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GENERAL ABSTRACT 

 

 When a person goes missing, the police or other non-governmental organizations 

usually distribute appeals asking the public to be on the lookout for that individual and to 

report any sighting to the authorities. Social scientists have conceptualised this process as a 

prospective person memory task, and used experimental designs to highlight some of its 

difficulties (Lampinen et al., 2009). The overarching aim of this thesis was to find ways of 

improving performance on this task, particularly focusing on manipulating the information 

provided during encoding. Specifically, I examined the effects of increasing the amount of 

perceptual and conceptual information on prospective person memory. In Experiment 1 

(Chapter 2), I looked at the effects of within-person variability and names on prospective 

person memory. Previous studies showed that increasing the amount of within-person 

variability seen during encoding improves unfamiliar face learning. Using high variability 

images (i.e., from different contexts) improved prospective person discriminability in 

comparison with using low variability images (i.e., from the same context). Associating 

images of previously unfamiliar people with their names also improved discriminability. 

In Experiments 2 and 3 (Chapter 3), we replicated the effect of within-person 

variability. In these two experiments we wanted to see whether the way multiple images are 

presented interacts with the effect of increased image variability. Therefore, in these 

experiments the three images of each target were presented simultaneously, massed 

sequentially or distributed sequentially. Presentation mode did not affect PPM performance, 

and it did not consistently interact with the effect of variability. In Experiment 4 (Chapter 4) 

I focused on the effect of contextual information on prospective person memory. Participants 

learned each target face along with their name only (i.e., control condition), their name and 

some contextual information that matched the way they were encountered during testing (i.e., 

relevant context condition), or their name and some contextual information that did not match 

the way they were encountered during testing (i.e., irrelevant context condition). Learning the 

contextual information did not affect participants’ performance in comparison with knowing 

target’s name only. In Chapter 5, I discuss implications of this research for theories of face 

recognition, prospective memory and attention, and practical implications of our research 

findings for missing people searches and for wanted criminal investigations.  
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CHAPTER 1 

General Introduction 
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Authorities frequently release images of missing or wanted people so that members of the 

public can assist in the search for them (Pashley et al., 2010). Examples of these campaigns 

include AMBER alerts in the USA and some EU countries, CHILD RESCUE alerts in the 

UK, missing persons posters, the FBI’s most wanted list, and the National Crime Agency’s 

(UK) most wanted list. In the UK 325,171 missing people incidents were reported in 

2019/2020, meaning that a person was recorded missing every two minutes (National Crime 

Agency, 2021). Statistics circulated by international agencies also reflect the sizeable scope 

of the problem of missing and wanted people. With respect to individuals sought in 

connection with criminal activity, there are currently 7,645 ‘red notices’ (requests to law 

enforcement worldwide to locate and provisionally arrest these wanted criminals) in 

distribution via Interpol (Interpol, 2021). Missing people and wanted criminals are sometimes 

located as a result of citizens recognizing them from alerts. For example, since its inception 

in 1950, more than 30% of the 524 criminals who appeared on the FBI’s “Ten Most Wanted 

Fugitives” list have been captured with the help of citizen sightings (FBI, 2021). Given the 

documented large numbers of missing and wanted people, it is critically important that we 

maximise the likelihood that the alerts will be effective. 

For a sighting to occur, the public needs to know who they should be on the lookout 

for. Missing and wanted individuals can be encountered before or after the public is exposed 

to an alert. If the citizen encounters the missing or wanted person and only later sees the alert, 

retrospective memory is used to recognize the person from the alert as someone previously 

encountered. Alternatively, if the citizen encounters the alert first, prospective person 

memory is used to remember to be on the lookout for that missing or wanted individual and 

to report a sighting upon encounter. The research presented in the current thesis focuses on 

assessing how good people are at prospective person memory tasks, as well as on finding 

ways to improve performance.  
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Prospective person memory is a type of prospective memory (PM), which is the 

ability to remember to perform an intended behaviour when a particular stimulus or event is 

encountered in the future (Einstein & McDaniel, 1990; Einstein et al., 1992). For example, 

remembering to mail a letter (intended behaviour) when one encounters the mailbox (cue 

event). Prospective person memory (PPM) uses individuals as the memory cue (Lampinen et 

al., 2009). In such scenarios, participants are asked to be on the lookout for a target person 

(e.g., wanted criminal) while performing another attention demanding task (e.g., passport 

checks). Previous experimental research has highlighted the difficulties of this task. The 

overall goal of the research included in this thesis is to study ways of improving PPM 

performance.  

In this Introduction I will first present a review of methodologies and findings of 

previous experimental investigations of PPM. Then, I will present a theoretical framework 

that may be useful for understanding the processes related to PPM tasks, along with a review 

of related empirical literature. This theoretical framework informed the programme of 

research conducted for this thesis and, therefore, the purpose of this review is also to provide 

background for the manipulations used in the following experiments. Finally, an overview of 

the empirical research reported in Chapters 2, 3 and 4 will be provided.  

Laboratory PM tasks often involve presenting participants with a small set of 

prospective memory cues such as target words (e.g., chair, monkey, hat) and instructing them 

to press a particular key on the keyboard (e.g., ‘ – ‘) if they encounter any of those words 

during a future task. Then, participants engage in an attention-demanding ongoing task (e.g., 

rating a list of words for pleasantness). During this ongoing task, which typically includes a 

large number of words, the target words occur infrequently. Prospective memory 

performance is measured by the percentage of times the target words are correctly responded 

to (Einstein et al., 2005). When experimentally studying PPM, the task structure is similar to 
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a standard PM task. Participants are first presented with image(s) of a previously unfamiliar 

individual, and are asked to be on the lookout for them while completing another attention-

demanding task. Previous researchers have studied this memory task using both field- and 

computer-based experimental paradigms (Lampinen, Curry, & Erickson, 2015; Lampinen & 

Moore, 2016; Lampinen & Sweeney, 2014; Moore, Lampinen & Provenzano, 2016).  

In the first field-based study of PPM, five university psychology classes were 

presented with photographs of two male targets (Lampinen, Arnal, & Hicks, 2009). Students 

were told that if they see any of these individuals on campus and they report the identification 

by email they could win a portion of a $100 prize. Two days later, during a subsequent 

lecture, one of the targets delivered some papers to the lecturer in full view of the class. He 

also faced the students and wished them ‘Good morning’. After this, less than 5% of the 

students present accurately identified the target (Lampinen, Arnal, & Hicks, 2009). Their 

findings are worrying considering the great applied implications of this research, and 

highlight the importance of discovering ways of improving performance on this task.  

In other field-based studies, participants visited a laboratory to do a media study 

during which they watched and rated two videos, including one that presented a missing 

person appeal. Before leaving the lab participants were informed that the individual presented 

is not actually missing but that the actual purpose of the study is to locate this person. To 

incentivise the participants to perform this task during their everyday activities, if they 

encounter the person and contact the researcher they had a chance of winning up to $200. The 

target then showed up either at a location where most participants were expected to also be 

(e.g., the university’s dining hall) or in the hallway of the laboratory where the experiment 

took place (Lampinen et al., 2015, 2016; Lampinen & Moore, 2016; Moore et al., 2016). In 

general, sighting rates in these studies have tended to be low (i.e., 0 – 5% of participants 

reported accurate sightings), and only increased (i.e., to around 10%) when the target was 
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encountered in close proximity to where the experiment took place (Lampinen et al., 2015, 

2016; Lampinen & Moore, 2016; Moore et al., 2016). Because simulating real-life searches 

proved too difficult to elicit above floor performance levels, and to allow researchers to 

determine the impact of certain variables, researchers have moved away from live 

simulations to computer-based paradigms.  

When using computer-based paradigms, participants perform better than in field 

studies, but overall PPM performance is still poor. In one study (Lampinen, Arnal, & Hicks, 

2009), participants viewed pictures of four ‘wanted individuals’ and were instructed that if 

they see any of these individuals during the experiment they should press the spacebar to 

‘alert the authorities’. For the rest of the experiment participants engaged in two ongoing 

tasks, with all prospective memory targets embedded in the second task. This task resembled 

a computer game and required participants to accomplish a number of goals (e.g., mail a 

letter, recycle a soda bottle) whilst watching a slide presentation depicting a walk through the 

campus. Each goal was accomplished by pressing a certain key. A number of people, 

including the four target fugitives appeared on the slides used for this task. Overall, less than 

30% of all fugitives were correctly identified (Lampinen, Arnal, & Hicks, 2009). Computer-

based simulations allow researchers to examined the effect of specific variables, such as the 

number of images used during encoding, while controlling for other variables. These 

experiments simulate ideal situations in which sometimes the targets look identical during 

testing as during encoding (i.e., same picture is used), very short delays between encoding 

and testing are used, and all targets are encountered in the same experimental context. Still, 

participants find this task very difficult.  

For the research presented in this thesis two new procedures were developed. For the 

first three experiments (Chapter 2 and Chapter 3), we developed a ‘bouncer paradigm’. In 

these experiments, participants were asked to pretend that they are working as a bouncer at a 
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nightclub. Their main task was to decide who is allowed to go into the nightclub, based on an 

age limit of 25 years old. During the task, they observed individuals one at a time, and they 

had to guess if they look under or above 25 years old. They were told that there were also a 

number of people who are banned from entering the club. All participants had a chance to get 

familiarised with these banned targets before the main task began. If these targets appeared 

during the main task, participants were asked to click on the spacebar to record a sighting of a 

banned target (Juncu et al., 2020). By using this task, we integrated the primary and the 

prospective memory tasks better; participants might not realise our main interest in the PPM 

performance. Moreover, by using this task participants do not only encounter the targets 

during testing, but they also have to process their faces in order to complete the primary task. 

For Experiment 4 (Chapter 4) we wanted to further simulate the complexity of the 

ongoing task, to better resemble real-life everyday activities. Participants were asked to watch 

multiple videos and to pay attention to all information presented (i.e., people, conversations, 

action). Their main task was to try to remember as much information as possible from these 

videos in order to answer two memory questions at the end of each video. Before watching 

the videos they were presented with multiple target individuals, half of whom appeared in the 

videos. Participants were also asked to be on the lookout for these targets and to press the 

spacebar if any of them appeared during the videos. Using videos is a better simulation of 

how our attention is divided between different types of information during real-life activities 

(e.g., cars, people, conversations). 

Lampinen and Moore (2016) proposed a theoretical account to explain why 

prospective person memory is so poor. In this framework, they conceptualise PPM as a 

probabilistic event which depends on a series of preconditions described as necessary and 

sufficient for successful PPM. First, the participant needs to encounter the alert concerning a 

missing or wanted individual. Second, they must pay attention to the alert and encode the 
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information presented, particularly any photographs of the target person, and associate the 

target with an intention (e.g., to call the authorities). Third and fourth, they need to encounter 

and attend to the target. Fifth, the participant needs to recognize the individual as the target 

person and remember the intention to contact the authorities. Finally, they need to take action 

which, in actual cases would be to contact the authorities and report the person’s 

whereabouts. Failure at any of these steps prevents participants from reporting an accurate 

sighting of the target (i.e., the missing or wanted person).  

In comparison with other PM tasks, participants perform worse on PPM tasks; 

particularly because of the fifth stage discussed by Lampinen and Moore (2016). Importantly, 

therefore, using faces as the memory cues creates issues which are not present in other PM 

tasks. Prospective person memory failures can be conceptualised as not only PM failures (i.e., 

failure to notice the cue and failure to perform the intended action) but also as face 

recognition failures (i.e., failure to learn the previously unfamiliar face, and failure to 

recognize them in varying contexts). The next section expands on Lampinen and Moore’s 

(2016) theoretical account, by focusing on four main cognitive failures which result in 

unsuccessful PPM: failure to encode, failure to notice, failure to recognize, and failure to 

report. For each of these issues, I will discuss how PPM could be improved based on previous 

studies, as well as based on further theoretical ideas that were then tested in the present work.  

Failure to encode the target 

The first key issue of PPM tasks is that previously unfamiliar faces are used as 

memory cues, meaning that participants have to encode the identity of the targets. For most 

PM tasks, participants are first required to associate a particular, usually familiar, memory 

cue (e.g., the word ‘monkey’) with the PM intention (e.g., press the spacebar when the 

memory cue is encountered). During the first phase of a PPM task, however, participants are 

asked to learn previously unfamiliar faces and to associate these faces with an intention. 
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During testing, therefore, participants need to match their memory of the image of a target 

with another image of a person, or with an actual person. Even when pairs of images are 

presented simultaneously, participants can find it difficult to determine whether those two 

images present the same or different individuals (Sandford & Ritchie, 2021; White et al., 

2010). In PPM tasks, therefore, the more accurate the memory representation of a target face 

(i.e., accounting for a view-independent representation), the higher the chance of a correct 

sighting should be.  

According to Bruce and Young’s (1986) Interactive Activation and Competition 

model, individuals are represented in memory as pools of units containing face recognition 

units and person identity nodes. Face recognition units represent view-independent memory 

representations of familiar faces affording recognition of these faces in a variety of contexts. 

Each familiar person also has an associated person identity node, which converges identity 

specific semantic information such as their name, occupation or any other contextual 

information known about that person. If insufficient information is available, people might 

fail to develop a good representation of a target individual, and subsequently, they will fail to 

recognize them later on. Both face recognition and PPM, therefore, should improve when 

increased perceptual and semantic information are available about a target individual during 

encoding. 

Perceptual information. Increasing the amount and type of perceptual information 

provided during encoding about a target should improve face recognition and, subsequently, 

PPM performance. The ability to recognize an individual from different viewpoints and in 

different contexts partly depends on the richness of the previously encoded perceptual 

information (Bruce & Young, 1986). The Interactive Activation and Competition Learning 

model (Burton, 1994) states that when an unfamiliar face is encoded for the first time, some 

unused face recognition units rise in activation. After a varying number of presentations, the 
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target face will be associated to one particular face recognition unit. Multiple encoding 

episodes of a face are needed for that face to become ‘known’. Moreover, constant features 

will tend to be more highly associated with that targets’ face recognition unit than transient 

features, and showing multiple images taken in different contexts is a better way of 

highlighting which features are constant and how other features vary. In other words, 

repeated exposure and exposure to within-person variation in appearance are needed for 

robust representations of particular identities to emerge.  

Existing research shows that increasing the perceptual information presented during 

encoding can improve PPM. For example, providing three instead of just one image of the 

target during encoding increased the number of correct sightings during a PPM task 

(Sweeney & Lampinen, 2012). Moreover, consistent with the Interactive Activation and 

Competition Learning model’s hypothesis that repeated exposure improves face recognition, 

seeing a target multiple times during encoding (i.e., three or five times) resulted in better 

PPM performance than when they were only seen once (O’Brien & Thorley, 2020). The 

effect of presenting multiple images, or repeatedly encoding a target face, might also depend 

on how similar those images are between themselves. Ritchie and Burton (2017) showed that 

participants are better at discriminating between targets and nontargets when they have 

previously encoded the target faces from multiple high variability images than from multiple 

low variability images. High variability images present the individuals during different days 

or different events (e.g., from different times and locations), whereas low variability images 

are taken in the same context (e.g., screenshots from one interview). The targets might also 

vary in appearance (e.g., different hairstyles, wearing glasses or aged a few years) across 

different high variability images. Because providing multiple high variability images results 

in increased familiarity with a face (Ritchie & Burton, 2017), it is also possible that learning 

faces from high variability images (vs low variability images) could improve PPM. In the 
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first three experiments of this thesis, we look at the effect of increased within-person 

variability on PPM performance.  

Further, when multiple images are used during encoding, they can be presented 

simultaneously or sequentially. Both presentation modes can affect face learning, and 

consequently PPM performance, in different ways. Previous literature does not present a clear 

picture on which presentation mode should be preferred. On the one hand, simultaneous 

presentation allows participants to compare images and extract one average representation of 

each target, including information about how that face varies but also which features remain 

constant (Gibson, 1969; Kramer et al., 2015). On the other hand, the ‘spacing effect’ posits 

that learning items using a distributed presentation results in better memory (Ebbinghaus, 

1885). Finally, the effect of presentation mode might depend on how similar multiple images 

of a target are. Experiments 2 and 3 (Chapter 3) are focused on the effect of presentation 

mode on PPM, and whether this interacts with the effect of variability.  

Conceptual information. Providing conceptual information during encoding can also 

improve face recognition and PPM. According to the Interactive Activation and Competition 

Learning model, when a familiar face is represented in memory it is also usually associated 

with social information such as names, occupations or hobbies; all this information together 

developing a person representation rather than just a face representations (Burton, 1994). 

Consistent with this theory, previous research has shown that associating unfamiliar faces 

with socially relevant information during learning improves face recognition (Bower & 

Karlin, 1974; Tanaka & Pierce, 2009). Schwartz and Yovel (2016, 2019a, b) found that face 

recognition improves if previously unfamiliar faces are associated with names during 

encoding. However, they did not find the same effect when faces were associated with 

person-unrelated labels (e.g., symbols). They suggest, therefore, that presenting names during 

encoding improves recognition because it generates a conceptual representation of that 
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person in addition to the perceptual representation of that face. Names are also an easy way to 

provide semantic information about targets during encoding for PPM tasks. In subsequent 

chapters, we examine PPM performance for previously unfamiliar faces that have been 

associated with names (Chapter 2) and other types of contextual information (Chapter 4). In 

Chapter 4, contextual information is conceptualised as any type of semantic information 

which can be known about a person (i.e., name, occupation, contextual information) and is 

part of person identity nodes. 

Failure to notice the target 

A second failure which results in unsuccessful PPM, also discussed in Lampinen and 

Moore’s (2016) framework, regards participants who do not notice the presence of the target 

during testing. Even when familiar memory cues are used, or when the information presented 

during encoding results in a stable representation of the target, participants might not be able 

to report a correct sighting because they might simply not pay attention to the target during 

testing.  

Prospective memory differs from retrospective memory in two critical ways which 

explain why the former is more difficult than the other: First, by virtue of the context in 

which memory retrieval typically occurs, and, second, based on the instructions that are 

provided at the time of memory retrieval. The retrieval phase of a retrospective memory task 

is typically free of concurrent activities and occurs with attention fully focused on the target 

task (i.e., on memory retrieval). By contrast, during PM tasks the retrieval of a previously 

made intention typically occurs while the participants are engaged in some other attention-

demanding tasks. Therefore, the completion of PM tasks requires attention to switch from the 

ongoing task to a previously planned activity (Graf & Yu, 2005). This attention switch can be 

activated either by the memory cue itself (i.e., a target face) or by other noteworthy 

contextual cues (e.g., a distinctive tattoo). There is, therefore, nothing to guarantee that 
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attention is focused on the cues that might be available to facilitate retrieval. 

Correspondingly, previous PPM studies highlight big differences between identification rates 

on prospective and retrospective (i.e., line-up) tasks (Moore et al., 2016). In other words, 

participants might simply fail to notice the PM cues when they are encountered.  

One of the critical preconditions for successful PPM highlighted by Lampinen and 

Moore (2009) in their model is ‘attending to the missing person’. A large number of studies, 

however, show that people are often oblivious to events happening in their environment even 

when they should be readily noticed (e.g., a tree of money; Hyman et al., 2014). Moreover, 

most people encounter dozens of other people during their everyday activities but do not have 

the attentional resources, or motivation, available to closely examine all of their faces. 

Another consideration is that closely examining another person’s face violates social norms 

and can be seen as inappropriate (Buchanan, Goldman, & Juhnke, 1977; Smith, Sanford, & 

Goldman, 1977). Therefore, it is likely that the public will not notice the missing people 

which will result in unsuccessful PPM cases. Moore and colleagues (2016) showed that 

although less than 10% of participants reported an accurate sighting during a PPM task, the 

majority were able to identify the target from a line-up 24h after the experiment, suggesting 

that their failure to identify the target during the initial experiment might be due to a failure to 

attend to their environment (i.e., failure to notice) and not to a failure to remember the 

target’s face.  

A number of factors known to affect PM performance can explain the difficulty of 

noticing the target upon encounter, most of them related to the dual-task situation in which 

the retrieval occurs. Attentional resources, the type of ongoing task and participants’ 

expectations of encounter can sometimes increase the chances of noticing, and therefore, 

PPM performance.  
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Attention. The role of attention on PM tasks has been the focus of extended debates 

with some theories stating that a person does not have to be actively looking and devoting 

any attention to the search for PM cues, and others positing that attention is always needed 

for successful PM. The Preparatory Attention Model states that attention and monitoring are 

always needed to perform an intended behaviour at the appropriate time (Smith & Bayen, 

2004). Smith (2003) showed that participants who had a PM task to complete were slower 

when performing a lexical-decision task than participants who had no PM demand, 

suggesting that PM required constant monitoring and attention. When looking at self-reported 

data, however, participants report that the PM intention just “popped” into their mind and 

they also report thinking about the PM task less than 5% of the time in comparison with 

thinking about the ongoing task about 69% of the time (Reese & Cherry, 2002). Reflexive 

Association Theory, therefore, posits that some PM tasks can be performed spontaneously 

(McDaniel & Einstein, 2000). The Multi-Process Theory (Einstein & McDaniel, 2005) 

suggests that both Preparatory Attention Model and Reflexive Association Theory are 

accurate under different circumstances. This theory contends that prospective memory 

retrieval can be accomplished either by controlled monitoring of the environment, which 

requires focused attention, or by a more reflexive process that automatically responds to the 

presence of particular prospective cues. Whether one relies on monitoring or spontaneous 

retrieval process depends on the characteristics of the prospective memory task, the ongoing 

task, and also the individual (Einstein et al., 2005). In five experiments, they found conditions 

in which there were no significant costs to the ongoing task and yet PM performance was 

high; such as when using a focal target event, less targets and moderate-emphasis 

instructions. In support of this theory, Moore and Lampinen (2019) found that participants 

perform more accurately on a PPM task when their attention is drawn to the target face than 

when it is not.  
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Outside of the lab, it is unlikely that an individual would be able to maintain focused 

attention on the PPM task (e.g., looking for a missing person) long enough for a successful 

recovery. Consequently, the success of PPM relies on spontaneous memory and attention 

processes to retrieve intentions when targets are encountered. The Multi-Process model states 

that people will sometimes spontaneously notice a missing person, but only if very strong 

memory representations are formed of the missing person and the person’s attention is drawn 

to the missing person’s face sufficiently to spark a reminding (Einstein & McDaniel, 2005; 

Lampinen & Moore, 2016). Increasing the information provided during encoding should 

result in a stronger memory representation of the target which could, in certain scenarios, 

improve PPM performance. Proving additional information regarding the contexts in which 

the target might be encountered during testing could also guide participants attention. 

Experiment 4 (Chapter 4) tests this hypothesis.  

Focal and non-focal tasks. The ongoing task, as well as how it relates to the 

prospective memory task, can affect PM performance. The Multi-Process Theory suggests 

that participants are more likely to successfully retrieve the PM intention if the ongoing task 

focuses on the same type of cues as the PM cue (Einstein & McDaniel, 2005). In previous 

PM studies, researchers distinguished between focal and non-focal ongoing tasks. Focal tasks 

depend on processing information in a way that is relevant for the PM task and, therefore, 

produce higher performance. For example, in one computer-based PPM experiment, 

participants engaged in a team-sorting task (Lampinen & Sweeney, 2014). During this 

ongoing task, participants were presented with several photographs of children and were 

asked to sort these photographs into two teams, keeping the teams equally matched in terms 

of gender and ability. While engaged in this task, participants were asked to be on the lookout 

for a number of missing children and to press the ‘h’ key if during the ongoing task they see a 

photograph of one of the missing children (Lampinen & Sweeney, 2014). This ongoing task 
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of sorting children into teams is considered focal for the PM task of finding a missing child 

because it requires participants to look at all children encountered. Non-focal tasks direct 

attention toward aspects of the stimuli that are not relevant for the PM task and therefore 

produce lower performance (Einstein & McDaniel, 2005). In real life scenarios, however, we 

pay attention both to other individuals, which is a focal task in relation to a PPM task, and 

also perform other non-focal tasks (e.g., we go grocery shopping). Field studies showed 

considerably worse performance than laboratory experiments and the use of non-focal 

ongoing tasks might be part of the reason why. In Chapter 4, we introduce a new paradigm 

which includes both focal and non-focal tasks during the ongoing activity.  

Expectations of encounter. Another reason why participants might fail to notice a 

PPM cue is that they do not expect the target individual to be found in their environment. In 

one field-based study, Lampinen et al. (2016) showed participants a mock news story about a 

wanted man in a lab setting. Then, they asked participants to be on the lookout for that 

individual and that they would be paid a cash prize if they spotted the wanted person. The 

target person later passed out flyers to students at the dining hall at a time when participants 

reported typically being there. Although the target interacted with over 100 participants, none 

of them reported sighting him. The authors suggest that the low performance was partly due 

to low expectations of encounter and report that participants’ expectations of encounter were 

correlated with self-reported looking behaviour.  

To explore the effect of participants’ expectations on PPM further, Moore and 

colleagues (2016a) manipulated expectations and attention via location-based information 

about the whereabouts of the target person. They told half of their participants that the target 

would be in the same building where they met with the researcher, and the other half of 

participants that the target can be encountered anywhere on campus. Half of their participants 

were also told that the target will be encountered during that day whereas the other half of 
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participants were told she would be around that week. Participants who were told she will be 

in the same building reported higher expectations of encountering her, and subsequently they 

also reported more sightings than participants who were told she will be on campus.  

Using an experimental paradigm, Moore et al. (2016) also showed that participants 

with accurate contextual expectations made more accurate sightings than participants with 

inaccurate expectations. In this study, the expectation of encounter was manipulated by 

telling participants that they will be completing two tasks (i.e., a grocery store task and a 

bank task) and that the target individuals are wanted criminals for grocery store thefts or for 

bank robberies. Therefore, participants were anticipated to have higher expectations of 

encounter if the targets appeared in the same environment in which they committed previous 

crimes.  Another way of manipulating expectations of encounter is by providing  contextual 

information on a search appeal, such as a missing person poster. For example, the appeal 

might include information such as ‘this person likes to ride bikes’. This information could 

either match the way targets are encountered at test (i.e., higher expectations) or not (i.e., 

lower expectations). In the previous example, participants might have higher expectations of 

encountering the target riding a bike in a park, than encountering them on a bus. Providing 

contextual information during encoding creates additional memory cues which, if 

encountered during the test phase, could trigger participants’ memory of the PPM task (see 

Chapter 4).  

Failure to recognize the target 

Even when a person attends to their environment or to the target person specifically, it 

is possible that they will fail to recognize that individual as the target. Attention, therefore, 

does not guarantee recognition of the cue, which is particularly relevant for PPM. Most of the 

previous research on PM focuses on the effect of attention and a failure to notice the cue, and 

less on participants’ ability to recognize the cue and to identify it as the PM cue. Using faces 
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as cues, therefore, increases the complexity of the task. Previous face recognition studies 

highlight the difficulties of this task, particularly because the target face is encountered in a 

different context at encoding than at test. 

According to Bruce and Young’s (1986) face processing model, face recognition 

depends on a decision-making system which weighs information from at least two retrieval 

processes, also referred to as ‘familiarity’ and ‘recollection’. One process assesses the degree 

of similarity between a face that is currently being examined and other memory 

representations of faces. The second process focuses on semantic information indicating the 

identity of a face and on contextual information about the circumstances of potential 

encounters with that face (Hanley & Cowell, 1988). If separate processes occur for 

perception of resemblance (i.e., familiarity) and retrieval of context (i.e. recollection), 

therefore, participants might not only fail to recognize the target as familiar during PPM 

tasks, but they might also fail at recognizing them as the target individual.  

Familiarity. The ability to recognize the target will rely mainly on the quality of the 

information recorded during the learning phase, as well as on how well this information 

matches the information present at test (Tulving & Thomson, 1973). Study/test differences in 

the appearance of faces (e.g., with vs. without glasses) have been shown to impair face 

discrimination (Cutler, Penrod, O’Rourke, & Martens, 1986). PPM performance is also 

superior when there is a match between a missing person’s appearance on a poster and their 

appearance when later encountered (Gier et al., 2012). Being exposed to higher within-person 

variability during the encoding stage increases the chances that at least one of those images 

will match the way targets are encountered at test. Chapters 2 and 3 test this hypothesis.  

Familiarity is a continuous phenomenon with some faces being better known and 

affording a higher within-person variability during recognition than others. An ongoing 

debate in the recognition memory literature pits the multi-process theory described above 
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against the popular Signal Detection Theory (Wited, 2007). While the former describes 

recognition memory based on two separate processes (i.e., recollection vs familiarity), the 

latter conceptualises recognition in relation to a decision criterion. This theory involves two 

Gaussian distributions (one for the targets and one for the lures) and one decision criterion 

situated along a decision axis. Each test item generates a memory signal the strength of which 

determines the recognition decision. If the memory signal exceeds the decision criterion, the 

test item is identified as old, otherwise it is identified as new (Wixted & Stretch, 2004). 

Therefore, familiarity might depend on different degrees of memory strength rather than on 

qualitatively different memory processes. In comparison with recollection, familiarity 

judgements are usually considered faster and automatic. Increasing familiarity, therefore, 

should also support the self-initiated, automatic processes required for successful PPM. 

Recollection. In a seminal paper, Mandler (1989) described a scenario that perfectly 

exemplifies the memory error of seeing a familiar face but failing to recall who that person is. 

Mandler (1989) used the term “butcher-on-the-bus” to describe scenarios in which one 

encounters an acquaintance, and although there is a sense of familiarity, it is characterised by 

an absence of any other identity information about that person. This phenomenon usually 

happens when the familiar person is encountered in an unusual context. Gruppuso et al. 

(2007) tested this process using an experimental paradigm and found support for the claim 

that contextual information supports face recognition and influences the subjective 

experience associated with recognition. Their participants associated previously unfamiliar 

faces with photographs of varying contexts (e.g., travel scenery, sports). At test, the same 

faces were presented alongside the same context scene as at study, a switched context or a 

novel one. They found that recollection-based memory was more accurate when old faces 

were presented with the same context, but this effect was not present in familiarity-based 

memory. These findings support the idea that, during retrieval, PPM participants might notice 
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and feel a sense of familiarity with the target, without being able to make the link to the 

poster or to identify the source of the feeling of familiarity (i.e., and recognize the individual 

as the target).  

Although research to date has not examined the “butcher-on-the-bus” effect in the 

context of PPM, some previous results seem to support this hypothesis (Lampinen, Miller, & 

Dehon, 2012). The difference between familiarity and recollection experiences can also 

explain the very low performance in previous field studies. When studies are conducted in the 

lab, participants are still experiencing the same context in which they have learned the 

target’s face, and any sense of familiarity might be accompanied by the belief that the 

individual presented is the target individual. When the contextual information presented 

during encoding matches the context in which participants encounter the targets at test, those 

contextual cues might bridge the gap between a sense of familiarity and the recognition of 

that face (Chapter 4). 

Failure to report the target 

Finally, even when participants pay attention to the target individual upon encounter, 

and they recognize them, they might not report a sighting. The cost-benefit ratio of reporting 

a sighting, therefore, also affects participants’ willingness to report a sighting.  In the lab, the 

costs of reporting a sighting are considerably smaller than in real life. Meacham and Singer 

(1977) found that participants who were incentivised more were more likely to succeed at a 

PM task than those offered a low incentive. In real-life PPM cases such as missing people 

investigations, there are many factors that can influence the cost-benefit ratio of reporting a 

sighting; such as receiving a reward for recovering the person, or having had personal 

experience with missing people incidents. Possible costs include concerns about the 

consequences of making an erroneous sighting to authorities (i.e., waste of resources), not 

wanting to get involved or, quite trivially, time and effort (e.g., to call the police). These costs 
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and benefits have different weights, which will ultimately influence whether a person decides 

to report a sighting (Lampinen & Moore, 2016). When Moore et al. (2018) manipulated the 

cost of reporting a sighting, however, they found no effect on sighting rates. Participants 

might also fail to report a sighting if they are not confident enough in their recognition of the 

target.  This is in line with the Signal Detection Theory described above. Across individuals, 

we all set different decision criterion for our willingness to report a sighting. Depending on 

where the decision criterion is set, people exhibit different degrees of bias, some of them 

being more liberal (i.e., increased number of identifications) and others being more 

conservative. All experiments presented in this thesis also look at the effect of perceptual and 

conceptual information on response bias. 

In conclusion, participants might fail at PPM tasks for a variety of reasons. I 

conceptualised these as failures to encode, to notice, to recognize and to report. These failures 

are related to each other and, therefore, different types of information presented during 

encoding could decrease the chances of some, or all of them. For example, the perceptual 

information encoded about a target can decrease the chances of a failure to encode, as well as 

the chances of a failure to recognize. In all experiments presented in this thesis I look at ways 

of improving PPM performance by addressing some of these failures.  

Aims and outline of current thesis 

The overarching aim of this thesis is to examine the effects of increasing the 

perceptual and/or the conceptual information at encoding on PPM. Based on the theoretical 

framework outlined above and the literature reviewed, there is evidence that increasing both 

the perceptual and the conceptual information about a target during encoding decreases the 

chances of the first three failures discussed: failure to encode, to notice and to recognize. 

However, there is limited research on methods to improve performance on PPM by 

manipulating only the information presented during encoding. In three empirical chapters, 
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this thesis presents four experimental studies in which we tested the effects of increased 

within-person variability, presenting the images simultaneously or sequentially, associating 

targets faces with their names, or associating them with contextual information on PPM.  

The first aim of this thesis was to see whether increasing the perceptual information 

available during encoding can improve PPM performance (Chapters 2 and 3). One way of 

doing this is by showing multiple high variability images of each target, rather than multiple 

low variability images. Low variability images present the target face from different angles 

but the images are all taken during a single event (i.e., one context). This limits participants 

ability to learn how a targets’ face varies over time and between different contexts. High 

variability images are taken from different events and allow participants to encode a higher 

degree of within-person variability. Using high variability images, therefore, should increase 

the familiarity with a target face (leading to an improved memory representation). Moreover, 

using images from varied contexts increases the chances that at least one of the images 

presented during encoding is a good fit (i.e., highly similar) to the test image. Using high 

variability images, therefore, should decrease the chances of a failure to encode (i.e., by 

increasing familiarity) as well as of a failure to notice (i.e., more memory cues), and of a 

failure to recognize (i.e., encoding/test similarity). In the first three experiments we 

manipulated within-person variability both within and between participants.  

The effect of variability might depend on whether the face images are studied 

simultaneously or sequentially. In Experiments 2 and 3 (Chapter 3), we manipulated how 

multiple images are presented during encoding, using three low or three high variability 

images of each target. Their images were presented either simultaneously, massed 

sequentially, or distributed sequentially. For massed sequential presentation, the three images 

of each target were presented on the screen one a time before moving on to the next target. 

For distributed sequential presentation, the three images of each target were again presented 
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one a time but with intervening images of other targets separating them. Previous research 

indicates that distributed learning of new stimuli results in improved memory representation 

by encouraging rehearsing of encoded information (Dempster, 1988; Greene, 1989). This 

effect, however, might only be found when using low variability images. When using high 

variability images, simultaneous presentation might benefit PPM performance by allowing 

participants to compare the images and to extract information on how a face varies and also 

to highlight which features remain constant. Using different presentation modes might, 

therefore, improve the way participants learn targets’ faces, and reduce the chances of the 

failure to encode. We tested these hypotheses in Chapter 3. 

The second goal of this thesis was to see whether associating target faces with 

conceptual information can also affect PPM (Chapters 2 and 4). Associating unfamiliar faces 

with names, occupations (Schwartz & Yovel, 2016), or descriptive information (e.g., he likes 

to dance; Kerr & Winograd, 1982) has been shown to improve face recognition. Winograd 

(1981) suggested that this effect is due to a more extensive scan of the face, while Craik and 

Lockhart (1972) argued that contextual elaboration results in a deeper encoding of an 

individual rather than just their face. In Experiment 1 (Chapter 2), we manipulated the 

presence of names during encoding. In Chapter 4, we further developed the conceptual 

information provided during encoding, and presented some of our targets alongside 

contextual information (i.e., any type of person-related description). As discussed previously, 

PPM relies on attention and face recognition, both of which could be improved by the 

association of an unfamiliar face with descriptive contextual information at encoding. 

Contextual information may improve attention and facilitate identification in PPM tasks 

through creating different expectations of encounter. However, the effect of this information 

on performance might depend on whether it matches the way targets are encountered or not. 

In Chapter 4, contextual information was coded as relevant if the target was encountered 
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during testing in a context which matched the one associated with their face at encoding. 

Associating targets with contextual information might decrease the chances of the failure to 

encode (i.e., by creating a rich semantic network of associations for that given face; Bower & 

Karlin, 1974), of a failure to notice (i.e., relevant contextual information might direct 

attention to the target), and of a failure to recognize (i.e., by bridging the gap between 

familiarity and recollection).   

To summarise, Chapter 2 (published as Juncu, Blank, Fitzgerald & Hope, 2020) 

presents Experiment 1 in which we manipulated the amount of perceptual information (i.e., 

within-person variability) presented during encoding, and whether target images were 

associated with names or not. Chapter 3 (submitted as Juncu, Fitzgerald, Blank & Ost) 

includes two experiments in which we manipulated both within-person variability and 

presentation mode (simultaneous, massed or distributed). Chapter 4 presents an accepted 

Registered Report (Juncu, Fitzgerald, Blank, & Ost, in press) in which we manipulated the 

type of contextual information available during encoding (i.e., none, relevant information, 

irrelevant information). Finally, Chapter 5 of this thesis provides a general discussion and 

overview of the key findings of our research. Theoretical and practical implications of the 

research, along suggestions for future research, are also discussed.  
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The effects of image variability and names on prospective person memory 
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Abstract  

Prospective person memory is implicated in searches for missing or wanted individuals. We 

investigated whether prospective person memory is improved by associating the target of the 

search with a name and providing photos that reflect variation in the search target’s 

appearance. Participants (N = 242) studied three photographs of each target, taken either at 

the same event (low variability) or at different events (high variability). For half of the 

participants, a name was presented alongside the photographs. Both names and high 

variability photos improved discriminability, suggesting that public appeals for a missing or 

wanted person should include a name and use images that are representative of the person’s 

variability in appearance across different contexts.   
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The effects of image variability and names on prospective person memory 

Prospective memory (PM) is the ability to remember to execute delayed intentions when a 

particular cue is encountered (McDaniel & Einstein, 1993). In prospective person memory 

(PPM), the cue is a person. In PPM tasks, an individual is typically on the lookout for a target 

person whilst completing other attention-demanding activities (Lampinen, Arnal, & Hicks, 

2009). Such scenarios have important real-life applications for the recovery of missing people 

and the apprehension of wanted criminals. However, research suggests PPM is a surprisingly 

difficult task (Lampinen, Curry, & Erickson, 2016; Moore, Lampinen, & Provenzano, 2016).  

Lampinen and Moore (2016) conceptualised PPM tasks as a series of preconditions: 

(1) encountering the alert, (2) attending to the alert, (3) encountering the missing person, (4) 

attending to the missing person, (5) reminding, (6) taking action.  Each precondition occurs 

with some probability, varying on a case by case basis. Researchers usually vary the 

probabilities of these preconditions and observe the effect on PPM performance. For 

example, wider distribution of appeals via social media and creating alerts in ways that attract 

attention (e.g., including images) increases the probabilities of preconditions (1) and (2), 

respectively, and manipulating the information included in the alert may increase the 

likelihood of both (2) and (4). Generally, then, successful PPM requires a combination of 

attention, face recognition, and event-based prospective memory (Lampinen & Moore, 2016).  

Prospective memory tasks (e.g., remembering to call the police if you encounter a 

missing person) are often performed in the context of other ongoing activities (e.g., buying 

the groceries), and this is mimicked in experimental research via dual-task procedures 

(Einstein & McDaniel, 2005). The primary task is an ongoing attention-demanding task 

designed to simulate real-life everyday activities (e.g., grocery shopping). The secondary task 

involves the prospective memory action (e.g., calling the authorities). Participants are 

instructed to be on the lookout for a cue (e.g., target person) during the ongoing task and 
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perform an action when the cue is encountered (e.g., press the ‘spacebar’). A good real-life 

example of this type of dual-task activity is the role of a nightclub doorman, whose job is to 

verify that everyone who enters a club is above a certain age (primary task) while also 

keeping on the lookout for anyone who is banned from the club (secondary task). In the 

present research, we designed an experiment around this scenario.  

Performance on this task partly depends on the ability to recognize the target when 

encountered. In the context of PPM, targets may be previously unfamiliar and, contrary to our 

exceptional ability to recognize familiar faces, unfamiliar face recognition is difficult 

(Johnston & Edmonds, 2009). One critical difference between familiar and unfamiliar face 

recognition is the richness of perceptual information that we have for a familiar face, 

affording a view-invariant representation (i.e., a face recognition unit; Bruce & Young, 

1986). This enables people to recognise familiar faces even from different viewpoints and in 

different contexts. Correspondingly, when learning a new face, using multiple photos 

increases the amount of perceptual information and results in better recognition than learning 

a face from a single photo (Ritchie & Burton, 2017). This effect of learning a new face from 

multiple images has also been observed in PPM research: participants who saw three – as 

opposed to just one – photos of each target reported more accurate sightings (Sweeney & 

Lampinen, 2012).   

Importantly, this multi-image advantage may depend on the variability of the images 

used for face learning. Individuals look different each day (e.g., varying hairstyles, changes in 

lighting), and encoding of within-person variability is needed to develop a stable 

representation of their identity (Kramer, Jenkins, Young, & Burton, 2017). Using an old/new 

recognition paradigm, Ritchie and Burton (2017) showed that using ten high variability 

images of a target (from different times and locations) results in better face recognition 

performance than using ten low variability images of the same target (screenshots from one 
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interview). Given that face recognition is required for successful PPM, presentation of high 

variability photographs at encoding might also improve PPM performance compared to low 

variability photographs. Notably, the Sweeney and Lampinen (2012) study – which found a 

multi-image advantage – used high variability photographs that were taken on different days, 

with different clothing and hairstyles (and were presented simultaneously alongside other 

information such as name, age, height, and weight). In order to establish that high image 

variability is a crucial condition for improving PPM performance, it is important to compare 

it against multiple images with low variability; this was one of the goals of the present study. 

In addition to the perceptual information that is encoded when a new face becomes 

familiar, we also acquire semantic, conceptual and social information about the person (Bruce 

& Young, 1986). When a familiar face is represented in memory, it is usually associated with 

social information such as names, occupations, and hobbies. In previous face recognition 

research, associating unfamiliar faces with socially relevant information during learning 

improved face recognition (Bower & Karlin, 1974; Tanaka & Pierce, 2009). One type of 

information that is easy to provide in real-life PPM cases (e.g., a missing person 

investigation) is the target’s name.  

Associating target people with names should not only help participants discriminate 

between different individuals but should also help them integrate different images of the 

same individual into one representation. Tagging each target with a name is a simple way of 

informing participants about which of the targets is shown in each photograph. Previous 

researchers (Hugenberg, Young, Bernstein, & Sacco, 2010; McGugin, Tanaka, Lebrecht, 

Tarr, & Gauthier, 2011; Tanaka & Pierce, 2009) showed that associating faces or objects with 

labels, such as names, encourages individuation; the act of discriminating among individual 

faces within a group. Individuation may not be the only benefit of associating faces with 

names, though. Schwartz and Yovel (2016, 2019a, 2019b) found that, although associating 
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faces with person-related labels (e.g., names, occupation) improved face recognition, this 

effect was not present when faces were associated with person-unrelated labels (e.g., 

symbols, object names). Instead, they argue that associating unfamiliar faces with names 

during encoding improves recognition because it generates a conceptual representation of that 

person in addition to the perceptual representation of that face. Therefore, associating names 

with faces during familiarization might also improve PPM performance. 

When the effect of presenting multiple images of a PPM target was tested previously, 

all images of a given target were presented simultaneously (Lampinen, Curry, & Erickson, 

2016; Sweeney & Lampinen, 2012). In real-life cases, photographs are not always presented 

simultaneously. For example, if a person goes missing, different appeals might be created and 

distributed by their friends, family or the police. Therefore, the public might repeatedly see 

the same, or different pictures of the target (i.e., missing person), whilst encountering other 

images or other individuals in between. In such cases, the face of the missing person is 

presented in a distributed fashion along with other faces. Missing person appeals are also 

increasingly distributed through social media, which allows multiple photographs to be 

included and presented sequentially (Solymosi, Petcu, & Wilkinson, 2020). Although less 

discussed in face learning studies, learning stimuli (e.g., nonsense words, word pairs) using a 

distributed sequence results in better recognition (Russo, Mammarella, & Avons, 2002; 

Wogalter, Jarrard, & Cayard, 1991). Therefore, we used a distributed presentation of target 

images during the familiarization phase of our experiment.  

When the presentation of high variability images is distributed, participants might not 

realise that they show the same individual. Jenkins, White, Montfort and Burton (2011) found 

that when participants were asked to sort 40 images into piles by identity, most participants 

mistook photos of the same person as photos of different persons, thus overestimating the 

total number of people portrayed in the photos. With distributed presentation, participants 
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need to recognize whether a person has been shown previously, so they can update their 

memory representation for that particular person. Therefore, associating each target face with 

a name might help participants link high variability images into one representation of each 

target. 

The Current Study 

 The aim of the current experiment was to explore the effect of using high variability 

images and name associations on PPM. Using a dual task paradigm, we designed a scenario 

in which participants assumed the role of nightclub security staff and were on the lookout for 

people banned from entering the premises while also checking the ages of everyone who tried 

to enter. Half of the participants learned each target’s images alongside their name and half 

without (IV 1). During the familiarization phase, participants learned new target faces from 

three photographs taken at the same event (i.e., low variability images) or taken during three 

different events (i.e., high variability images; IV 2).   

We predicted that using high variability images during encoding would improve PPM. 

There are two different ways in which associating names might further improve performance. 

Based on the notion of individuation (Tanaka & Pierce, 2009), including names alongside 

high variability photos would increase the likelihood that participants would link together the 

different photos of a target into a single identity representation. This predicts a name 

advantage when using high variability images but not when using low variability images (i.e., 

an interaction). Alternatively, associating photos with names could result in a more 

generalized benefit to PPM performance by encouraging participants to represent faces in 

memory as socially meaningful concepts, as opposed to more basic percepts (Schwartz & 

Yovel, 2016). According to this perspective, including names should result in better 

discriminability regardless of photo variability (i.e., a main effect of names). 
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Photo variability and names could also affect response bias. If participants do not 

correctly link together the images of each target, they might misjudge the number of 

individuals presented and report more sightings. Therefore, we also hypothesised that 

response bias would be more liberal in the no-name, high variability condition compared to 

all other conditions.  

Method 

Participants  

We recruited 270 participants using the Qualtrics recruitment services. All 

participants were paid for their time. All exclusion criteria were set prior to collecting the 

data. To be eligible to participate, respondents were required to be fluent in English, to 

complete the task on a computer (not a mobile device), to be at least 18 years old, and to have 

normal or corrected to normal vision. We included two attention-check questions, and the 

experiment immediately ended for any participant who failed one of these questions. 

Participants were also asked if they were familiar with any of the targets and they all 

responded no. We further excluded 28 participants (14 from each name condition) because 

they did not report any sightings of either targets or non-targets (suggesting that they did not 

engage with the prospective memory task). Removing these 28 participants did not 

qualitatively change the pattern of findings (see Appendix A for detailed analyses of the 

complete data set). Our final sample included 242 participants (Mage= 56.00, SD = 14.82, 

range: 18-86 years, 40% male, 92% Caucasian). 

G*Power 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007) indicated 264 participants 

were needed for 80% power to detect a small effect (Cohen’s f = 0.15) in the between-

subjects comparison of names versus no names (alpha = .05). The power analysis was 

performed for a mixed design, to account for the within-subjects manipulation of photo 

variability. Although the final sample had 20 participants fewer than planned (because we 
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had to exclude more participants than anticipated), we still had 80% power to detect an effect 

of f = 0.16 or larger. 

Design 

This experiment used a 2 (target name: name vs no name) by 2 (photograph 

variability: low vs high) mixed design. Both variables were manipulated during the encoding 

phase. Half of the participants saw photographs of named targets and the other half saw 

photographs of the same targets without names associated with them. Photograph variability 

was manipulated within subjects; all participants learned half of the targets from low 

variability images and half from high variability images. For each participant we counted the 

correct and incorrect identifications they made and used them to calculate discriminability 

and response bias measures. 

Materials  

Across four blocks, participants were instructed to learn four unfamiliar targets. 

Overall, participants studied images associated with 16 targets (50% male). Targets were 

online personalities (e.g., YouTubers, TV presenters) from foreign countries (participants 

were recruited from U.S. and U.K.) and varied in age (estimated range: 20s to 50s; exact ages 

were rarely available) and ethnicity. A norming sample of N = 21 participants were asked to 

estimate the ages of all targets and to indicate if they looked above, around, or under 25 

years; 5 targets were classified as ‘definitely under 25’, 5 targets as ‘definitely above 25’, and 

6 were classified as ‘around 25’ (Appendix A). The assignment of each target to each of the 

two variability conditions was counterbalanced. We assessed whether the targets’ perceived 

age affected the percentage of participants who correctly identified them. We found no 

significant differences between targets who were definitely above 25 years old compared 

with targets who seemed around 25 years old and with targets who were definitely younger 

than 25 years old; F (2, 13) = 2.68, p = .11.  
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All names associated with target images were fictitious and were found on online lists 

of common English names. For the high-variability condition, we used three highly variable 

photographs from different events, which contained a range of within-person variability (e.g. 

variability in clothing, make-up, hairstyle, facial hair, but also facial/emotional expression). 

These images were always captured in different contexts, with different backgrounds, 

different clothing and from different angles. For the low-variability condition, we used three 

photographs from the same event (e.g., a single interview, broadcast, or YouTube video). 

These images varied in facial expressions or head angle, but not on other appearance 

dimensions such as hair style or makeup. 

To find the stimuli, we first searched for foreign personalities who appeared in 

multiple videos online (e.g., video interview, presentation, YouTube video). Once enough 

images were found for someone to be used as a target, three of their images from one event 

were downloaded for the low variability condition. For the high variability condition, we 

used one randomly picked image from the three images already downloaded, and we 

downloaded two more images from another two events. For both low and high variability 

conditions, one final image was downloaded for the testing phase from a fourth event. 

Therefore, the photograph used during testing was always novel for all participants, 

regardless of the variability condition.  

During the PPM task, targets were intermingled with unfamiliar distractor faces (16 

per block). Most images of the distractor faces were obtained from the Faces in the Wild 

Database (Huang, Ramesh, Berg, & Learned-Miller, 2007) which includes ambient images of 

foreign personalities. Faces from this database were chosen to be similar enough for the 

targets to not stand out, and also to vary in age and ethnicity. We also included screen 

captures of other non-targets from Google videos (resembling the videos that target images 
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were captured from). All images were ambient style and varied in pose, lighting, expression, 

focal length, etc.  

Procedure 

Participants were asked to imagine that they were a bouncer at a nightclub. They were 

instructed that their primary task was to decide who is old enough to enter the club and that 

the minimum age of entry was 25 years old. Participants were also told that, at the beginning 

of each testing block, they would study images of individuals who had been banned from the 

premises and that, if they saw any of these individuals during the testing phase, they should 

click on their picture to deny their entry (this was the secondary task, i.e., the prospective 

memory task). The software then randomly assigned participants to one of the two name 

conditions (i.e., named or not named targets). Each participant completed four blocks of 

trials: two blocks with low variability photographs and two blocks with high variability 

photographs. The order of the variability blocks was counterbalanced, with the two low 

variability and two high variability blocks always presented one after the other.  

Each block included a familiarization phase and a test phase. In the familiarization 

phase, participants encoded four targets (i.e., those individuals banned from the club), with 

three photographs per identity. Participants were instructed to try to remember all target faces 

but were not told how many targets they would see. All images were shown one at a time 

using a distributed presentation. Specifically, the three images of any given target were 

separated by images of other targets (see Figure 2.1). The familiarization phase was self-

paced, such that participants had unrestricted time to look at each photo.  

After participants saw all 12 images (3 images of 4 targets each), the familiarization 

phase was completed and they were reminded of the main task (i.e., to decide if an individual 

is 25 years or older) and of the secondary task (i.e., to click on their photo if they think the 

individual is banned). Then they saw 20 individuals (4 targets and 16 non-targets), one person 
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at a time, and had to respond with ‘Yes’ or ‘No’ to the question ‘Are they old enough to go 

in?’. For each person presented, they could also click on the photograph to identify them as 

one of the target individuals, but this was not cued in any way during individual trials. During 

the testing phase, all individuals were presented without names, and a novel image of each 

target was used. After each block was completed, participants were informed that a new 

block would commence by showing the images of four new targets. They were permitted to 

take a self-timed break before a new block started. After participants completed all four 

blocks, they were thanked for participating and the experiment ended.  

 

Figure 2.1. Examples of low and high variability images, with and without names presented during the 

familiarization phase and examples of target and nontarget images presented during the testing phase. In the 

experiment, all images were in colour.  

Results 

 For each participant, we calculated the proportion of targets correctly identified (hits) 

and the proportion of non-targets mistakenly identified (false alarms). Following standard 

Signal Detection Theory methodology (Macmillan & Creelman, 1991), we used each 

participant’s hit and false alarm rates to compute discriminability (d’) and response bias (c) 

measures. For participants with hits or false alarm rates of one or zero we used the Macmillan 

and Kaplan (1985) correction to adjust their scores. Specifically, we subtracted or added 0.5/8 

(N targets) from the number of hits and subtracted or added 0.5/32 (N non-targets) to the number of 



 
 

36 
 

false alarms. Table 2.1 presents descriptive statistics for each experimental condition, 

including hits, false alarms, discriminability (d’) and response bias (c).  

Table 2.1 

Means (SDs) for number of hits, false alarms, discriminability and response bias 

 Without Names  With Names 

 Low Variability High Variability  Low Variability High Variability 

Hits 0.61 (0.25) 0.70 (0.22)  0.66 (0.24) 0.73 (0.24) 

False alarms 0.08 (0.10) 0.08 (0.10)  0.07 (0.08) 0.05 (0.08) 

Discriminability (d') 1.96 (0.78) 2.32 (0.81)  2.18 (0.79) 2.54 (0.82) 

Response bias (c) 0.65 (0.55) 0.53 (0.53)  0.59 (0.52) 0.55 (0.52) 

 

Discriminability  

To test our main hypotheses, we ran a 2 (names) × 2 (variability) mixed ANOVA on 

d’ scores. The model revealed a significant effect of names; F (1, 240) = 6.64, p = .01, n2
p = 

.03. Presenting names alongside photographs (M = 2.36, SD = 0.66) increased 

discriminability relative to presenting photographs with no names (M = 2.14, SD = 0.67; see 

Figure 2.2).  We also observed a much stronger main effect of variability, F (1, 240) = 41.01, 

p < .001, n2
p = .15. Participants were better at discriminating between targets and non-targets 

when high variability photographs (M = 2.43, SD = 0.82) were used compared with low 

variability photographs (M = 2.07, SD = 0.79). The interaction was not significant, F (1, 240) 

< 0.01, p = .97, n2
p = 0.01.  
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Figure 2.2. Mean discriminability (d’). Error bars represent standard errors.  

Response bias 

The same ANOVA on the response bias measure revealed no significant effect of 

names, F (1, 240) = 0.12, p = .73, n2
p = .01, a significant main effect of variability, F (1, 240) 

= 4.16, p = .04, n2
p = .02, and no significant interaction, F (1, 240) = 0.90, p = .34, n2

p = .01. 

Participants reported more sightings for high variability targets than low variability targets.   

In the no names condition, we hypothesised that high variability photographs would 

increase sightings compared with low variability photographs (i.e., c will decrease). A 

repeated measures t-test including only participants from the no-names condition revealed a 

significant difference between the low and high variability conditions, t (120) = 1.99, p = 

.049, d = 0.18. As seen in Table 2.1, this difference was driven by an increase in correct 

sightings, t (120) = 3.43, p = .001, d = 0.31. The number of incorrect sightings was not 

significantly different; t (120) = 0.27, p = .79, d = 0.02.  

We also hypothesised that within the high variability condition, participants would 

have a more liberal response bias if no names are presented than if names are presented. 

Contrary to our hypothesis, an independent samples t-test revealed no significant difference 

between the name and no name conditions, t (240) = 0.32, p = .75, d = 0.04.  
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Primary Task Performance 

 In further analyses, we sought to put the main findings into the context of primary 

task performance. First, we assessed whether we successfully emulated a dual task procedure 

as in a real PPM situation. Theoretically, participants in our study could have ignored the 

primary task and focused exclusively on identifying the targets. To answer this, we used 

decision accuracy as an indicator of participants’ engagement with the primary task (i.e., 

deciding if the non-target nightclub visitors were above or below 25 years); if participants 

were focusing on the primary task, they should perform at a level clearly above chance. 

Assessing decision accuracy is not trivial, though, as (a) there is no absolute ground truth (we 

do not know the actual ages of the non-targets) and (b) better than chance performance can 

only be expected for non-targets clearly above or below the threshold age.  

We resolved these issues through our norming study (see above and Appendix A), by 

drawing on non-targets who were seen as either clearly above or below 25 years with a high 

degree of agreement. More than 90% of norming participants agreed that 5 non-targets were 

definitely below, and 25 non-targets were definitely above 25 years old. Decision accuracy 

(M = 0.95, SD = 0.10) for this subset of non-targets was significantly higher than chance; t 

(241) = 70.86, p < .001 (based on a one-group t-test against 50% performance). Excluding 

participants who scored less than 85% correct on this measure of ongoing task performance 

did not qualitatively change the pattern of findings (see Appendix A for detailed analyses).  

Second, it would be reassuring to know that these indicators of primary task 

engagement did not differ between any of our conditions (and therefore cannot compromise 

any of our main findings regarding those conditions). We ran a 2 (names) x 2 (variability) 

mixed ANOVA on decision accuracy. There were no significant differences in primary task 

performance between participants in the name (M = 0.96, SD = 0.10) or no-name conditions 

(M = 0.95, SD = 0.11); F (1, 240) = 0.45, p = .51; or between the low variability (M = 0.96, 
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SD = 0.11) and the high variability conditions (M = 0.95, SD = 0.12); F (1, 240) = 3.80, p = 

.052. 

Further, primary task performance was positively correlated with both low variability 

(r (242) = .18, p = .01) and high variability discriminability in the PPM task (r (242) = .15, p 

= .02). This probably reflects that participants with better attentional and cognitive capacities, 

or who paid more attention overall, did better in both tasks; in any case, PPM performance 

did not come at the expense of primary task performance. 

Briefly, these findings show that our participants paid attention to the primary task.  

Decision accuracy did not vary based on experimental conditions, and excluding participants 

who performed poorly did not affect the pattern of findings. Hence, these additional results 

support the robustness of our main findings.   

Discussion 

In this experiment, we tested whether factors known to improve face recognition 

would have similar benefits on prospective person memory. In line with previous findings, 

both increased variability of encoded instances of each target (Ritchie & Burton, 2017) and 

associating identities with names (Schwartz & Yovel, 2016) improved PPM performance 

independently.  

The variability effect is consistent with the encoding variability principle (Dempster, 

1988; Young & Bellezza, 1982). Given that the probability of retrieval is related to the degree 

of match between the original encoding context and subsequent retrieval contexts (Tulving, 

1974), using multiple high variability photographs results in a higher chance that, in at least 

one of those events, the target looked similar to how they look at test. The ‘nearest neighbour 

classifier’ argument in the automatic face recognition literature (Xu, Zhu, Chen, & Pan, 

2013) also draws on the relative similarity of encoding and test images. Specifically, one of 

the three images in the high variability condition will always be a closer match to the test 
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image (i.e., the ‘nearest neighbour’ in this set), but there is no guarantee that the images in the 

low variability condition will contain this nearest neighbour. To gain a better understanding 

of these contingencies, future studies should more systematically assess the similarity 

between images used during encoding and testing, in both low and high variability 

conditions. 

The positive effect of increased variability could also be a result of the development 

of view-independent representations of target faces (Biederman & Gerhardstein, 1993; Bruce 

& Young, 1986). Based on this principle, knowing how an individual looks in different 

contexts results in a more accurate representation of their face, accounting for intra-individual 

variability (Ritchie & Burton, 2017). Learning how a target might appear in different contexts 

(i.e., from high variability images) is particularly relevant for PPM tasks because the targets 

are encountered incidentally during another, attention-demanding task. When investigating 

PM tasks, Nowinski and Dismukes (2005) showed that contextual cues available at both 

encoding and retrieval increase the success of PM, and that highly associated or typical 

targets support retrieval better. However, identifying the target during a PPM task is 

considerably more ambiguous than in standard word-based PM experiments. In most PM 

research, participants see the same cue (e.g., the word ‘duck’) in the same form during both 

encoding and testing. In PPM research, participants are presented with different images of a 

target face during testing than at encoding. Therefore, the encoded information needs to be 

enough not only to match, but also to prompt retrieval when the person is encountered.  

Overall, participants reported more sightings when high variability photographs were 

used. However, the hit and false alarm rates suggest that increasing photo variability only 

increased accurate sightings, not inaccurate ones. This effect of variability on response bias 

therefore, does not support the hypothesis that participants overestimate the number of targets 

but rather supports the idea that using high variability images results in a higher probability 
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that the test picture will match participants’ encoding of the target (i.e., increased hits) 

without affecting the false alarm rates. The beneficial effect of high variability images could 

in principle also be due to participants spending more time studying these images than the 

low variability images. Although we did not examine the effect of encoding times on PPM, 

differences in study-duration could mediate the effect of variability. In Experiment 3 

(Chapter 3) I assess how encoding time differs based on the images used. Future studies 

should further investigate if variability is still beneficial when encoding time is reliably 

controlled for. 

Associating each target’s images with a name also resulted in better discriminability. 

Prospective person memory partly depends on the ability to switch attention from the 

ongoing task to the PPM task when a target is encountered. According to McDaniel and 

Einstein (2000), this is based on an automatic associative-memory system, which depends on 

how well the memory cue (i.e., target individual) is processed during encoding. Providing 

names results in a deeper encoding of each individual and therefore, in a stronger association 

with the prospective memory intention (i.e., to click on their image if encountered during the 

main task). Our results support Schwartz and Yovel’s (2019a) argument that names provide 

an additional layer of information about an individual, changing that face’s representation 

from a percept (i.e., an image) to a socially relevant concept (i.e., an identity).  

We did not find a significant interaction between the effect of variability and the 

effect of names. In line with the individuation effect, we hypothesised that names would help 

participants connect the different images of each target, particularly if the images are highly 

variable. In contrast, we predicted no effect of names on low variability images because these 

should be similar enough for participants to realise that they are of a single person even when 

no names are presented. The absence of the predicted interaction might have been because 

either the low variability images were harder to connect than anticipated or the high 
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variability images were easier to connect than anticipated. Note that, if images were 

presented simultaneously, associating names would not be required for connecting them. 

Therefore, future research should further differentiate between the potential mechanisms of 

the beneficial effect of name associations by presenting multiple images simultaneously or 

sequentially, and with or without names.  

When interpreting our results, it is important to consider the amount of variability 

included in our stimuli. We compared highly variable images with less variable images. 

Although we used the ‘low’ and ‘high’ variability labels to describe our conditions, these are 

relative and do not denote absolute levels of variability. Quite possibly, image variability can 

be even higher than in our present ‘high variability’ condition (e.g., if the person had aged 

between photos). As a consequence, we cannot be sure that high variability images will 

always improve PPM; there may be a point beyond which the beneficial effect diminishes 

and performance decreases. Assessing the amount of variability beneficial for PPM would be 

a worthy topic for future research. 

A general limitation of our study (which also applies to other PPM studies; Lampinen, 

Peters, & Gier, 2012; Sweeney & Lampinen; 2012) was that we did not have any filler task in 

between encoding of target faces and the testing phase. Therefore, it is possible that at least 

some of our participants constantly maintained the PM intention in conscious awareness, 

which involves vigilance processes (Brandimonte et al., 2001). It is widely accepted that 

vigilance plays a critical role in PM tasks (Brandimonte et al., 2001; Maylor, 1996; Rose et 

al., 2010). However, whilst vigilance refers to the maintenance of a single goal, PM tasks 

require alternating between the performance of two tasks (Rose et al., 2010). Although our 

instructions followed the common PM procedure of embedding the PM task in the ongoing 

task, future studies should systematically vary the amount of time between encoding and 

testing, the activities participants engage with during this time, as well as the ratio of targets 
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to non-targets. This could highlight how attentional resources and vigilance influence PPM 

performance.  

The findings of this experimental study may have implications outside the lab. In 

missing person cases, for example, the public might encounter multiple appeals for the same 

individual sporadically over a certain period of time. Intuitively, some might think that being 

consistent and showing the same image of the missing person will make it easier for the 

public to remember them. However, our findings suggest that using multiple pictures from 

different contexts results in an increased number of correct sightings. Including names of the 

target individuals also improved performance. Extrapolating from this, including other types 

of socially relevant information (e.g., occupation, hobbies) may also be helpful; it might 

affect how the public processes the appeal and, consequently, lead to improved PPM 

accuracy. In Experiment 4 (Chapter 4) we further explore the effects of providing more 

contextual and social information on PPM performance. In practice, most missing person 

appeals include the name of the person. In the current experiment, increasing the within-

person variability shown during encoding (e.g., in the missing person appeal) increased 

performance more than including names. However, varying the type of photographs used is 

rarely systematically implemented in applied contexts and should, based on the current 

research, receive more attention from those who create and distribute missing person appeals.  
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CHAPTER 3 

The effects of image variability and presentation mode on prospective 

person memory 
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Abstract 

Photographs are included in appeals to find missing or wanted people. We explored whether 

sightings were affected by method of photo presentation and variability in the depicted 

person’s appearance. Participants studied three photographs of a target either from the same 

event (low variability of appearance) or from different events (high variability). Target 

photographs were presented all at once (simultaneous), one immediately after the other 

(massed sequential), or one after the other but with intervening images of other targets 

(distributed sequential). In two experiments, participants who learned target faces from high 

variability images were better at discriminating between targets and non-targets than 

participants who learned the same targets from low variability images. Presentation mode 

(simultaneous vs. massed sequential vs. distributed sequential) did not consistently influence 

identification performance across the two experiments. 
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The effects of image variability and presentation mode on prospective person memory 

One of the more promising strategies to improve the chances of a successful recovery is by 

enhancing the information provided in missing persons appeals. For example, learning new 

faces from multiple images can improve face recognition (Ritchie & Burton, 2017) and 

therefore, creating an appeal that shows photos of a missing person in different contexts 

could improve PPM performance. The way these images are presented may also affect 

performance on this task.  

Prospective memory failures are common in everyday life. During testing, the 

intended action (e.g., press the spacebar) has to occur without an explicit request to attempt 

retrieval. Therefore, the success of PM tasks depends on self-initiated processing during the 

retrieval phase, as well as on participants’ memory of the cue and the strength of the 

association between the cue and the intended action (Einstein et al., 1995). Self-initiated 

processing, and consequently PM, improves when specific instructions or familiar cues are 

used (Einstein et al., 1995; Mäntylä, 1994). The cue specificity effect also implies that an 

exact reinstatement of the prospective cue is necessary to guarantee spontaneous activation of 

the target response (Cherry et al., 2010; McDaniel & Einstein, 1993). 

Not all types of prospective memory tasks, however, involve previously familiar cues. 

In the case of prospective person memory, participants are exposed to a previously unfamiliar 

person during the encoding stage and are instructed to be on the lookout for them while 

performing another attention demanding task. Prospective person memory involves lower cue 

specificity during encoding than other PM tasks because target individuals usually look 

somewhat different during testing than during encoding (e.g., different hair style, different 

clothes), which makes PPM a challenging task. One way of improving performance on PPM 

tasks is, therefore, by increasing familiarity with the target face. 

The encoding stage is critical for PPM because in addition to the need to associate a 

cue with an intended action, participants need to get familiar with the cue (i.e., a previously 
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unfamiliar face). For PPM to be successful, the information provided during encoding (e.g., 

images, names, or other contextual information) must, therefore, support the development of 

a strong enough representation of the target person to trigger self-initiated processes during 

testing. Remembering a previously unfamiliar face from a single learning session is difficult 

even when the target is encountered in person. Learning a target from one photograph, the 

method used in most PPM studies, is even more challenging. Individual photographs are 

limited representations of individuals because they do not reflect within-person variability. 

Even when memory is not actually involved – that is, when participants are only asked to 

match multiple images of the same individual – performance is poor (Burton, 2013). There is 

a general tendency to underestimate how much an unfamiliar face can vary (Jenkins et al., 

2011). Therefore, participants who are shown only one photograph of a target face might not 

be able to recognize that individual from another photograph during testing.  

Face recognition accuracy is improved by seeing a heterogenous sample of images of 

the same person during encoding compared to seeing more homogeneous images (Ritchie & 

Burton, 2017). Moreover, a growing body of literature has shown that systematic exposure to 

different photos of the same person (i.e., increased exposure to within-person variability) 

improves recognition of that face. This effect is found in both computer modelling data and 

behavioural research (Dowsett et al., 2016; Kramer et al., 2018; Longmore et al., 2008; 

Matthewset al., 2018; Ritchie & Burton, 2017). Two previous studies suggested that 

variability also improves PPM performance. Learning each target from three images (as 

opposed to only one image) resulted in more correct sightings during a PPM task (Sweeney 

& Lampinen, 2012), and using three high variability (vs. low variability) images during 

encoding also improved PPM accuracy (Chapter 2 of the current thesis).  

In the current study, we wanted to see whether the effect of within-person variability 

is mediated by the way multiple images are presented (i.e., simultaneously or sequentially). A 
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consistent finding in the learning literature is that the way stimuli are presented affects 

memory performance, and this may also apply when multiple images are used during the 

familiarization phase in PPM studies. The only two experiments that previously examined the 

effect of encoding multiple images on PPM used different presentation modes – Sweeney and 

Lampinen (2012) used simultaneous presentation, and in Chapter 2 of this thesis used 

distributed presentation. 

Previous literature does not present a clear picture of how presentation mode of 

multiple images of a face can affect recognition. One idea is that simultaneous presentation 

could benefit face learning by promoting comparison processes (Gibson, 1969). Kramer et al. 

(2015) also argued that when shown a (simultaneous) array of images of a previously 

unfamiliar face, participants are able to extract information from each image and form an 

average as an internal representation. Further, presenting morphed faces simultaneously 

resulted in better learning than presenting them sequentially (Mundy et al., 2007). Sandford 

and Ritchie (2021) also showed that exposure to multiple high variability images improves 

face matching performance but only if the images are presented simultaneously and not 

sequentially. 

Concerning sequential presentation, multiple images of each target can be viewed 

sequentially in two distinct ways. In massed presentation, all target images are shown 

successively, with no intervening images. In distributed presentation, the sequentially-

presented images of a target are separated by intervening images of other targets. A key 

associated finding, first demonstrated by Ebbinghaus (1885/1964), is that learning items 

using distributed presentation results in better memory than using massed presentation; this is 

called the spacing effect (Dempster, 1988). 

A number of different mechanisms have been proposed to explain the spacing effect, 

some of which are relevant to face learning and prospective person memory. The inattention 
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hypothesis holds that massed presentations receive less attention than do spaced 

presentations, as a result of either boredom or habituation (Hintzman, 1974). Broadly along 

similar lines, Greene (1989) argued that the spacing effect is due to involuntary study phase 

retrieval and how much processing occurs for each subsequent presentation of an item. 

Specifically, when items are learned using massed presentation, due to the familiarity of the 

second presentation, less rehearsal occurs. With distributed presentation, however, the second 

presentation of an item is less likely to be recognized and therefore more rehearsal occurs. 

When massed sequential presentation is used for multiple images of a face, participants might 

also spend less time encoding subsequent presentations than if they are distributed. This 

might then result in poorer encoding of that face and decreased performance on a PPM task.  

Consistent with Greene’s (1989) argument, prospective memory also relies on 

involuntary reminding (Einstein et al., 2005) and therefore, distributed learning might further 

benefit performance on this task. Bradley et al. (2015) used fMRI to look at cognitive 

processes that occur when encountering a repeated item during encoding. They found that 

distributed presentation of items prompts enhanced functional activity in regions implicated 

in episodic memory retrieval, suggesting that this presentation mode does result in 

involuntary retrieval of prior occurrences. Massed presentation, on the other hand, was 

associated with enhanced functional activity in regions implicated in working memory, 

suggesting it prompts short-term maintenance of items’ episodic representation.  

Distributed learning, however, might only improve performance if a single image or if 

multiple low-variability images are used. Although more perceptual processing should be 

given to the second occurrence of face photographs with spaced presentation than with 

massed presentation, this effect might depend on recognition of the second item as belonging 

to the same identity as the first. Mammarella et al. (2002), moreover, argued that changing 

the images of a face across repeated presentations at study reduces the spacing effect. In five 
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experiments they found that perceptual priming reduced the perceptual processing of the 

second occurrence of massed items. When using different images of a target face, however, 

perceptual priming was reduced which, consequently, reduced the spacing effect. Using high 

variability images instead of low variability images, therefore, might also reduce the spacing 

effect.  

Hypotheses 

Distributed learning encourages rehearsing of encoded information and involuntary 

reminding. These mechanisms are also used for prospective memory, and therefore using 

distributed learning may improve prospective memory. Distributed learning, however, might 

only benefit performance if participants are reminded of the previous presentation(s) of each 

target. When using high variability images this might not happen because participants might 

not recognize them as being from the same person. Therefore, the very conditions that should 

promote face learning (i.e., using high variability images) might undermine distributed 

learning.  Therefore, we hypothesise that the effect of variability will interact with the effect 

of presentation mode. When using low variability images, we should observe a spacing 

effect, meaning that distributed learning would improve performance compared with the 

other two presentation modes. Using massed presentation should also result in better 

performance than using simultaneous presentation because participants might pay more 

attention to each subsequent presentation of a face than when images are presented 

simultaneously. However, when using high variability images, simultaneous presentation 

might result in the best performance, as it allows participants to compare the images and 

extract an average of each identity.  
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Experiment 2 

Method 

Design 

For this experiment we used a 2 (photograph variability: low vs high) by 3 

(presentation mode: simultaneous vs massed vs distributed) mixed design. Photograph 

variability was manipulated between participants meaning that each participant learned all 

targets from either low or high variability images. Each participant completed six blocks, 

comprising two of each presentation mode: simultaneous, massed and distributed. In the 

simultaneous block, three images of a target were presented at the same time on the screen 

(e.g., A1A2A3-B1B2B3-C1C2C3 etc.). In the massed sequential block, all three images of a 

target were presented in immediate succession (i.e., with no other information in between), 

then all images of the next target were presented, and so on (e.g., A1-A2-A3-B1-B2-B3 etc.). 

In the distributed sequential block, the 12 images (i.e., 4 targets with 3 images each) were 

presented in a random order (e.g., A1-B1-C1-A2-D1-B2-A3-C2 etc.); thus images of the 

same target would occasionally appear in immediate succession but were typically separated 

by images of other targets.     

Participants 

Participants were 56 psychology students (84% female, 14% male and 2% preferred 

not to say;  66% White, 13% Asian, 4% Black, 2% Mixed, and 16% preferred not to say) who 

participated for course credit. The mean age was 19.77 (SD = 3.85, range: 18-36). G*Power 

3.1 (Faul et al., 2007) indicated 56 participants were needed for 90% power to detect a 

medium-sized (Cohen’s f = 0.2) interaction between presentation and variability. The power 

analysis was performed to account for two variability groups and three presentation modes.  

  



 
 

52 
 

Materials 

 Images of 24 targets were used as stimuli (15 women and 9 men of varying 

ethnicities). The same targets were used for low and high variability conditions. The 

assignment of each target to each of the presentation modes was counterbalanced. We 

selected materials following the procedure used in Chapter 2. For each target we had a 

database of six images: three high variability and three low variability. Low variability 

images depicted different angles and facial expressions but were all from the same event. 

High variability images depicted the target at different events (i.e., different time and place). 

For the high variability condition, we used one of the images from the low variability set and 

an additional two images from the different contexts, the remaining image being used during 

testing for both low and high variability conditions. Therefore, the photographs used during 

the testing phase were novel for each participant regardless of the condition they were in. 

In each testing block, the targets from that block were presented alongside 30 new 

distractor faces. Most of the distractors were obtained from the Faces in the Wild Database 

(Huang et al., 2007) which includes ambient images of foreign celebrities. Faces from this 

database were chosen to be similar enough to prevent the targets from standing out, and also 

to vary in age and ethnicity. We also included screen captures of other non-targets from 

Google videos (resembling the videos that target images were captured from). All images 

were ambient style and varied in pose, lighting, expression, focal length, etc.  

Procedure 

 We followed the same procedure as in Experiment 1 (Chapter 2). Participants were 

asked to imagine that they are a bouncer at a nightclub. Their main task was to assess whether 

each individual presented is old enough to enter the club. The minimum age of entry was 25 

years old. Participants were also informed that there are a number of individuals who are 

banned from entering the club. Therefore, at the beginning of each block, they had to learn 
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the faces of four banned individuals. If these individuals appeared during the testing phase, 

participants were instructed to press the spacebar to deny their entry.  

The experiment was administered in the lab. The OpenSesame software randomly 

assigned participants to low and high variability groups. Each participant completed six 

blocks: two simultaneous, two massed sequential, and two distributed sequential. The order 

of the six blocks was randomised and assignment of targets to presentation modes was 

counterbalanced. Each block included a familiarization phase and a testing phase. In the 

familiarization phase, three images of each target were shown using simultaneous, massed 

sequential, or distribution sequential presentation. During the testing phase, participants were 

shown individuals, one at a time, and were asked to press the ‘z’ key if they judged the 

individual presented to be under 25 and the ‘m’ key if they judged them to be 25 or above. 

They were also asked to press the spacebar whenever the individual presented was one of the 

banned people. After each block was completed, participants were permitted to take a self-

timed break before a new block started. 

Results 

 For each participant, the rates of correctly identified targets (hits; out of 8) and 

incorrectly identified non-targets (false alarms; out of 60) were used to compute 

discriminability (d’) and response bias (c) measures. We used the Macmillan and Kaplan 

(1985) correction to adjust for scores of zero and one. 

For this experiment, we planned to have four targets per block for each presentation 

mode. The simultaneous and massed blocks both included four targets as intended; however, 

due to a programming error only three targets appeared in the distributed presentation block. 

Presentation was manipulated within participants, and therefore it is possible that participants 

would report more incorrect sightings in the distributed presentation block because they 

believed they were still seeing four targets, when in reality they only saw three. Accordingly, 



 
 

54 
 

instead of running the planned 2 by 3 mixed ANOVAs, we ran 2 (variability) by 2 

(presentation mode: simultaneous versus massed sequential) mixed ANOVAs. That is, we 

excluded the distributed presentation block from the analysis. We also ran an additional 

experiment, using the same design and the same procedure, where participants observed four 

targets per block (see Experiment 3 below).  

Discriminability. We ran a 2 (presentation mode: simultaneous vs massed) by 2 

(variability: low vs high) mixed ANOVA on discriminability scores. We found no significant 

effect of presentation mode: F(1, 54) = 1.32, p = .26, n2
p = .02, but there was a significant 

effect of variability: F(1, 54) = 4.40, p = .04, n2
p = .08. High variability images resulted in 

higher discriminability (M = 2.94, SD = 0.51) than low variability images (M = 2.60, SD = 

0.67). We also found a marginally significant interaction between variability and presentation 

mode: F (1, 54) = 3.95, p = .05, n2
p = .07. When images were presented simultaneously, the 

effect of variability was larger than when images were presented massed-sequentially (see 

Figure 3.1). This effect was driven by an increase in correct sightings rather than a decrease 

in incorrect sightings (see Table 3.1; for full disclosure, this table also includes descriptive 

results for the distributed presentation condition). 
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Figure 3.1. Mean discriminability (d’) in Experiment 2. Error bars represent standard 

deviations. 

Response bias. We also ran a 2 (presentation mode: simultaneous vs massed) by 2 

(variability: low vs high) mixed ANOVA on response bias scores (see Table 3.1, bottom 

row). Again, there was no significant effect of presentation mode: F (1, 54) = 0.08, p = .78, 

n2
p = .001, but a significant effect of variability: F (1, 54) = 8.55, p = .01, n2

p = .14. 

Participants who saw high variability images reported significantly more sightings overall 

than participants who saw low variability images. The interaction was not significant: F (1, 

54) = 2.81, p = .10, n2
p = .05. 

Table 3.1 

Mean (SD) Hit Rates, False Alarm Rates, Discriminability(d’), and Response Bias(c) in 

Experiment 2 

 Low Variability  High Variability 

Measure Simultaneous Massed Distributed  Simultaneous Massed Distributed 

Hits     .59 (.21)     .67 (.21)     .70 (.23)      .76 (.14)     .73 (.17)     .77 (.18) 

False Alarms     .02 (.01)     .01 (.02)     .01 (.01)      .02 (.02)     .02 (.02)     .03 (.03) 

d' 2.47 (0.75) 2.74 (0.72) 2.90 (0.76)  2.97 (0.60) 2.90 (0.62) 2.90 (0.61) 

c 0.99 (0.32) 0.89 (0.32) 0.82 (0.37)  0.70 (0.30) 0.77 (0.32) 0.63 (0.39) 
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Experiment 3 

In Experiment 2, discriminability improved when high variability images of the target 

were presented at encoding instead of low variability images. The effect of variability was 

marginally larger when the images of each target were presented simultaneously rather than 

one after the other. Experiment 3 is a replication of Experiment 2 with several improvements. 

In Experiment 3, participants observed four targets per block for each of the three 

presentation modes. We also collected more images to use as stimuli for each of the targets 

used, meaning that we were able to counterbalance the assignment of each ‘event’ to low and 

high variability conditions: For each target, for Experiment 3, we collected three images from 

four separate events and randomly assigned one of these events to be used for each low 

variability condition, or three of these events to be used for each high variability condition. 

Finally, we pre-registered our procedure, hypotheses, and analysis plan 

(https://aspredicted.org/blind.php?x=5ae3gg). 

Hypotheses 

Hypothesis 1: In the low variability group, massed presentation will result in significantly 

higher discriminability than simultaneous presentation.  

Hypothesis 2: In the high variability group, both simultaneous and massed presentation will 

result in higher discriminability than distributed presentation.  

Hypothesis 3: For response bias, low variability will result in more conservative responding 

than high variability.  

Hypothesis 4: For response bias, distributed presentation will result in more lenient 

responding compared with both simultaneous and massed presentations. 

  

https://aspredicted.org/blind.php?x=5ae3gg
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Method 

Participants  

A priori G*Power analysis for a mixed design revealed that we needed 86 participants 

to have 80% power to detect a between-subjects medium effect (Cohen’s f = 0.25). We 

recruited 90 participants using the psychology undergraduate participant pool. In our pre-

registration, we defined outliers as participants who scored more than three standard 

deviations above or below the mean in either response bias or discriminability. When this 

criterion was applied, we identified three participants who reported none or very few 

sightings and therefore scored three standard deviations above the average on response bias. 

When looking at encoding times we found an additional participant who did not seem to pay 

attention to the task at all during encoding (i.e., very short encoding times). Therefore, we 

decided to deviate from the pre-registration protocol and exclude this participant, too. To 

check for robustness, we conducted all analyses before and after excluding these participants 

but found no difference in significance for any of the tests. Here we report all analyses with 

those four participants excluded, using a final sample of 86 participants (66% female, 33% 

male; 1% preferred not to say; 55% White, 16% Asian, 11% Black, 7% Mixed, and 2% 

preferred not to say). The mean age was 23.03 (SD = 7.07).  

Materials 

 Contrary to Experiment 2, which used the same low variability images of each target 

for all participants in that condition, stimulus sampling was enhanced in Experiment 3 by 

collecting more stimuli and counterbalancing the assignment of different events to the low 

variability condition. To find additional stimuli, we looked online for foreign personalities 

who appeared in at least 4 interviews, YouTube videos or other events. These included 

personal development speakers, YouTube influencers, business trainers, etc. For each 

identity, we downloaded images from four events, with 3 images downloaded per event. 
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Thus, we constructed a database with 24 targets, and 12 images per target (i.e., 4 sets of 3 low 

variability images, but with high variability between sets).  

Accordingly, the stimuli for this experiment were randomly assigned not only to the 

presentation mode conditions but also to the variability conditions. In the beginning of the 

study, participants were randomly allocated to one of the two variability conditions (low vs 

high). If participants were in the low variability condition, for each target the program 

randomly assigned one event from which the three images were used for the familiarization 

phase and one image from a different event for the testing phase. In the high variability 

condition, for each target the program randomly chose three events and one image from each 

of these to be used in the familiarization phase, and one image from the fourth event to be 

used during the testing phase. 

Procedure 

 The same procedure was followed as in Experiment 2. For this experiment, 

participants encoded four targets per block for each of the presentation modes. 

Results 

 Table 3.2 presents mean hits, false alarms, discriminability and response bias for each 

condition.  

Discriminability. We first ran a 2 (variability) by 3 (presentation mode) mixed 

ANOVA on discriminability scores. We found a significant effect of variability; F (1, 84) = 

5.23, p = .02, n2
p = .06. Using high variability images (M = 2.73, SD = 0.66) resulted in 

higher discriminability than using low variability images (M = 2.41, SD = 0.63). The model 

revealed no significant effect of presentation mode: F (2, 84) = 0.65, p = .53, n2
p = .01; and 

no significant interaction: F (2, 84) = 0.05, p = .95, n2
p < .01. Our first two hypotheses were, 

therefore, not supported (see Figure 3.2). We found no significant difference in 

discriminability between massed and simultaneous presentations when low-variability images 



 
 

59 
 

were used: t (42) = 0.28, p = .78, d = .04 (Hypothesis 1). For high variability images, there 

were no significant differences in discriminability between the distributed and the 

simultaneous presentations: t (42) = 0.68, p = .50, d = .10; or between the distributed and the 

massed presentations: t (42) = 0.60, p = .55, d = .09 (Hypothesis 2). 

 

Figure 3.2. Mean discriminability (d’) in Experiment 3. Error bars represent standard 

deviations. 

 Response bias. We ran a 2 (variability) by 3 (presentation mode) mixed ANOVA on 

response bias scores. Contrary to Hypothesis 3, the model revealed no significant effect of 

variability: F (1, 84) = 2.37, p = .13, n2
p = .03. The effect, however, was in the same direction 

as in Experiment 1. The effect of presentation mode was also non-significant: F (2, 84) = 

2.29, p = .11, n2
p = .03, as was the interaction: F (2, 84) = .80, p = .45, n2

p < .01.  

We found a marginally significant difference between response bias measures when 

comparing distributed (M = 0.64, SD = 0.39) and simultaneous (M = 0.72, SD = 0.39) 

presentations: t (85) = 2.02, p = .05, d = .22. However, the difference in response bias was not 

significantly different between distributed and massed (M = 0.70, SD = 0.35) presentations: t 

(85) = 1.70, p = .09, d = .19 (Hypothesis 4). 
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Table 3.2 

Mean (SD) Hit Rates, False Alarm Rates, Discriminability (d’), and Response Bias (c) in Experiment 3  

 

Encoding times 

 We also performed exploratory analyses on encoding times. During the encoding 

phase, participants were free to look at target images for as long as they wished, and this time 

was recorded. We define encoding times as the time spent on a page where target faces were 

presented. This offered us the opportunity to see whether participants who spent more time 

encoding the faces performed better in the PPM task. We also looked at whether encoding 

time differed depending on how the images were presented (i.e., simultaneously, massed, or 

distributed). In previous research on sequential presentation, the spacing effect (i.e., the 

benefit of distributed learning) has been attributed to reduced encoding times when using 

massed compared to distributed presentation (Dempster, 1988). 

For the following analyses, we first excluded the same four participants who were 

excluded from the main analyses. Based on the remaining 86 participants, we used boxplots 

to identify trials that were classified as having extreme outliers in encoding times. Outliers 

were removed only if they were much smaller or larger (i.e., more than 3SD away from the 

mean) both in comparison to the sample average for this item (i.e., a particular image of a 

specific target) and in comparison to the participants’ average for a given presentation mode. 

We excluded a total of 37 trials (0.7% of all encoding trials) from 27 participants.  

 Low Variability  High Variability 

Measure Simultaneous Massed Distributed  Simultaneous Massed Distributed 

Hits 0.63 (0.23) 0.65 (0.23) 0.68 (0.21)  0.71 (0.19) 0.73 (0.19) 0.76 (0.21) 

False alarms 0.03 (0.03) 0.03 (0.03) 0.03 (0.02)  0.03 (0.02) 0.03 (0.04) 0.03 (0.04) 

 d' 2.36 (0.77) 2.40 (0.82) 2.48 (0.83)  2.71 (0.78) 2.72 (0.73) 2.77 (0.75) 

 c 0.75 (0.42) 0.75 (0.36) 0.72 (0.35)  0.69 (0.31) 0.65 (0.36) 0.57 (0.41) 
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After removing outliers, we calculated encoding time averages for each presentation 

mode individually for each participant. For the simultaneous presentation, we calculated the 

average time participants spent encoding images. This represents the total time they spent 

encoding each identity, from all three simultaneously presented images. For the massed and 

distributed presentations, we first created separate averages for the first, second, and third 

presentation of a target. We then calculated the total time of encoding each target’s images by 

adding all three presentations’ times (Table 3.3). It is important to note that, for the total time 

of distributed and massed presentations, participants might spend some time on each of the 

three instances of a target on non-encoding activities (e.g., button clicking) which would only 

be spent once for the simultaneous presentation. Therefore, the difference between the total 

time spent on a page and the total encoding time might be higher for sequential than for 

simultaneous presentations. 

Table 3.3 

Encoding times as a function of within-person variability and presentation mode.  

       Low variability     High variability 

  Mean SD Mean SD 

Simultaneous Total 5.29 3.60 4.91 3.33 

Massed First 3.35  2.31 2.64  1.15 

 Second 2.00  1.48 2.26  1.02 

 Third 1.85  1.30 2.24  0.98 

 
Total 7.19  4.80 7.14  2.96 

Distributed First 3.85  2.30 3.06  1.19 

 Second 2.29  1.21 2.50  1.22 

 Third 1.80  1.26 2.18  1.09 

 Total 7.94  4.42 7.75  3.30 

Note. Means and SDs are presented in seconds. 

We conducted several exploratory analyses. First, we looked at whether encoding 

time is correlated with discriminability for each presentation mode. It is possible that longer 

encoding time is a sign of memory formation, which should improve PPM performance. 

However, encoding time was not significantly correlated with discriminability for distributed 
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(r (86) = .14, p = .20) nor for massed (r (86) = .12, p = .26) nor for simultaneous presentation 

( r(86) = .18, p = .10). Although, it should be noted that all three correlations were positive. 

To see if presentation mode influenced the overall time spent encoding the three 

pictures of each target, we ran a 2 (variability: low vs high) by 3 (presentation: simultaneous, 

massed or distributed) ANOVA on the average time participants spent encoding the images. 

For the massed and distributed presentations, we used the total time spent on all three 

presentations of each target. We wanted to see if presenting images one at a time increased 

the amount of time participants encoded each target overall. Greene (1989) also argued that 

distributed presentation ensures that participants spend more time overall on encoding the 

images. We found a significant effect of presentation mode: F (2, 84) = 67.39, p < .001, n2
p = 

.45. Distributed presentation resulted in significantly higher encoding times than both massed 

(t (85) = 2.90, p = .005, d = 0.31) and simultaneous presentations ( t (85) = 10.30, p < .001, d 

= 1.17); and massed presentation resulted in significantly longer encoding time than 

simultaneous presentation (t (85) = 8.85, p < .001, d = 1.05). There was no significant effect 

of variability (F (1, 84) = 0.08, p = .78, n2
p < .01) and no significant interaction (F (2, 84) = 

0.22, p =.80, n2
p <.01).  

Secondly, with sequential presentation, how long participants view each subsequent 

presentation of a specific target will likely depend on image variability: Because low 

variability images are highly similar, participants might spend less time on encoding the 

second and third presentation of a target; by contrast, such a decline is not expected for high 

variability images that are less redundant at subsequent presentations. Indeed, we found 

significant interactions between variability and the order of image appearance on encoding 

times for both distributed and massed presentation – distributed: F(2, 84) = 14.70, p < .001, 

n2
p = .15 (Figure 3.3A); massed:  F (2, 84) = 16.02, p <.001, n2

p = .16 (Figure 3.3B). 
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Specifically, encoding time decreased over the course of each target’s appearances when 

using low variability images, but much less so when using high variability images.  

 

Figure 3.3. Average encoding time for each presentation of a target image when using 

distributed (A) and massed (B) presentations, as a function of image variability.  

 

Discussion 

In two experiments, we tested the effect of within-person variability and image 

presentation mode on prospective person memory. Consistent with the findings of 

Experiment 1 (Chapter 2), we found that encoding targets from three high variability images 

improved PPM discriminability compared with three low variability images. The way these 

three images were presented, simultaneously or sequentially, did not consistently affect 

performance. In Experiment 2, the effect of variability was marginally larger when 

simultaneous presentation was used. In Experiment 3, in spite of participants spending more 

time encoding targets when their images were sequentially presented, this did not translate 

into better performance on the PPM task.  

In line with previous findings (Ritchie & Burton, 2017), increased variability 

improved prospective person memory. According to Bruce and Young’s (1986) Interactive 



 
 

64 
 

Activation and Competition model, repeated exposure and exposure to within-person 

variation in appearance are needed for robust representations (i.e., face recognition units) of 

faces to emerge. Familiarity, therefore, is the result of increased exposure to naturally 

occurring views of a face, which capture the idiosyncratic ways in which an individual face 

varies (Ritchie & Burton, 2017). Although encoding three images is likely not enough for an 

unfamiliar person to become as recognizable as a familiar person, increasing the within-

person variability presented by these images was enough to improve discriminability on a 

PPM task.  

As argued in Chapter 2, the variability effect could occur because (a) people develop 

view-invariant representations or (b) using high variability images increases the chances that 

in at least one of those images, the target will match the way they look during testing. 

Another way in which variability could improve performance is by encouraging better 

processing during encoding. Due to their high similarity, low variability images may be 

processed less deeply than high variability images. Encoding times might be a measure of 

how much participants process different images during encoding. Although we found no 

effect of variability on overall encoding times, for both massed and distributed presentations, 

variability interacted with encoding times. Namely, when low variability images were used, 

encoding times declined faster between the first, second and third presentation of each target 

than when high variability images were used. The same process as previously proposed for 

the spacing effect might be causing this effect too. Namely, when low variability images are 

used, the perceptual mechanisms needed to identify and encode the face on its second 

presentation are already activated by the prior presentation. When using high variability 

images, however, the perceptual mechanisms activated by the first presentation will be less 

activated as the information presented is less similar to what has already been studied 

(Mammarella et al., 2002). Consistent with the spacing effect, therefore, using high 
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variability images results in more processing because of less study phase retrieval (Greene, 

1989).  

In both experiments, we found no difference in performance when images were 

presented simultaneously or sequentially. In the first experiment we observed a marginally 

larger effect of variability when images were presented simultaneously. Although this was 

not replicated in the second experiment, the effect was in the same direction. Future studies 

should further explore this difference. The interaction between the effects of variability and 

presentation mode is important for both theoretical and applied reasons. First, if high 

variability images improve face recognition only if they are presented simultaneously, this 

might suggest that participants compare the images and extract an average representation. 

However, if they also improve performance when presented sequentially, participants might 

be able to keep updating their memory representation of each target. Sandford and Ritchie 

(2021), for example, found that increasing the number of images during encoding only 

improved face matching performance if the multiple images were presented simultaneously. 

From an applied point of view, it is important to know whether, depending on which images 

are available for a missing person appeal, the authorities should use a certain presentation 

mode.  

  Contrary to previous work by Godbole et al. (2014), we did not find a distributed 

learning advantage. We hypothesised that although the effect of distributed learning might 

not be observed when high variability images are used, encoding low variability images 

might benefit from spacing effects. For both variability conditions, however, we found no 

significant effects (although distributed presentation led to numerically higher 

discriminability compared with massed and simultaneous presentations). Different 

explanations, should be considered when interpreting our results.  
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 First, the beneficial effects of distributed learning might rely on identical repetition of 

the stimuli during encoding. Although we initially hypothesised that low variability images 

will be easy to connect, any type of variability seems to result in a loss of any spacing effect. 

For example, changing the pose of a face across repeated presentations at study has been 

shown to reduce the spacing effect in face recognition (Mammarella et al., 2002). Taylor 

(2018) also showed that when multiple images of the same face are used, the spacing effect 

was lost by changing the pose from full face to ¾ profile across learning and test phases. 

Future studies should investigate whether distributed learning of target faces from identical 

images improves performance and how this compares with performance when multiple high 

variability images are used.  

 Second, a beneficial effect of distributed learning might depend on longer encoding 

sessions or longer delays between encoding and testing. One limitation of our experiments 

was the short delay between encoding and testing. Future studies should investigate if 

distributed learning benefits performance when longer delays are used. Encoding multiple 

targets during one encoding session might also be too demanding and minimize the effect of 

distributed learning. Perhaps sequential presentation can improve performance if longer 

delays between presentations of each image are used during the familiarization phase. Future 

studies could therefore manipulate the number of targets used per block and the time delay 

between encoding events and testing.  

For the analyses of ‘encoding times’, we actually looked at the amount of time each 

participant spent on a page where each target’s images are presented. It is possible, therefore, 

that participants spent less time on encoding the face and some time on other unrelated 

activities (e.g., pressing the button to move on to the next page). The findings discussed here 

should be considered with this caveat in mind. In line with previous research (Greene, 1989), 

distributed presentation resulted in overall higher encoding times for each target than either 
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massed or simultaneous presentations. Using either form of sequential presentation resulted 

in overall higher encoding times than simultaneous presentation. Although variability seems 

to affect both encoding patterns (but not overall encoding times) and memory performance, in 

our data we did not find a significant correlation between encoding times and PPM 

discriminability. The three positive correlations might have been attenuated by two opposite 

processes which might offset each other: 1. Longer encoding should in principle improve 

memory/discrimination, but 2. Sequential presentation might make it more difficult to 

integrate the images into a person representation, which negatively impacts memory. This 

might also be because although sequential learning can improve memory by motivating 

participants to spend more time processing the images, presenting stimuli simultaneously 

offers participants the opportunity to compare them and to extract an average representation 

of each target. This is consistent with the results of Experiment 2, which showed that the 

effect of variability was larger when simultaneous presentation was used.  

Conclusion  

Participants are better at discriminating between targets and non-targets on a 

prospective person memory task when multiple high variability images are presented during 

encoding. The benefit of seeing heterogenous images of a target was not affected by whether 

those images were presented simultaneously, massed sequentially or distributed sequentially. 

Participants spent more time encoding each target’s images when these were presented 

sequentially (both distributed and massed) than when the same images were presented 

simultaneously. Although we found no spacing effect on prospective person memory, the 

encoding time data give some indication that presentation mode and variability both affect 

how the stimuli are encoded. Namely, high variability images and distributed learning result 

in longer encoding overall, due to longer processing of the second and third instance of a 

target. Future research should examine the effect of distributed learning using a single target 
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image and/or longer delays between repetitions during encoding, and between familiarization 

and testing. 
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CHAPTER 4 

Contextual effects on prospective person memory 
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Abstract 

 

To find a missing person, the public must be on the lookout and alert the authorities if they 

encounter the person during their everyday activities. In this registered report, we explored 

whether prospective person memory is improved by providing relevant or irrelevant 

contextual information about the person at encoding. We developed a new experimental 

paradigm to manipulate whether participants on the lookout encounter a target or a plausible 

nontarget, while keeping the conditions of the encounter constant. Previous findings suggest 

contextual information could affect prospective person memory in several ways. If contextual 

cues are valid, they could direct attention to targets and plausible nontargets without 

improving face recognition (sighting bias hypothesis). Alternatively, any contextual 

information at encoding (valid or invalid) could encourage deeper processing of each target’s 

identity (elaborative encoding hypothesis). A third possibility is that associating a target face 

with valid contextual information improves both face recognition and attention compared 

with invalid or no contextual information (context matching hypothesis). We found no 

support for any of these competing hypotheses. In the current study, associating target faces 

with contextual information did not affect discriminability nor response bias. Our findings 

challenge the existence of a single underlying true effect of contextual information on face 

recognition; and suggest that the previously reported recognition advantage might depend on 

the kind of information used during encoding, on how targets are encountered during testing, 

as well as on the type of task used.  
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Contextual effects on prospective person memory 

 

Prospectively remembering an unfamiliar person is no easy feat (Lampinen, Arnal, & Hicks, 

2009). When recognition is the primary objective, such as in face learning experiments, 

unfamiliar people can be hard enough to tell apart (Bindemann & Johnston, 2017; Hancock, 

Bruce, & Burton, 2000). Asking someone to recognize an unfamiliar person in the future, 

when their mind is focused elsewhere, creates even further opportunities for error.  

Lampinen et al. (2009) emphasize that this alert system relies on two aspects of 

person memory, retrospective and prospective. Retrospective person memory, the ability to 

identify a previously seen person (e.g., in a line-up) has been studied extensively. Less 

attention has been focused on prospective person memory (PPM). Event-based prospective 

memory is remembering to perform a behaviour, which was previously associated with a 

target item, whenever the target item is encountered during another ongoing activity 

(McDaniel & Einstein, 2000). Prospective person memory is when these intentions are 

associated with, and triggered by, a target individual (e.g., a missing person or a wanted 

individual; Lampinen et al., 2009). 

Retrospective and prospective memory retrieval rely on different processes. During a 

retrospective memory task, the experimenter directs participants’ attention and puts them in a 

retrieval mode. Prospective memory, however, requires participants to remember to do 

something without the experimenter putting them in a retrieval mode (Einstein et al., 2005). 

Therefore, a prospective memory task is usually considered secondary to other tasks which 

occur in between the moment the prospective intention is created and when it is executed. In 

missing persons’ cases, for example, being on the lookout for the missing person is secondary 

to an individual’s everyday activities. 

Laboratory and field paradigms have been used to study prospective person memory. 

Laboratory studies begin with the presentation of several target people (familiarization 
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phase). Participants are subsequently asked to press a certain key on the keyboard if any of 

these targets appears during another ongoing activity, such as a team sorting task (Lampinen 

et al., 2009; Lampinen & Sweeney, 2014). In field-based studies, participants are presented 

with photographs of targets during a laboratory visit or during a lecture and are asked to 

email the researchers if they encounter the targets during their everyday life. Then, the targets 

appear in a place known to be frequented by most participants, such as during another lecture 

(Lampinen et al., 2009; Moore, Lampinen, & Provenzano, 2016).  

Attempts to improve PPM have drawn attention to the inherent challenges of the task. 

Researchers have shown that the accuracy of PPM increases when reducing the number of 

targets (Lampinen, Peters, & Gier, 2012), increasing the number of photos of a single target 

(Sweeney & Lampinen, 2012), and when providing information about the target’s spatial and 

temporal location (Moore et al., 2016). Despite these improvements, most studies have 

produced relatively low rates of identification in PPM tasks. In the present research, we 

explored whether including relevant or irrelevant contextual information about a target 

person in a poster affects sighting frequency and discrimination between targets and non-

targets. The information is considered relevant if it matches the situation in which the targets 

subsequently appeared in the videos.  

Contextual Effects  

 When events are represented in memory, associated contextual information can cue 

memory retrieval (Tulving & Thomson, 1973). Contextual information can be defined as any 

stimulus pattern associated with a target stimulus (Davies, 1988), but in the present research 

we operationalised contextual information as any type of person-related description that 

could be known about a missing person and included in a missing person appeal, such as 

‘they might be wearing a red shirt’ (see Table 4.1). Prospective person memory relies on 
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attention and face recognition, both of which might be improved by the association of an 

unfamiliar face with descriptive contextual information at encoding.  

 Attentional resources. In contrast to retrospective memory, during PM tasks there is 

no immediate external request to initiate the search for the target at the stage of retrieval. This 

is difficult because people do not have the attentional resources to closely examine every face 

they encounter in everyday activities. Another reason why people might avoid attending to 

strangers’ faces is that staring or closely examining another person’s face violates social 

norms (Buchanan, Goldman, & Juhnke, 1977; Smith, Sanford, & Goldman, 1977). 

Accordingly, PPM requires a switch from the current focus of attention (primary ongoing 

task) to identification of the target (secondary task). For instance, when the primary task 

requires attention to the target, PPM performance is significantly better than when it can be 

completed without attending to the target (Moore, 2017).  

 Contextual information may improve attention and facilitate identification in PPM tasks 

through creating different expectations of encounter. Moore and colleagues (2016) found that 

although more than 60% of participants were able to identify the target from a line-up 24 

hours after the experiment (i.e., a retrospective memory task), less than 10% made an 

accurate sighting during the prospective memory task. The relatively strong line-up accuracy 

suggests that low performance on the PM task was not due to a failure to remember the 

target’s face but rather to a failure to notice them. In the same study, expectations of 

encountering the targets were manipulated by providing different spatial and temporal 

information alongside each target’s images (Moore et al., 2016). Participants who were told 

that the target would be in the same building where the experiment was taking place were 

significantly more likely to report a sighting than participants who were told that the target 

would be on campus. Providing temporal information (i.e., they will be on campus in the next 

24 hours or the next week) had no significant effect on sightings. 
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 In a more recent study, participants were asked to be on the lookout for four ‘wanted’ 

individuals whilst completing a simulated grocery shopping task (Moore, Provenzano, & 

Lampinen; 2018). The targets were reported to be wanted for either bank or grocery store 

robberies, which was designed to manipulate participants’ expectations of a target encounter. 

Subsequently, all targets appeared in a grocery store. Participants who received accurate 

contextual information reported more accurate sightings as well as more inaccurate sightings. 

These studies suggest that depending on the information available during familiarization with 

the target, participants could expect to encounter the targets in certain contexts more than in 

others. In a missing person case, people within the criminal justice system have limited if any 

control over whether someone interacts with the target or when, but they do have control over 

the content of the posters they distribute (Wells, 1978). In the present research, we explored 

whether providing contextual information in a missing person poster helps guide participants’ 

attention to the target during a subsequent encounter.  

  Unfamiliar face recognition. Prospective person memory involves face recognition, 

which raises issues not applicable to other prospective memory tasks. A large body of 

literature suggests that recognizing unfamiliar faces is difficult (Bruce, 1982; Burton & 

Jenkins, 2011; Roberts & Bruce, 1989). Even judging whether two unfamiliar faces are the 

same or different, which has minimal demands of memory, yields poor performance. For 

example, White, Kemp, Jenkins, Matheson, and Burton (2014) found that border control 

officers accepted 14% of passports that did not match their holders. One reason for this 

finding might be that unfamiliar face recognition is highly image dependent (Longmore et al., 

2017). Prospectively recognizing a person is substantially harder because the appearance of a 

target individual can only be compared with the representation of the target in memory. 

Fortunately, two lines of research suggest that contextual information can improve unfamiliar 



 

75 
 

face recognition and, therefore, PPM: contextual elaboration during encoding and context-

reinstatement at test.  

 Contextual elaboration is theorized to assist retrieval by associating target items with 

meaningful contexts at encoding (Skinner & Fernandes, 2010). For instance, recognition of 

unfamiliar faces is improved when faces are combined with descriptive information (e.g. he’s 

a vegetarian, he smokes cigars, Kerr & Winograd, 1982; names or occupations, Schwartz & 

Yovel, 2016) or judgements of character traits (e.g. honesty or friendliness; Winograd, 1981). 

Two explanations for the contextual elaboration effect on face recognition have been 

suggested. The quantity account posits that providing additional person description 

information induces a more extensive scan of the face. This type of processing not only 

maximizes the number of features encoded but also increases the likelihood that a distinctive 

feature of that face will be noticed (Winograd, 1981). Another account suggests that 

additional conceptual information leads to deeper encoding of unfamiliar faces by creating a 

richer semantic network of associations for a given face, which in turn results in better 

recognition accuracy (Bower & Karlin, 1974; Craik & Lockhart, 1972). Consistent with this 

view, Schwartz and Yovel (2016) suggested that associating a photo of an unfamiliar face 

with conceptual information (e.g., name) shifts its representation from an image-based 

percept to a view-invariant concept, providing a complex memory representation of the 

unfamiliar person (rather than their picture). 

 Stimuli may also be remembered better if contextual information during encoding and 

testing are matched. According to the encoding specificity hypothesis (Tulving & Osler, 

1968), the likelihood of successful recognition depends on whether retrieval processes are 

sufficiently similar to those engaged at encoding. Thus, unfamiliar face recognition should 

improve if the testing context matches the information learned during encoding. Applied to 

prospective person memory, missing people could be more easily recognized if the 
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description on the poster (e.g., had an accident and damaged his foot) is consistent with the 

way they appear during a later encounter (e.g., walks with a limp).  

 The susceptibility of memory for unfamiliar faces to contextual influence has been 

demonstrated empirically using a variety of contextual stimuli, such as other faces (Winograd 

& Rivers-Bulkeley, 1977), short descriptive phrases (Watkins, Ho, & Tulving, 1976), 

clothing (Brutsche et al., 1981), and indoor and outdoor context scenes (Koji, 2013). All of 

these studies consistently reported better recognition accuracy if the context presented 

alongside an unfamiliar face during encoding was presented again during the test phase. This 

is consistent with compound cue models of memory (Gillund & Shiffrin, 1984), which 

suggest that the probability of retrieval increases if multiple cues (i.e., the unfamiliar face, the 

personal description, the contextual cues) are associated with the same stimuli (i.e., the initial 

prospective memory request).   

The Present Research 

 We were interested in whether contextual information improves prospective person 

discriminability. Sweeney (2013) found that participants were more likely to identify a target 

with a tattoo after reading a poster advising that wanted people charged with the same 

offence as the target are known to have tattoos. This suggested that in PPM tasks relevant 

context could be used to increase identifications of targets (hits). But it is also possible that 

relevant context would increase mistaken identifications of a plausible nontarget (false 

alarms). Thus, whether relevant context increases discriminability remained an empirical 

question.      

 Here, we introduced a new laboratory paradigm for studying PPM. Participants viewed 

a target’s photograph and then encountered the target or a plausible nontarget in a video 

segment from a television series. Target photographs were associated with relevant, 

irrelevant, or no contextual information. To divert attention away from identification of the 
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target, we incentivised participants to attend to the video content (primary task) rather than to 

the identity of the actors (secondary task).  

 Given the complexity of the videos, manipulating target presence at retrieval could 

have had unintended and undesirable consequences. For instance, participants’ attention 

could have been directed towards the actors in one video more than in another, leading to 

ambiguity about whether responses were affected by the target’s presence or the video’s 

content. Therefore, target presence was manipulated at encoding: all participants viewed the 

same video at retrieval, but at encoding half studied a photo of the target who appeared in the 

video (target-present condition) and the other half viewed a photo of someone who did not 

appear in the video (target-absent condition).    

 Two errors are possible on a PPM task: misses and false alarms. The former occurs 

when a target is encountered but not noticed or reported. The latter occurs when a non-target 

is mistakenly identified as the target (and reported). An efficient way of improving missing 

person investigations is by enhancing discrimination between targets and non-targets. This 

can be achieved by increasing correct identifications (hits) or decreasing false alarms. False 

alarms in a missing person case have the potential to cause delays and waste investigative 

resources. Nevertheless, such false alarms may not be as harmful as false alarms in other 

legal contexts (e.g., line-up identifications of innocent suspects), and in some cases law 

enforcement might prefer to receive any type of information, even of low certainty, to 

increase the possibility of a good lead. Therefore, increasing the number of sightings (i.e., 

encouraging a liberal response bias) could be desirable in many cases.  

Based on the literature described above, we arrived at competing hypotheses. 

According to an elaborative encoding hypothesis, contextual information should affect 

processing of target faces during the familiarization phase, which should result in better face 

recognition at the subsequent encounter. This hypothesis would be supported by higher 
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discriminability (d’) in the context conditions compared to the no context condition. 

However, if valid contextual cues are needed to draw attention to a target during an encounter 

(i.e., matching context hypothesis), we should observe higher discriminability in the relevant 

context condition compared with the other two conditions. Alternatively, according to a 

sighting bias hypothesis, contextual information does not affect face encoding and subsequent 

recognition but relevant context directs attention towards both targets and plausible 

nontargets who appear in the expected context. By drawing attention to potential targets 

without affecting the ability to distinguish between targets and plausible nontargets, relevant 

contextual information should result in a higher number of both hits and false alarms. This 

hypothesis would be supported by equivalent discriminability (d’) across conditions and an 

increase in response bias (c) in the relevant context condition compared to the other two 

conditions.  

Method 

Design 

This experiment used a 3 (target information: relevant context vs irrelevant context vs 

no context) x 2 (target presence: target absent vs. target present) mixed design. Participants 

were randomly assigned to encode target photos with a name and a person-related description 

(additional contextual information), which either matched the context of encounter (i.e., 

relevant) or not (i.e., irrelevant), or with a name only (no context). Participants were tested 

over eight trials. Each trial started with a poster showing a photo of a target individual along 

with relevant, irrelevant, or no contextual information. After 25 seconds, a video was played. 

For each participant, half of the trials were target present (i.e., the person from the poster 

appeared in the video) and half target absent (i.e., the person from the poster did not appear in 

the video). 
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Participants had a primary task and a secondary task. The primary task was to pay 

attention to the video in order to be able to answer two questions about it, and the secondary 

task was to spot the target individuals and report a sighting. To encourage participants to 

prioritise the primary task, performance was rewarded using a points system: each correctly 

answered video-content question was worth 10 points (primary task), and each correctly 

identified target was worth 5 points (secondary task). The top 10 participants who collected 

the most points earned £20 each. 

The procedure was divided into two blocks each consisting of four trials. Between the 

two blocks, participants had a chance to rest and focus on a different type of activity (not 

including faces) in the middle of the experiment. The order of the blocks, as well as the trial 

order within each block, were randomized, with the exception that each block contained two 

target-present and two target-absent trials. Each trial was target absent or target present, 

based on a computerized random selection from a list of all possible ways of showing half 

target absent and half target present trials for each block.  

Target presence was manipulated by showing photos of someone during the 

familiarization phase who did or did not appear in the video during the testing phase. On 

target absent trials, participants viewed a poster with a photo of someone who did not appear 

in the subsequent video. If they reported a sighting during those trials, that was classified as a 

false alarm. Figure 4.1 shows that for each trial a participant saw either Person A or Person B 

during the familiarization phase, but everyone saw Person A during the testing phase. 

Manipulating target presence during familiarization minimized the impact of the way targets 

appear in the video on identification. Target names and contextual information remained 

consistent across target present and target absent conditions. The only difference was the 

photographs in the posters.  
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Figure 4.1. Target presence manipulation 

Participants   

We performed sensitivity analyses to estimate a range of possible effect sizes and to 

determine the required sample size. Previous studies of contextual effects on person 

identification have resulted in moderate-to-large effect sizes (Koji, 2013: ηp
2
 = 0.33; 

Lampinen & Sweeney, 2014: ηp
2

 = 0.06, Schwartz & Yovel, 2016: d = 0.75, ηp
2

 = 0.19). 

Taking into account the possibility that effects in the literature could be inflated by 

publication bias, we estimated an effect size that was smaller than those we surveyed from 

the literature: Cohen’s f = 0.18. Power analysis indicated that 396 participants were needed to 

achieve .90 power for an effect size of f = 0.18 and a two-sided F-test with α = .05. 

Sensitivity analyses indicated a sample of 396 participants would have power of 99.59% and 

99.99% for effect sizes of f = 0.25 and f = 0.4, respectively. Thus, N = 396 gave high power 

for a range of plausible effect sizes.  

We used sequential analysis as a tool for stopping the experiment if the collected data 

was sufficient to confirm or disconfirm the specified hypotheses. If conditions were met at 

prespecified interim analysis checks, an adjustment to α allowed data collection termination 

before the sample size of the a-priori power analysis was reached without inflating the Type I 

error rate (Lakens, 2014). Using sequential analyses, we tested the hypotheses after collecting 

data from 132, 264, and 396 participants. 
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Procedures to perform sequential interim analyses are long established and frequently 

used in medical trials (e.g., Armitage, McPherson, & Rowe, 1969; Dodge & Romig, 1929). 

We adopted the Pocock boundary (Pocock, 1977), which lowers α to the same value for each 

interim analysis and maintains an overall α level of .05. For three analyses (two interim and 

one final analysis) the Pocock α boundary is set at .022. If the predicted effects were 

significant (i.e., < .022) at the first (N = 132) or second (N = 264) interim analyses, data 

collection would have been terminated. We found no support for any of our hypotheses 

during our two interim analyses and, therefore, data collection continued until the maximum 

sample size was reached (N = 396).  

Exclusion criteria. The following exclusion criteria were applied: (1) Participants 

must not have watched any of the videos or have been familiar with any of the targets from 

before the experiment; (2) Participants must have performed sufficiently better on the 

primary task than on the secondary task (otherwise, they were considered to have not 

followed instructions). Specifically, participants were excluded if they scored more than a 

standard deviation lower than the group average on the primary task and more than a standard 

deviation higher than the group average on the secondary task. Excluded participants were 

replaced by collecting data from additional participants in order to reach the required sample 

size. 

We collected data from a total of 439 participants. Nineteen participants were 

excluded because they reported technical issues (most of which were also highlighted by the 

experimental data, and were relate to unstable internet connection), 11 participants because 

they reported being familiar with the targets and/or videos used, and 13 participants because 

they performed better on the PPM task than on the primary task. After exclusions we had a 

final sample size of 396 participants (70% female, 29% male and 1% preferred not to say; 
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24% White, 54.5% Asian, 2.5% Black, 5% Mixed, 11.4% Other and 2.8% preferred not to 

say). The mean age was 19.67 (SD = 2.25).  

Stimuli 

Videos. All videos were extracts from the Australian series Rush (2008-2011). This 

series was chosen because we did not recruit Australian participants, which minimised the 

likelihood that participants would be familiar with the actors. Each episode follows a team of 

police officers conducting an investigation. The first author searched for episodes that 

included individuals who were not the main characters but whose presence was clear enough 

for them to be noticeable and recognizable. Clips were also selected to be short, to minimize 

the risk of distress (i.e., no extreme violence) and to provide enough content to test 

participants’ memory. The videos were processed using a PremierePro project sequence to 

facilitate consistent presentation. The videos ranged in length from 54s to 84s (M = 65.2, SD 

= 10.2). All videos were in colour, had sound and were presented in full screen. All stimulus 

materials can be found at 

https://osf.io/j5hbm/?view_only=5e030b0955f24de683c2b79f5956ce69.  

The context manipulation was implemented by changing the information presented 

during the familiarization phase. Therefore, all participants watched the same eight videos 

and the variability in target salience during these videos should not affect any condition more 

than the others.  

Target individuals. Each trial had a video with two associated posters: one 

containing a target who appeared in the video and one containing a target who did not appear 

in the video (total eight appearing targets and eight non-appearing targets). Targets who 

appeared in the video were Rush actors (50% female, varying ages and ethnicities) whose 

photographs for the encoding task were obtained from Google Images. Appearing target 

photos were chosen to correspond with each target’s appearance in the videos (e.g., same hair 

https://osf.io/j5hbm/?view_only=5e030b0955f24de683c2b79f5956ce69
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colour, same haircut), but the appearances were not identical (they were not screenshots from 

the test video). Non-appearing targets were actors or tv presenters chosen to match the 

description of the appearing target with whom they were paired (i.e., same hair colour, same 

general face appearance). The purpose of matching pairs of non-appearing and appearing 

targets was to test whether context improved discrimination between targets and plausible 

nontargets, rather than simply increasing identifications of anyone who resembled the general 

look of the target.  

Posters. All posters were created using an InDesign template that included a white 

background, a target’s photo (framed using different colours) on the left, a name on the right, 

and contextual information (if present) also on the right. All photos were the same size and in 

the same screen location. See Table 4.1 for the relevant and irrelevant contextual information 

used for each poster. 

Table 4.1 Contextual information included in the posters 

Trial  Relevant Contextual Information  Irrelevant Contextual Information 

1  He works in construction.  He works in education.  

2 She is a famous journalist.  She is a famous musician. 

3 She has a passion for cars. She has a passion for planes. 

4 He is shadowing his new colleagues. He is doing admin work for his 

new colleagues. 

5 Her job requires her to wear an apron. Her job requires her to wear 

boots. 

6 She is very good at IT support. She is very good at learning 

languages. 

7 He works part-time as a translator.  He works part-time as an actor. 

8 He is trained as a private investigator.  He is trained as an engineer. 
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Pilot tests. The suitability of the materials was assessed in several pilot tests. The aim 

of the first three pilots was to ensure that each target’s appearance in the poster was similar to 

how they appeared in their respective videos. We first tested whether the targets were 

recognizable if prospective identification was the primary task. This provided an indication of 

whether the targets could be plausibly identified from the videos in the absence of another 

task to distract their attention. We initially tested seven participants using 10 videos and then 

added seven more videos and tested a further eight participants. Identification rates for all 

videos ranged from 35% to 100%. For each trial, participants first saw a picture of a target 

and then watched for the target during the respective video. Based on these data, we selected 

the eight videos with the highest identification accuracy rates ranging from .63 to 1.00 (M = 

0.70, SD = 0.19). 

A final five pilot participants were tested using the proposed experimental procedure 

where their primary task was to answer specific questions about the videos, and the 

secondary task was to prospectively recognize the targets. Participants were tested on target-

present trials only and were not presented with any contextual information about the targets. 

This resulted in a mean identification rate of 60%.   

Procedure 

 The experimental task was ran online using the Gorilla online experiment builder1.  

Using a pre-recorded video presentation, participants were first informed about the primary 

and secondary tasks, about the points system (as described in the Design section) and about 

the general structure of the experiment. Participants in the context conditions were also 

 
 

 
1 The task was initially designed for in-person data collection, using the OpenSesame program. We 

collected data from 140 participants in person, before the COVID-19 pandemic began. We then had to 

move to online data collection. In order to avoid potential effects of different data collection methods 

(i.e., online vs in person), we decided to collect all of our data online. In this Chapter, I only present 

the analyses based on online data collection. Appendix B includes analyses of the in person data, as 

well as a comparison between the two data sets. 
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informed that in some cases the presented information might help them spot the targets and in 

other cases not. 

The PPM task was repeated across eight trials. First, participants saw a poster with the 

target’s name only or the target’s name and contextual information for 10 seconds. Then the 

target’s photo was added on the screen alongside that information for an additional 15 

seconds. Second, participants watched a video which included various people, including the 

target from the poster or a plausible nontarget. The video started automatically in full screen, 

with no controls to pause, skip, rewind, or replay the clip. If participants recognised the 

target, they made an identification immediately by pressing the space bar. There was a 

countdown on the lower side of the screen so participants knew when the video was coming 

to an end. Therefore, they had until the end of the video to press the spacebar if they were not 

immediately certain. If they pressed the spacebar again, it was inferred that they decided they 

were wrong the first time. Therefore, their last sighting was the one that mattered.  

Next, participants answered two multiple-choice questions about the video, which 

tested their attention to the ongoing task (e.g., How many men and how many women were in 

the video?). At the end of each trial, a test of attention for the contextual information was 

administered. Participants saw an incomplete version of the original poster and were 

instructed to choose the correct context from one of three available options. For example, if 

the target was described as having a passion for cars in the initial poster, participants saw 

‘She has a passion for _____’ in the final poster with the option to choose ‘cars’, ‘planes’ or 

‘bicycles’. In order to keep this step of the procedure consistent across conditions, 

participants in the no context condition were asked which colour had the frame of target’s 

photo in the initial poster. 

Between trials participants saw a page reminding them that they could take a break. 

The program only proceeded to the next trial if they clicked ‘next’. After four trials had been 
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completed, participants completed a 2-minute filler task (i.e., Where’s Waldo?), during which 

there was no option to click ‘Next’. 

After the eight prospective memory trials were completed, participants were tested on 

their retrospective memory of the targets. Using an old/new recognition task, participants saw 

a sequence of 24 randomly presented individuals: eight appearing targets (half of which were 

previously presented in posters but they were all encountered in the videos), eight non-

appearing targets (half of which were previously presented in posters only), and eight new 

people (i.e., each matched to a target). Prior to the test, participants were instructed that the 

objective was to identify the eight targets from the posters (i.e., four appearing and four non-

appearing targets). On each trial, participants decided whether the person was ‘old’ 

(previously seen in the posters) or ‘new’ (not seen in the posters). To test memory of the 

person rather than the picture, the targets’ pictures for this task were different from those used 

in the prospective memory task and participants were instructed to look for the person and 

not the picture from the posters.  

Finally, participants were asked to report their age, gender, ethnicity, whether they 

prioritized the primary over the secondary task, and whether they knew any of the targets or 

the videos from before the experiment. 

Analyses 

For each participant a d’ measure of discriminability and a c measure of response bias 

were calculated. Face recognition performance was measured by computing d’ calculated by 

the formula d’ = z(H) – z(FA), with H denoting the proportion of hits and FA denoting the 

proportion of false alarms. A hit was scored if the space bar was pressed after the target 

appeared on a target-present trial, and a false alarm was scored if the space bar was pressed 

during a target-absent trial. 
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Equivalence testing (Lakens, 2017; Limentani, Ringo, Ye, Bergquist, & McSorley, 

2005) was used to test whether observed effects were too small to be of interest for 

theoretical or practical purposes. In equivalence testing, the null hypothesis is that there is an 

effect large enough to be deemed interesting (i.e., outside a specified equivalence bound). 

The alternative hypothesis is that, if an effect exists, it falls within the equivalence bounds. 

For this study we used a smallest effect size of interest of Cohen’s d = 0.20. If the 

equivalence test would have indicated the likelihood of an effect larger than this is below 

alpha, we would have concluded that the conditions were statistically equivalent.  

As previously described, we used sequential analyses and tested our hypotheses three 

times. During each interim analysis, data collection would have been stopped if all predicted 

effects associated with one of the three hypotheses would have been significant with alpha set 

at .022 (i.e., p < .022). I discuss the scenarios which would have been interpreted as support 

for a hypothesis and could have resulted in early termination of data collection in Appendix 

B. 

Results 

Pre-registered analyses  

Attention check. To confirm that participants attended to the contextual information 

in the poster, responses to the attention check questions were compared to a pre-set minimal 

level of 75% accuracy (six out of eight trials). Participants were on average 98% (SD = .06) 

correct on this measure. The one sided t-test indicated that accuracy on the attention check 

was significantly higher than 75%, meaning that participants did sufficiently attend to the 

contextual information: t (395) = 70.08, p < .001. 

PPM Discriminability. We first ran a one-way ANOVA on discriminability scores, 

looking at the differences between our three experimental conditions: relevant context, 

irrelevant context and control (see Table 4.2). The model revealed no significant effect of 
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contextual information: F (2, 395) = 0.04, p = .97, n2
p < .01. Our first two hypotheses were, 

therefore, not supported.  

Following our analyses plan, we then ran two equivalence t-tests to compare d’ scores 

using a smallest effect size of interest of Cohen’s d = 0.20 and an alpha level of 0.022. First 

we looked at the difference between relevant and irrelevant context conditions and found that 

the equivalence test was non-significant, t(262) = -1.53, p = 0.06. Our second equivalence 

test, comparing the relevant context and no context conditions, was also non-significant: 

t(264.87) = 1.44, p = 0.08.  

PPM Response bias. We also ran a one-way ANOVA on response bias scores. We 

found no significant differences between the three context conditions on this measure: F (2, 

395) = 1.19, p = .15, n2
p = .01. Finally, we ran two additional equivalence t-tests on c scores: 

one between the relevant and irrelevant context conditions ( t(260.97) = -0.32, p = .63), and 

one between the relevant context and no context conditions ( t(264.37) = -1.05, p = .15).  

Table 4.2. Prospective person memory performance  

 Contextual information  

Measure  None Relevant Irrelevant  

Hits     .66 (.28)     .68 (.32)     .62 (.32)  

False Alarms     .36 (.29)     .37 (.27)     .32 (.28)  

d' 0.72 (0.85) 0.74 (0.85) 0.73 (0.81)  

c -0.03 (0.54) -0.07 (0.58) 0.06 (0.59)  

 

Exploratory analyses 

 

Ongoing task performance. On average, participants were 69% correct (SD = .13) 

on the questions used as the ongoing task. Ongoing task performance was weakly positively 
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correlated with PPM discriminability: r(396) = .14, p = .004; suggesting that participants who 

paid more attention during the experiment in general tended to perform better on both tasks.  

Old/New recognition task. Participants also completed an Old/New recognition task, 

using the same targets as for the PPM task (see Table 4.3). We found no significant effect of 

the contextual condition on either Old/New discriminability (F (2, 395) = 1.52, p = .22, n2
p = 

.01) or response bias (F (2, 395) = 1.87, p = .16, n2
p = .01). To examine the relationship 

between retrospective and prospective person recognition accuracy, we computed the 

correlation between prospective memory discriminability and Old/New discriminability. We 

found a significant, small to moderate positive correlation between these two measures r(396) 

= .23, p < 001. 

Table 4.3. Old/New task performance   

 Contextual information  

Measure  None Relevant Irrelevant  

Hits     .59 (.19)     .57 (.20)     .60 (.18)  

False Alarms     .16 (.12)     .13 (.11)     .13 (.10)  

d' 1.37 (0.72) 1.44 (0.71) 1.53 (0.74)  

c 0.44 (0.41) 0.53 (0.41) 0.48 (0.35)  

 

Self-report. When participants were asked whether they prioritised the primary task 

over the PPM task, only 52% of participants reported that they did. The rest of participants 

might have treated both tasks as equally important, or prioritised the PPM task. However, 

when checking whether this influenced their performance, we found no significant 

differences between participants who did or did not, neither for PPM discriminability, t (394) 

= -0.96, p = .34, nor for primary task performance, t (394) = 0.34, p = .73. A chi-square test 

of independence was performed to examine the relation between the experimental condition 
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and participants prioritising the primary task, X2 (2, N = 396) = 0.53, p = .77. Participants 

were no more likely to prioritize the primary task when they were exposed to either type of 

contextual information during encoding than when they were not.  

Discussion 

In this experiment, we tested the effect of associating a previously unfamiliar face 

with contextual information during encoding on prospective person memory. We 

operationalised contextual information as any type of person-related description such as their 

jobs or clothing (e.g., ‘He works in construction’). We manipulated the relevance of this 

contextual information by showing the target during testing in a context that matched the one 

described during encoding (i.e., relevant context condition) or in a context that did not match 

the encoded context (i.e., irrelevant context condition). We also tested a control group in 

which participants learned each target face accompanied by their name only. In our study, 

contextual information did not affect PPM performance. The strengths of this study come 

from a combination of a priori power analysis, large sample size, a diverse stimulus set with 

complex materials and registered protocols. Performance levels for all tasks were above floor, 

and our manipulation check measure confirmed that participants paid attention during 

encoding sufficiently to remember the contextual information presented. 

Although we did not find support for any of our hypotheses, the trends in our data are 

most aligned with the sighting bias hypothesis; which was based on the premise that 

contextual information does not affect face encoding and subsequent recognition, but relevant 

context can direct attention towards both targets and plausible nontargets who appear in the 

expected context. In other words, this theory suggests that contextual information may 

improve attention and facilitate sightings in PPM tasks through creating different 

expectations of encounter. The additional information provided in the relevant and in the 

irrelevant contextual conditions did not affect PPM discriminability. Descriptive statistics 



 

91 
 

suggest that the discriminability scores of all three groups were very similar (i.e., 0.72, 0.73 

and 0.74). The differences in this measure were, however, also not statistically equivalent 

using our prespecified smallest effect size of interest (SESOI; Cohen’s d of 0.20). Although 

we also found no significant differences in response bias based on the contextual information 

provided during encoding, our results present the same trends as previous work by Moore et 

al. (2016). In their study, participants who were given accurate expectations reported both 

more accurate and more inaccurate sightings than participants who were given inaccurate 

expectations. In line with our results, they also found no significant effect of contextual 

information on the corrected sighting rates (i.e., the proportion of correct sightings/ 

proportion of false sightings). 

Overall, our results suggest that the effect of contextual information on face 

recognition might be smaller or less general than expected based on prior literature (Bower & 

Karlin, 1974; Coin & Tiberghien, 1997; Kerr & Winograd, 1982, Winograd, 1981). We 

tested each participant using two different face recognition tasks: prospective person memory 

and an Old/New recognition task. Contrary to previous research showing that contextual 

elaboration results in a deeper encoding of an individual rather than just their face, which 

consequently improves memory of that person, in our study we found no differences in 

performance between participants who learned targets’ names only and participants who also 

learned some contextual information (e.g., their jobs or clothing). These results might suggest 

that, on the one hand, providing names might be enough to create a conceptual representation 

of the individual and learning more contextual information does not further benefit encoding. 

On the other hand, our findings might suggest that neither names nor the contextual 

information used is enough to encourage deeper encoding and to create a conceptual 

representation of each target. The benefit of associating new faces with conceptual 

information might also depend on the amount of conceptual information provided, on the 
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type of information used (e.g., names, jobs, clothing descriptions), and on the match between 

the encoded information and the testing context. 

In our control group, participants learned each face with their name; and associating 

faces with names during encoding might be enough for a conceptual representation to be 

developed. The beneficial effect of contextual information on face recognition has previously 

been interpreted within the levels of processing framework (Craik & Lockhart, 1972); 

associating conceptual information with new faces during encoding creates a rich semantic 

network of associations for that given face (Bower & Karlin, 1974). Similarly, Schwartz and 

Yovel (2016) suggested that associating a photo of an unfamiliar face with their name is 

enough to shift its representation from an image-based percept to a view-invariant concept, 

providing a complex memory representation of the unfamiliar person (rather than their 

picture). Our results might suggest that when there is some conceptual information present, 

additional contextual information might not further affect face recognition through deeper 

encoding. Similarly, Kerr and Winograd (1982) manipulated the amount of information 

provided about a target during encoding, and although they found that any amount of 

information improves recognition in comparison with no conceptual information, increasing 

the amount of conceptual information did not consistently affect performance.  Future studies 

should further research the effect of the amount of conceptual information provided to better 

distinguish between different potential mechanisms proposed for this effect.  

The null findings might suggest that simply reading targets’ names or some contextual 

information is not enough to create a conceptual representation. The semantic information 

provided about the targets in our experiment might be perceived as something rather arbitrary 

within this experimental context because it has little real-life relevance. This might, therefore, 

suggest that the effect of conceptual information on face encoding depends on the function of 

that information. This idea is consistent with a functional memory perspective, which suggest 
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that long-term retention of faces depends on their functional values (Nairne et al., 2008; Rule 

et al., 2012). Is it possible that associating faces with their names, or with neutral information 

such as their jobs or hobbies, does not receive a selective memory advantage because these 

do not carry sufficient information to guide future social interactions (Mattarozzi et al., 

2019). Although in real life cases, learning about someone’s job might improve familiarity 

with that individual, our participants might consider the contextual information provided 

during encoding arbitrary and, in the long term, not useful enough.  

The nature of the contextual information might be critical to its effect on PPM 

performance. In our study, we used a mixture of different types of information in order to test 

a better representation of heterogenous contexts (i.e., jobs, hobbies and clothing). Previous 

studies, however, have shown that performance is better when participants are asked to make 

judgements about abstract traits (intelligent, anxious, and friendly) and occupations (actor, 

businessman, and teacher), than about physical characteristics (big nose straight hair; Coin & 

Tiberghien, 1997; Bower & Karlin, 1974; Sporer, 1991; Wells & Turtle, 1988; Winograd 

1981). Arguably, it is also different to learn about a target’s possible clothing than to learn 

about their job or hobbies; the former requiring less abstraction and providing more 

perceptual cues to be used during testing. When participants learn about a target’s job, for 

example, this might affect encoding by motivating participants to judge whether the face 

presented fits their preconceptions of someone performing the jobs described (i.e., increased 

attention during encoding). Hills, Lewis and Honey (2008) found that associating occupation 

labels with novel faces who are judged to fit that occupation facilitated their encoding in 

comparison with associating the same labels with non-stereotypical faces. Learning about 

targets’ clothing, however, might not affect face encoding, but might provide additional cues 

to be used during testing (e.g., if participants know that a target usually wears a red jacket, 

their attention might be drawn to anyone wearing a red jacket during testing). Mattarozzi et 
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al. (2019) also showed that memory is better for faces paired with descriptions of salient, 

rather than neutral, behaviour. Our null findings, therefore, might suggest that contextual 

effects are dependent on the information used, rather than there being a general advantage of 

all types of contextual information. In our study we were interested in a more generalised 

effect of contextual information on PPM, but future studies should focus on specific types of 

contextual information in order to distinguish the processes behind potential contextual 

effects (i.e., abstraction vs perceptual cues). 

When provided with relevant contextual information, participants should experience a 

higher degree of similarity between encoding and testing conditions, which in turn should 

have increased the number of sightings. The most common explanation discussed in the 

literature regarding the effect of contextual information on unfamiliar face recognition is 

some variant of Tulving’s encoding specificity theory (Tulving & Osler, 1968; Tulving & 

Thomson, 1973). This suggests that the likelihood of successful recognition depends on the 

degree of overlap between retrieval cues at test and features of the encoded information. 

Previous empirical studies showed that recognition of unfamiliar faces is improved if faces 

are presented during testing along with the same partners that accompanied them at encoding 

(Winograd & Rivers-Bulkeley, 1977), or if they are presented against the same background 

as during encoding (Beales & Parkin, 1984; Memon & Bruce, 1983). Although in our 

experiment we found that overall participants reported more sightings in the relevant context 

condition, this effect was not significant.  

Previous context reinstatement procedures used identical encoding and test contexts in 

order to improve recognition. In our experiment, participants were presented with semantic 

information during encoding and with perceptual information during testing. Therefore, they 

were required to abstract the contextual information during encoding. It is possible that 

participants did not develop expectations of encounter that later matched the testing 
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conditions. For example, in one of our trials, the target was described as a construction 

worker during encoding, so participants might have expected to encounter that target at a 

construction site. Although wearing a construction uniform, the target appeared in a bar 

which might not be consistent with participants’ expectations. Future studies should aim to 

investigate how participants develop expectations of encounter, and how these expectations 

relate to the actual testing conditions.  

Finally, it is also possible that our results differ from previous ones because of the 

nature of PPM tasks. Although our participants performed above floor and reported, on 

average, four sightings, they had to pay attention to many other details than the targets. Coin 

and Tiberghien (1997) also argued that contextual effects on face encoding are task 

dependent; they suggested that facial description or reconstruction are enhanced by facial 

feature judgements; but recognition tasks are improved by personality judgements. More 

work is needed to look at what type of contextual information could improve prospective 

person memory. Future research could vary the stimulus load, the encoding time, and time 

between repeats to further characterize the specific conditions under which face recognition is 

improved by associated conceptual information.  

Limitations  

Limitations of our study should be considered when interpreting our results, as well as 

when developing new research. First, it is possible that contextual information might affect 

response bias, although the effect in our study was either non-existent or too small for us to 

detect. The descriptive statistics showed that compared with the control group, the irrelevant 

context group reported less sightings, and the relevant context group reported more sightings 

during both target absent and target present videos; however, this effect was not significant. 

In future studies it may be necessary to collect data from a larger number of participants in 

order to test the potential effect of contextual information on response bias. 
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Another limitation is that, for all participants, the pair of target-nontarget and their 

associated contextual information were coupled (i.e., for each target-nontarget pair we used 

only one context). The contextual information used (e.g., ‘He works in construction), was 

therefore always confounded with the identity of the target (and their associated nontarget).  

Although unlikely, it is possible that for trials which would create the largest effect of 

contextual information, the nontarget was similar enough to the target that participants were 

not able to tell them apart. Future studies should further investigate the effect of contextual 

information on PPM, using an even wider variety of stimuli and contexts than were used in 

the present research. 

Conclusion  

In this experiment, we did not replicate previous findings that associating faces with 

contextual information improves recognition, although we tested recognition using two 

different tasks: PPM and Old/New Recognition. Consistent with previous research looking at 

the effect of context reinstatement, our participants reported more sightings in the relevant 

context condition in comparison with no context and irrelevant context conditions; although 

this effect did not reach significance. Our contextual manipulation was different than 

previously used ones and could be the reason why we found no effect. First, we used a 

variety of contextual information (e.g., occupation, clothing, hobbies), which means that we 

were not able to test the effect of each individual type on face recognition. One type of 

contextual information may improve PPM performance in a given situation but other types 

might not. Second, the way targets appeared in the videos might not match participants’ 

expectations enough for them to notice the match or mismatch in context. Considering the 

importance of this task for missing people or wanted criminal cases, future studies should 

further research the effect of different types of information on prospective person memory. 

Our findings challenge the existence of a single underlying true effect of contextual 
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information on face recognition; and suggest that the previously reported recognition 

advantage might depend on the kind of information used during encoding, on how targets are 

encountered during testing, as well as on the type of task used.  
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CHAPTER 5 

General Discussion 
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The overarching goal of the current doctoral research was to identify theory-driven ways of 

improving PPM performance. Specifically, I examined the effects of the type and amount of 

information presented during encoding on PPM. Prospective person memory is critical for 

missing people investigation and for the apprehension of wanted people in criminal 

investigations. Previous research, however, has highlighted that many participants frequently 

fail at this task. The weak performance on this task is due to the combined difficulties of 

prospective memory and unfamiliar face recognition. Theories of prospective memory and 

face recognition provide a framework for understanding PPM failures and also highlight 

potential ways of improving performance. Two types of information can be provided about a 

person during the learning phase, both of which have been independently shown to improve 

face recognition: perceptual information and conceptual information. All experiments in the 

current thesis have focused on increasing the amount of perceptual and conceptual 

information during encoding and observing the effect of this information on PPM. 

In line with this logic, we draw on findings from previous research on face 

recognition and apply them to the context of PPM. In this discussion, I first provide an 

overview of findings from Experiments 1 to 4 reported in Chapters 2, 3 and 4. Theoretical 

and practical implications of the findings are considered next. Finally, I discuss 

methodological limitations of the current research and suggest future research directions.  

Summary of findings 

This summary is divided into two sections with respect to the type of information 

manipulated during encoding. The first section focuses on the effect of perceptual 

information (i.e., within-person variability) and of presentation mode of multiple images on 

PPM. The second section summarises the findings regarding the effect of conceptual 

information, such as names and contextual information, on PPM. 
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Perceptual information  

First, we focused on increasing the amount of perceptual information available during 

encoding, which has been previously shown to improve face recognition, and tested its effect 

on PPM. One way of increasing the amount of perceptual information is by showing 

participants multiple images of each target taken in different contexts (i.e., high variability 

images). Using different tasks (face matching, face recognition), previous researchers showed 

that learning a face from multiple high variability images results in improved performance 

compared to learning the same face from low variability images (Ritchie & Burton, 2017). 

Consistent with these previous findings, when our participants learned each target from three 

high (rather than low) variability images, they were better at discriminating between targets 

and nontargets on a PPM task. We consistently found this effect in our manipulations of 

within-person variability, both within (Experiment 1) and between subjects (Experiments 2 

and 3). All of these effects were medium to large in size. We also found that participants 

reported more sightings when high variability images were used; and this effect was 

characterised by an increase in correct, rather than incorrect, sightings.  

In Experiments 2 and 3, we also looked at whether the variability effect depends on 

how the multiple images were presented during encoding. Namely, the three images of each 

target were presented either simultaneously, massed sequentially or distributed sequentially. 

Presentation mode did not have a consistent effect on either discriminability or response bias. 

In Experiment 2, the effect of variability was larger when all three images were presented 

simultaneously than when they were presented one after the other. Presentation mode in 

itself, however, did not significantly affect performance. In Experiment 3, we found no 

significant effect of presentation mode on discriminability, and a marginally significant 

difference between response bias measures when comparing distributed and simultaneous 

presentations; distributed presentation resulted in more sightings than the simultaneous 
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presentation and was again characterised by an increase in correct rather than incorrect 

sightings.  

Conceptual information  

The second main line of research included in this thesis focused on the effect of conceptual 

information on PPM. Previous researchers showed that associating faces of previously 

unfamiliar people with semantic information such as names, occupations or contextual 

information improves subsequent recognition of those individuals (Bower & Karlin, 1974; 

Tanaka & Pierce, 2009). In Experiment 1, we examined the effect of associating each 

unfamiliar face with their name on PPM. Presenting names alongside targets’ photographs 

during encoding increased discriminability relative to presenting the same photographs 

without names. Including names resulted in more correct and less incorrect sightings for both 

high and low variability conditions. The effect of names did not interact with the variability 

effect, nor did it significantly affect response bias.  

In Experiment 4, we focused on the effect of relevant and irrelevant contextual 

information on PPM. This information was considered relevant, or irrelevant, based on 

whether it matched the way the targets were encountered during testing. For example, some 

participants learned that a target works in construction (i.e., relevant context), and others 

learned that he works in education (i.e., irrelevant context); then all participants encountered 

the target dressed in a construction uniform during the testing video. It was hypothesized that 

contextual information would improve attention and facilitate identification in PPM tasks 

through creating different expectations of encounter. Importantly, we also had one control 

group in which participants encoded each target face alongside their name only. We were, 

therefore, interested in whether contextual information affects PPM beyond the effect of 

name associations. Participants from the relevant context condition reported more sightings in 

general, regardless of whether the targets were present or not; but this effect did not reach 
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significance. Therefore, it is possible that when the contextual cues are valid they direct 

attention to both targets and plausible nontargets without improving face recognition. The 

additional information provided in the relevant and in the irrelevant contextual conditions did 

not affect PPM discriminability. 

Theoretical implications 

There are several interesting theoretical contributions associated with this work. Prospective 

person memory has been previously conceptualised in terms of a series of preconditions, such 

as paying attention to the alert or attending to and recognizing the target individual upon 

encounter. All of these preconditions happen with a certain degree of probability but they all 

need to be met for the task to be successful (Lampinen & Moore, 2016). Therefore, PPM 

depends on participants’ ability to recognize the targets and on their ability to self-direct their 

attention to the target during testing. I will first discuss how our studies align with previous 

work on face recognition, and then I will focus on how they apply to prospective memory and 

attention research.  

 While familiar face recognition is highly accurate, recognising the same unfamiliar 

person across heterogeneous images is far less accurate (e.g., Bruce et al., 2001; Burton et al., 

2001). Previous research has attributed this difference to the ability to tolerate within-person 

variability for familiar people (Burton, 2013; Burton, et al., 2016). A growing body of 

literature has shown that systematic exposure to different photos of the same person (i.e., 

increased exposure to within-person variability) improves recognition of that face (Dowsett et 

al., 2016; Ritchie & Burton, 2017; Young & Burton, 2018). In the first three experiments 

presented in this thesis, we also found that learning a person’s face from multiple high 

variability images improved discriminability on a PPM task. Associating targets’ images with 

their names during encoding also improved PPM performance. Several potential mechanisms 

could be behind these effects.  
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Both the effect of variability and the effect of name associations could be a result of 

increased familiarity with the face. This possibility is in line with Bruce and Young’s 

(1986) theory that face learning is comprised of two stages: repeatedly learning how a face 

looks in different contexts, and learning semantic information about a person. They argued 

that face perception begins with a viewpoint-dependent representation of individual 

exemplars of the face, which can then be abstracted into a viewpoint-independent 

representation of the face after enough information is encoded about a person. Theoretically, 

a viewpoint-independent representation should better support spontaneous recognition in 

natural environments, such as in PPM tasks. Exposure to increased variability can help 

unfamiliar viewers to switch from image-based to more abstracted processing by aggregating 

the perceptual information provided into a single identity representation. Increased 

variability, therefore, can result in a more accurate mental representation formed as the 

average of all images presented during encoding. Sweeney and Lampinen (2012) suggested 

that a simultaneous presentation of multiple images of a target should encourage the 

abstraction of a viewpoint-independent representation. However, we found that the effect of 

variability was consistent regardless of how the images were presented. 

It is also possible that using high variability images encourages deeper processing 

during encoding. The same processes proposed for the spacing effect might be causing this 

effect too. In Experiment 3, we found that when low variability images were presented 

sequentially, the encoding times declined faster between the first, second and third 

presentations than when high variability images were used. Because low variability images 

are so similar, participants might be less motivated to look at each low variability image long 

enough for a view-independent representation to develop. Overall, however, we found no 

significant differences in encoding times between high and low variability images. To better 
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understand this effect, future research should manipulate encoding times and observe their 

effect on performance.  

When a familiar face is represented in memory, it may also be associated with social 

information such as names. According to models of face recognition, two forms of semantic 

information can be associated with a face. First, participants encode perceptually derived 

information such as gender or age (Bruce & Young, 1986). The second type of semantic 

information associated with person representation is more abstract, such as occupation and 

names (Burton & Bruce, 1992; Bruce & Young, 1986). Previous researchers argued that 

associating an unfamiliar face with social information should improve recognition of that 

person (Schwartz & Yovel, 2016). In our first experiment, we also found that associating 

faces with names during encoding improved PPM discriminability. The beneficial effect of 

associating faces with names has a long-standing history in the literature, with many studies 

investigating the relation between faces and names during recognition (Burton & Bruce, 

1992; Ellis, Young, Flude, & Burton, 1996; MaxKenzie & Donaldoson, 2009), matching 

tasks (Bruce, Carson, & Burton, 2000; Huddy, Schweinberge, Jentzsch, & Burton, 2003) and 

in priming paradigms (Bruce & Valentine, 1985; Ellis et al., 1996; Martin-Loeches, Sommer, 

& Hinojosa, 2005; Schweinberger et al., 2002).  

In line with our findings, Schwartz and Yovel (2019) argued that associating faces 

with names motivated participants to generate a conceptual representation during learning. 

Even more, they argue that providing semantic information does not improve recognition by 

modifying the perceptual representation of a face (e.g., through elaboration or global 

processing). Instead, they propose that face recognition benefits from representing faces as 

socially meaningful concepts rather than percepts during learning. In conclusion, one 

theoretical implication of the current experiments is to support the idea that face recognition 



 

105 
 

is not purely a perceptual process, but it significantly benefits from the generation of a 

conceptual representation.  

In our last experiment, however, we found that including further contextual 

information did not affect face recognition, which is contrary to previous findings (Bower & 

Karlin, 1974; Coin & Tiberghien, 1997; Kerr & Winograd, 1982, Winograd, 1981). We 

tested each participant using two different face recognition tasks: prospective person memory 

and an old/new recognition task. Contrary to previous research, the presence of contextual 

information alongside target images did not affect discriminability on either of these tasks. 

Taken together, our results and previous findings suggest that if there is some conceptual 

information present (e.g., names), additional contextual information (e.g., jobs) might not 

further affect face recognition through deeper encoding. Future research should aim to 

systematically increase the amount of conceptual information to better distinguish between 

different potential mechanisms proposed for this effect. 

Within-person variability and name associations could be affecting PPM 

independently rather than via increased familiarity. It is possible that increased variability 

improves performance simply because it increases the chances that at least one of the images 

presented during encoding is a good fit (i.e., highly similar) to the test image. The degree of 

similarity between the way the target looks at encoding and how they appear at test has been 

previously shown to affect PPM. Gier et al. (2012) found that participants who encoded a 

child looking clean during encoding, performed better on a PPM task when the same child 

was presented looking clean again, as opposed to looking dirty. Lampinen, Curry and 

Erickson (2014, cited in Lampinen and Moore, 2016) also showed participants either a single 

photograph of a target, or two photographs showing the target either with her hair down and 

no glasses, or with her hair up and wearing glasses. The two photographs were either both 

with hair down, or one with hair up and one with hair down. Participants performed just as 
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well when shown two photographs displaying different appearances than when shown two 

photographs that both matched targets’ appearance during testing (Lampinen & Moore, 

2016). These findings suggest that the similarity between the encoding images and the test 

image matters more than the number of ‘good matches’ in the encoding array.  

In previous research, image variability has not been consistently defined or measured, 

which limits the understanding of its effect on face processing and recognition. Previous 

researchers have also discussed different potential processes to explain the effect of within-

person variability on face recognition and face matching. However, it is hard to assess these 

conclusions when variability is not measured consistently. Some researchers have constrained 

variability to a single dimension such as emotion expression (Redfern & Benton, 2017; 

2019), head angle or illumination (Longmore et al., 2008; Liu et al., 2009). Other researchers 

have taken a more holistic approach by, for example, describing high variability as perceptual 

dissimilarity between images (Menon et al., 2015), or using ‘ambient images’ which vary in 

age, lighting, camera, hair style etc. (Ritchie & Burton, 2017). Although variability is harder 

to quantify when using naturally-occurring images because they vary in unsystematic ways, 

Sandford and Ritchie (2021) argue that increasing variability during encoding, and increasing 

the similarity between the encoding and retrieval images, are both important for 

understanding the effects of within-person variability on face perception. In the current thesis, 

we did not assess the similarity between the test images to each of the encoded images. We 

did, however, counterbalance the assignment of targets to different conditions which 

minimizes the effect of similarity on performance. Future studies should aim to manipulate 

variability in a more systematic way in order to understand the processes behind this effect.  

The finding that names improved PPM could also be due to individuation effects. 

During encoding in Experiment 1, the presentation of each target’s images was distributed; 

all images of a target were presented sequentially with other intervening images of other 
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targets in between. When distributed presentation is used, participants might not realise when 

two images present the same target. Names, therefore, might act as a tag confirming to 

participants which target is presented in each image. This process has been previously 

described as ‘individuation’; the act of discriminating among individual faces within a group 

(Tanaka & Pierce, 2009). When using low variability photographs, the similarity between 

them should be enough for participants to realise that the same individual is presented. When 

using high variability images, however, it is possible that participants do not always realise 

when different images depict the same person. If distributed sequential presentation interferes 

with individuation, the effect of naming would be expected to be smaller when low 

variability images are used because the names would not be required to integrate the 

photographs of each target. However, we found a consistent effect of names when using both 

low and high variability images. This suggests that individuation might not be the only 

process behind the effect of name associations. Schwartz and Yovel (2016) also showed that 

the effect of labelling is not found when faces are associated with person-unrelated labels 

(such as symbols of object names) indicating that the effect was not attributable to 

individuation. Future studies should assess whether names also improve PPM performance 

when only one image is used during encoding. This would further support the previously 

discussed theory that names improve performance by encouraging a more complex 

representation of each target in memory.  

Previous research looking at different cognitive tasks found that learning items using 

a distributed presentation improves memory, which is also known as the spacing effect 

(Ebbinghaus, 1885). We also looked at the effect of presentation mode of multiple images on 

PPM but found no consistent results. This effect has been previously explained as due to 

participants paying less attention during encoding to items that are massed. However, when 

multiple images of the same target are presented with photos of other targets in between, 
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involuntary retrieval of prior occurrences might take place (Bradly et al., 2015). We found no 

evidence for this effect, which is in line with previous research by Mammarella et al. (2002), 

who also showed that changing the images of a face across repeated presentations reduced the 

spacing effect. Although it is important to see that the effect of variability remains constant 

across different presentation modes, future research should also study the spacing effect when 

only one image of each target is used for all encoding instances. Studies should also 

investigate if distributed learning benefits performance when longer delays are used. In our 

studies, the encoding sessions and the delays between encoding and testing were minimal. 

More broadly, more research is needed looking at the effect of spacing presentations on face 

learning using not only the PPM paradigm.  

Prospective person memory partly depends on participants’ ability to switch 

attention from the ongoing task to the PPM task when a target is encountered. A lot of 

previous PM research is focused on distinguishing between automatic and strategic factors of 

prospective reminding. On the one hand, Smith (2003) argued that event-based PM tasks 

require ongoing strategic monitoring for their success. On the other hand, the multi-process 

theory (Einstein et al., 2005), states that prospective reminding can also happen 

spontaneously if the following conditions are met: the cue is salient, the ongoing task engages 

the same kinds of processes that are necessary to identify the cue (i.e., focal ongoing task), 

and the association between the cue and the intended action is very strong. In real life PPM 

cases, however, it is unlikely that the public will be able to maintain sustained attention in 

looking for missing or wanted persons over the extended time period required for a successful 

recovery in most circumstances. 

In focal tasks, the ongoing task focuses attention on aspects of the stimuli that are also 

used to identify the memory cue as relevant for the PM task (Einstein & McDaniel, 2008). 

For example, a focal task could require participants to press a key whenever they see an item 
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that refers to an animal, while they engage in an ongoing task that involves rating words for 

pleasantness. This ongoing task requires semantic processes needed to determine if the words 

refer to an animal. When looking at PPM tasks, focal tasks would be those that require 

processing of faces. In our first three experiments, participants were instructed to look at 

multiple faces and estimate their age, thereby focusing their attention on the faces. Other 

previous research (Lampinen et al., 2009) has used non-focal PPM tasks, for example asking 

participants to engage in simulated grocery shopping tasks. Participants were asked to press a 

certain key any time an item on their shopping list appeared on the screen, and another key if 

a target person appeared. This task is a non-focal PM task because participants were not 

required to look at the faces on the screen in order to complete the ongoing grocery store task. 

Consistent with previous research on PM, we found better performance on the PPM task 

when using a focal, rather than a non-focal, task. In Experiment 4, we introduced a new, more 

complex, procedure in which participants were asked to watch videos and remember as many 

details as possible. Although all videos included a number of people, we did not directly ask 

participants to pay attention to them. Therefore, this procedure potentially includes both focal 

and non-focal processing, which is a better simulation of real-life activities. As expected, 

PPM performance in this experiment was considerably lower than in the first three 

experiments which used a simpler focal task. Future research should further explore the effect 

of the ongoing task on PPM, for example in the context of border control tasks.  

Prospective reminding can also be automatic if there is a strong association between 

the memory cue and the prospective memory intention (Einstein et al., 2005). With regards to 

PPM, this theory suggests that spontaneous retrieval is more likely to occur when the 

appearance of the target person during testing is similar to their appearance during encoding. 

Using high variability images increases the number of cues available to be matched during 

testing, and the chance that the testing image will be similar to at least one of the images 
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presented during encoding. The fact that we found a high variability advantage provides 

support for this theory.  

The multi-process model also suggests that participants will sometimes spontaneously 

notice a target person if their attention is sufficiently drawn to their face to spark a 

‘reminding’ (i.e., recognition). Previous PPM studies suggest that depending on the 

information available during the familiarization stage, participants could expect to encounter 

the targets in certain contexts more than in others, and that this expectation leads to more 

sightings (Moore et al., 2016; 2018). In Experiment 4, participants were exposed to each 

target’s face alongside some contextual information, which sometimes matched the context in 

which they appeared during testing. For example, sometimes participants were told that a 

target works as a journalist, and then the target appeared in a video in which she was 

interviewing a police officer. We found that when participants had correct expectations of 

encounter (i.e., relevant context) they reported both more correct and more incorrect 

sightings. Contextual information, however, did not significantly affect face encoding and 

subsequent recognition, nor response bias.  

Practical implications 

Our findings have implications outside the lab, particularly for missing persons investigations 

and for the apprehension of wanted criminals. Authorities frequently release images of 

missing or wanted people so that members of the public can assist in the search for them. In 

contrast to members of the public, who may or may not be on the lookout for people during 

their everyday activities, border control officers look for these people as part of their daily 

work routine. A successful sighting relies on prospective person memory. In a missing person 

case, people within the criminal justice system have limited if any control over whether 

someone interacts with the target or when, but they do have control over the content of the 

posters they distribute (Wells, 1978). The current program of research examined ways of 
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improving performance on this memory task which has been previously shown to be very 

difficult. All manipulations regarded the type or amount of information presented during 

encoding.  

 Our first main finding was the learning a face from three high variability images 

resulted in better PPM discriminability than learning the same face from three low variability 

images. Although it makes sense to try to match a person’s likely current appearance when 

producing missing persons appeals, a difficulty arises in that one might not know a missing 

person’s current appearance with full certainty. We address this problem by presenting 

participants with multiple images taken from different contexts.  For missing persons cases, 

this might mean that the authorities should include multiple images from different contexts in 

the appeals. In some of these cases, the public might encounter multiple appeals for the same 

individual sporadically over a certain period of time. We simulated this in our experiments 

(i.e., using a distributed presentation) and found that, still, high variability images performed 

better. Border control officers should also try to learn the faces of wanted criminals trying to 

flee the country from multiple heterogeneous images (i.e., past passport images, driving 

licences or mugshots).  

 In our studies, associating someone’s face with their name during encoding further 

improved PPM. The names of missing or wanted people should, therefore, always be 

presented on the appeals. Sometimes these appeals include other types of information such as 

case reference numbers or the phone number to be used when making a sighting. I would 

argue that the persons’ name or other descriptions (e.g., age, occupation) should be 

highlighted more than other information which might attract the public’s attention but not 

improve their memory because semantic information seems to affect memory through 

different processes than individuation, such as improving the memory representation of the 

person.  
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 Finally, we found that providing relevant context on an appeal increases the number 

of participants who report sightings. Although this effect did not reach significance, 

participants reported both more correct and more incorrect sightings. Although it is important 

to use appeals which increase public engagement (Holmes, 2016), false alarms in both 

missing person and wanted criminals cases have the potential to cause delays and waste 

investigative resources. Therefore, it is important for authorities to decide their priorities, on a 

case by case basis. In some cases, law enforcement agencies might prefer to receive any type 

of information, even of low certainty, to increase the possibility of a good lead (i.e., 

encouraging a liberal response). 

Methodological considerations and future directions 

One of the limitations of the current experiments is that ecological validity in certain aspects 

of the experimental design was low, and our manipulations were necessarily artificial. 

Although we tried to increase the similarity between our experimental procedure and real-life 

PPM tasks in comparison with previous PPM studies, our procedure still had important 

limitations. In the first three experiments, we instructed participants to pretend they are 

bouncers at the entrance of a nightclub. Their main task was, therefore, to decide whether 

each individual, presented one at a time, looked over 25 years old. They were also informed 

that a number of individuals were banned from entering the club and, if encountered during 

the main task, participants should alert the experimenter by clicking the spacebar. Although 

this procedure is similar to previously used procedures, it is not a perfect analogue to a real-

world experience of being on the lookout for someone while having to pay attention to 

multiple aspects of a scene. For example, although immediate testing is commonly used in 

laboratory research for an initial examination of the effectiveness of learning techniques, a 

general limitation is that we did not have a realistic delay between the encoding and the 

testing phases.  
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A similar concern with respect to the delay between encoding and testing regards the 

delay between different encoding episodes. In real life, the public would be repeatedly 

exposed to the same missing or wanted person over the course of several days. When using 

distributed learning we presented all images of all targets during one self-paced encoding 

episode. In real life, however, participants might observe different photos in different days, 

and this would better simulate distributed learning as previously theorised. O’Brien and 

Thorley (2021) found that seeing a target once a day for multiple days (i.e., three or five 

days) resulted in better PPM performance than when they were only seen once. Future studies 

should further investigate whether this effect is still found when a different image (i.e., high 

variability images) is used during each encounter.  

Another limitation of our methodology is that participants always encountered the 

targets in the context of the experiment. All previous studies which assessed participants’ 

ability to be on the lookout for the targets in their everyday life report considerably weaker 

performance, sometimes even below 5% (Lampinen et al., 2009). Although Sweeney and 

Lampinen (2012) found a positive effect on PPM of showing multiple images during 

encoding instead of just one, when Lampinen et al. (2014) tested this in the field they found 

no benefit of multiple images. This might be because in the field study participants performed 

at floor levels, meaning the effect might have been positive if the overall performance had 

been better. We also found that performance drastically decreased when the complexity of the 

ongoing task increased. In the first three experiments, discriminability (d’) was between 2 

and 3, whereas in our fourth study (which used a more complex task), discriminability 

decreased to 0.7. Future studies should investigate the effect of face learning strategies on 

PPM using more naturalistic divided attention measures, such as asking participants to be on 

the lookout for the targets during other everyday activities (i.e., not taking place in the same 

lab context). 
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 A further limitation of the first three experiments is the way we manipulated within-

person variability. We compared heterogenous images with homogenous images, but they 

benefit of image variability could be even stronger than in our present research if images are 

used with even higher variability. There might also be a point beyond which the beneficial 

effect of high image variability diminishes and performance plateaus or even decreases. 

Therefore, assessing the amount of variability beneficial for PPM would be a worthy topic for 

future research. More systematically increasing variability can also help distinguish between 

different potential processed behind the variability effect. One way of doing this is by varying 

the number of images of each target included in the encoding array that are visually similar to 

the test image. If the best-image hypothesis is true, as long as one image in the array is 

similar to the test image, increasing the similarity of other array images should not further 

improve performance. If performance increases as more good matches are added to the array, 

this would provide evidence for the stable representation hypothesis.  

 Even with a multifaceted approach, this dissertation only touched on a few of the 

many research opportunities present in the field of prospective person memory. It would be 

important, for example, to explore factors of the encoding event, such as how participants 

look at and encode missing persons appeals using methodologies such as eye-tracking. 

Ongoing task demands are also critical for PPM performance; studies should look at whether 

participants perform better when higher costs are associated with reporting or not reporting a 

sighting. Participants’ prior experience with some of these tasks (e.g., testing border control 

officers) should also be further considered.  
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Conclusion 

The experiments included in this thesis advance the prospective person memory research 

literature, by focusing on factors known to improve face recognition and testing their effects 

on PPM performance. Namely, our findings support and build on previous research on the 

effect of within-person variability and conceptual information on face recognition. More 

importantly, I investigated these effects in the context of another face recognition task: 

prospective person memory. In line with previous research, the present results show that 

increasing both the perceptual and the semantic information presented during encoding 

improves face recognition, which in turn improves PPM. With this set of experiments, we 

advanced the conjecture that both perceptual and semantic information improve familiarity 

with a face (Bruce & Young, 1986), as well as the idea that improved familiarity with a 

memory cue (i.e., a target’s face) improves prospective person memory (Lampinen & Moore, 

2016). We contribute to the understanding of the relation between face recognition, attention 

and prospective person memory, and provide innovative ways of improving performance on 

these tasks. However, some of the processes behind these effects remain unclear. For 

example, we still do not know whether performance relies on the ‘best’ image in the encoding 

array (i.e., most similar to the test image), or whether participants extract and use information 

from all images to form a stable mental representation of the identity. Furthermore, because 

in previous research the amount of variability presented in the arrays has never been 

systematically altered, it is not clear if there is an optimum level of variability or if too much 

variability could be detrimental to unfamiliar face identification. Although still in its infancy, 

this line of research has important implications for the understanding of prospective person 

memory, ultimately contributing to better practices in missing or wanted people appeals. 

 

  



 

116 
 

References 

Armitage, P., McPherson, C. K., & Rowe, B. C. (1969). Repeated Significance Tests on 

Accumulating Data. Journal of the Royal Statistical Society. Series A (General), 132(2), 

235. https://doi.org/10.2307/2343787 

Beales, S. A., & Parkin, A. J. (1984). Context and facial memory: The influence of different 

processing strategies. Human Learning: Journal of Practical Research & Applications, 

3(4), 257–264. 

Biederman, I., & Gerhardstein, P. C. (1993). Recognizing depth-rotated objects: Evidence 

and conditions for three-dimensional viewpoint invariance. Journal of Experimental 

Psychology: Human Perception and Performance, 19(6), 1162–1182. 

https://doi.org/10.1037/0096-1523.19.6.1162 

Bindemann, M., & Johnston, R. A. (2017). Understanding how Unfamiliar Faces Become 

Familiar: Introduction to a Special Issue on Face Learning. Quarterly Journal of 

Experimental Psychology, 70(5), 859–862. 

https://doi.org/10.1080/17470218.2016.1267235 

Bower, G. H., & Karlin, M. B. (1974). Depth of processing pictures of faces and recognition 

memory. Journal of Experimental Psychology, 103(4), 751–757. 

https://doi.org/10.1037/h0037190 

Bradley, M. M., Costa, V. D., Ferrari, V., Codispoti, M., Fitzsimmons, J. R., & Lang, P. J. 

(2015). Imaging distributed and massed repetitions of natural scenes: Spontaneous 

https://doi.org/10.2307/2343787


 

117 
 

retrieval and maintenance. Human Brain Mapping, 36(4), 1381–1392. 

https://doi.org/10.1002/hbm.22708 

Brandimonte, M. A., Ferrante, D., Feresin, C., & Delbello, R. (2001). Dissociating 

prospective memory from vigilance processes. Psicológica, 22(1), 97-113. 

Bruce, V. (1982). Changing faces: Visual and non-visual coding processes in face 

recognition. British Journal of Psychology, 1(1). 

Bruce, V., Carson, D., Mike Burton, A., & Ellis, A. W. (2000). Perceptual Priming is not a 

Necessary Consequence of Semantic Classification of Pictures. The Quarterly Journal 

of Experimental Psychology Section A, 53(2), 289–323. 

https://doi.org/10.1080/713755893 

Bruce, V., Henderson, Z., Newman, C., & Burton, A. M. (2001). Matching identities of 

familiar and unfamiliar faces caught on CCTV images. Journal of Experimental 

Psychology: Applied, 7(3), 207–218. https://doi.org/10.1037/1076-898X.7.3.207 

Bruce, V., & Valentine, T. (1985). Identity priming in the recognition of familiar faces. 

British Journal of Psychology, 76(3), 373–383. https://doi.org/10.1111/j.2044-

8295.1985.tb01960.x 

Bruce, V., & Young, A. (1986). Understanding face recognition. British Journal of 

Psychology, 77(3), 305–327. https://doi.org/10.1111/j.2044-8295.1986.tb02199.x 

Brutsche, J., Cisse, A., Deleglise, D., Finet, A., Sonnet, P., & Tiberghien, G. (1981). Effets de 

contexte dans la reconnaissance de visages non familiers. Cahiers de Psychologic 

Cognitive, 1, 85-90. 

https://doi.org/10.1002/hbm.22708
https://doi.org/10.1111/j.2044-8295.1986.tb02199.x


 

118 
 

Buchanan, D. R., Goldman, M., & Juhnke, R. (1977). Eye Contact, Sex, and the Violation of 

Personal Space. The Journal of Social Psychology, 103(1), 19–25. 

https://doi.org/10.1080/00224545.1977.9713291 

Burton, A. M. (1994). Learning new faces in an interactive activation and competition model. 

Visual Cognition, 1(2–3), 313–348. https://doi.org/10.1080/13506289408402304 

Burton, A. M. (2013). Why has research in face recognition progressed so slowly? The 

importance of variability. Quarterly Journal of Experimental Psychology, 66(8), 1467–

1485. https://doi.org/10.1080/17470218.2013.800125 

Burton, A. M., & Bruce, V. (1992). I recognize your face but I can’t remember your name: A 

simple explanation? British Journal of Psychology, 83(1), 45–60. 

https://doi.org/10.1111/j.2044-8295.1992.tb02424.x 

Burton, M., & Jenkins, R. (2011). Unfamiliar face perception. In A. Calder, G. Rhodes, M. 

Johnson, & J. Haxby (Eds.), The Oxford handbook of face perception (pp. 287–306). 

Burton, A. M., Kramer, R. S. S., Ritchie, K. L., & Jenkins, R. (2016). Identity From 

Variation: Representations of Faces Derived From Multiple Instances. Cognitive 

Science, 40(1), 202–223. https://doi.org/10.1111/cogs.12231 

Burton, A. M., Miller, P., Bruce, V., Hancock, P. J. B., & Henderson, Z. (2001). Human and 

automatic face recognition: a comparison across image formats. Vision Research, 

41(24), 3185–3195. https://doi.org/10.1016/S0042-6989(01)00186-9 

Coin, C., & Tiberghien, G. (1997). Encoding Activity and Face Recognition. Memory, 5(5), 

545–568. https://doi.org/10.1080/741941479 

https://doi.org/10.1080/00224545.1977.9713291
https://doi.org/10.1080/13506289408402304
https://doi.org/10.1080/17470218.2013.800125
https://doi.org/10.1111/j.2044-8295.1992.tb02424.x


 

119 
 

Craik, F. I. M., & Lockhart, R. S. (1972). Levels of processing: A framework for memory 

research. Journal of Verbal Learning and Verbal Behavior, 11(6), 671–684. 

https://doi.org/10.1016/S0022-5371(72)80001-X 

Cutler, B. L., Penrod, S. D., O'Rourke, T. E., & Martens, T. K. (1986). Unconfounding the 

effects of contextual cues on eyewitness identification accuracy. Social Behaviour, 1(2), 

113–134. 

Davies, G. M. (1988). Faces and places: Laboratory research on context and face recognition. 

In G. M. Davies & D. M. Thomson (Eds.), Memory in context: Context in memory (pp. 

35-53). Oxford, England: John Wiley & Sons.  

Dempster, F. N. (1988). The spacing effect: A case study in the failure to apply the results of 

psychological research. American Psychologist, 43(8), 627–634. 

https://doi.org/10.1037/0003-066X.43.8.627 

Dodge, H. F., & Romig, H. G. (1929). A Method of Sampling Inspection. Bell System 

Technical Journal, 8(4), 613–631. https://doi.org/10.1002/j.1538-7305.1929.tb01240.x 

Dowsett, A. J., Sandford, A., & Burton, A. M. (2016). Face learning with multiple images 

leads to fast acquisition of familiarity for specific individuals. Quarterly Journal of 

Experimental Psychology, 69(1), 1–10. https://doi.org/10.1080/17470218.2015.1017513 

Ebbinghaus, H. (1885/1964). Memory: A Contribution to Experimental Psychology. Mineola, 

NY: Dover Publications. 

Einstein, G. O., Holland, L. J., McDaniel, M. A., & Guynn, M. J. (1992). Age-related deficits 

in prospective memory: The influence of task complexity. Psychology and Aging, 7(3), 

471–478. https://doi.org/10.1037/0882-7974.7.3.471 

https://doi.org/10.1016/S0022-5371(72)80001-X
https://doi.org/10.1080/17470218.2015.1017513


 

120 
 

Einstein, G. O., & McDaniel, M. A. (1990). Normal aging and prospective memory. Journal 

of Experimental Psychology: Learning, Memory, and Cognition, 16(4), 717–726. 

https://doi.org/10.1037/0278-7393.16.4.717 

Einstein, G. O., & McDaniel, M. A. (2005). Prospective Memory. Current Directions in 

Psychological Science, 14(6), 286–290. https://doi.org/10.1111/j.0963-

7214.2005.00382.x 

Einstein, G. O., McDaniel, M. A., Thomas, R., Mayfield, S., Shank, H., Morrisette, N., & 

Breneiser, J. (2005). Multiple Processes in Prospective Memory Retrieval: Factors 

Determining Monitoring Versus Spontaneous Retrieval. Journal of Experimental 

Psychology: General, 134(3), 327–342. https://doi.org/10.1037/0096-3445.134.3.327 

Ellis, A. W., Flude, B. M., Young, A., & Burton, A. M. (1996). Two loci of repetition 

priming in the recognition of familiar faces. Journal of Experimental Psychology: 

Learning, Memory, and Cognition, 22(2), 295–308. https://doi.org/10.1037/0278-

7393.22.2.295 

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible statistical 

power analysis program for the social, behavioral, and biomedical sciences. Behavior 

Research Methods, 39(2), 175–191. https://doi.org/10.3758/BF03193146 

FBI (2021). Ten Most Wanted Fugitives FAQ. Retrieved 29 08, 2021, from Federal Bureau 

of Investigations: https://www.fbi.gov/wanted/topten/ten-most-wanted-fugitives-faq 

Gier, V. S., Kreiner, D. S., & Hudnell, W. J. (2012). AMBER Alerts: Are School-Type 

Photographs the Best Choice for Identifying Missing Children? Journal of Police and 

Criminal Psychology, 27(1), 9–23. https://doi.org/10.1007/s11896-011-9085-z 

https://doi.org/10.3758/BF03193146


 

121 
 

Gillund, G., & Shiffrin, R. M. (1984). A retrieval model for both recognition and recall. 

Psychological Review, 91(1), 1–67. https://doi.org/10.1037/0033-295X.91.1.1 

Godbole, N. R., Delaney, P. F., & Verkoeijen, P. P. J. L. (2014). The spacing effect in 

immediate and delayed free recall. Memory, 22(5), 462–469. 

https://doi.org/10.1080/09658211.2013.798416 

Gibson, E. J. (1969). Principles of perceptual learning and development. 

Greene, R. L. (1989). Spacing effects in memory: Evidence for a two-process account. 

Journal of Experimental Psychology: Learning, Memory, and Cognition, 15(3), 371. 

Gruppuso, V., Lindsay, D. S., & Masson, M. E. J. (2007). I’d know that face anywhere! 

Psychonomic Bulletin & Review, 14(6), 1085–1089. 

https://doi.org/10.3758/BF03193095 

Hancock, P. J. B., Bruce, V., & Burton, A. M. (2000). Recognition of unfamiliar faces. 

Trends in Cognitive Sciences, 4(9), 330–337. https://doi.org/10.1016/S1364-

6613(00)01519-9 

Hanley, J. R., & Cowell, E. S. (1988). The effects of different types of retrieval cues on the 

recall of names of famous faces. Memory & Cognition, 16(6), 545–555. 

https://doi.org/10.3758/BF03197056 

Hills, P. J., Lewis, M. B., & Honey, R. C. (2008). Stereotype priming in face recognition: 

Interactions between semantic and visual information in face encoding. Cognition, 

108(1), 185–200. https://doi.org/10.1016/j.cognition.2008.03.004 

https://doi.org/10.1080/09658211.2013.798416
https://doi.org/10.1016/j.cognition.2008.03.004


 

122 
 

Holmes, L. (2016). Missing person appeals: a UK perspective. In Handbook of Missing 

Persons (pp. 19-35). Springer, Cham. 

Huang, G. B., Ramesh, M., Berg, T., &  Learned-Miller, E. (2007) Labeled Faces in the 

Wild: A Database for Studying Face Recognition in Unconstrained Environments. 

University of Massachusetts, Amherst, Technical Report 07-49, 

Huddy, V., Schweinberger, S. R., Jentzsch, I., & Burton, A. M. (2003). Matching faces for 

semantic information and names: an event-related brain potentials study. Cognitive 

Brain Research, 17(2), 314–326. https://doi.org/10.1016/S0926-6410(03)00131-9 

Hugenberg, K., Young, S. G., Bernstein, M. J., & Sacco, D. F. (2010). The categorization-

individuation model: An integrative account of the other-race recognition deficit. 

Psychological Review, 117(4), 1168–1187. https://doi.org/10.1037/a0020463 

Hyman, I. E., Sarb, B. A., & Wise-Swanson, B. M. (2014). Failure to see money on a tree: 

inattentional blindness for objects that guided behavior. Frontiers in Psychology, 5. 

https://doi.org/10.3389/fpsyg.2014.00356 

Interpol (2021). Red Notices. Retrieved 29 08, 2021, from Interpol.int: 

https://www.interpol.int/en/How-we-work/Notices/View-Red-Notices 

Jenkins, R., White, D., Van Montfort, X., & Mike Burton, A. (2011). Variability in photos of 

the same face. Cognition, 121(3), 313–323. 

https://doi.org/10.1016/j.cognition.2011.08.001 

Johnston, R. A., & Edmonds, A. J. (2009). Familiar and unfamiliar face recognition: A 

review. Memory, 17(5), 577–596. https://doi.org/10.1080/09658210902976969 

https://doi.org/10.3389/fpsyg.2014.00356


 

123 
 

Juncu, S., Blank, H., Fitzgerald, R. J., & Hope, L. (2020). Do Image Variability and Names 

in Missing Person Appeals Improve Prospective Person Memory? Journal of Applied 

Research in Memory and Cognition, 9(3), 410–418. 

https://doi.org/10.1016/j.jarmac.2020.07.001 

Kerr, N. H., & Winograd, E. (1982). Effects of contextual elaboration on face recognition. 

Memory & Cognition, 10(6), 603–609. https://doi.org/10.3758/BF03202443 

Kramer, R. S. S., Jenkins, R., Young, A. W., & Burton, A. M. (2017). Natural variability is 

essential to learning new faces. Visual Cognition, 25(4–6), 470–476. 

https://doi.org/10.1080/13506285.2016.1242522 

Kramer, R. S. S., Ritchie, K. L., & Burton, A. M. (2015). Viewers extract the mean from 

images of the same person: A route to face learning. Journal of Vision, 15(4), 1. 

https://doi.org/10.1167/15.4.1 

Kramer, R. S. S., Young, A. W., & Burton, A. M. (2018). Understanding face familiarity. 

Cognition, 172, 46–58. https://doi.org/10.1016/j.cognition.2017.12.005 

Koji, S. (2013). Remembering faces in different places: the influence of context on face 

memory. Dissertation 

Lakens, D. (2014). Performing high-powered studies efficiently with sequential analyses. 

European Journal of Social Psychology, 44(7), 701–710. 

https://doi.org/10.1002/ejsp.2023 

Lakens, D. (2017). Equivalence Tests. Social Psychological and Personality Science, 8(4), 

355–362. https://doi.org/10.1177/1948550617697177 

https://doi.org/10.1016/j.cognition.2017.12.005


 

124 
 

Lampinen, J. M., Arnal, J., & Hicks, J. L. (2009). The Effectiveness of Supermarket Posters 

in Helping to Find Missing Children. Journal of Interpersonal Violence, 24(3), 406–423. 

https://doi.org/10.1177/0886260508317184 

Lampinen, J. M., Arnal, J., & Hicks, J. L. (2009). Prospective person memory. In E. M. R. 

Kelley (Ed.), Applied Memory (pp. 168–184). Nova Science Publishers. 

Lampinen, J. M., Curry, C. R., & Erickson, W. B. (2016). Prospective Person Memory: The 

Role of Self-Efficacy, Personal Interaction, and Multiple Images in Recognition of 

Wanted Persons. Journal of Police and Criminal Psychology, 31(1), 59–70. 

https://doi.org/10.1007/s11896-015-9164-7 

Lampinen, J. M., Miller, J. T., & Dehon, H. (2012). Depicting the Missing: Prospective and 

Retrospective Person Memory for Age Progressed Images. Applied Cognitive 

Psychology, 26(2), 167–173. https://doi.org/10.1002/acp.1819 

Lampinen, J. M., & Moore, K. N. (2016). Prospective Person Memory in the Search for 

Missing Persons. In Handbook of Missing Persons (pp. 145–162). Springer International 

Publishing. https://doi.org/10.1007/978-3-319-40199-7_11 

Lampinen, J. M., & Moore, K. N. (2016). Missing person alerts: does repeated exposure 

decrease their effectiveness? Journal of Experimental Criminology, 12(4), 587–598. 

https://doi.org/10.1007/s11292-016-9263-1 

Lampinen, J. M., Peters, C. S., & Gier, V. S. (2012). Power in Numbers: The Effect of Target 

Set Size on Prospective Person Memory in an Analog Missing Child Scenario. Applied 

Cognitive Psychology, 26(5), 702–708. https://doi.org/10.1002/acp.2848 

https://doi.org/10.1177/0886260508317184


 

125 
 

Lampinen, J. M., & Sweeney, L. N. (2014). Associated Adults: Prospective Person Memory 

for Family Abducted Children. Journal of Police and Criminal Psychology, 29(1), 22–

27. https://doi.org/10.1007/s11896-013-9120-3 

Limentani, G. B., Ringo, M. C., Ye, F., Bergquist, M. L., & MCSorley, E. O. (2005). Beyond 

the t-Test: Statistical Equivalence Testing. Analytical Chemistry, 77(11), 221 A-226 A. 

https://doi.org/10.1021/ac053390m 

Longmore, C. A., Liu, C. H., & Young, A. W. (2008). Learning faces from photographs. 

Journal of Experimental Psychology: Human Perception and Performance, 34(1), 77–

100. https://doi.org/10.1037/0096-1523.34.1.77 

Longmore, C. A., Santos, I. M., Silva, C. F., Hall, A., Faloyin, D., & Little, E. (2017). Image 

Dependency in the Recognition of Newly Learnt Faces. Quarterly Journal of 

Experimental Psychology, 70(5), 863–873. 

https://doi.org/10.1080/17470218.2016.1236825 

MacKenzie, G., & Donaldson, D. I. (2009). Examining the neural basis of episodic memory: 

ERP evidence that faces are recollected differently from names. Neuropsychologia, 

47(13), 2756–2765. https://doi.org/10.1016/j.neuropsychologia.2009.05.025 

Macmillan, N. A., & Creelman, C. D. (1991). Detection theory: A user’s guide. Cambridge, 

England: Cambridge University Press 

Macmillan, N. A., & Kaplan, H. L. (1985). Detection theory analysis of group data: 

Estimating sensitivity from average hit and false-alarm rates. Psychological Bulletin, 

98(1), 185–199. https://doi.org/10.1037/0033-2909.98.1.185 

https://doi.org/10.1016/j.neuropsychologia.2009.05.025
https://doi.org/10.1037/0033-2909.98.1.185


 

126 
 

Mammarella, N., Russo, R., & Avons, S. E. (2002). Spacing effects in cued-memory tasks for 

unfamiliar faces and nonwords. Memory & Cognition, 30(8), 1238–1251. 

https://doi.org/10.3758/BF03213406 

Mandler G. (1989) Affect and Learning: Causes and Consequences of Emotional 

Interactions. In: McLeod D.B., Adams V.M. (eds) Affect and Mathematical Problem 

Solving. Springer, New York, NY. https://doi.org/10.1007/978-1-4612-3614-6_1 

Mantyla, T. (1994). Remembering To Remember: Adult Age Differences in Prospective 

Memory. Journal of Gerontology, 49(6), P276–P282. 

https://doi.org/10.1093/geronj/49.6.P276 

Martín-Loeches, M., Sommer, W., & Hinojosa, J. A. (2005). ERP components reflecting 

stimulus identification: contrasting the recognition potential and the early repetition 

effect (N250r). International Journal of Psychophysiology, 55(1), 113–125. 

https://doi.org/10.1016/j.ijpsycho.2004.06.007 

Mattarozzi, K., Colonnello, V., Russo, P. M., & Todorov, A. (2019). Person information 

facilitates memory for face identity. Psychological Research, 83(8), 1817–1824. 

https://doi.org/10.1007/s00426-018-1037-0 

Matthews, C. M., Davis, E. E., & Mondloch, C. J. (2018). Getting to know you: The 

development of mechanisms underlying face learning. Journal of Experimental Child 

Psychology, 167, 295–313. https://doi.org/10.1016/j.jecp.2017.10.012 

Maylor, E. A. (1996). Age-related impairment in an event-based prospective-memory task. 

Psychology and Aging, 11(1), 74–78. https://doi.org/10.1037/0882-7974.11.1.74 

https://doi.org/10.3758/BF03213406


 

127 
 

McDaniel, M. A., & Einstein, G. O. (2000). Strategic and automatic processes in prospective 

memory retrieval: a multiprocess framework. Applied Cognitive Psychology, 14(7), 

S127–S144. https://doi.org/10.1002/acp.775 

McDaniel, M. A., & Einstein, G. O. (1993). The importance of cue familiarity and cue 

distinctiveness in prospective memory. Memory, 1(1), 23–41. 

https://doi.org/10.1080/09658219308258223 

McGugin, R. W., Tanaka, J. W., Lebrecht, S., Tarr, M. J., & Gauthier, I. (2011). Race-

Specific Perceptual Discrimination Improvement Following Short Individuation 

Training With Faces. Cognitive Science, 35(2), 330–347. https://doi.org/10.1111/j.1551-

6709.2010.01148.x 

Meacham, J. A., & Singer, J. (1977). Incentive Effects in Prospective Remembering. The 

Journal of Psychology, 97(2), 191–197. https://doi.org/10.1080/00223980.1977.9923962 

Memon, A., & Bruce, V. (1983). The effects of encoding strategy and context change on face 

recognition. Human Learning: Journal of Practical Research & Applications, 2(4), 313–

326. 

Menon, N., White, D., & Kemp, R. I. (2015). Variation in Photos of the Same Face Drives 

Improvements in Identity Verification. Perception, 44(11), 1332–1341. 

https://doi.org/10.1177/0301006615599902 

Moore, K. N. (2017). The role of attention and memory in prospective person memory. 

Theses and Dissertations, 2389. http://scholarworks.uark.edu/etd/2389 

https://doi.org/10.1080/00223980.1977.9923962
https://doi.org/10.1177/0301006615599902


 

128 
 

Moore, K. N., & Lampinen, J. M. (2019). The Role of Attention and Memory in Search for 

Missing Persons. Journal of Applied Research in Memory and Cognition, 8(2), 189–201. 

https://doi.org/10.1016/j.jarmac.2019.01.005 

Moore, K. N., Lampinen, J. M., & Provenzano, A. C. (2016). The Role of Temporal and 

Spatial Information Cues in Locating Missing Persons. Applied Cognitive Psychology, 

30(4), 514–525. https://doi.org/10.1002/acp.3242 

Moore, K. N., Provenzano, A. C., & Lampinen, J. M. (2018). The role of context 

expectations and cost of reporting on prospective person memory performance. Applied 

Cognitive Psychology, 32(5), 635–640. https://doi.org/10.1002/acp.3426 

Mundy, M. E., Honey, R. C., & Dwyer, D. M. (2007). Simultaneous presentation of similar 

stimuli produces perceptual learning in human picture processing. Journal of 

Experimental Psychology: Animal Behavior Processes, 33(2), 124–138. 

https://doi.org/10.1037/0097-7403.33.2.124 

Nairne, J. S., Pandeirada, J. N. S., & Thompson, S. R. (2008). Adaptive Memory. 

Psychological Science, 19(2), 176–180. https://doi.org/10.1111/j.1467-

9280.2008.02064.x 

National Crime Agency (2021). Missing persons statistical bulletins. Retrieved 29 08, 2021, 

from UK Missing Persons Unit: https://missingpersons.police.uk/en-

gb/resources/downloads/missing-persons-statistical-bulletins 

Nowinski, J. L., & Dismukes, K. (2005). Effects of ongoing task context and target typicality 

on prospective memory performance: The importance of associative cueing. Memory, 

13(6), 649–657. https://doi.org/10.1080/09658210444000313 

https://doi.org/10.1111/j.1467-9280.2008.02064.x
https://doi.org/10.1111/j.1467-9280.2008.02064.x


 

129 
 

O’Brien, F., & Thorley, C. (2021). Memory of people from missing person posters: the 

number of posters seen, the number of times they are seen, and the passage of time 

matter. Psychology, Crime & Law, 27(8), 779–795. 

https://doi.org/10.1080/1068316X.2020.1850723 

Pashley, V., Enhus, E., & Leys, M. (2010). public information dissemination of child 

disappearances. Research report - 

http://www.kekidatabank.be/docs/Onderzoek/ChildAlert-Web-2911.pdf 

Pocock, S. J. (1977). Group sequential methods in the design and analysis of clinical trials. 

Biometrika, 64(2), 191–199. https://doi.org/10.1093/biomet/64.2.191 

Redfern, A. S., & Benton, C. P. (2017). Expressive Faces Confuse Identity. I-Perception, 

8(5), 204166951773111. https://doi.org/10.1177/2041669517731115 

Redfern, A. S., & Benton, C. P. (2019). Representation of facial identity includes expression 

variability. Vision Research, 157, 123–131. https://doi.org/10.1016/j.visres.2018.05.004 

Reese, C. M., & Cherry, K. E. (2002). The Effects of Age, Ability, and Memory Monitoring 

on Prospective Memory Task Performance. Aging, Neuropsychology, and Cognition, 

9(2), 98–113. https://doi.org/10.1076/anec.9.2.98.9546 

Ritchie, K. L., & Burton, A. M. (2017). Learning faces from variability. Quarterly Journal of 

Experimental Psychology, 70(5), 897–905. 

https://doi.org/10.1080/17470218.2015.1136656 

Roberts, T., & Bruce, V. (1989). Repetition priming of face recognition in a serial choice 

reaction-time task. British Journal of Psychology, 80(2), 201–211. 

https://doi.org/10.1111/j.2044-8295.1989.tb02314.x 

https://doi.org/10.1080/1068316X.2020.1850723


 

130 
 

Rose, N. S., Rendell, P. G., McDaniel, M. A., Aberle, I., & Kliegel, M. (2010). Age and 

individual differences in prospective memory during a “Virtual Week”: The roles of 

working memory, vigilance, task regularity, and cue focality. Psychology and Aging, 

25(3), 595–605. https://doi.org/10.1037/a0019771 

Rule, N. O., Slepian, M. L., & Ambady, N. (2012). A memory advantage for untrustworthy 

faces. Cognition, 125(2), 207–218. https://doi.org/10.1016/j.cognition.2012.06.017 

Russo, R., Mammarella, N., & Avons, S. E. (2002). Toward a unified account of spacing 

effects in explicit cued-memory tasks. Journal of Experimental Psychology: Learning, 

Memory, and Cognition, 28(5), 819–829. https://doi.org/10.1037/0278-7393.28.5.819 

Sandford, A., & Ritchie, K. L. (2021). Unfamiliar face matching, within-person variability, 

and multiple-image arrays. Visual Cognition, 29(3), 143–157. 

https://doi.org/10.1080/13506285.2021.1883170 

Schwartz, L., & Yovel, G. (2019). Learning faces as concepts rather than percepts improves 

face recognition. Journal of Experimental Psychology: Learning, Memory, and 

Cognition, 45(10), 1733–1747. https://doi.org/10.1037/xlm0000673 

Schwartz, L., & Yovel, G. (2016). The roles of perceptual and conceptual information in face 

recognition. Journal of Experimental Psychology: General, 145(11), 1493–1511. 

https://doi.org/10.1037/xge0000220 

Schwartz, L., & Yovel, G. (2019). Independent contribution of perceptual experience and 

social cognition to face recognition. Cognition, 183, 131–138. 

https://doi.org/10.1016/j.cognition.2018.11.003 



 

131 
 

Schweinberger, S. R., Pickering, E. C., Burton, A. M., & Kaufmann, J. M. (2002). Human 

brain potential correlates of repetition priming in face and name recognition. 

Neuropsychologia, 40(12), 2057–2073. https://doi.org/10.1016/S0028-3932(02)00050-7 

Skinner, E. I., & Fernandes, M. A. (2010). Effect of Study Context on Item Recollection. 

Quarterly Journal of Experimental Psychology, 63(7), 1318–1334. 

https://doi.org/10.1080/17470210903348613 

Smith, B. J., Sanford, F., & Goldman, M. (1977). Norm Violations, Sex, and the “Blank 

Stare.” The Journal of Social Psychology, 103(1), 49–55. 

https://doi.org/10.1080/00224545.1977.9713295 

Smith, R. E. (2003). The cost of remembering to remember in event-based prospective 

memory: Investigating the capacity demands of delayed intention performance. Journal 

of Experimental Psychology: Learning, Memory, and Cognition, 29(3), 347–361. 

https://doi.org/10.1037/0278-7393.29.3.347 

Smith, R. E., & Bayen, U. J. (2004). A Multinomial Model of Event-Based Prospective 

Memory. Journal of Experimental Psychology: Learning, Memory, and Cognition, 

30(4), 756–777. https://doi.org/10.1037/0278-7393.30.4.756 

Solymosi, R., Petcu, O., & Wilkinson, J. (2021). Exploring public engagement with missing 

person appeals on Twitter. Policing and Society, 31(7), 798–821. 

https://doi.org/10.1080/10439463.2020.1782409 

Sporer, S. L. (1991). Deep—deeper—deepest? Encoding strategies and the recognition of 

human faces. Journal of Experimental Psychology: Learning, Memory, and Cognition, 

17(2), 323–333. https://doi.org/10.1037/0278-7393.17.2.323 

https://doi.org/10.1037/0278-7393.17.2.323


 

132 
 

Sweeney, L. N. (2013). Attention and criminal charge, profile and description: the effect on 

prospective person memory. Theses and Dissertation. 742. 

http://scholarworks.uark.edu/etd/742 

Sweeney, L. N., & Lampinen, J. M. (2012). The effect of presenting multiple images on 

prospective and retrospective person memory for missing children. Journal of Applied 

Research in Memory and Cognition, 1(4), 235–241. 

https://doi.org/10.1016/j.jarmac.2012.08.001 

Tanaka, J. W., & Pierce, L. J. (2009). The neural plasticity of other-race face recognition. 

Cognitive, Affective, & Behavioral Neuroscience, 9(1), 122–131. 

https://doi.org/10.3758/CABN.9.1.122 

Tulving, E., & Osler, S. (1968). Effectiveness of retrieval cues in memory for words. Journal 

of Experimental Psychology, 77(4), 593–601. https://doi.org/10.1037/h0026069 

Tulving, E., & Thomson, D. M. (1973). Encoding specificity and retrieval processes in 

episodic memory. Psychological Review, 80(5), 352–373. 

https://doi.org/10.1037/h0020071 

Watkins, M. J., Ho, E., & Tulving, E. (1976). Context effects in recognition memory for 

faces. Journal of Verbal Learning and Verbal Behavior, 15(5), 505–517. 

https://doi.org/10.1016/0022-5371(76)90045-1 

Wells, G. L. (1978). Applied eyewitness-testimony research: System variables and estimator 

variables. Journal of Personality and Social Psychology, 36(12), 1546–1557. 

https://doi.org/10.1037/0022-3514.36.12.1546 

https://doi.org/10.1037/0022-3514.36.12.1546


 

133 
 

Wells, G. L., & Turtle, J. W. (1988). What is the best way to encode faces? In M. M. 

Gruneberg, P. E. Morris, & R. N. Sykes (Eds.), Practical aspects of memory: Current 

research and issues, Vol. 1. Memory in everyday life (pp. 163–168). John Wiley & Sons. 

White, D., Kemp, R. I., Jenkins, R., Matheson, M., & Burton, A. M. (2014). Passport 

Officers’ Errors in Face Matching. PLoS ONE, 9(8), e103510. 

https://doi.org/10.1371/journal.pone.0103510 

Winograd, E. (1981). Elaboration and distinctiveness in memory for faces. Journal of 

Experimental Psychology: Human Learning and Memory, 7(3), 181–190. 

https://doi.org/10.1037/0278-7393.7.3.181 

Winograd, E., & Rivers-Bulkeley, N. T. (1977). Effects of changing context on remembering 

faces. Journal of Experimental Psychology: Human Learning & Memory, 3(4), 397–

405. https://doi.org/10.1037/0278-7393.3.4.397 

Wixted, J. T. (2007). Dual-process theory and signal-detection theory of recognition memory. 

Psychological Review, 114(1), 152–176. https://doi.org/10.1037/0033-295X.114.1.152 

Wixted, J. T., & Stretch, V. (2004). In defense of the signal detection interpretation of 

remember/know judgments. Psychonomic Bulletin & Review, 11(4), 616–641. 

https://doi.org/10.3758/BF03196616 

Wogalter, M. S., Jarrard, S. W., & Cayard, J. A. (1991). Massed versus distributed exposure 

and imaging of faces: Changing the test view. Current Psychology, 10(4), 281–288. 

https://doi.org/10.1007/BF02686900 

https://doi.org/10.1007/BF02686900


 

134 
 

Xu, Y., Zhu, Q., Chen, Y., & Pan, J. S. (2013). An improvement to the nearest neighbor 

classifier and face recognition experiments. Int. J. Innov. Comput. Inf. Control, 9(2), 

543-554. 

Young, A. W., & Burton, A. M. (2018). Are We Face Experts? Trends in Cognitive Sciences, 

22(2), 100–110. https://doi.org/10.1016/j.tics.2017.11.007 

Young, D. R., & Bellezza, F. S. (1982). Encoding variability, memory organization, and the 

repetition effect. Journal of Experimental Psychology: Learning, Memory, and 

Cognition, 8(6), 545–559. https://doi.org/10.1037/0278-7393.8.6.545 

  



 

135 
 

 

 

 

 

Appendices 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

136 
 

APPENDIX A 

Chapter 2. The effects of image variability and names on prospective person      

memory 

 

Figure A1. Age approximation based on norming group (21 participants). 

 

 

Main analyses with the complete dataset of 270 participants, without excluding the 28 

participants who reported no sightings 

To test our main hypotheses, we ran a 2 (names) × 2 (variability) mixed ANOVA on 

d’ scores. The model revealed a significant effect of names; F (1, 268) = 4.07, p = .045, n2
p = 

.02. We also observed a much stronger main effect of variability, F (1, 268) = 40.331, p < 

.001, n2
p = .13. The interaction was not significant, F (1, 268) = 0.01, p = .97, n2

p = 0.01.  

The same ANOVA on the response bias measure revealed no significant effect of 

names, F (1, 268) = 0.06, p = .81, n2
p = .01, a significant main effect of variability, F (1, 268) 

= 4.15, p = .04, n2
p = .02, and no significant interaction, F (1, 268) = 0.90, p = .34, n2

p = .01.  

A repeated measures t-test including only participants from the no-names condition 

revealed a significant difference between the low and high variability conditions, t (134) = 

0
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1.99, p = .049, d = 0.17. This difference was driven by an increase in correct sightings, t 

(134) = 3.41, p = .001, d = 0.31. The number of incorrect sightings was not significantly 

different; t (134) = 0.27, p = .79, d = 0.01.  

We also hypothesised that within the high variability condition, participants would 

have a more liberal response bias if no names are presented than if names are presented. 

Contrary to our hypothesis, an independent samples t-test revealed no significant difference 

between the names and no names conditions, t (268) = 0.25, p = .81, d = 0.03.  

Primary Task Performance 

In a norming study, we asked 21 participants to approximate the age of all individuals 

presented in our stimuli (i.e., both targets and non-targets). Out of 64 non-targets, 90% of 

participants in our norming group agreed that 30 of them were definitely above or under 25 

years old. These data were used to calculated participants’ performance on the ongoing task. 

More than 85% of our main group of participants also agreed with the norming data.  For 

each participant we calculated their performance on the ongoing task as percentage correct 

out of the 30 non-targets.  

 

Excluding participants who performed less than 85% on the ongoing task based on the 

30 individuals the norming groups agreed on. 

33 participants were excluded, resulting in a final sample of 237 participants. All 

dependent variables regard performance on the PPM task.  

We ran a 2 (names) × 2 (variability) mixed ANOVA on d’ scores. The model revealed 

a significant effect of names, F (1, 235) = 4.02, p = .046, n2
p = .02. We also observed a much 

stronger main effect of variability, F (1, 235) = 35.75, p < .001, n2
p = .13. The interaction was 

not significant, F (1, 235) = 0.05, p = .83, n2
p = 0.01.  
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The same ANOVA on the response bias measure revealed no significant effect of 

names, F (1, 235) = 0.20, p = .66, n2
p = .01, a significant main effect of variability, F (1, 235) 

= 4.37, p = .04, n2
p = .02, and no significant interaction, F (1, 235) = 0.93, p = .34, n2

p = .01.  

A repeated measures t-test including only participants from the no-names condition 

revealed a significant difference between the low and high variability conditions, t (118) = 

2.04, p = .043. This difference was driven by an increase in correct sightings, t (118) = 3.29, 

p = .001. The number of incorrect sightings was not significantly different; t (118) = 0.26, p = 

.98.  

We also hypothesised that within the high variability condition, participants would 

have a more liberal response bias if no names are presented than if names are presented. 

Contrary to our hypothesis, an independent samples t-test revealed no significant difference 

between the names and no names conditions, t (235) = 0.14, p = .89. 

 

Excluding both participants who performed worse than 85% on the ongoing task and 

participants who did not report any sightings (i.e., our main exclusion criteria) did not 

change the significance of any of our analyses.  

Applying both of these exclusion criteria resulted in a final sample size of 222 

participants. 

To test our main hypotheses, we ran a 2 (names) × 2 (variability) mixed ANOVA on 

d’ scores. The model revealed a significant effect of names; F (1, 220) = 4.90, p = .028, n2
p = 

.02. We also observed a much stronger main effect of variability, F (1, 220) = 36.09, p < 

.001, n2
p = .14. The interaction was not significant, F (1, 220) = 0.04, p = .85, n2

p = 0.01.  

The same ANOVA on the response bias measure revealed no significant effect of 

names, F (1, 220) = 0.14, p = .71, n2
p = .01, a significant main effect of variability, F (1, 220) 

= 4.39, p = .04, n2
p = .02, and no significant interaction, F (1, 220) = 0.95, p = .33, n2

p = .01.  
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A repeated measures t-test including only participants from the no-names condition 

revealed a significant difference between the low and high variability conditions, t (110) = 

2.05, p = .043. This difference was driven by an increase in correct sightings, t (110) = 3.30, 

p = .001. The number of incorrect sightings was not significantly different; t (110) = 0.03, p = 

.98.  

We also hypothesised that within the high variability condition, participants would 

have a more liberal response bias if no names are presented than if names are presented. 

Contrary to our hypothesis, an independent samples t-test revealed no significant difference 

between the names and no names conditions, t (220) = 0.32, p = .75.  
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APPENDIX B 

Chapter 4. Contextual effects on prospective person memory 

Pre-registered hypotheses and analyses plan 

 

Elaborative encoding hypothesis. If a one-way ANOVA indicates a significant 

effect of contextual information on d’ scores, we will follow-up with t-tests to compare the 

control condition with the relevant and irrelevant context conditions, respectively. If, during 

any of the interim analyses, we observe significantly higher d’ scores in the relevant and 

irrelevant context conditions compared with the no information condition, data collection will 

be terminated.  

Matching context hypothesis. Based on the same ANOVA and post-hoc tests, data 

collection will be stopped if d’ in the relevant context condition is significantly greater than 

in the irrelevant and no context conditions.  

Sighting bias hypothesis. If the same ANOVA reveals no significant effect of 

contextual information on d’ scores, we will run two equivalence t-tests to compare d’ scores: 

one comparing the relevant and irrelevant context conditions, and the other comparing the 

relevant context and no context conditions. We will also run an ANOVA and post-hoc tests 

on c scores. Data collection will be stopped if both equivalence tests are significant, and c 

scores are significantly lower in the relevant context condition compared with the other two 

conditions.  

Equivalence. If equivalence is found for d’ scores and the ANOVA on c scores 

reveals no significant effect, we will run two additional equivalence t-tests on c scores: one 

between the relevant and irrelevant context conditions, and one between the relevant context 

and no information conditions. If we observe equivalence in both discriminability and 

response bias measures (all four equivalence tests are significant), we will stop data 
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collection on the premise that any potential effect which might exist would be too small to be 

of theoretical or practical importance.  

In Person Data analyses  

In-person data analyses: A one-way ANOVA on discriminability scores revealed no 

significant effect of contextual information: F (2, 130) = 0.82, p = .44. The same ANOVA on 

response bias scores also produced no significant effects F (2, 130) = 0.55, p = .58.  

 

Table B1. Prospective person memory performance  

 Contextual information  

Measure  None Relevant Irrelevant  

Hits     .68 (.25)     .68 (.27)     .67 (.24)  

False Alarms     .39 (.22)     .32 (.22)     .36 (.26)  

d' 0.71 (0.75) 0.92 (0.75) 0.77 (0.84)  

c -0.09 (0.44) 0.01 (0.47) -0.04 (0.44)  

 

Both Samples: We also ran an ANOVA looking at the effect of contextual conditions 

and the effect of data collection method (i.e., online vs in person) on discriminability scores. 

Again, we found no effect of contextual information on discriminability F (2, 527) = 0.69, p 

= .50. Data collection methods also had no significant effect on d’ scores F (1, 527) = 0.77, p 

= .38; and it did not interact with the contextual effects : F (2, 527) = 0.43, p = .65.  We also 

looked at these effects on response bias measure and found no significant effect of context 

condition: F (2, 527) = 0.58, p = .56; or of data collection methods: F (1, 527) = 0.32, p = .57, 

or an interaction F (2, 527) = 1.07, p = .34. 
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APPENDIX C 

Ethical approval (Chapters 2 to 4) 

 

Each of the experiments presented in this thesis received ethical approval from the 

University of Portsmouth’s Science Faculty Ethics Committee (SFEC). Below, two letters of 

favourable opinion are attached, one for Experiments 1-3 and one for Experiment 4.  
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Although the Ethics Committee may have given your study a favourable opinion, the final responsibility for the ethical 
conduct of this work lies with the researcher(s). 
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(If you would like to know more about the checklist, please see your Faculty or Departmental Ethics Committee rep or see the online 
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St Michael’s Building 
White Swan Road 
PORTSMOUTH 
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28 September 2018 
  

 
FAVOURABLE ETHICAL OPINION – WITH CONDITIONS 
 
Study Title: The roles of perceptual and conceptual information on prospective person 
memory. 
 

Reference Number: SFEC 2018-089 
 

Date resubmitted: 26 September 2018 
 
Thank you for resubmitting your application to the Science Faculty Ethics Committee 
(SFEC) for ethical review in accordance with current procedures and for making the 
requested changes following the first SFEC review, and for the clarifications provided. 
 
I am pleased to inform you that SFEC was content to grant a favourable ethical opinion of 
the above research on the basis described in the submitted documents listed at Annex A, 
and subject to standard general conditions (See Annex B), and the following specific minor 
condition. 
 
Condition1 
 
A.  In the Participant Information Sheet “Payments” section, make sure that this truly 
reflects what will be offered if you receive the funding you are seeking e.g. if no funding, it 
will be 0.5 course credits for 1st Year Psychology UoP students, and presumably no 
payment for other participants. If funding is available to offer the £5 payments, you should 
make it clear whether the 1st year students have a choice, or if they have to take the 
course credits instead. 
 
 
Please resubmit an updated application form incorporating the changes as per the above 
conditions for the final SFEC records on this application, when you know the funding 
situation. 
 

                                                 
1 The favourable opinion given is dependent upon the study adhering to the conditions stated, which are 
based on the application document(s) submitted. It is appreciated that Principal Investigators may wish to 
challenge conditions or propose amendments to these. In that case, please consider the favourable opinion 
suspended, and simply make your case for amending or discarding conditions in writing as you would an 
application resubmission following ethical review. 
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If you would find it helpful to discuss any of the matters raised above or seek further 
clarification from a member of the Committee, you are welcome to contact ethics-
sci@port.ac.uk who will circulate your queries to SFEC 
 
Please note that the favourable opinion of SFEC does not grant permission or approval to 
undertake the research.  Management permission or approval must be obtained from any 
host organisation, including the University of Portsmouth or supervisor, prior to the start of 
the study. 
 
Wishing you every success in your research. 

 
Dr Jim House 
Chair Science Faculty Ethics Committee 
 
Annexes 
 
A - Documents reviewed 
B - After ethical review - Guidance for researchers 
 
 
Information: 
 
Dr Ryan Fitzgerald - PhD Supervisor 
Dr Harmut Blank - PhD Supervisor 
Dr James Ost - PhD Supervisor 
Rose Barrand - Faculty Administrator 
 
 
Statement of compliance 
 
SFEC is constituted in accordance with the Governance Arrangements set out by the 
University of Portsmouth   
 
 
After Ethical Review 
 
If unfamiliar, please consult the advice After Ethical Review (Annex B), which gives 
detailed guidance on reporting requirements for studies with a favourable opinion, 
including, notifying substantial amendments, notification of serious breaches of the 
protocol, progress reports and notifying SFEC of the end of the study. 
 
 
Feedback 
 
You are invited to give your view of the service that you have received from the Science 
Faculty Ethics Committee.  If you wish to make your views known please contact the 
administrator at ethics-sci@port.ac.uk 
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ANNEX A Documents reviewed 
 
The documents ethically reviewed for this application 
  

Document    Version    Date    

A-2018-089 JUNCU PI submission email n/a 30/08/2018 

B-2018-089 JUNCU ethics application S2 V1 30/08/2018 

C-2018-089 JUNCU ethics Study 2 RF Track Changes n/a 30/08/2018 

D-2018-089 JUNCU - Questions Following Ethical Review n/a 17/09/2018 

E-2018-089 JUNCU Resubmission email- Resubmission SFEC 
2018- 089 

n/a 26/09/2018 

F-2018-089 JUNCU Response to ethical reviewS2 n/a 26/09/2018 

G-2018-089 JUNCU Stefana Juncu ethics S2 (4) V2 26/09/2018 
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ANNEX B - After ethical review - Guidance for researchers 
 

1. This Annex sets out important guidance for researchers with a favourable opinion 
from a University of Portsmouth Ethics Committee. Please read the guidance carefully. A 
failure to follow the guidance could lead to the committee reviewing and possibly revoking 
its opinion on the research.  
 
2. It is assumed that the research will commence within 1 year of the date of the 
favourable ethical opinion or the start date stated in the application, whichever is the latest. 
 
3. The research must not commence until the researcher has obtained any necessary 
management permissions or approvals – this is particularly pertinent in cases of research 
hosted by external organisations. The appropriate head of department should be aware of 
a member of staff’s research plans.    
 
4. If it is proposed to extend the duration of the study beyond that stated in the 
application, the Ethics Committee must be informed. 
 
5. Any proposed substantial amendments must be submitted to the Ethics Committee 
for review. A substantial amendment is any amendment to the terms of the application for 
ethical review, or to the protocol or other supporting documentation approved by the 
Committee that is likely to affect to a significant degree:  

(a) the safety or physical or mental integrity of participants  
(b) the scientific value of the study 
(c) the conduct or management of the study. 

 
5.1 A substantial amendment should not be implemented until a favourable ethical 
opinion has been given by the Committee. 
 
6. Researchers are reminded of the University’s commitments as stated in the 
Concordat to Support Research Integrity  viz: 
 

• maintaining the highest standards of rigour and integrity in all aspects of research 

• ensuring that research is conducted according to appropriate ethical, legal and 
professional frameworks, obligations and standards 

• supporting a research environment that is underpinned by a culture of integrity and 
based on good governance, best practice and support for the development of 
researchers 

• using transparent, robust and fair processes to deal with allegations of research 
misconduct should they arise 

• working together to strengthen the integrity of research and to reviewing progress 
regularly and openly 
 

7. In ensuring that it meets these commitments the University has adopted the UKRIO 
Code of Practice for Research.  Any breach of this code may be considered as misconduct 
and may be investigated following the University Procedure for the Investigation of 
Allegations of Misconduct in Research. Researchers are advised to use the UKRIO 
checklist as a simple guide to integrity. 

http://www.universitiesuk.ac.uk/highereducation/Documents/2012/TheConcordatToSupportResearchIntegrity.pdf
http://www.ukrio.org/publications/code-of-practice-for-research/
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http://www.ukrio.org/wp-content/uploads/UKRIO-Recommended-Checklist-for-Researchers.pdf
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FAVOURABLE ETHICAL OPINION – FOLLOWING RESUBMISSION 
 
Study Title: How good is your memory? 
 

Reference Number: SFEC 2018-003 
 

Date Resubmitted: 31 January 2018 
 
Thank you for resubmitting your application to the Science Faculty Ethics Committee 
(SFEC) for ethical review in accordance with current procedures, for making the requested 
changes following the first SFEC review, and for the clarifications provided. 
 
I am pleased to inform you that SFEC was content to grant a favourable ethical opinion of 
the above research on the basis described in the submitted documents listed at Annex A, 
and subject to standard general conditions (See Annex B). 
 
Please note that the favourable opinion of SFEC does not grant permission or approval to 
undertake the research.  Management permission or approval must be obtained from any 
host organisation, including the University of Portsmouth or supervisor, prior to the start of 
the study. 
 
Wishing you every success in your research 
 

 
Dr Paul Morris 
Vice Chair, Science Faculty Ethics Committee 
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Dr Ryan Fitzgerald - PhD Supervisor 
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Dr Hartmut Blank - PhD Supervisor 
Dr James Ost - PhD Supervisor 
Rose Barrand - Faculty Administrator 
 
Statement of compliance 
 
SFEC is constituted in accordance with the Governance Arrangements set out by the 
University of Portsmouth   
 
 
After Ethical Review 
 
If unfamiliar, please consult the advice After Ethical Review (Annex B), which gives 
detailed guidance on reporting requirements for studies with a favourable opinion, 
including, notifying substantial amendments, notification of serious breaches of the 
protocol, progress reports and notifying SFEC of the end of the study. 
 
 
Feedback 
 
You are invited to give your view of the service that you have received from the Science 
Faculty Ethics Committee.  If you wish to make your views known please contact the 
administrator at ethics-sci@port.ac.uk 
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ANNEX A Documents reviewed 
 
The documents ethically reviewed for this application 
  

Document    Version    Date    

A-2018-003 JUNCU PI submission email  11 Jan 2018 

B-2018-003 JUNCU Stefana Juncu- ethics (2) V1 11 Jan 2018 

C-2018-003 JUNCU Ethics Stef 0801 with comments HB  11 Jan 2018 

D-2018-003 JUNCU - Questions Following Ethical Review  29 Jan 2018 

E-2018-003 JUNCU - Resubmission SFEC 2018- 003  31 Jan 2018 

F-2018-003 JUNCU Response to ethical review  31 Jan 2018 

G-2018-003 JUNCU Ethics application v2 V2 31 Jan 2018 
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ANNEX B - After ethical review - Guidance for researchers 
 

1. This Annex sets out important guidance for researchers with a favourable opinion 
from a University of Portsmouth Ethics Committee. Please read the guidance carefully. A 
failure to follow the guidance could lead to the committee reviewing and possibly revoking 
its opinion on the research.  
 
2. It is assumed that the research will commence within 1 year of the date of the 
favourable ethical opinion or the start date stated in the application, whichever is the 
latest. 
 
3. The research must not commence until the researcher has obtained any necessary 
management permissions or approvals – this is particularly pertinent in cases of research 
hosted by external organisations. The appropriate head of department should be aware of 
a member of staff’s research plans.    
 
4. If it is proposed to extend the duration of the study beyond that stated in the 
application, the Ethics Committee must be informed. 
 
5. Any proposed substantial amendments must be submitted to the Ethics Committee 
for review. A substantial amendment is any amendment to the terms of the application for 
ethical review, or to the protocol or other supporting documentation approved by the 
Committee that is likely to affect to a significant degree:  

(a) the safety or physical or mental integrity of participants  
(b) the scientific value of the study 
(c) the conduct or management of the study. 

 
5.1 A substantial amendment should not be implemented until a favourable ethical 
opinion has been given by the Committee. 
 
6. Researchers are reminded of the University’s commitments as stated in the 
Concordat to Support Research Integrity  viz: 
 

 maintaining the highest standards of rigour and integrity in all aspects of research 

 ensuring that research is conducted according to appropriate ethical, legal and 
professional frameworks, obligations and standards 

 supporting a research environment that is underpinned by a culture of integrity and 
based on good governance, best practice and support for the development of 
researchers 

 using transparent, robust and fair processes to deal with allegations of research 
misconduct should they arise 

 working together to strengthen the integrity of research and to reviewing progress 
regularly and openly. 
 

7. In ensuring that it meets these commitments the University has adopted the UKRIO 
Code of Practice for Research.  Any breach of this code may be considered as 
misconduct and may be investigated following the University Procedure for the 
Investigation of Allegations of Misconduct in Research. Researchers are advised to use 
the UKRIO checklist as a simple guide to integrity. 
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