elicit competition, i.e., to act as a cue leading to 

divergent decisions.  

A cue that has been consistently associated with identification is clothing. 

Lindsay, Wallbridge, and Drennan (1987) showed that identifications of innocent 

suspects from lineups increased dramatically when the innocent suspect was wearing the 

same clothing as the target wore during the mock crime participants witnessed compared 

to when all lineup members wore the same clothing or when no lineup member wore 

clothing similar to the target. This result suggests a strong association between a 

previously viewed person and the clothing worn by that person. With Experiment 7, I 

utilized the more salient and more personal cue, clothing.  
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 Background 

Overall 
 Matched Unmatched  

 Instances 
Overall 

Instances 
Overall 

Instances 

 1 2 3 1 2 3 1 2 3 

Fast .51 (.30) .77 (.27) .85 (.23) .71 (.20) .47 (.28) .74 (.29) .83 (.25) .68 (.21) .49 (.23) .76 (.24) .84 (.22) .69 (.19) 

Slow .57 (.28) .82 (.25) .91 (.19) .76 (.19) .50 (.30) .77 (.27) .90 (.21) .72 (.19) .53 (.23) .80 (.22) .90 (.18) .74 (.17) 

Overall .54 (.21) .79 (.20) .88 (.18) .74 (.16) .48 (.21) .76 (.22) .87 (.20) .70 (.16) .51 (.17) .77 (.19) .87 (.17) .72 (.15) 

 

Table 6: Proportion of hits by condition for Experiment 6. 

Participants made responses to faces seen once, twice, or three times in the Viewing Phase as fast as possible or after five seconds in 

the Recognition Phase. The faces presented in the Recognition Phase were presented on either the same or a different background as 

they were presented with in the Viewing Phase. Standard deviations are presented in brackets. 
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Chapter 9: Experiment 7 - The Impact of Instances and Competition/Corroboration via a 

Clothing Manipulation on an Old/New Face Recognition Task 

 The purpose of Experiment 7 was to test my hypotheses by applying the paradigm 

from Experiment 6 to a cue associated more specifically with a target than the 

background the target was presented on. To accomplish this I used the more real-world of 

issue of clothing bias. Clothing bias is the finding that lineup members wearing clothing 

that matches the clothing worn by a perpetrator are identified with higher frequency than 

if they are shown wearing clothing that is not associated with the perpetrator, regardless 

of their guilt (Lindsay, et al., 1987). Lindsay et al. used a lineup paradigm: participants 

viewed a mock crime and then later had to indicate whether the “perpetrator” was present 

in a lineup.  

Dysart, Lindsay, and Dupuis (2006) used a show-up paradigm which is more 

similar to the face recognition paradigm used in the experiments reported here. A show-

up is a single presentation of a suspect (live or in a photo) to a witness. Show-ups are 

intended for quickly eliminating suspects to a crime immediately following the crime, so 

that investigation can proceed efficiently. Dysart et al. had a confederate interact with 

participants briefly and then later on the participants were shown a photograph and asked 

whether the person pictured was the person they had interacted with earlier. The photo 

presented depicted the confederate or an innocent suspect in either the same (biased) or 

different clothing (unbiased) as the confederate had worn during the interaction. 

Additionally, the distinctiveness of the clothing bias was manipulated: sometimes the 

confederate had been wearing a distinctive shirt (a Harley Davidson t-shirt) and 

sometimes relatively common shirt (a button-up plaid shirt). They found that the innocent 
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suspect was more likely to be identified when the show-up was biased. Identifications of 

the confederate were also higher when the show-up was clothing biased versus unbiased, 

but the difference was only significant for the common clothing condition. 

 The current experiment was exactly the same as the previous experiment except 

that clothing rather than background was manipulated to create corroboration and 

competition. Corroboration was created by showing participants the identical photo in the 

Viewing and Recognition Phases and competition was created by showing participants 

the target wearing different clothing in the Viewing and Recognition Phases. 

Method 

Participants 

 Participants (N = 144) were students enrolled in Psychology 100 at Queen’s 

University. They received half a course credit or $5 for participating. As in previous 

experiments participants were primarily female (.72). The sample was primarily White 

(.68) or Asian (.17). Participants ranged in age from 16 to 41 years (M = 18.38, SD = 

2.11). One participant was dropped from further analysis due to problems with their data.  

Design 

 This Experiment utilized a 3 (Instances: 1, 3, 6) x 2 (Clothing: same, different) x 2 

(Response Time: fast, slow) x 2 (Response Keys:  S for old/K for new, K for old/ S for 

new) mixed design. Faces shown in the same Clothing condition were shown in the same 

clothing during the Viewing and Recognition Phases, while faces shown in the different 

Clothing condition were shown with different clothing in the Viewing and Recognition 

Phases. The Instances, Response Time, and Response Keys manipulations were the same 

as in Experiment 6. 
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Materials 

 Pictures. New images were utilized for Experiment 5. People (N = 96) were 

photographed in two different outfits from mid-chest up. See Figure 17. Note that the two 

photographs of each person differ in terms of clothing but also may differ somewhat in 

terms of position and expression. 

 

a Viewing Phase 

 

b Recognition Phase 

Same Clothing Condition                           Different Clothing Condition 

 
Figure 17: Example Viewing and Recognition Phase stimuli for Experiment 7.  
Panel a depicts stimuli shown in the Viewing Phase. In the Recognition Phase 
participants saw faces with the same clothing as in the Viewing Phase (the identical 
image was shown in the Viewing and Recognition Phases) or in different clothing (panel 
b).  
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Procedure and Analyses 

 Procedure and analyses were exactly the same as in Experiment 6. 

Results 

As with the previous experiment, so few cases in the fast condition were slower 

than five seconds that it would be statistically impossible for them to influence the 

results. Thus the analyses for the complete data are reported. Figure 18 presents the 

distribution of response times. Again, analyses were collapsed across the Response Keys 

factor. 

I conducted a 3 Instances x 2 Clothing x 2 Response Time repeated measures 

ANOVA on hits. Sphericity was violated for the Instances manipulation and the 

interaction of Instances and Clothing (Mauchly’s test ps < .001), though epsilon values 

were high (> .7) therefore the corrected averaged F was interpreted for these tests. 

However, there was no difference in statistics whether sphericity could be assumed or 

not, therefore the standard average F is reported.  

There were seven univariate outliers. All outliers were for faces that were viewed 

three times at encoding and were shown in the same Clothing in the Recognition Phase. 

Four were from the fast Response Time condition; however, it is worth noting that these 

values were outliers because of a lack of variance in that condition. The three remaining 

outliers were for the slow Response Time condition and again reflected a lack of variance 

on the measures. That is, .94 of participants in the fast response time condition and .96 of 

participants in the slow response time condition made hits to 75% or more hits on faces 
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condition for faces shown three times in the Viewing Phase and shown with the same 

clothing in the Recognition Phase. These cases were not dropped from analyses. 

 
Figure 18: Distributions of response times for responses to faces in the Recognition 
Phase of Experiment 7. 

0

500

1000

1500

2000

2500

3000

3500

4000

F
re

q
u

e
n

cy

Decision Time (ms)

0

500

1000

1500

2000

2500

3000

F
re

q
u

e
n

cy

Decision Time (ms)



86 

 

The top panel shows response times for decisions that were made “as fast as possible” 
and the bottom panel shows response times for decisions where participants had to wait 
five seconds before responding. Note that the bottom panel is on the same scale as the top 
panel but the origin is adjusted for presentation purposes. 
 Consistent with previous results for hits, I found a main effect of Instances, F(2, 

284) = 329.15 , p < .001 , partial η
2 = .70. I also found a main effect of Clothing, 

whereby old faces shown with the same Clothing as in the Viewing Phase (M = .84, SD = 

.15) were remembered correctly more often than old faces shown with different Clothing 

(M = .60, SD = .17), F(1, 142) = 267.91, p < .001 , partial η
2 = .65. The main effect of 

Response Time was again significant and in the same direction as in Experiment 6, F(1, 

142) = 20.23, p < .001 , partial η
2 = .12.  Participants made more hits when they had to 

wait five seconds before responding (M = .75, SD = .15) than when they were asked to 

respond as quickly as possible (M = .69, SD = .16). 

 The interaction of Instances and Response Time was not significant (p = .25) but 

was in the expected direction (see Appendix 18). I found one of the two hypothesized 

interactions. The interaction of Instances and Clothing was significant, such that 

participants who viewed old faces in the same clothing worn at encoding became more 

accurate faster (i.e., with fewer instances of viewing) than old faces in different clothing, 

F(2, 284) = 4.94, p =.008 , partial η
2 = .03. Follow up analysis showed a simple main 

effect of Instances for both levels of Clothing, indicating that the slope of the linear effect 

of Instances for the matching clothing condition must be different from the slope for the 

non-matching condition. Figure 19 shows the interaction plotted using difference scores 

and Appendix 19 shows the interaction plotted with proportion of hits. Table 7 presents 

the means by condition. 
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 The results for false alarms were nearly identical to the previous experiment. 

Participants made reliably more false alarms when they had to make fast decisions (M =  

.09, SD = .11) compared to when they had to make slow decisions (M = .06, SD = .07), 

t(142) = 4.48, p < .001, d = .37.

 

Figure 19: Graph depicting the interaction of number of times a face was viewed and 
whether the face was shown with matching clothing in the Viewing and Recognition 
Phases for Experiment 7. 
Bars are the average proportional difference in hits between matching clothing and non-
matching clothing conditions. Error bars are standard errors. 
 

Discussion 

 The purpose of this and the previous experiments was to consider whether the 

assumptions of applied lineup theory held for recognition of faces in general. The results 

of this experiment represent partial support for applied lineup theory: I found a significant 

interaction of instances and whether the target’s clothing matched or did not match 

between the Viewing Phase and the Recognition Phase, as predicted by applied lineup 
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theory. Not only does this support the idea that as quality of memory improves, the 

impact of information that is inconsistent with one’s memory decreases, but it also shows 

that this relationship exists for some types of cues (i.e., clothing) but not others (i.e., 

background). Thus, a competing cue may require a direct association to the to-be-

remembered face. Hypothesis 1 predicted that participants would be equally accurate 

when corroboration versus competition occurred in the fast response time condition but 

that participants would be more accurate in the slow response time condition when 

corroboration versus competition occurred. Inconsistent with this, participants were 

simply more accurate in the corroboration condition, regardless of response time. This 

was found in Experiment 6 also (see Appendices 16 and 18).  

The failure to find support for Hypothesis 1 may not have been due to a flaw with 

the theory. First, it must be kept in mind that applied lineup theory predicts lineup 

decisions, not necessarily face recognition decisions. Second, I may not have created true 

competition between automatic and deliberative processes in this Experiment. My 

manipulation of competition might be better explained as decreased corroboration 

because in my corroboration condition, participants judged faces that were exactly the 

same as those they saw at encoding, while in the competition condition participants 

viewed old faces with different clothing. This manipulation may not have been strong 

enough to elicit a “new” response upon deliberation. That is, some conditions of stimulus 

competition should elicit decision competition but it is not clear which these would be 

necessarily.  

The current experiment represents a very strong test of the theory because only 

one cue is inconsistent with the response that the face is “old” and this may not be a 
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strong enough cue or more cues may be necessary in order to create decision competition. 

In the next experiment, I assess whether lineup identification decisions elicit results 

similar to those found in this experiment, by using the same faces at encoding but 

presenting faces in a lineup (i.e., embedded in an array of faces) in the Recognition 

Phase.  
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 Clothing 

Overall 
 Same Different  

 Instances 
Overall 

Instances 
Overall 

Instances 

 1 2 3 1 2 3 1 2 3 

 Fast .66 (.27) .86 (.23) .92 (.19) .81 (.18) .39 (.30) .60 (.30) .71 (.26) .57 (.22) .52 (.21) .73 (.20) .82 (.18) 69 (.16) 

 Slow .72 (.26) .91 (.17) .95 (.15) .86 (.16) .45 (.25) .67 (.27) .78 (.25) .64 (.19) .58 (.20) .79 (.18) .86 (.18) .75 (.15) 

 Overall .69 (.20) .88 (.17) .94 (.15) .84 (.15) .42 (.22) .64 (.22) .75 (.20) .60 (.17) .55 (.16) .76 (.16) .84 (.15) .72 (.13) 

 

Table 7: Proportion of hits by condition for Experiment 7.  

Participants made responses to faces seen once, twice, or three times in the Viewing Phase as fast as possible or after five seconds in 

the Recognition Phase. The faces presented in the Recognition Phase were presented in either the same or different Clothing as they 

were presented with in the Viewing Phase. Standard deviations are presented in brackets. 
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Chapter 10: Experiment 8 - The Impact of Instances and Competition/Corroboration, via 

a Clothing Manipulation on Identifications from Lineups 

 The previous experiments illustrate that some of the premises of applied lineup 

theory could be successfully shown with a face recognition paradigm. However, the 

support for the theory was relatively weak. Experiment 8 brings applied lineup theory to 

the lineup. In this experiment I applied manipulations used in the previous studies to the 

lineup task to test applied lineup theory in the context in which it was intended to explain. 

Instances were again used to manipulate quality of memory, such that participants were 

shown faces once or three times. In Experiments 1, 2, 6, and 7 there was always a 

significant difference in hits for faces shown once versus three times.  

 A lineup is simply an array of images or people, in this case an array of face 

pictures. A lineup (normally) contains one suspect. In a real world lineup, the suspect is 

the person believed to have committed the crime. Importantly, the police do not know 

whether the suspect is guilty or innocent and rely on the witness to provide them with 

evidence one way or the other. In research, it is possible to manipulate with certainty 

whether a lineup contains a guilty suspect (i.e., a picture of the target) or an innocent 

suspect (a picture of someone other than the target). A lineup also contains foils, or lineup 

members who are not suspected of committing the crime. Selection of a foil discredits the 

witness because there is no reason to think the foil committed the crime. 

 In Experiment 7 I attempted to elicit decision competition and corroboration by 

manipulating stimulus corroboration and competition, that is by manipulating whether the 

clothing worn by targets in the Viewing and Recognition Phases was the same or 

different. In this experiment, I used a lineup paradigm: participants viewed a face for 
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three seconds (Viewing Phase), did an intervening task for 30 seconds, and then viewed a 

lineup for the face they had recently viewed (Recognition Phase). I also again used 

clothing to manipulate corroboration and competition (see Lindsay et al., 1987 and 

Dysart et al., 2006 for clothing bias with lineups). Similar to Experiment 7, participants in 

the Recognition Phase were sometimes shown lineups that contain the target such that the 

target was wearing the same clothing as in the Viewing Phase (corroboration). In lineup 

parlance, this type of lineup is biased: only one person in the lineup was wearing clothing 

that matched the target’s so that person should be more likely to be selected (Lindsay et 

al., 1987).  

I tried to elicit competition in a slightly different way compared to Experiment 7. 

Showing a target in different clothing can be interpreted as eliciting less corroboration 

than showing a target in the same clothing in a recognition task (i.e., there is weak 

corroboration because the presented image has a matching face, but non-matching 

clothing). In lineup parlance, this type of lineup is referred to as a fair lineup: all lineup 

members are wearing different clothing than the target so no lineup member is more 

likely to be selected on this basis. As such, perhaps I did not elicit competition at all in 

Experiment 7 and this is why the expected interaction of response time and clothing was 

not found. In this experiment lineups in which the target was present but wearing 

different clothing were considered control lineups. I attempted to elicit competition by 

presenting the target in the lineup (in different clothing than in the Viewing Phase) but 

also presenting a critical foil in the same clothing as the target wore in the Viewing 

Phase. I hoped this would create competition because both a face cue and a clothing cue 

in the lineup were consistent with the participant’s memory; however, the two cues are 
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associated with different decisions. Thus, the participant had to select one cue to rely on - 

one which led to an incorrect decision (select the critical foil) and one which led to a 

correct decision (select the suspect). One would expect that because the task was face 

recognition that the face cue would be more valid and thus relied on more often than the 

clothing cue. Thus, I took the position that the automatic response would be to the face, 

rather than the clothing. 

 In the previous experiments participants made a decision about a single face in the 

Recognition Phase. In this experiment, participants had to make a decision about a set of 

six faces. There is a clear negative relationship between the time taken to make a lineup 

decision and the accuracy of that decision (Dunning & Stern, 1994; Smith, Lindsay, & 

Pryke, 2000; Smith, Lindsay, Pryke, & Dysart, 2001; Sporer, 1993, 1994). Dunning and 

Perretta (2002) suggested that optimal accuracy is achieved when participants make 

lineup decisions in less than 10 - 12 seconds. In four experiments participants viewed a 

mock crime video and then later made an identification from a lineup. Dunning and 

Perretta covertly timed how long it took each participant to make a lineup decision from 

the time that the lineup was presented until the participant completed giving his or her 

identification. Accurate and inaccurate identifications were then compared (using a chi-

square analysis) for each experiment at one second, two seconds, etc. to forty seconds. 

Maximal differentiation (i.e., the highest chi-square values) between accurate and 

inaccurate positive identifications for all experiments occurred between ten and twelve 

seconds. Weber and Brewer (2004) conducted a similar analysis and found that optimal 

accuracy was much more variable: between 12 and 17 seconds for about half of their 
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identification data but optimal accuracy for other data was five seconds or more than 20 

seconds. 

Given the speed of true automatic behaviours (see for example, Shiffrin & 

Schneider, 1977), I decided to err on the side of caution and assume deliberative 

processing would occur at 12 seconds and probably occur minimally at less than five 

seconds. Some participants were asked to respond in under two seconds or in under four 

seconds. Two seconds was just enough time to look at the lineup and make a response. 

Four seconds was enough time to look at all of the faces in the lineup and make a 

response (and also is faster than the fastest optimal lineup response time from the Weber 

and Brewer analysis). I also wanted to create a situation in which automatic and 

deliberative processing could occur. Thus, some participants were asked to respond after 

12 seconds or after 20 seconds. Twelve seconds corresponds to the limit Dunning and 

Perretta (2002) identified for automatic-style decisions. Twenty seconds was used 

because it clearly gave sufficient time for deliberation.    

 I expected to find results that were consistent with applied lineup theory and 

previous findings. In particular, I expected that the interaction of the clothing and 

response time would be significant (see Hypothesis 1, see panel a of Figure 3). Perhaps 

this interaction was not elicited with simple face recognition tasks, but can be elicited 

when a lineup task is used. I also expected to replicate the main effect of instances, the 

main effect of clothing, and the interaction of instances and clothing (see Hypothesis 2, 

Figure 3). 

 Applied lineup theory is concerned primarily with decisions about target-present 

lineups. However, lineup experiments generally include target-absent lineups for 
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comparison. The nature of the manipulations of clothing for target-absent lineups bears 

consideration because the manipulations are not intuitive. Control lineups represented the 

standard fair lineup, for both target-present and target-absent lineups. In both cases, there 

was a suspect (guilty in target-present lineups, innocent in target-absent ones) and foils. 

There was no obvious clothing cue that could be used to cue a participant’s to choose a 

particular lineup member.  

 In corroboration lineups on the other hand, target-absent lineups became the 

classic and dangerous clothing biased lineup (Lindsay, et al., 1987; Dysart et al., 2006). 

That is, this type of biased lineup for an innocent suspect leads to a dramatic increase in 

the rate of false identifications: Lindsay et al. found an increase of 11 – 36 % in false 

identifications when the innocent suspect was placed in a biased versus unbiased lineup.   

The correct response to a target-absent lineup is to say the perpetrator is "not there;" 

however, often participants see the clothing that they saw on the perpetrator and infer that 

the person wearing those clothes is the perpetrator, and thus identify an innocent suspect. 

I expect participants will make more correct rejections from lineups that are not clothing 

biased (control lineups) than lineups that are clothing biased (corroboration lineups).  

What is interesting about the corroboration condition with target-absent lineups is 

that corroboration implies all the cues available are consistent with one’s memory. 

However, for a target-absent lineup this cannot be the case because the target is not 

present. Thus, for target-absent lineups, the corroboration lineups were corroborating 

insofar as the innocent suspect was a good enough match to the target that the two could 

be confused, but clearly the match is not perfect, therefore the lineups were not 

completely corroborating and could arguably create competition. In this situation, the 
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clothing corroborated the memory but the face did not. Given that the innocent suspect 

was rated the most similar to the target (in pilot testing), it is reasonable to think that this 

target-absent lineup was more likely to create corroboration than competition, compared 

to the control lineup.  

 The competition lineups in the target-absent condition were constructed in the 

same way as in the target-present condition. Thus, competition should have occurred only 

insofar as the innocent suspect was a good enough match to the target to be confused with 

the target. Again, this lineup should create more competition than the target-absent 

control but it is not clear whether the target-absent corroboration or competition lineup 

would create more decision competition. 

 Charman and Wells propose that as quality of memory improves, so should the 

rate of correct rejections from target-absent lineups. Thus, I predict that there will be a 

main effect of Instances on correct rejections.  

 Though not the focus of the current experiments, a rating of decision confidence 

is also normally collected for lineup identifications (Leippe & Einstadt, 2007). 

Confidence is the cue most relied on by juries in assessing the credibility of witnesses 

(Penrod & Cutler, 1995), and therefore the relationship between confidence and accuracy 

is of importance. Meta-analysis shows the relationship to be moderately strong (rpb ≈ .3 - 

.4; Sporer, Penrod, Read, & Cutler, 1995). Charman and Wells (2007) predict that 

confidence will be higher when decision processes corroborate versus when they 

compete. The nature of the following two experiments did not provide sufficient cases for 

evaluation of this hypothesis. Analyses of the confidence data collected can be found in 

Appendix 20. 
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Method 

Participants 

 Participants (N = 48) were undergraduate students at Queen’s University. They 

received course credit or were paid $5 for participating. Participants in this experiment 

were mostly White (.71) or Asian (.16) and female (.79). They averaged 18.71 years in 

age (SD = 4.49, Range = 17 – 49).  

Design 

 This Experiment utilized a 4 (Response Time: Less than two seconds, less than 

four seconds, more than 12 seconds, more than 20 seconds) between-subjects x 2 

(Instances: one instance, three instances) x 2 (Target in Lineup: present, absent) x 3 

(Lineup Clothing Cue: control, corroborating cue, conflicting cue) within-subjects, mixed 

design. Response Time referred to how quickly participants were instructed to make their 

lineup decision: they either had to respond in under two or four seconds or were forced to 

wait 12 or 20 seconds before they could respond. Target in Lineup refers to whether the 

lineup presented for a trial included the target (present) or included an innocent suspect 

(absent). Lineup Clothing Cue refers to the way the suspect and foils were presented in a 

lineup. In the control condition, no one in the lineup was wearing clothing that matched 

that worn by the target in the Viewing Phase. In the corroborating condition, the target or 

innocent suspect (good match to target) was wearing clothing that matched that worn by 

the target at in the Viewing Phase. Finally, in the competition condition, a foil (relatively 

poor match to target) wore clothing that matched that worn by the target in the Viewing 

Phase.  

Materials 
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 Viewing Phase. 24 targets were used in this experiment. Targets were presented as 

single images for three seconds (versus one second in Experiment 6 and 7) because I 

perceived that a lineup task would be more difficult than a face recognition task. Pilot  

testing showed that clearly presented targets led to recognition accuracy at ceiling. As 

such, the quality of target images were degraded by presenting targets with a mask 

resembling a dirty window (see Figure 20) led to reasonable levels of identification 

accuracy from lineups (i.e., neither floor nor ceiling effects), but lower levels than with 

clear images. Panel a of Figure 20 provides an example of an encoded target. 

 

a     b 

   
   
   
   
   
   
   
   
                              
 
Figure 20: Example target stimuli from Experiment 8. 
Panel a depicts faces shown in the Viewing Phase. Faces shown in the poor quality of 
memory condition were shown once, whereas faces in the good quality of memory 
condition were shown three times. Panel b illustrates the quality of view for faces shown 
in the lineup. 
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Control Lineups: No one is wearing the same clothing as the target in the Viewing 
Phase. The target or innocent suspect is in Position 1. 

 

Target-present                                                               Target-Absent 

 

 

 

 

a Corroboration Lineups: The target or innocent suspect (Position 1) is wearing the 
same clothing as the target in the Viewing Phase. 
 

Target-present                                                               Target-Absent 

 

 

b Competition Lineups: The critical foil (foil judged least similar to the target, Position 
6) is wearing the same clothing as the target in the Viewing Phase. 
 

Target-present                                                               Target-Absent 

 

 

 

 

Figure 21: Example lineup stimuli from the Recognition Phase for Experiments 8 and 9.  
Target-present lineups are shown on the left and target-absent lineups on the right. The 
target or innocent suspect is always in position 1. Participants viewed target-present or 
target-absent lineups of three types: Control lineups which included the suspect wearing 
different clothing than the target in the Viewing Phase (panel a); Corroboration lineups 
which showed the suspect wearing the same clothing as the target in the Viewing Phase 
(panel b); or Competition lineups which showed the suspect in different clothing but a 
critical foil the same clothing the target wore in the Viewing Phase (panel c). 
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Intervening Task.  Participants were presented with one of three "Where’s Waldo" 

images on each trial (see Appendix 10). They were also given a worksheet with questions 

corresponding to each image (see Appendix 11). Between viewing staged crime videos 

and lineups (30 seconds), participants were asked to answer as many questions on this 

worksheet as possible. Again, the length of time allotted for the intervening task was 

based on the overall length of the experimental session and providing sufficient time to 

for participants to be engaged in the intervening task. 

Two lineups contained the suspect and foils with different clothing from that worn 

by the target in the Viewing Phase (control) (See panel a of Figure 21). Another two 

lineups contained the suspect with the same clothing in which the target was shown 

wearing during the Viewing Phase with all foils shown with different clothing 

(corroborating)7 (See panel b of Figure 21). The final two lineups contained the suspect 

with a critical foil (the least similar foil to the target determined via pilot testing – see 

Appendix 21) with the clothing worn by the target in the Viewing Phase (conflicting) 

(See panel c of Figure 21). Note that in the control and corroboration lineups the critical 

foil was present but with different clothing than that worn by the target in the Viewing 

Phase. All lineup members, including the suspects had their faces and clothing digitally 

edited together so that participants could not effectively use cues that an image had been 

edited to help them make their identification decision.  

Procedure 

                                                 
7 Importantly, though the target-absent lineup is called "corroborating," it could be considered 

corroborating or competing. If the innocent suspect is judged to be a good match to the target, then the 

clothing will corroborate this decision. However, if the innocent suspect is not judged to be a good match to 

the target, then the clothing is a cue that may cause competition between the decision processes. 
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Participants first signed a letter of consent (See Appendix 22). They were then 

seated at a computer and the researcher asked them to put on the headphones (to block 

out ambient noise). They then entered demographic information (See Appendix 5), read 

the instructions for the task (see Appendix 23), and began the practice and then 

experimental trials. Each trial began with a fixation cross. Participants were instructed to 

press spacebar when they were ready to begin the trial. Next a face appeared for 3 

seconds (Viewing Phase), and was replaced by a "Where’s Waldo" picture. After 30 

seconds, the "Where’s Waldo" picture disappeared and another fixation cross appeared. 

The participant had to press spacebar in order to view the lineup for the recently viewed 

target (Recognition Phase). Participants were instructed to make a lineup decision when 

they heard a tone ("When you hear the tone, we would like you to determine whether the 

face you saw in Step 1 is in this array. If it is, you should push the number on the number 

pad associated with that face. If the face you saw earlier is not present in the array, push 7 

for 'not there'. Please note that you will not have an opportunity to change your response 

once you make it."). 

Following the lineup, participants were asked to indicate how confident they were in their 

decision on a scale of 1 to 100 with 1 representing “not at all confident” and 100 

representing “extremely confident.” They were then asked to indicate whether they 

recognized anyone in the lineup from somewhere other than the Experiment. If they said 

yes, they were asked to indicate who they recognized. When the participant was finished 

all of the trials they were debriefed (See Appendix 24) and thanked.  

Analysis 
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 Across participants, the proportion of suspect identifications, rejections, and 

critical foil identifications were calculated for each level of the manipulated variable. 

Average confidence in each type of decision was calculated. In very few trials 

participants indicated that they recognized someone in the lineup other than from the 

experiment, therefore I will not consider this issue further. Other foil identifications were 

not analysed because there were no hypotheses relating to them, and because they are 

known errors with little practical impact. 

Results 

 Despite the fact that I counterbalanced which targets were presented in which type 

of lineup, the issue of stimulus effects can be raised. A qualitative inspection of the 

different types of selections from lineups (correct identifications, incorrect rejections, and 

critical foil selections from target-present lineups; suspect identifications, correct 

rejections, and critical foil selections from target-absent lineups) showed that for all but 

two targets, selections fell within 3 standard deviations of the mean selection rate for that 

response category.  One target had a high rate of selections as the innocent foil in the 

target-present lineup (z = 3.75) and one had a high rate of suspect identifications in the 

target-absent lineup (z = 3.43). This does not merit cause for concern given that the total 

number of outlying selections are spread across the three different conditions (i.e., 

control, corroboration, and competition lineups) in both cases. 

Suspect Identifications 

 I conducted a 2 Quality x 4 Response Time x 3 Lineup Clothing Cue mixed-

model repeated measures ANOVA on the proportion of suspect identifications for target-

present and target-absent lineups. Inspection of boxplots showed three univariate outliers 
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for target-absent lineups. These reflected a lack of variability in identification rates and 

thus they were not pursued.  

For target-present lineups, there was a significant main effect of Lineup Clothing 

Cue, F(2,88) = 5.75, p = .004, partial η
2
 = .12, whereby participants made significantly 

more correct identifications in the corroboration condition (M = .57, SD = .23) compared 

to the control (M = .44, SD = .25) (p = .007) or competition (M = .40, SD = .29) (p = 

.001) conditions. There were no other significant effects. Appendices 25 and 26 depict 

the predicted but non-significant interactions of Response Time and Lineup Clothing Cue 

(p = .45) and Instances and Lineup Clothing Cue (p = .52). 

For target-absent lineups, there was a significant main effect of Lineup Clothing 

Cue, F(2,80) = 12.58, p < .001, partial η
2
 = .24. Participants made significantly more 

innocent suspect identifications in the corroboration condition (M = .32, SE = .047), 

compared to the control (M = .10, SD = .16) or competition conditions (M = .10, SD = 

.18). Follow up pairwise comparisons indicated that the corroboration condition differed 

significantly from the control and competitions conditions (ps ≤ .001) but the control and 

competition conditions did not differ from each other (p = .89). This main effect was 

qualified by a significant interaction of Instances and Lineup Clothing Cue, F(2,80) = 

3.22, p = .05, partial η
2
 = .07. Follow up analysis showed that there was a simple main 

effect of Instances only for the competition condition such that there were more innocent 

suspect identifications when a target was seen once (M = .16, SD = .31) compared to 

three times. (M = .05, SD = .14). 

Rejections 



104 

 

 I conducted at 2 Instances x 4 Response Time x 3 Lineup Clothing Cue mixed-

model repeated measures ANOVA on the proportion of decisions that were rejections for 

target-present and target-absent lineups. There were no significant effects in either 

analysis. This is inconsistent with the prediction that there would be more rejections 

when instances are higher. 

Identifications of the Critical Foil 

 Finally, I conducted a 2 View x 4 Response Time x 3 Lineup Clothing Cue 

mixed-model repeated measures ANOVA on the proportion of selections of the critical 

foil from target-present and target-absent lineups. Sphericity was met for all 

manipulations except Lineup Clothing Cue in the target-present lineups analysis. Epsilon 

values for this manipulation were less than or equal to .7 therefore only the omnibus test 

results are considered and Wilk’s lamda is reported. There were several univariate 

outliers for variables with little variance (M0 = 0). Given such severe violations of the test 

assumptions, the results should be interpreted with caution. 

For target-present lineups there was a significant main effect of Lineup Clothing 

Cue, Λ(2,43) = 10.04, p < .001, partial η
2
 = .32. Participants selected the critical foil 

significantly more often in the competition condition (M = .21, SD = .28) than in the 

control (M = .03, SD = .13; p = .001) or corroboration conditions (M = .02, SD = .08; p < 

.001).  This is apparent by inspection of Figure 22.  

For target-absent lineups, I found a significant main effect of Lineup Clothing 

Cue, F(2,80) = 7.98, p = .001, partial η
2
 = .17. As with the target-present lineups, 

participants were significantly more likely to select the critical foil when they viewed 

competition lineups (M = .26, SD = .33) than when they viewed control lineups (M = .10, 



 

SD = .18; p = .005) or corroboration lineups (

shows this main effect. This main effect was qualified by a significant 

Cue by Instances interaction, 

analysis indicated a simple main effect of 

6.40, p = .02, partial η
2
 = .14 but not for corroboration (

= .42). For control lineups, participants made significantly more selections of

foil when quality of view was good (

Figure 24 and Error! Reference source not found.

 

Figure 22: Identification rates for target
(bottom panel) for control, corroboration, and competition lineups
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= .005) or corroboration lineups (M = .08, SD = .17; p = .002)

This main effect was qualified by a significant Lineup Clothing 

interaction, F(2,80) = 3.70, p = .03, partial η
2
 = .08. A follow

simple main effect of Instances for the control lineups, 

= .14 but not for corroboration (p = .12) or competition lineups (

ineups, participants made significantly more selections of

foil when quality of view was good (M = .15, SD = .29) versus poor (M = .05, 

Error! Reference source not found. depict this significant interaction.

Identification rates for target-present (top panel) and target-absent lin
(bottom panel) for control, corroboration, and competition lineups in Experiment 8

Control Corroboration Competition

Control Corroboration Competition

= .002). Figure 22 

Lineup Clothing 

= .08. A follow-up 

for the control lineups, F(1, 40) = 

= .12) or competition lineups (p 

ineups, participants made significantly more selections of the critical 

= .05, SD = .16).  

this significant interaction. 

 

 
absent lineups 

in Experiment 8.  
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Suspect identifications are shown in black; rejections are grey; critical foil identifications 
in white; other foil identifications (not analysed) are in a dot pattern. 

 

Discussion 

 This experiment provides no support for applied lineup theory. None of the 

expected interactions were significant and I did not even replicate the effect of Instances 

on recognition accuracy found in previous experiments. Because the instances and 

response time manipulations had no effect on correct identifications, it may be that these  

materials failed to detect the expected interactions. Alternatively, the way that instances 

are treated given theoretical tests of memory may be too simplistic for the eyewitness 

identification case. Indeed in an unpublished study I showed using eye tracking that 

neither the number of fixations nor the duration of fixations on a target during encoding 

predicted identification accuracy. This suggests that at least the mechanism of quality of 

memory suggested by Charman and Wells (2007) needs to be more carefully specified. 

That said, given the robustness of the Instances effect under the relatively restricted 

exposure and testing conditions in the previous experiments, it seems prudent to attempt 

to replicate this effect, before giving up on the theory.  



107 

 

 

Figure 23: The interaction of lineup clothing cue and number of times a target was shown 
for critical foil identifications in target-absent lineups in Experiment 8.  
Grey bars represent lineups for which the target was shown three times and white bars 
represent lineups for which the target was shown once.  
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Figure 24: Identification rates for target-present lineups 
target was shown in Experiment 8.  
Shown are correct identifications (black bars), 
identifications (dot pattern).  Control (panels a and d), Corroboration (
to right.

.00

.20

.40

.60

.80

1.00

Once Three times

P
ro

p
o

rt
io

n
 o

f 
D

e
ci

si
o

n
s

Number of Times Target was Viewed

a

.00

.20

.40

.60

.80

1.00

Once Three times

P
ro

p
o

rt
io

n
 o

f 
D

e
ci

si
o

n
s

Number of Times Target was Viewed

d

108 

present lineups (top panel) and target-absent lineups (bottom panel) 

correct identifications (black bars), critical foil identifications (white bars), incorrect rejections (grey
a and d), Corroboration (panels b and e), and Competition (panels 
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While the expected interactions were not significant, the pattern of results were in 

the direction expected for the lineup clothing cue by response time interaction (See 

Hypothesis 1 and Appendix 25). For the faster response times (< 2 or < 4 seconds), the 

corroboration and competition lineups elicited similar rates of responding while for the 

slower response times (> 12 or > 20 seconds), the corroboration lineups led to higher 

accuracy than the competition lineups. Indeed the pairwise difference between the 

competition and corroboration conditions for decisions after 20 seconds was significant.  

Hypothesis 2 predicted that as quality of view improved, the difference between 

the competition and corroboration conditions would decrease and accuracy would 

increase generally. Looking at the corroboration and competition lineups represented in 

Figure 24, this effect is generally in the right direction and importantly, it is due to a 

reduction in critical foil identification in the competition condition when the target was 

viewed three times compared to once. Targets viewed once were recognized somewhat 

more often in the corroboration (.54) relative to the competition condition (.35) but when 

the target was viewed three times the difference between the corroboration and 

competition conditions was smaller (.60 for corroboration, .45 competition). 

 This experiment presents interesting information with regard to how clothing 

influences choosing. The eyewitness literature has shown that witnesses will use clothing 

to direct their decision to choose from a lineup (Dysart et al., 2006; Lindsay, et al., 1987; 

Lindsay et al., 1994). In target-present lineups, the control lineups can be considered the 

baseline for lineup decisions about each target as they are the only fair target-present 

lineup presented (See Figure 22). For control lineups, the rate of correct identifications 

was approximately .44 across all conditions with approximately .03 of decisions being 
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selections of the critical foil. In the corroboration condition, the selections of the critical 

foil remained approximately the same (.02) but correct identifications increased (.58). 

However, in the competition lineups, the correct identification rate decreased (.39) and 

selections of the critical foil increased (.21).  

Note that the combined proportions of critical foils and correct identifications for 

the corroboration and competition lineups is .60, whereas the combined proportion for the 

control condition is only .47. This suggests that the clothing cue is drawing decisions. If 

the control lineup represents choosing when there is no bias, then in the competition 

lineups, identifications of the critical foil are drawn from what would be other foil 

identifications (which would be lineup rejections) or from correct identifications. This 

suggests that participants are not outright guessing but relying on an inaccurate cue.  

Guessing and/or inference based on the clothing cue seem likely from examination of 

Figure 24. Additionally, Appendix 27 shows that selections of the critical foil in the 

control lineups only occur in the fast response time conditions, confirming that this 

individual is not an attractive option, and may only be selected when the participants 

guess (Penrod, 2007). Moreover, for all response time conditions except the four second 

one, identifications of the guilty suspect equal identifications of the critical foil in the 

competition condition. 

 I will now consider the results for target-absent lineups. Interestingly, selections 

of the designated innocent suspect are roughly equivalent to selections of the critical foil 

in the control (fair lineup) condition and this is true across quality of view conditions (See 

panel d of Figure 24). This shows the protective nature of fair lineups for target-absent 

lineups. Inspecting Figure 22, it can be seen that the rate of critical foil selections is more 
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than double the rate of innocent suspect identifications in the competition condition 

suggesting that the clothing cue may be stronger than face similarity.  

 Further support for this position is found when competition decisions are 

considered by instances (See panel f of Figure 24): identifications of the innocent suspect 

and the critical foil were nearly equivalent for faces seen once, but when targets were 

seen three times, there were more critical foil identifications. Importantly, when a lineup 

contained a face that was a good match to the target, without clothing bias and a face that 

was a poor match to the target, with clothing bias, it seems that the latter was chosen. 

This suggests that participants used the clothing cue over the similarity of the face even 

under relatively good viewing conditions. 

 I found the classic clothing bias effect of increased innocent suspect 

identifications when the innocent suspect was clothed as the perpetrator had been; 

however, I did not find an increase in correct rejections when a target was viewed three 

times versus once. The failure to get a main effect of instances may explain why correct 

rejections did not vary. Applied lineup theory predicts correct rejections will increase as 

quality of memory improves. If there was no difference in quality of memory between 

targets viewed once versus three times then a difference in correct rejections would not 

be expected. Similarly, no interaction of instances and corroboration/competition would 

be expected. In the next experiment, quality of memory was manipulated more strongly. 

 Participant witnesses clearly use clothing cues to assistant their responding and it 

is also clear that this cue may be as strong and possibly stronger, under some conditions, 

than similarity of a presented face to the target face. This has serious implications for real 

world identifications. Police officers often use clothing (as described by a witness) as the 
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basis for questioning someone in the area soon after a crime. That is, if a witness says that 

they saw a guy in a white t-shirt and jeans steal the money and the police see a guy in a 

white t-shirt and jeans on the street nearby, they are likely to question him. If this 

individual is put into a lineup (while wearing the same clothes), his clothing alone may be 

enough to elicit an identification, even if he is relatively dissimilar to the actual 

perpetrator. Moreover, my lineups were presented without any of the other biases that 

frequently occur with lineups, such as instruction bias and foil/presentation bias 

(Buckhout, Figueroa, & Hoff, 1975; Malpass & Devine, 1981; Wells, Leippe, & Ostrom, 

1979). These biases may further increase the likelihood of an innocent suspect being 

identified: innumerable numbers of people are currently wearing a white t-shirt and jeans. 

 To date the mechanism of clothing bias has not been considered systematically. 

Dysart et al. (2006) suggested three mechanisms: clothing may act as a memory cue that 

assists witnesses in searching for their memory of the criminal, clothing may lead 

witnesses to infer that the probability that the person is the criminal is higher than if they 

were not wearing matching clothing, or participants infer from the clothing that the 

individual is the perpetrator (but this would only occur if quality of memory was weak). 

Lindsay, Nosworthy, Martin, and Martynuck (1994) suggested that a clothing cue makes 

relative judgments (i.e., who is the best match to my memory) easier.   

 One reason clothing bias is so strong in the current experiment may be related to 

quality of memory: participants viewed all target faces in the Viewing Phase as if through 

a dirty window, regardless of how many times they saw them . Perhaps clothing was the 

clearest cue available in the majority of cases and so participants were relying on image 

rather than face memory (Bruce, 1982; Burton & Jenkins, in press). That is, recognition 
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of an exact copy of a previously seen picture of a face is consistently more accurate than 

a slightly modified picture (e.g., a picture taken from a different angle or under different 

lighting conditions; see Bruce, 1982 or Braje, 2003). Of course if this were solely the 

case then the correct identification rate would have been much lower. However, it may be 

that a combination of image and face memory was being used by participants. This is also 

unlikely for two reasons. First, examination of the stimuli show quite a bit of variability 

in the degree to which clothing showed through the “dirty window” mask. Second, 

because the clothing and faces for all lineup photos were digitally edited and because the 

Viewing Phase involved showing the target under a “dirty window” mask whereas the 

Recognition Phase showed images without this mask, image memory seems an unlikely 

mechanism.   

 The clothing bias in this experiment was also likely stronger than it would have 

been if I had specifically warned participants against it. However, this added ecological 

validity to the task, if anything, because it is unlikely that the police would provide this 

type of warning to witnesses about to view a lineup. If they were aware of the possibility 

of clothing bias it seems likely they would take steps to remove it. The instructions asked 

participants to select the person they had seen previously (not the picture) however, 

participants may not have made this distinction, particularly participants in the fast 

decision conditions.  

 In the final experiment I use the same paradigm to test applied lineup theory but 

use a different, stronger manipulation of quality of memory. Again, the poor quality of 

memory condition involved a single viewing of a target with a “dirty window” mask; 
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however, the good quality of memory condition involved a clear view of the target (i.e., 

with no “dirty window” mask). 

  

 

  



115 

 

Chapter 11: Experiment 9 - The Impact of Quality of View via Clarity of Image, and 

Competition/Corroboration via a Clothing Manipulation on Identifications from Lineups 

 Surprisingly, the previous experiment failed to create a difference in quality of 

view using an instances manipulation. A pilot experiment was conducted to determine an 

alternative and appropriate quality of memory manipulation. Given the unexpected 

findings regarding the manipulation of duration and depth of encoding in Experiments 1 

to 5, I sought to use a different manipulation of quality of memory. Moreover, I aimed to 

use a manipulation with a clear correlate to real world viewing conditions.  

Participants in the pilot experiment were presented with a simplified version of 

the previous experiment: they viewed a target face, did an intervening task and then 

viewed a target-present lineup. A total of 16 targets were presented to each of 21 

participants, in a 2 x 2 x 2 design whereby targets saw faces that were disguised or not 

disguised, clear or shown as if viewed through a dirty window, and as a small or large 

size picture on the screen. The clear versus dirty window manipulation elicited a 

significant difference in response accuracy to target-present lineups. In the current 

experiment I manipulated quality of view by showing participants a single, clear view of 

the target or a single view of the target through a dirty window. Additionally, only two 

response time manipulations were used to decrease the number of participants needed. 

All other features of the experiment are the same as Experiment 8.  

Method 

Participants 

 Participants (N = 25) were undergraduates at Queen’s University. They were paid 

$5 for participating. Participants were again mostly female (.72) and White (.72) or Asian 
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(.20). The average of participants was 19.08 years (SD = 2.50, Range = 18 - 30). 

Design 

 This experiment utilized a 2 (Response Time: fast, slow) between-subjects x 2 

(View: clear, dirty window covering) x 2 (Target in Lineup: present, absent) x 3 (Lineup 

Clothing Cue: control, corroborating cue, conflicting cue) within-subjects, mixed design. 

Participants in the fast condition were asked to make their decision as quickly as possible 

and were allowed up to four seconds to respond whereas participants in the slow 

condition had to wait 20 seconds before responding and then had to respond within four 

seconds after that time. View refers to how clearly participants could see targets in the 

Viewing Phase. In the poor condition, they saw a picture of the target obscured by a dirty 

window and in the good condition they saw a clear picture of the target (See Figure 25). 

Lineup Cue and Target in Lineup are the same as in Experiment 9. 

a  Poor Quality                                                      b    Good Quality 

 

 

 

 

 

Figure 25: Stimuli presented in the Viewing Phase for Experiment 9.  
In the poor view condition participants saw faces masked by a “dirty window” (panel a); 
in the good view condition participants saw clear faces (panel b). 
 

Materials, Procedure, Analysis 

 The materials, procedure, and analysis for the current experiment are exactly the 

same as in Experiment 9 with two exceptions: in the Viewing Phase participants always 
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viewed a single image of the target that was either clear or masked with a dirty window 

(see Figure 25) and only two response time conditions were used (less than four seconds 

and longer than 20 seconds). Four seconds was selected for the fast response time 

manipulation because the two second condition led to many more failed and thus not used 

trials. The 20 second condition was selected for the slow response time manipulation 

because the results for the 12 second condition in Experiment 8 were more variable than 

those for the 20 second condition relative to the other response time conditions. 

Moreover, the 20 second condition should lead to as much or more deliberation than the 

12 second condition. Finally, it should be noted that I gave participants in the 20 second 

condition only four seconds to respond after they heard the signal tone. This was done to 

more clearly equate the response time conditions. Again, the distribution of responses 

was insufficient for reliable analysis of the confidence data. The data were analysed, 

nonetheless and are reported in Appendix 30. 

Results 

 Given that there were no target effects found in Experiment 8 and the same targets 

were used in Experiment 9, target effects were not examined. 

Suspect Identifications 

 A 2 View x 2 Response Time x 3 Lineup Clothing Cue mixed-model repeated 

measures ANOVA was conducted on the proportion of suspect identifications for target-

present and target-absent lineups. Boxplots indicated a lack of univariate outliers, with 

two exceptions. For target-present lineups that were corroborating and where the target 

had been shown clearly, there was almost no variance in responses such that all but two 

participants had hit rates of 1.00 on this variable. These two participants’ values were 
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thus outliers, but were not considered as such. For target-absent lineups, the same 

situation occurred for clear view control lineups, obscured view control lineups, and clear 

view competition lineups. There were two outliers for each of these.  All but two 

participants had a hit rate of zero. Analyses were performed with and without outliers but 

the pattern of results did not change, thus the full data set was reported. 

For target-present lineups, there was a significant main effect of Lineup Clothing 

Cue, F(2, 46) = 3.57, p = .04, partial η
2
 = .13 (see Figure 26). Follow up pairwise tests 

indicated that participants made more suspect identifications when the suspect wore 

clothing matching what they wore in the Viewing Phase (M = .65, SD = .24) than when a 

foil wore the same clothing (M = .48, SD = .25) (p = .009). Participants also made more 

suspect identifications when they had a clear view of the target in the Viewing Phase (M 

= .73, SD = .24) compared to when they viewed the target through a dirty window mask 

(M = .38, SD = .22), F(1, 23) = 32.14, p < .001, partial η
2
 = .58 (see Figure 27). Finally, 

participants made more suspect identifications when they had to wait 20 seconds before 

responding (M = .70, SD = .17) versus when they had to respond in under four seconds 

(M = .41, SD = .17), F(1, 23) = 16.18, p = .001, partial η
2
 = .41 (see Figure 28) There 

was also a marginally significant interaction of View, Response Time, and Lineup 

Clothing Cue, F(2, 46) = 2.58, p = .09, partial η
2 = .10. 

The interactions of View and Lineup Clothing Cue (p = .87) and Response Time 

and Lineup Clothing Cue (p = .47) were non-significant. Appendices 31 and 32 illustrate 

that the results are in the direction predicted by applied lineup theory. That is, for fast 

responses, there was no difference in the correct identification rates for competition and 

corroboration lineups but for slow decisions corroboration lineups were more accurate 



 

(see Hypothesis 1) and the difference between the corroboration and competition 

conditions was bigger when view wa

 

Figure 26: Identification rates for target
(bottom panel) for control, corroboration, and competition lineups in Experiment 9. 
Suspect identifications are shown in black; rejections are 
in white; other foil identifications (not analysed) are in 
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the difference between the corroboration and competition 

s bigger when view was poor versus good (see Hypothesis 2

Identification rates for target-present (top panel) and target-absent lineups 
(bottom panel) for control, corroboration, and competition lineups in Experiment 9. 
Suspect identifications are shown in black; rejections are grey; target-foil identifications 
in white; other foil identifications (not analysed) are in a dot pattern. 

Control Corroboration Competition

Control Corroboration Competition

the difference between the corroboration and competition 

(see Hypothesis 2).  

 

 
absent lineups 

(bottom panel) for control, corroboration, and competition lineups in Experiment 9.  
foil identifications 



 

Figure 27: Proportions of decisions on target-present lineups (top panel) and target

viewing conditions. 

Shown are correct identifications (black bars), 
identifications (bars with dot pattern).  Control (
shown left to right. 
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present lineups (top panel) and target-absent lineups (bottom panel) in Experiment 9

correct identifications (black bars), critical foil identifications (white bars), incorrect rejections (grey
).  Control (panels a and d), Corroboration (panels b and e), and Competition (
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Figure 28: Proportions of decisions on target-present lineups when the target was obscured by a "dirty window" (top panel) 
(bottom panel) in Experiment 9.  
Each graph shows correct identifications (black bars), 
foil identifications (bars with dot pattern) plotted by Response time.  Control (
Competition (panels c and f) are shown left to right.
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present lineups when the target was obscured by a "dirty window" (top panel) 

Each graph shows correct identifications (black bars), critical foil identifications (white bars), incorrect rejections (
) plotted by Response time.  Control (panels a and d), Corroboration (

to right.  
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For suspect identifications from target-absent lineups, only the main effect of 

Lineup Clothing Cue was significant, F(2, 40) = 5.52, p = .008, partial η
2 = .22. Pairwise 

comparisons indicated that more innocent suspect identifications occurred when the 

suspect wore the same clothes as the target (M = .36, SD = .30), compared to different 

clothes (M = .14, SD = .23) (p = .03) and when a foil wore the same clothes as the target 

(M = .14, SD = .18) (p = .002; see Figure 26).  

Rejections 

 A 2 View x 2 Response Time x 3 Lineup Clothing Cue mixed-model repeated 

measures ANOVA was conducted on the proportion of rejections of target-present and 

target-absent lineups. For target-present lineups, these results must be interpreted with 

caution as the assumption of equal cases per condition is violated (6 in the fast condition, 

14 in the slow condition). Univariate outliers existed for three variables that have little or 

no variance. There were two outlying values each for all target-present lineups where the 

view of the target had been clear and for target-present corroboration lineups where the 

view of the target was obscured. Dropping these data points from analysis did not alter 

the pattern of results therefore the full data set was reported. 

For target-present lineups, there was a significant main effect of Response Time 

whereby participants made fewer rejections when they waited 20 seconds to indicate their 

decision (M = .09, SD = .32) compared to when they had to respond in under four 

seconds (M = .33, SD = .18), F(1, 18) = 6.42, p = .02, partial η
2 = .26 (See Figure 28). 

There was also a significant main effect of Lineup Clothing Cue, F(2, 36) = 4.86, p = .01, 

partial η
2 = .21. Follow-up comparisons indicated that participants made fewer rejections 

when the target wore clothing matching what they wore in the Viewing Phase (M = .13, 

SD = .24) compared to when their clothing did not match (M = .26, SD = .22) (p = .03) or 



 

when a foil wore matching clothing (

were qualified by a significant 

however, F(2, 36) = 3.78, 

that the effect of Lineup Clothing C

slow decisions (p = .13). 

were fewer rejections when the target wore clothing matching what they wore in 

Viewing Phase compared to when their clothing did not match (

illustrates this interaction. There were no other significant effects

Figure 29: Response time by 
target-present lineups in Experiment 9. 
Grey bars represent control lineups, bars
and white bars represent corroboration lineups. Error bars are standard errors.
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when a foil wore matching clothing (M = .23, SD = .34) (p = .02). These main effects 

were qualified by a significant Response Time by Lineup Clothing Cue interaction, 

(2, 36) = 3.78, p = .03, partial η2 = .17. Simple main effects analysis indicated 

Lineup Clothing Cue was significant for fast decisions (p

= .13). When participants had to respond in under four seconds

were fewer rejections when the target wore clothing matching what they wore in 

compared to when their clothing did not match (p = .006). 

illustrates this interaction. There were no other significant effects

ime by lineup clothing cue interaction for incorrect rej
in Experiment 9.  

ars represent control lineups, bars with a dot pattern represent competition lineups, 
and white bars represent corroboration lineups. Error bars are standard errors.

absent lineups, there was a significant main effect of View

 = .32. Participants made more correct rejections when they had 

a clear view of the target in the Viewing Phase (M = .50, SD = .40) compared to whe

they viewed the target as if through a dirty window (M = .32, SD = .32). This is consistent 

with the predictions of applied lineup theory. There were no other significant effects.
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Identifications of Foil in Matching Clothing 

 Finally, a 2 View x 2 Response Time x 3 Lineup Clothing Cue mixed-model 

repeated measures ANOVA was conducted on the proportion of identifications of the 

suspect who wore matching clothing to the target for target-present and target-absent 

lineups. There were no significant effects for either target-present or target-absent 

lineups.Discussion 

The results of this experiment again fail to support the predictions of applied 

lineup theory. Unlike the first lineup experiment, there was a significant effect of quality 

of view; however the difference was so drastic that there may have been a ceiling effect 

for lineups when the view was clear, particularly for the target-present lineups. The 

interactions were in the expected direction but not significant, suggesting that better 

manipulations or more power are needed to obtain these interactions, if they do exist. The 

marginal three-way interaction of view, response time, and lineup clothing cue for target-

present lineups is telling, though. As Appendix 33 shows, when the quality of memory 

was poor, the interaction was exactly as predicted by applied lineup theory. This must be 

interpreted with caution, of course, as the result was marginally significant. However, it 

does suggest that perhaps the role of quality is somewhat different than conceptualized. 

Perhaps only when quality is poor will manipulating time to respond affect the decision 

process. This would make sense if poor quality of memory acts to encourage a level of 

deliberation that does not occur when quality of memory is good. That is, when quality of 

memory is good, deliberation may not be needed to infer that someone is the target, but 

rather deliberation may be limited to confirmation.  
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As in the previous experiment, participants made the most correct identifications 

in the corroboration condition (.65), followed by the control condition (.53), and then the 

competition condition (.48). The pattern of the smallest proportion of critical foil 

selections being in the corroboration condition and the largest in the competition 

condition was replicated (see Figure 26). The proportion of critical foil selections was not 

as large as in the competition condition in this experiment (.07) as in Experiment 8 (.21). 

This likely reflects the greater difference in viewing conditions in the current experiment: 

the poor viewing condition in the current experiment was equally as bad as the poor 

viewing condition in the previous experiments but the good viewing condition in the 

current experiment was much better than the good viewing condition in the previous 

experiment.  

In the current experiment critical foil identifications did not occur when 

participants had a clear view of the target and saw control and corroboration lineups. That 

is, under ideal encoding and retrieval conditions, the clothing cue was used or was 

overpowered by the face cue. Importantly, critical foil selections in the competition 

lineups are equal when the view was clear versus obscured (see Figure 27). This suggests 

that quality of memory does not inform the decision of a witness whose memory is so 

poor that they do not recognize the target but who also has a liberal enough response 

criterion to choose on the basis of clothing alone. 

Applied lineup theory suggests accuracy should be worse when deliberation 

occurs in the competition condition, but it is actually better when participants had a clear 

view of the target (see panel f of Figure 28). This may also be related to quality of view: 

when participants had a clear view of the target, slow decisions were better regardless of 
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whether there was corroboration or competition (see panels e and f of Figure 28). When 

participants had an obscured view, longer times for responding led to better accuracy 

with corroboration lineups, but worse accuracy for competition lineups because the 

clothing cue became more likely to be used. Notice that participants who responded in 

under four seconds made as many correct identifications (.30) and incorrect rejections 

(.42) as participants who responded after 20 seconds made correct identifications (.71). 

Participants seemed much more inclined to choose when not under time pressure, and 

when a lineup is clothing biased toward the target, there was a gain in correct 

identifications but when the bias is towards a foil, there was also a gain in foil choices. 

Charman and Wells (2007) predict that as quality of memory increases, so will 

rejections of target-absent lineups. Unlike the previous experiment, I did find more 

correct rejections when quality of view was good versus poor (see Figure 27, bottom 

panel). This is intuitive and provides some support for Charman and Wells (2007) 

conceptualizations of lineup decisions. However, note that identifications of the critical 

foil in the competition condition did not change when quality of view was obscured 

versus clear. Thus, if a witness is willing to make an identification on the basis of 

clothing alone, how good of a view the witness had will not influence this willingness.  

This experiment again emphasizes the danger of using clothing biased lineups 

when the lineup is target-absent. As the bottom panel of Figure 26 shows, there were 

more innocent suspect identifications in the corroboration than the control and 

competition conditions; however, the magnitude of the effect is not as large as in 

Experiment 8. This may reflect the viewing conditions in Experiments 8 and 9: in 

Experiment 8, all views of the target were obscured. In Experiment 9, the good viewing 
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condition allowed a clear view of the target and thus, perhaps witnesses with a good 

enough quality memory will not succumb to clothing bias. Also worth noting is that the 

critical foil identifications were nowhere near the rate of innocent suspect identifications, 

like in Experiment 8, further supporting this position. Appendix 35 shows target-absent 

lineup decisions by View, Response Time, and Lineup Clothing Cue. 

In summary, more innocent suspect identifications occurred when the innocent 

suspect wore the same clothing as the target at encoding. Moreover, the participants made 

approximately equal rates of correct rejections in control lineups and when a dissimilar 

foil was wearing matching clothing; however, when the innocent suspect was wearing 

matching clothing, he or she was selected approximately twice as often. This was 

particularly true when participants had to respond quickly or when they had an obscured 

view of the target in the Viewing Phase. In the real world, witnesses are clearly subject to 

poor viewing conditions and pressure to identify. As such, the criminal justice system 

needs to take special care to avoid bias in lineups because the interaction of these factors 

can be devastating. 
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Chapter 12: Summary and Conclusions 

 The purpose of this series of experiments was to conduct an initial assessment of 

applied lineup theory’s utility (Charman & Wells, 2007). Applied lineup theory proposes 

that quality of memory and the decision process influence lineup decision accuracy and 

further that quality of memory acts on the decision process (see Figure 1). I began by 

assessing the relationship between decision accuracy and quality of memory. Charman 

and Wells use Logan’s instance theory (1988, 2002) to account for how quality of 

memory influences lineup identifications. They posit that quality of memory can be 

thought of similar to how Logan conceptualized task learning: that is, as quality of 

memory improves, the easier a lineup identification task will be. I showed instance theory 

to hold for faces in Experiments 1 through 3, 5, and 6 such that the more frequently a face 

was encoded, the more likely it was to be recognized later. In experiments 3 through 9 I 

considered the interaction of different dimensions of quality of memory (duration of 

view, depth of processing, and clarity of the face image). In Experiments 1 through 5 I 

addressed the issue of quality systematically and found that type of encoding seems to be 

the most important factor, followed by frequency of viewing, and with duration of 

viewing having the smallest effect on recognition accuracy. 

However, in Experiment 8, the first study using lineups, the instances manipulation 

was unsuccessful at creating a difference in quality of memory, whereas a stronger 

manipulation of quality of memory using a masked and a clear view was successful in 

Experiment 9. These findings suggest that the mechanism of instances is too simplistic to 

account for quality of eyewitness memories, even under the controlled circumstances of 

the laboratory. A lineup recognition task differs significantly from an old-new 
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recognition task, though the general findings about what factors influence them are 

similar (Shapiro & Penrod, 1986). It may be that subtle differences in quality of memory, 

such as the difference in viewing a face once versus three times, may be too small to have 

any influence on an identification task. Alternatively, the nature of the retrieval process 

used to respond to a lineup may make this difference inconsequential. Future research 

should consider first whether there are conditions under which instances will influence 

lineup identifications (for example if the face is shown for 1 minute intervals) and 

whether the effect influences retrieval, encoding, or both. 

It bears mention that Charman and Wells rely on instance theory in a very loose 

way as the mechanism for creating quality of memory. If applied lineup theory is to be 

useful from the empirical and the applied perspective, one thing it must do is predict 

systematic ways that estimator variables such as frequency, duration, and depth of 

processing influence accuracy and the decision process. In order to do this, the theory 

requires much more direct specification. 

Other research has shown clearly that the decision process influences recognition 

accuracy for faces (Dunning & Stern, 1994; Lindsay & Wells, 1985) so my next step was 

to look at whether the predicted relationship between quality of memory and decision 

processes occur. The first predicted interaction derived from the idea that two decision 

processes work in parallel - there is an automatic process that works very quickly and 

assesses only information consistent with one’s memory and a deliberative process that 

works more slowly and can consider information consistent and inconsistent with one’s 

memory (see Figure 2). The deliberative process takes longer to complete than the 

automatic process, meaning that forcing a fast decision may prevent, or at least interfere 
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with, the deliberative process. Applied lineup theory thus predicts that when you have 

participants make fast decisions, there should be no difference in accuracy between cases 

where the information shown is consistent versus a mix of the same consistent 

information plus additional inconsistent information. On the other hand, accuracy should 

be better for situations where there is only consistent information than when there is 

conflicting information when a slow decision is made (Hypothesis 1; See panel a of 

Figure 3). This interaction was not found in any of the experiments in which it was tested 

(Experiments 6 through 9). However, the data were in the expected direction for the two 

lineup experiments. 

My Experiments 8 and 9 clearly show an advantage for taking longer to make a 

lineup decision. This main effect was not addressed by Charman and Wells (2007). A 

number of things can occur when a witness views a lineup. Their decision can be very 

fast because the first face they attended was the target and they immediately make an 

identification, it can be very slow because the witness attends each face and cannot find 

the target but wants to consider each carefully, or something in between can occur. That 

is, witnesses will pay differing amounts of attention to each face in a lineup and the speed 

of their response partially depends on their pattern of search. In Experiment 8 some 

participants had only two seconds in which to make an identification response. If the 

target did not “pop out” of the lineup, then there was at best a one in six chance that they 

fixated the target (if the target was present) immediately. Assuming a sequential search 

pattern (i.e., one fixation per face with no returns until all faces have been viewed) and/or 

assuming witnesses can reject or accept targets when they view them peripherally and 

simultaneous to other faces, the participant would have had time to make a correct 
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response. Eye tracking research shows that participant witnesses do not use a sequential 

search pattern (Mansour et al., 2009). Rather, participants use an unsystematic search 

pattern in which they return to faces sometimes multiple times before making a response 

or having seen all faces. Further, they do tend to fixate directly on all faces. The point is 

that lineup identifications bear little resemblance to automatic behaviours unless the 

witness experiences that the target “popped out” of the lineup. This “pop out” is likely to 

occur when the target is very distinctive and very familiar, which is not the common case. 

Thus, witnesses can normally be expected to use a deliberative strategy and thus, it is not 

surprising that I found slow decisions to be more accurate. Applied lineup theory does not 

account for this common case well. 

Second, Charman and Wells (2007) predicted that as quality of memory improves, 

reliance on the automatic decision process will increase and reliance on the deliberative 

decision process will decrease (Hypothesis 2; See panel b of Figure 3). I found this to be 

true in Experiment 7 where the difference in accuracy recognizing faces that were shown 

in clothing that matched or did not match what was worn during encoding decreased as 

quality of memory improved. However, examination of the magnitude of the interaction 

shows it to be relatively small and thus likely not very meaningful in applied setting (see 

Figure 19 and Appendix 19). Moreover, this interaction was not found when background 

was manipulated (Experiment 6) or in the two lineup experiments conducted. However, 

in the two lineup experiments, the results were in the expected direction  

 These experiments provide weak support for applied lineup theory. However, it is 

not clear whether the theory fails or whether the current test was too strong. First I tested 

the theory’s premises using a face recognition paradigm, as opposed to a lineup 
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paradigm. Second, the cues I used to create corroboration and competition were not 

subtle. With target-present lineups witnesses generally are able to identify the target – 

with or without clothing bias. It would have been very surprising if the majority of 

participants selected the least similar person to the target based on a cue they were not 

directed to use. The competition-corroboration hypothesis says that when the automatic 

and deliberative decision processes lead to the same outcome, corroboration occurs 

whereas when the two decision processes lead to different outcomes, competition occurs. 

As discussed in the introduction there can be two types of competition and corroboration: 

decision competition and corroboration, which is the type envisioned by Charman and 

Wells, and stimulus competition and corroboration which reflects the degree of matching 

between an encoded stimulus and one presented at test. The experiments reported here 

clearly create a situation of stimulus competition but do not necessarily create decision 

competition.  

 For example, in Experiment 9 I presented some faces as though they were being 

viewed through a dirty window. Later, these faces were shown in a lineup, unobscured by 

the dirty window mask. The face was shown with the same clothing, different clothing, or 

in the context of another person wearing the same clothing, as the face was shown with at 

encoding. Presumably the first and second situation led to corroboration of decision 

processes or at least relatively little competition. The third situation was expected to be 

more likely to create competition; however, I have no way to confirm competition 

actually occurred at this point. Thus, more research is required to determine whether 

applied lineup theory can account for lineup decisions. 
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 On the other hand, applied lineup theory is rather vaguely specified. It is more a 

general framework for understanding how decision processes and quality of memory 

interact to influence identification accuracy than a theory of what will happened under 

different circumstances. For example, Charman and Wells suggest that when decision 

competition occurs, fast decisions may be more accurate. However, they do not specify 

the conditions under which decision competition would occur nor do they indicate how 

fast a decision must be to ensure a deliberative process does not have time to complete. 

Of course this information is not easily available. In order to work out the parameters of 

an applied lineup theory, one requires much more precise information about the decision 

process with a lineup. How long does a decision on a fair lineup normally take? How 

does this vary with quality of memory? At what point do witnesses rely on an automatic 

process versus a deliberative process? What is the role of decision criterion in this 

decision process? Finally, and most importantly, how does one operationalize 

“automatic” versus “deliberative” decision processing? Previously the absolute and 

relative decision dichotomy was operationalized via self-report measures, though these 

are notoriously unreliable (Nisbett & Wilson, 1977) and eye tracking research has raised  

questions about their validity (Mansour et al., 2009). 

Future research could address some of these issues by using eye tracking to 

determine what cues elicit an automatic response in particular situations. Shiffrin and 

Schneider (1977) showed that an automatically encoded stimulus draws attention even 

when one is directed to ignore it. They trained participants extensively to respond to a 

series of characters. In a later task the participants were asked to respond to a different set 

of characters while the trained set was sometimes presented at the same time or another 
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neutral set of characters was presented. Participants were significantly slower at 

responding to the target set when the previously trained characters were present. They 

conducted eye tracking in conjunction and showed that this decrease in response time was 

due to saccades to the previously trained characters prior to the target characters. A 

similar paradigm could be used to designate or determine automatic responses to different 

faces and lineups. 

The clothing cue manipulation may have been too strong to elicit competition and 

corroboration in my lineup experiments. That is, because the clothing worn by an 

individual is commonly associated with their identity, participants may never have 

experienced competition due to a matching clothing cue but a mis-matched face. In fact, 

they may have just selected targets if either cue matched and particularly in the fast 

response conditions, they may not have had time to attend to both the face and the 

clothing, and whichever cue they did attend was the one they relied on. An alternative 

might be to use the background cue manipulation used in Experiment 6 in a future lineup 

experiment. Research on lineup bias indicates that when something about a lineup causes 

an individual lineup member to stand out, the distribution of target-present lineup 

decisions (correct identifications, foil choices, incorrect rejections) change (Lindsay, et 

al., 1987; Malpass & Lindsay, 1995; Phillips, McAuliff, Bull Kovera, & Cutler, 1999). 

Perhaps a more weakly associated cue will be more effective in eliciting competition 

because participants are unlikely to expect the cue to be relevant, but if given time to 

consider it, may sometimes decide to rely on it. 

There are several limitations specific to the lineup experiments that bear 

mentioning. First, the lineup experiments conducted used a within-subjects design such 
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that each participant completed 24 lineup trials. In the real world, witnesses see only a 

single lineup, assuming a fair procedure. Moreover, in the real world there would not be 

so short a delay between viewing a target and a lineup. Another issue with this design is 

the fact that participants did not always make identification decisions or correct 

identifications, thus each participant received a proportion correct score. This varied from 

0 to 1. Many participants received zero scores in many categories analysed. This made it 

almost impossible to assess confidence because so few participants made identifications 

in each condition. Additionally, because decisions were timed, participants did not 

always successfully respond in the fast decision conditions. Thus, the proportion hits for 

any particular level of the manipulated variables could have been based on between zero 

and four trials. 

In the literature review I raised the issue of system and estimator variables. If 

applied lineup theory is to be useful, it will provide a theoretical basis for how system and 

estimator variables relate to identification accuracy. My research clearly associates three 

estimator variables (factors not under the control of the justice system such as frequency, 

duration, encoding) with accuracy and provides some indications of how they relate. I 

was less successful illuminating the role of the decision process and how quality of 

memory and the decision process (i.e., estimator and system variables) interact. However, 

this theory does seem to provide a model with which to test the role of different system 

variables (e.g., investigator bias, instructions bias) with regard to accuracy and quality of 

memory. Future research should consider whether quality of memory has a similar or 

very different effect when the decision process is modified by different system variables. 
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In conclusion, I found that face recognition starts out poor but improves very 

quickly with increased instances of exposure. Depth of encoding seems to have the most 

impact on recognition accuracy; frequency of view also had a significant impact, whereas 

duration of view at encoding had a limited impact on recognition accuracy. When looking 

at decision accuracy, I found that a face need not be the primary cue for decisions – 

context (e.g. clothing) can lead a face that is selected infrequently to be selected quite 

frequently. Quality of memory clearly influences decision accuracy. However, my 

hypotheses based on applied lineup theory were unsupported. It may be that the 

interaction of quality of memory and decision processes was not effectively tested here; 

however, applied lineup theory is vaguely specified and it is difficult to operationalize the 

parameters. Future research should consider how stimulus and decision competition can 

be created. Eye tracking should be used to develop stimuli with normed responses that 

can be used to assess the impact of different quality of memory and response time 

manipulations.  
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Appendix 1: Instructions and questions used in pilot experiments 

Viewing Phase: 

You will be shown a series of photos, one at a time. For each photo you will be asked to 

rate the person pictured on a dimension, such as attractiveness. There are a number of 

different dimensions you will be asked to rate photos on and they will be presented 

randomly so please ensure you read the question provided each time. We are interested in 

the reliability of people’s ratings so you may see the same question more than once for 

the same picture. Finally, please note that because we are obtaining ratings on a variety of 

dimensions, you may see some photos more than once. 

 

Questions:  

• Please rate the LIKEABLENESS of the person pictured here on a scale of 1 to 7, 

with 1 being not at all LIKEABLE and 7 being extremely LIKEABLE. 

• Please rate the FRIENDLINESS of the person pictured here on a scale of 1 to 7, 

with 1 being not at all FRIENDLY and 7 being extremely FRIENDLY. 

• Please rate the ATTRACTIVNESS of the person pictured here on a scale of 1 to 

7, with 1 being not at all ATTRACTIVE and 7 being extremely ATTRACTIVE. 

• Please rate the INTELLIGENCE of the person pictured here on a scale of 1 to 7, 

with 1 being not at all INTELLIGENT and 7 being extremely INTELLIGENT. 

• Please rate the how HONEST you think the person pictured here is on a scale of 1 

to 7, with 1 being not at all HONEST and 7 being extremely HONEST. 

• Please rate how TYPICAL the person pictured here is on a scale of 1 to 7, with 1 

being not at all TYPICAL and 7 being extremely TYPICAL. 

 

Response options: 

1. Not at all 

2. 

3. 

4. Neutral 

5. 

6. 

7. Extremely 

 

Press a number key from 1 to 7 
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Intervening Task: 

 

You have now completed the first part of this study. 

 

In this part of the study you must unscramble the letters presented to form words. You 

have two minutes to unscramble as many as you can. All the strings of letters can be 

unscrambled to form a word using all the letters shown. If you wish to skip a scramble 

because you cannot solve it, you need simply to enter the letters in any order in the spaces 

provided and press continue. 

 

(See Appendix 3 for an example question.) 

 

Recognition Phase: 

 

You have now completed the second part of this study.  

In this part of the study you will again be shown a series of faces. This time, please 

indicate whether the face you are looking at was one of the faces you rated in the first 

part of this study. 

Question for pilot experiment 1: 

• Have you seen this face before? 

Response options for pilot experiment 1: 

1. Yes 

2. No 

Question and response options for pilot experiment 2: 

• Have you seen this person before? Press 1 for Yes. Press 2 for No. 
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Appendix 2: Task instructions and example question shown with faces during Viewing Phase for Experiments 1, 6, and 7 

Instructions 

You will be shown a series of images, one at a time. For each image, you will rate the individual pictured on one of the following dimensions: attractiveness, 

friendliness, intelligence, honesty, likeability, or typicality.  

 

You will first see the dimension on which you will be rating the image. For example, you might see: 

 

ATTRACTIVE 
(or friendly, intelligent, honest, friendly, typical)  

 

This will remain on screen for 3 seconds. Next, the image to be rated will be presented for 1 second. Next, you will see the dimension and the rating scale, which 
will remain on screen until you respond.  

ATTRACTIVE 

(or likeable, friendly, intelligent, honest, typical) 

 

1---------2---------3---------4---------5---------6---------7 

                       |              |             |              |            |              |             | 

          Not at all                             Neutral                          Extremely 

 

Press a number key from 1 to 7 

Remember, that you are being asked to answer the question:  

“How ATTRACTIVE is the individual pictured here?” 

when you see the word ATTRACTIVE on the screen. 

 

Please read the dimension provided each time because you will see different dimensions on successive trials. We are interested in the reliability of people’s 

ratings so you may see the same dimension more than once for the same picture. Also please note that because we are obtaining ratings on a variety of 

dimensions, you may see some photos more than once.  

 

You will do five practice trials to help you get used to the task. Click Continue to begin the practice trials. 
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Appendix 3: Example of intervening task trial for the pilot experiments and Experiments 

1, 6, and 7 
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Appendix 4: Letter of information/consent for Experiments 1 to 7 

LOI and CONSENT - Decision Making with Pictures 

 

This is a research project being conducted by Jamal Mansour under the 
supervision of Dr. R. Lindsay and Dr. K. Munhall. The purpose of this research is to 
understand how we make decisions about images. You will be seated in front of a 
personal computer and then read the instructions for the experiment. You will then view a 
series of pictures of faces, animals and/or objects and answer questions about them. 
These questions will be innocuous in nature. For example, you may be asked to rate the 
usefulness of an object. The entire session should last approximately 30 minutes. You 
will receive either 0.5 PSYCH100 credit or $5 for participating. 
       There are no known physical, psychological, economic, or social risks associated 

with your participation in this study. Participation is completely voluntary. You are free 

to withdraw at any time for whatever reason with no penalty and no effect on your 

academic standing. You are not obliged to answer any questions that you find 

objectionable. You will not be identified in any way if the results are published and 

nothing will connect you to your responses. Please feel free to ask the experimenter any 

questions you have about participating in this study. 

In the event that you have any questions, concerns, or complaints regarding this 

study, you may address them to the experimenter, Jamal (rodlab@post.queensu.ca), Dr. 

Lindsay (rod.lindsay@queensu.ca), Dr. Munhall (kevin.munhall@queensu.ca), the Head 

of the Department of Psychology at Queen’s University (613-533-2492, 

head@psyc.queensu.ca) or the Queen’s University General Research Ethics Board (613-

533-6081, chair.GREB@queensu.ca).  

Having read all of the above materials and asked any questions, you clicked on 

the YES button indicating that you were willing to continue in the study. Now that the 

session is over you are being asked to sign a hard copy of the consent form. Note that you 

are free to decline to sign the consent form at this time in which case your data will be 

deleted from the data file. Please sign this form if you are willing to let us use your data; 

otherwise just inform the experimenter that you wish to withdraw your data.  

 

DATE: ________________________________ 

 

 

NAME: _______________________________     

 

SIGNATURE: __________________________ 
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Appendix 5: Demographic questions asked prior to all experiments 

 

Question: Are you male or female? 

Response Options:  

 A. Male 

 B. Female 

 

Question: How old are you? 

 Participants respond by entering a number between 16 and 100 

 

Question: What is your ethnicity? 

Response Options:  

A. European (White/Caucasian) 

B. Oriental (Asian) 

C. African (Black) 

D. Middle Eastern 

E. East Indian 

F. Native American 

G. Other 
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Appendix 6: Debriefing for Experiments 1 to 7 

Debriefing 

 Previous research and real world experience indicate that eyewitnesses can 

mistakenly identify an innocent person. The purpose of this research was to determine 

how different amounts and kinds of exposure to faces influence later recognition. That is, 

you had different levels of exposure to faces you had to remember. You may have had to 

make multiple or only single judgments about them or you may have been able to see 

only part of some faces. These types of viewing experiences may affect your ability to 

make accurate recognition judgments about those faces. 

 Previous research has shown that experience with faces improves later memory 

for that face. However, previous research has also shown that if images shown during a 

recognition test differ (in angle of view, for example) from those shown when the face 

was studied, recognition is less accurate than if the same faces are shown. This research 

aims to understand the nature of these effects and how they interact. Understanding the 

factors that influence face recognition can help us design appropriate procedures 

following the witnessing of events and the use of lineups. 

 As stated earlier, your responses will be absolutely confidential. Your name has 

already been converted to a code number, and no one, not even the people that are 

associated with this research, can associate your name with your responses. In return, we 

want you to honour our confidentiality--please do not tell anyone about the details of 

this study. If other students know about the purpose and manipulations involved in the 

study before they participate, they may alter their natural responses and render their data 

useless, or even worse, misleading.  

 Your participation in this study is greatly appreciated. In the event that you have 

any complaints, concerns, or questions about this research, please feel free to contact Dr. 

Lindsay (613-533-2880, rod.lindsay@queensu.ca) or Dr. Munhall (613-533-6012, 

munhallk@queensu.ca). You may also contact the Head of the Department of Psychology 

(613-533-2492 or head@psyc.queensu.ca) or the Queen’s University General Research 

Ethics Board c/o the Queen’s University Office of Research Services (613-533-6081).  

  

If you are interested in learning more about this topic you can consult: 

Charman,  S., & Wells, G. L. (2007). Applied Lineup Theory. In R. C. L. Lindsay, D. F. 

Ross, J. D. Read, & M. P. Toglia (Eds.), Handbook of Eyewitness Psychology: 

Memory for People (pp. 219-254). Mahwah, NJ: Lawrence Erlbaum and 

Associates. 

Logan, G. D. (2002). An instance theory of attention and memory. Psychological Review, 

109, 376-400. 

Longmore, C. A., Lui, C. H., & Young, A. W. Learning faces from photographs. Journal 

of Experimental Psychology: Human Perception and Performance, 34, 77-100. 



158 

 

Appendix 7: Histogram of proportion correct responses to face stimuli in Experiment 1 
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Appendix 8: Proportion of hits and response times by instances of viewing for 

Experiment 1. 

 

 Instances 

Overall 

 1 2 3 

Hits .51 (.21) .79 (.18) .89 (.12) .73 (.15) 

Response Times (s) 1.34 (.33) 1.27 (.20) 1.21 (.22) 1.27 (.19) 

Standard deviations are presented in brackets. 
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Appendix 9: Instructions and questions presented with faces during the Viewing Phase of 

Experiments 2 to 5 

 

Part 1: Instructions 

 

You will be shown a series of faces and asked to answer questions about them. Each trial 

will have three steps: see a question, see a face, answer the question. 

 

1. You will first see ONE of two questions: 

 

• Is the following person Male ("S") or Female ("K")? 
OR 

• How friendly does the following person appear to be?  
Please rate the person from 1 (Extremely Unfriendly) to 7 (Extremely Friendly) 

 

2. Next, a face will be presented for a short period of time.  

 

3. When the face disappears, answer the question by pressing the  appropriate key. 

 

• Press "S" for Male or "K" for Female 

OR 

• Press a number to indicate how friendly the person appears 
(Extremely Unfriendly) 1, 2, 3, 4, 5, 6, or 7 (Extremely Friendly)  

 

If you have any questions, please contact the experimenter now. Otherwise, click 

Continue to begin.  



161 

 

Appendix 10: Example "Where’s Waldo8" intervening task stimuli for Experiments 2 

through 5, 8 and 9 

 

 

 
  

                                                 
8 TM & © 2008 Entertainment Rights Distribution Limited. All rights reserved. 
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Appendix 11: Questionnaire for "Where’s Waldo" intervening task for Experiments 2 

through 5, 8, and 9 

 

Image Questions 

At the Beach: 

1. How many blow-up mattresses are in the picture?    ______ 

2. How many boats are in the picture?    ______ 

3. How many women are wearing red bathing suits  ______ 

4. How many people are wearing hats?    ______ 

5. How many men are wearing blue jeans?   ______ 

6. How many beach towels are there in the picture?  ______ 

7. Where’s Waldo?     ________________________ 

8. How many horses are there?     ______ 

9. How many beach umbrellas’ are there?   ______ 

10. Who is the man with the red bag walking with? ________________________ 

11. How many women are wearing skirts?   ______ 

12. How many children are wearing white t-shirts?  ______ 

13. How many dogs are in the picture?    ______ 

14. How many people are sitting in chairs?   ______ 

15. How many shovels are on the beach?    ______ 

16. How many people are sunburned?    ______ 

17. How many people are carrying beach umbrellas?  ______ 

18. How many people are laying down?    ______  

19. How many purses or bags are in the scene?     ______   

20. Find the cactus on the beach. What is directly to its right? ___________________ 



163 

 

21. Find the people playing catch with a beach ball. What is to the upper left of them?  

            _____________________ 

22. Find the giant red bucket. What is the man to the left doing? _________________ 

Department Store: 

 

1. Where’s Waldo?     ________________________

  

2. Find the woman whose dress is being sucked off by a vaccum cleaner. What color 

is her dress?       ________________________ 

3. How many dogs are in the scene?    ______ 

4. Find the woman who has slipped on the floor. What color is her purse? ________ 

5. Find the woman wearing a lime green skirt with black polka dots. What color is 

her jacket?      ________________________ 

6. How many men are wearing cowboy hats?   ______ 

7. How many salesmen are there?    ______ 

8. How many children are there?    ______ 

9. How many people, other than Waldo, are wearing red and white striped shirts?___ 

10. How many people are wearing fur coats?   ______ 

11. Find the two baby carriages. Who is pushing each?  ______ 

12. How many people have bags with wheels?   ______ 

13. Find the man in his underwear. What is he doing?  ________________________ 

14. How many people are wearing hats?    ______ 

15. Find the stroller with an adult in it. What is the adult wearing? _______________ 

16. Find the man in high heels. What is he holding?  ________________________ 
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17. Find the man in plaid pants. Which direction is he walking? _________________ 

18. How many people are obviously shopping for clothes? ______ 

19. How many people are carrying bags?    ______ 

20. Find the girl who looks like Little Red Riding Hood. What color is her skirt? 

       ________________________ 

21. How many hats are for sale?     ______ 

The Gobbling Gluttons: 

1. Where’s Waldo?     ________________________ 

2. How many barrels are there?     ______ 

3. How many cauldrons are there?    ______ 

4. How many tables are there?     ______ 

5. How many fires are there?     ______ 

6. How many people are wearing red and white striped aprons?______ 

7. How many chefs are wearing green and white striped hats? ______ 

8. Where is the Wizard?     ________________________ 

9. Find the man being knocked over by a beer mug. How many mugs will he drop? _ 

10. Find the man carrying a pie. What is he using to carry it? __________________ 

11. How many blue-skinned goblins are there?    ______ 

12. Find the goblin dogs. What color are they?   ______ 

13. Find the sack of apples that has broken. How many people are falling on the 

apples?       ______ 

14. Find the man who just got hit in the head. What was he hit with?______________ 

15. How many red-skinned goblins are there?   ______ 
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16. How many canes are on the floor?    ______ 

17. Find the man who is tied up with spaghetti. Who is standing to the left of him? 

       ________________________ 

18. Find the man who is carving meat with an axe. What has he just broken? 

       ________________________ 

19. How many red and white toques are on the floor?  ______ 

20. Find the plate of blue meat. How many people are sitting at this table? ______ 

21. How many women are stirring cauldrons?   ______ 

22. Find the man who is IN a cauldron. What color are his pants? _______________ 

23. How many people have yellow-colored pie on their faces?  ______ 
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Appendix 12: Intervening task instructions for Experiments 1 to 5 

 

Part 2: Instructions 

 

In this part of the experiment we would like you to do your best to answer the questions 

on the paper questionnaire you were given.  

 

Each page of the questionnaire corresponds to an image you will be shown (they are in 

order). You will be shown each image for ONE MINUTE. Please answer as many 

questions as you can within this time. 

 

If you have any questions, please contact the experimenter now. Otherwise, click 

Continue to begin. 
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Appendix 13: Instructions for the Recognition Phase of Experiments 2 to 5 

 

Part 3: Instructions 

 

In this portion of the experiment, you will again be shown a series of faces. Your task is 

to indicate whether you saw this face in Part 1 of the experiment or not.  

 

You should position your hands so your thumbs are near the SPACEBAR and your index 

fingers are hovering over the “S” key (left hand) and “K” key (right hand). ***If you are 

unsure about how to position your hands, please ask the experimenter*** 

 

Each trial will begin with a white “+” on a black screen. Press SPACEBAR with your 

thumb to view the next face. 

 

If you DID see the face shown in Part 1, press "S" for OLD. 

If you DID NOT see the face shown in Part 1, press "K" for NEW. 

 

IMPORTANT: You are being timed. Please respond as quickly as possible while still 

being as accurate as possible. 

 

If you have ANY questions, please contact the experimenter now. Otherwise, click 

Continue to begin. 
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Appendix 14: Questions presented in Recognition Phase of Experiments 2 to 5  

 

 

Recognition Task: 

 S for Old         K for New 

 

Following recognition task: 

Question: Which is your dominant hand? That is, which hand do you use for most tasks 

(e.g., writing). 

A. Left hand 

B. Right hand 
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Appendix 15: Recognition Phase instructions for Experiments 6 and 7 

Practice instructions – fast condition 

In this part of the study you will see a series of faces and be asked to indicate whether the 

face you are looking at is one of the faces you rated earlier.  

 

Please make your decision AS FAST AND ACCURATELY AS POSSIBLE. A tone will 

sound when the image appears on the screen. Your reaction will be timed from the onset 

of this tone (you do not have to wait for the tone to end to respond). Please respond only 

once to each face. 

 

You will first complete some practice trials so you become comfortable with this 

procedure. For the practice trials please respond YES or NO to whether you saw the face 

shown in the practice trials you completed at the beginning of this study. 

 

Place your LEFT index finger on the S key and your RIGHT index finger on the K key. 

Rest your thumbs on the SPACEBAR. When the + appears on the screen and you are 

ready to view a face, press SPACEBAR. If you have seen the face before, click the S key 

for YES. If you have not seen the face before, click the K key for NO. 

 

You will now complete some practice trials so you become comfortable with this 

procedure. For the practice trials please respond YES or NO to whether you saw the face 

shown in the practice trials you completed at the beginning of this study. 

 

Please put on the headphones now. 

 

If you have any questions, contact the experimenter now. Otherwise, press ENTER to 

begin the practice trials. 

 

Practice instructions – slow condition: 

In this part of the study you will see a series of faces and be asked to indicate whether the 

face you are looking at is one of the faces you rated earlier.  

 

You will have as long as you want to view the picture before making your decision, 

however, you must wait at least 5 seconds before responding or the computer will not 

register your decision. You will be notified that the 5 seconds have past by a tone (you do 

not have to wait for the tone to end). Please do not respond until you hear the tone and 

respond only once to each face. 
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You will first see a "+" on the screen. Next, a face will appear. Please indicate whether 

the face you are looking at was one of the faces you rated in the very first part of this 

study. 

 

Place your LEFT index finger on the S key and your RIGHT index finger on the K key. 

Rest your thumbs on the SPACEBAR. When the "+" appears on the screen and you are 

ready to view a face, press SPACEBAR. If you have seen the face before, click the S key 

for YES. If you have not seen the face before, click the K key for NO. 

 

You will now complete some practice trials so you become comfortable with this 

procedure. For the practice trials please respond YES or NO to whether you saw the face 

shown in the practice trials you completed at the beginning of this study. 

 

Please put on the headphones now. 

 

If you have any questions, contact the experimenter now. Otherwise, press ENTER to 

begin the practice trials. 

 

Instructions – fast condition: 

You have now completed the practice trials. Again, remember your job is to indicate 

whether the face you are looking at was one of the faces you rated in the very first part of 

this study.   

 

Please make your decision AS FAST AS POSSIBLE (you do not have to wait for the 

tone to end).  

 

Please respond only once to each face. 

 

Keep your index fingers resting on the S and the K keys and your thumbs on the 

SPACEBAR. When you see the "+" appear on the screen and when you are ready to view 

the face, press SPACEBAR. If you have seen the face before, click the S key for YES. If 

you have not seen the face before, click the K key for NO.  

 

If you have any questions, contact the experimenter now. Otherwise, press the ENTER to 

begin. 

 

Instructions – slow condition: 

You have now completed the practice trials. Again, remember your job is to indicate 

whether the face you are looking at was one of the faces you rated in the very first part of 

this study.   
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Remember, you will have as long as you want to view the picture so you will be able to 

make your decision while the picture is shown. However, you must wait at least 5 

seconds before responding or the computer will not register your decision. You will be 

notified that the 5 seconds have past by a tone (you do not have to wait for the tone to 

end). 

 

Please do not respond until you hear the tone and respond only once to each face. 

 

Keep your index fingers resting on the S and the K keys and your thumbs on the 

SPACEBAR. When you see the "+" appear on the screen and when you are ready to view 

the face, press SPACEBAR. If you have seen the face before, click the S key for YES. If 

you have not seen the face before, click the K key for NO.  

 

If you have any questions, contact the experimenter now. Otherwise, press the ENTER to 

begin. 

 

**Note that I have provided instructions for participants who responded “yes” with the 

“s” key and “no” with the “k” key. For half of the participants, the instructions indicated 

to press “s” for no and “k” for yes. 
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Appendix 16: Graphical depiction of the non-significant interaction of response time and 

background in Experiment 6. 

 
 

 

The result in this figure was not expected. Grey bars represent faces shown with a 
different Background in the Encoding and Recognition Phases; white bars represent faces 
with the same Background. Error bars are standard errors. 
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Appendix 17: Predicted (but non-significant) interaction of instances and background 

from Experiment 6 

 

Proportion of hits to faces shown with a different Background in the Encoding and 
Recognition Phases (grey bars) and faces shown with the same Background (white bars).  
Error bars are standard errors. 
 

 

Average difference between the proportion of hits to faces shown with the same 
background as in the Viewing Phase and faces shown with a different background in 
Experiment 6. Error bars are standard errors.  
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Appendix 18: Graphical depiction of the non-significant interaction of response time and 

clothing in Experiment 7. 

 

  
Grey bars represent faces shown with different Clothing in the Encoding and Recognition 
Phases; white bars represent faces shown in the same Clothing. Error bars are standard 
errors. 
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Appendix 19: Graphical depiction of the significant interaction of instances and clothing 

in Experiment 7. 

 

 
Grey bars represent faces shown with different clothing in the Encoding and Recognition 
Phases; white bars represent faces shown in the same Clothing. Error bars are standard 
errors. 
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Appendix 20: Analysis of confidence data from Experiment 8 

 Confidence in suspect identifications was analysed for target-present lineups 

using a 3 Lineup Clothing Cue x 2 Instances x 4 Response Time mixed model repeated 

measures ANOVA. If participants made no correct suspect identifications they could not 

be included in this analysis, though they could be included in the analyses of 

identification accuracy. Furthermore, participants had to make a correct suspect 

identification on each of the six types of lineups in order to be included. Because of this 

fact, there was only sufficient data for analysis from participants in the slow response 

conditions (> 12s and >20s). For cases that were usable, there were just sufficient cases 

per dependent measure (5:1) to conduct the analysis, though it has relatively low power.  

There was a significant main effect of Lineup Clothing Cue, F(2,6) = 6.35, p = 

.03, partial η
2
 = .68, however it was not in the direction predicted by applied lineup 

theory (i.e., that participants would be more confident when there was corroboration 

versus competition). Participants were most confident when they made correct 

identifications from control lineups (M = 65.40, SD = 27.98) followed by competition 

lineups (M = 54.25, SD = 28.04), and finally corroboration lineups (M = 36.98, SD = 

16.53).  Follow up pairwise comparisons indicated the difference between the 

corroboration and competition conditions was not significant, however (p = .11). There 

was also a marginal main effect of Instances, F(1,3) = 8.36, p = .03, partial η
2
 = .74. 

These main effects were qualified by a significant interaction of Lineup Clothing Cue and 

Instances, F(2,6) = 10.52, p = .01, partial η
2
 = .78. Follow-up simple main effects 

analyses showed a simple main effect of Instances only for the corroboration lineups, 

F(1,3) = 15.15, p = .03, partial η
2
 = .84. Participants were more confident in correct 
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identifications from corroboration lineups made when they viewed a target three times (M 

= 67.96, SD = 32.43) compared to a once (M = 6.00, SD = 1.05). However, these results 

are likely unstable due to the low number of cases.  

For correct rejections, a 3 Lineup Clothing Cue x 2 Instances x 4 Response Time 

mixed model repeated measures ANOVA was conducted. Some but not all Levene’s tests 

were non-significant (ps = .001 - .27) suggesting there may have been violations of the 

homogeneity of variance assumption.  I found a marginal main effect of Lineup Clothing 

Cue, F(2,6) = 3.83, p = .06, partial η
2
 = .27, such that participants were more confident 

when they incorrectly rejected lineups in the corroboration condition (M = 66.51, SD = 

30.00) compared to the competition condition (M = 55.78, SD = 22.18; p = .02). 

For target-absent lineups, there were no participants who made decisions in each 

condition that were suspect identifications or critical foil selections, thus confidence 

could not be assessed for these categories. Only one participant made sufficient incorrect 

rejection responses to each type of lineup (control, corroboration, competition) and thus 

provided enough data to be used for this analysis. This violates the assumption of at least 

five cases per dependent measure and thus confidence in rejection responses are not 

considered. No participant selected the critical foil in each condition. 
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Appendix 21: Method by which most similar and least similar foil were selected for lineups in Experiments 8 and 9
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Appendix 22: Letter of information/consent for Experiments 8 and 9 

LOI and CONSENT - Decision Making with Pictures 

 

This is a research project being conducted by Jamal Mansour under the 

supervision of Dr. R. Lindsay and Dr. K. Munhall. The purpose of this research is to 

understand how we make decisions about images. You will be seated in front of a 

personal computer and then read the instructions for the experiment. You will then view a 

series of pictures of faces and then be asked to indicate whether that faces is present in an 

array of faces later. The entire session should last approximately 30 minutes. You will 

receive either 0.5 PSYCH100 credit or $5 for participating. 

       There are no known physical, psychological, economic, or social risks associated 

with your participation in this study. Participation is completely voluntary. You are free 

to withdraw at any time for whatever reason with no penalty and no effect on your 

academic standing. You are not obliged to answer any questions that you find 

objectionable. You will not be identified in any way if the results are published and 

nothing will connect you to your responses. Please feel free to ask the experimenter any 

questions you have about participating in this study. 

In the event that you have any questions, concerns, or complaints regarding this 

study, you may address them to the experimenter, Jamal (rodlab@post.queensu.ca), Dr. 

Lindsay (rod.lindsay@queensu.ca), Dr. Munhall (kevin.munhall@queensu.ca), the Head 

of the Department of Psychology at Queen’s University (613-533-2492, 

head@psyc.queensu.ca) or the Queen’s University General Research Ethics Board (613-

533-6081, chair.GREB@queensu.ca).  

Having read all of the above materials and asked any questions, you clicked on 

the YES button indicating that you were willing to continue in the study. Now that the 

session is over you are being asked to sign a hard copy of the consent form. Note that you 

are free to decline to sign the consent form at this time in which case your data will be 

deleted from the data file. Please sign this form if you are willing to let us use your data; 

otherwise just inform the experimenter that you wish to withdraw your data.  

 

DATE: ________________________________ 

 

 

NAME: _______________________________     

 

SIGNATURE: __________________________ 
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Appendix 23: Instructions for Experiments 8 and 9 

 

Instructions – fast conditions: 

Each trial will proceed as follows: 

Step 1. You will first see a cross appear on the screen. When you are ready to begin the 

trial, you should press spacebar. A face will appear on screen for 3 seconds.  The face 

will disappear and then you will either move on to Step 2 or the face will appear for 

another 3 seconds, disappear, then reappear for another 3 seconds. 

Step 2. Next you will be shown one of three images. The sheet of paper next to you has a 

list of questions and a title corresponding to each of the three images. Please try to answer 

as many questions as you can before the image disappears. You will see these images 

multiple times so you will have many chances to answer the questions.  

Step 3. After the image disappears, another cross will appear. Prepare for Step 4 by 

putting your right hand near the number pad. Press the spacebar with your left hand to 

continue to the next step. 

Step 4. You will see a numbered array of faces on the screen. When you hear the tone, we 

would like you to determine whether the face you saw in Step 1 is in this array. If it is, 

you should push the number on the number pad associated with that face. If the face you 

saw earlier is not present in the array, push 7 for 'not there'. Please note that you will not 

have an opportunity to change your response once you make it. 

IMPORTANT: You are being timed. Please respond AS QUICKLY AS POSSIBLE. The 

array will be on screen for TWO seconds. You will hear a tone and a countdown from 

two seconds. If you take longer than TWO seconds to respond, the trial will be recorded 

as a failure. 

Step 4. If you respond in time, you will be asked two questions. One question will ask 

you how sure you are that your decision is correct. The other will ask whether you 

recognize anyone in the array from somewhere other than this study. 

There will be four practice trials to get you used to this procedure.  

If you have any questions, please contact the experimenter now. Otherwise, press 

SPACEBAR to continue on to the practice trials. 

**note that I have provided the instructions for participants who had to respond in under 

two seconds. Some participants had to respond in under four seconds. This group’s 

instructions varied only in that the word “TWO” was changed to “FOUR” in the 

“IMPORTANT” section of the instructions. 
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Instructions – slow conditions: 

Each trial will proceed as follows: 

 

Step 1. You will first see a cross appear on the screen. When you are ready to begin the 

trial, you should press spacebar. A face will appear on screen for 3 seconds. The face will 

disappear and then you will either move on to Step 2 or the face will appear for another 3 

seconds, disappear, then reappear for another 3 seconds. 

Step 2. Next you will be shown one of three images. The sheet of paper next to you has a 

list of questions and a title corresponding to each of the three images. Please try to answer 

as many questions as you can before the image disappears. You will see these images 

multiple times so you will have many chances to answer the questions. After the image 

disappears, a cross will appear. Press the spacebar to continue to the next step. 

Step 3. You will see a numbered array of faces on the screen and hear a tone. When you 

hear the tone, we would like you to determine whether the face you saw in Step 1 is in 

this array. If it is, you should push the number on the number pad associated with that 

face. If the face you saw earlier is not present in the array, push 7 for 'not there'. Please 

note that you will not have an opportunity to change your response once you make it. 

IMPORTANT: You must WAIT TWELVE SECONDS before responding. Please think 

VERY CAREFULLY about your decision in this time. When you hear the tone, you have 

FOUR seconds to respond. There will be a countdown from four seconds.  If you take 

longer than FOUR seconds to respond, the trial will be recorded as a failure. 

Step 4. After you respond, you will be asked two questions. One question will ask you 

how sure you are that your decision is correct. The other will ask whether you recognize 

anyone in the array from somewhere other than this study. 

There will be four practice trials to get you used to this procedure.  

If you have any questions, please contact the experimenter now. Otherwise, press 

SPACEBAR to continue on to the practice trials. 

**note that I have provided the instructions for participants who had to respond in under 

two seconds. Some participants had to respond in under four seconds. This group’s 

instructions varied only in that the word “TWELVE” was changed to “TWENTY” in the 

“IMPORTANT” section of the instructions. 
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Appendix 24: Debriefing for Experiments 8 and 9 

Debriefing 

Previous research and real world experience indicate that eyewitnesses can 

mistakenly identify an innocent person. The purpose of this research was to determine 

how different amounts and kinds of exposure to faces influence later recognition. That is, 

you had different levels of exposure to faces you had to remember. You may have had to 

make multiple or only single judgments about them or you may have been able to see 

only part of some faces. These types of viewing experiences may affect your ability to 

make accurate recognition judgments about those faces. 

Previous research has shown that experience with faces improves later memory 

for that face. Previous research has also shown that showing different images in a 

recognition test decreases accuracy recognizing a face viewed earlier. This research aims 

to understand the nature of these effects and how they interact. Understanding the factors 

that influence face recognition can help us design appropriate procedures following the 

witnessing of events and the use of lineups. 

As stated earlier, your responses will be absolutely confidential. Your name has 

already been converted to a code number, and no one, not even the people that are 

associated with this research, can associate your name with your responses. In return, we 

want you to honour our confidentiality--please do not tell anyone about the details of 

this study. If other students know about the purpose and manipulations involved in the 

study before they participate, they may alter their natural responses and render their data 

useless, or even worse, misleading.  

 Your participation in this study is greatly appreciated. In the event that you have 

any complaints, concerns, or questions about this research, please feel free to contact Dr. 

Lindsay (613-533-2880, rod.lindsay@queensu.ca) or Dr. Munhall (613-533-6012, 

kevin.munhall@queensu.ca). You may also contact the Head of the Department of 

Psychology (613-533-2492 or head@psyc.queensu.ca) or the Queen’s University General 

Research Ethics Board c/o the Queen’s University Office of Research Services (613-533-

6081 or chair.GREB@queensu.ca).  

 

If you are interested in learning more about this topic you can consult: 

 

Charman,  S., & Wells, G. L. (2007). Applied Lineup Theory. In R. C. L. Lindsay, D. F 

Ross, J. D. Read, & M. P. Toglia (Eds.), Handbook of Eyewitness Psychology: 

Memory for People (pp. 219-254). Mahwah, NJ: Lawrence Erlbaum and Associates. 

Logan, G. D. (2002). An instance theory of attention and memory. Psychological Review, 

109, 376-400. 

Longmore, C. A., Lui, C. H., & Young, A. W. Learning faces from photographs. Journal 

of Experimental Psychology: Human Perception and Performance, 34, 77-100. 



 

Appendix 25: The non-significant interaction of 

Experiment 8

 

Control lineups are represented by 
pattern, and corroboration lineups by white bars. Error bars are standard errors. 
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significant interaction of response time and lineup c

Experiment 8 for correct identifications. 

Control lineups are represented by grey bars, competition lineups by bars with a dot 
, and corroboration lineups by white bars. Error bars are standard errors. 

 

< 4 > 12 > 20

Response Time (s)

lineup clothing cue for 

 
bars with a dot 

, and corroboration lineups by white bars. Error bars are standard errors.  



184 

 

Appendix 26: The non-significant interaction of instances and lineup clothing cue for 

Experiment 8 correct identifications. 

 

 

Control lineups are represented by grey bars, competition lineups by bars with a dot 
pattern, and corroboration lineups by white bars. Error bars are standard errors.  
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Appendix 27: Proportions of decisions on target

to respond in different amounts of time

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each graph shows correct identifications (black bars), 

foil identifications (bars with dot pattern) Control (

and (f)) lineups are shown left to right. 
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to respond in different amounts of time in Experiment 8.  
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Appendix 28: Proportions of decisions on target

 

 

 

 

Each graph shows correct identifications (black bars), 

foil identifications (bars with dot pattern) plotted by Response time.  Control (

and Competition (panels (c) and (f)) are shown left to right.
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Appendix 29: Proportions of decisions on target

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each graph shows correct identifications (black bars), 

foil identifications (bars with dot pattern) plotted by Response time.  

and Competition (panels (c) and (f)) are shown left to right.
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Appendix 30: Analysis of confidence data from Experiment 9 

 

 Confidence in decisions for target-present and target-absent lineups was analysed. 

As in the previous experiment, there were only sufficient cases (five cases) for analysis 

for correct identifications in target-present. I conducted a 3 Lineup Clothing Cue x 2 

Response time mixed model repeated measures ANOVA. There were no significant 

effects for either analysis. This may be due to power issues as there were only five 

participants with appropriate data.  
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significant interaction of response time and lineup c

Experiment 9 for correct identifications. 

Proportion of correct identifications in Experiment 9 by quality of view and lineup 

represent control lineups; bars with a dot pattern represent competition lineups; 
white bars represent corroboration lineups. Error bars represent standard errors.
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Appendix 32: The non-
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-significant interaction of instances and lineup c

Experiment 9 correct identifications 

represent control lineups; bars with a dot pattern represent competition lineups;
white bars represent corroboration lineups. Error bars represent standard errors.
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The top panel depicts the interaction of Response time and 
participants had a clear view of the target in the 
depicts this interaction for trials
window" mask. Grey bars
represent decisions on competition lineups, and white bars represent decisions on 
corroboration lineups.  
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Illustrates the marginal interaction of View, Response Time, and 

Clothing Cue for correct identifications in Experiment 9

The top panel depicts the interaction of Response time and Lineup Cue for trials in which 
participants had a clear view of the target in the Viewing Phase and the bottom panel 
depicts this interaction for trials in which participants viewed the target with

ars represent decisions on control lineups, bars with a dot pattern 
represent decisions on competition lineups, and white bars represent decisions on 

< 4 20 - 24

Response Time (s)

< 4 20 - 24

Response Time (s)

ime, and Lineup 

for correct identifications in Experiment 9 

 
ue for trials in which 

and the bottom panel 
in which participants viewed the target with a "dirty 

on control lineups, bars with a dot pattern 
represent decisions on competition lineups, and white bars represent decisions on 



 

.00

.20

.40

.60

.80

1.00

< 4 20 - 24

P
ro

p
o

rt
io

n
 o

f 
D

e
ci

si
o

n
s

Response Time (s)

a

.00

.20

.40

.60

.80

1.00

< 4 20 - 24

P
ro

p
o

rt
io

n
 o

f 
D

e
ci

si
o

n
s

Response Time (s)

d

Appendix 34: Proportions of decisions by response time for target

 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
Each graph shows correct identifications (black bars), 
foil identifications (bars with dot pattern) plotted by Response time.  Control (
and Competition (panels (c) and (f)) are shown left to right.
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Experiment 9 

Each graph shows correct identifications (black bars), critical foil identifications (white bars), incorrect rejections (
) plotted by Response time.  Control (panels (a) and (d)), Corroboration (
shown left to right. 
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Appendix 35: Proportions of decisions on target

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Each graph shows correct identifications (black bars), 

foil identifications (bars with dot pattern) plotted by Response time.

Competition (panels c and f) are shown left to right.

193 

.00

.20

.40

.60

.80

1.00

< 4 20 - 24

P
ro

p
o

rt
io

n
 o

f 
D

e
ci

si
o

n
s

Response Time

e

.00

.20

.40

.60

.80

1.00

< 4

P
ro

p
o

rt
io

n
 o

f 
D

e
ci

si
o

n
s

.00

.20

.40

.60

.80

1.00

< 4 20 - 24

P
ro

p
o

rt
io

n
 o

f 
D

e
ci

si
o

n
s

Response Time

b

.00

.20

.40

.60

.80

1.00

< 4

P
ro

p
o

rt
io

n
 o

f 
D

e
ci

si
o

n
s

Proportions of decisions on target-absent lineups when the target was obscured by a "dirty window" (top panel) and 

clear (bottom panel) in Experiment 9 

Each graph shows correct identifications (black bars), critical foil identifications (white bars), incorrect rejections (

) plotted by Response time. Control (panels a and d), Corroboration (

and f) are shown left to right.

< 4 20 - 24

Response Time

f

< 4 20 - 24

Response Time

c

absent lineups when the target was obscured by a "dirty window" (top panel) and 

identifications (white bars), incorrect rejections (grey bars), or other 

a and d), Corroboration (panels b and e), and 



 

Appendix 

 

 

 

194 
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