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Summary of MRP 

Section A 

Section A presents a systematic literature search and narrative synthesis of the literature on 

long-term olfactory recognition memory in a healthy adult human population. Searches 

produced 18 studies, which were subject to quality appraisals. Results revealed that olfactory 

recognition memory was not persistent over time but rather declined due to increased false 

alarm rates. Studies largely employed forced-choice and alternative forced-choice recognition 

tasks in investigating olfactory recognition memory. Several covariates influencing the recall 

of odours were also identified. Overall findings deviated from previous literature but may be 

reflective of the limitations of this current review. Clinical implications and directions for 

future research are discussed.  

 

Section B 

Section B presents an observational case-control study. A clinical participant with unique, 

medically unexplained amnesia (SI) was compared to eight age and education-matched 

controls for performance on tests of olfactory recognition memory, implicit skills (mirror maze 

task), and a neuropsychological test battery (Short Parallel Assessments of Neuropsychology 

Status [SPANS]). SI performed at a similar level to control participants within his memory 

retention window of 1 waking-day, but by day 2 of testing (unlike controls) SI did not 

demonstrate any retained learning. Clinical implications and future directions for research are 

discussed.  

 

 

 



 
 

Contents 

 

Section A 

Abstract ..................................................................................................................................... 2 

Introduction .............................................................................................................................. 3 

Rationale and Aims ............................................................................................................................. 7 

Methodology ............................................................................................................................. 8 

Eligibility Criteria ................................................................................................................................. 9 

Exclusion Criteria............................................................................................................................... 10 

Prisma Diagram ................................................................................................................................. 10 

Style Note .......................................................................................................................................... 11 

Assessment of Quality....................................................................................................................... 12 

Search Results ........................................................................................................................ 18 

Summary of Included Studies ........................................................................................................... 18 

Review Synthesis ............................................................................................................................... 26 

Participants ....................................................................................................................................... 26 

Stimuli ............................................................................................................................................... 28 

Common or Uncommon Odours ................................................................................................. 28 

Odour Characteristics .................................................................................................................. 28 

Comparator Stimuli ...................................................................................................................... 28 

Encoding Tasks .................................................................................................................................. 31 

Retention Intervals............................................................................................................................ 34 

Recognition Tasks ............................................................................................................................. 36 

Recognition Memory Across Time .................................................................................................... 40 

Covariates ......................................................................................................................................... 41 

Age ................................................................................................................................................ 41 

Comparison to Recognition Memory for Other Stimuli ............................................................. 42 

Effects of Multiple Encoding ....................................................................................................... 42 

Odour Identification and Naming Ability ................................................................................... 43 

Odour Qualities ............................................................................................................................ 44 

Sex ................................................................................................................................................ 46 

Olfactory Threshold Tests ............................................................................................................ 46 

Discussion ............................................................................................................................... 46 

Clinical Implications .......................................................................................................................... 49 

Directions for Future Research ......................................................................................................... 49 

Critique of the Current Review ......................................................................................................... 50 



 
 

Conclusion ......................................................................................................................................... 51 

References ............................................................................................................................... 53 

Abstract ................................................................................................................................... 64 

Introduction ............................................................................................................................ 65 

Rationale and Aims ........................................................................................................................... 68 

Methods ................................................................................................................................... 70 

Design ................................................................................................................................................ 70 

Participants ....................................................................................................................................... 71 

Clinical Participant ...................................................................................................................... 71 

Control Participants ..................................................................................................................... 73 

Materials ........................................................................................................................................... 74 

Odours .......................................................................................................................................... 74 

Measures ........................................................................................................................................... 76 

Olfactory Recognition Memory Task .......................................................................................... 76 

The Short Parallel Assessments of Neuropsychological Status ................................................. 77 

Mirror Maze ................................................................................................................................. 77 

Procedure ..................................................................................................................................... 77 

Ethical Considerations ....................................................................................................................... 78 

Data Analysis ..................................................................................................................................... 79 

Results ..................................................................................................................................... 81 

Hypothesis 1 ...................................................................................................................................... 81 

Hypothesis 2 ...................................................................................................................................... 82 

Hypothesis 3 ...................................................................................................................................... 84 

Hypothesis 4 ...................................................................................................................................... 86 

Hypothesis 5 ...................................................................................................................................... 89 

Discussion ............................................................................................................................... 92 

Hypothesis 1 ...................................................................................................................................... 92 

Hypothesis 2 ...................................................................................................................................... 93 

Hypothesis 3 ...................................................................................................................................... 94 

Hypothesis 4 ...................................................................................................................................... 95 

Hypothesis 5 ...................................................................................................................................... 96 

Clinical Implications .......................................................................................................................... 97 

Future Research ................................................................................................................................ 98 

Limitations ........................................................................................................................................ 99 

Conclusion ......................................................................................................................................... 99 

References ............................................................................................................................. 101 



 
 

Appendix A: Studies and Experiments Included in Section A ........................................ 112 

Appendix B: Section A Characteristics of Studies ............................................................ 113 

Appendix C: SI Previous Neuropsychological Assessment .............................................. 117 

Appendix D: Advertisement ............................................................................................... 118 

Appendix E: Odour Groups for Testing ............................................................................ 119 

Appendix F: Odour Quality Ratings from the Pilot Study .............................................. 120 

Appendix G: Stimuli Scales from the Olfactory Recognition Memory Test .................. 123 

Appendix H : Olfactory Memory Recognition Task Researcher Answer Sheet ............ 128 

Appendix I: Mirror Maze Diagram ................................................................................... 132 

Appendix K: Participant Consent Form ........................................................................... 141 

Appendix L: Participant Demographics Questionnaire................................................... 143 

Appendix M: Participant Debrief Sheet ............................................................................ 146 

Appendix N: Ethical Approval ........................................................................................... 148 

Appendix O: Family Member Information Sheet ............................................................ 149 

Appendix P: Tests of Parametric Assumptions in SPSS .................................................. 153 

Appendix Q: Naming Categories Transcript .................................................................... 195 

Appendix R: Author Submission Notes for the Journal of Experimental Psychology: 

Learning, Memory, and Cognition ..................................................................................... 196 

Appendix S: End of Study Summary and Feedback Letter to the Salomons Ethics Panel

 ............................................................................................................................................... 208 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

List of Tables and Figures 

Section A 

Figure 1. PRISMA Diagram………………………………………………………………….11 

Table 1. Quality Appraisal Using the CASP Cohort Study Checklist……………………..…..14 

Table 2. Quality Appraisal Using the JBI Randomised Controlled Trials Checklist……..…...15 

Table 3. Quality Appraisal Using the JBI Quasi-Experimental Studies Checklist………..…..17 

Table 4. Summary of Studies’ Methodologies and Outcomes…………………………………19 

Table 5. Additional Participant Inclusion/Exclusion Criteria…………………………….….27 

Table 6. Stimuli Characteristics……………………………………………………………...29 

Table 7. Encoding Tasks……………………………………………………………………...33 

Table 8. Single and Multiple Time-Points of Retention Intervals……………………..……..35 

Table 9. Recognition and Testing Tasks………………………………………………..…….38 

 

Section B 

Table 1. Participants’ Olfactory Recognition Memory Scores Across Time (T0-T2) ………....80 

Table 2. Participants’ Odour Quality Rating Across Time (Encoding – T2) ………………….82 

Table 3. Fleiss’s Kappa Inter-Rater Agreement on Naming Categories………………………83 

Table 4. Naming Associations and Corresponding Olfaction Recognition Memory Scores for 

Targets ……………………………………………………………………………………….84 

Figure 1. Day 1 Mirror Maze Trials Completion Times for the Eight Control Participants and 

SI……………………………………………………………………………………...………86 

Figure 2. Day 2 Mirror Maze Trails Completion Times for the Eight Control Participants and 

SI ……………………………………………………………………………………………..87 

Table 5. Mirror Maze Trials Time Completion……………………………………………..…88 

Table 6. Day 1 SPANS Tasks Base Rates and Percentiles Achieved by Each Participant……..89 



 
 

Table 7. Day 2 SPANS Recall and Recognition Tasks Base Rates and Percentiles Achieved by 

Each Participant…………………………………………………………………………...…90 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

 

 

 
 

KARIANNE SNELL (BSc Hons)  
 

 

 
 
 
 
 
 
 
 

Section A 
 A systematic search and narrative synthesis of long-term olfactory recognition 

memory in a healthy adult population 
Word Count: 7890 (-5) 

 
 
 
 
 
 
 

A thesis submitted in partial fulfilment of the requirements of  
Canterbury Christ Church University for the degree of  

Doctor of Clinical Psychology 

 
 
 
 

SEPTEMBER 2023 
 
 
 

 

SALOMONS INSTITUTE  
CANTERBURY CHRIST CHURCH UNIVERSITY  

 
 
 



2 
 

Abstract 

Olfactory memory has been suggested to be unique, and different to that of other senses.  This 

review sought to systematically explore the literature on long-term olfactory recognition 

memory in a healthy adult human population, to understand if olfactory recognition memory 

is persistent over time, the methodology used to investigate this, and the influence of possible 

covariates on memory. 5821 studies were initially obtained and screened, of which 18 studies 

were included in this review. Studies were subjected to a critical quality appraisal and compared 

using narrative synthesis. Results revealed that olfactory recognition memory was not 

persistent over time but rather declined due to increased false alarm rates. Studies largely 

employed forced-choice and alternative forced-choice recognition tasks in investigating 

olfactory recognition memory. Several covariates influencing the recall of odours were also 

identified. Overall findings deviated from the previous relevant literature but may be reflective 

of the limitations of this current review. Clinical implications for neurodegenerative disease 

and olfactory training were suggested. Future research may benefit from further exploration of 

semantic and perceptual long-term olfactory memory, with the view to exploring populations 

with amnesia or brain injury for evidence of double dissociation in olfactory encoding.  

Keywords: olfactory, memory, recognition, human, long-term.  
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Introduction 

The human sense of smell (olfaction) is suggested to serve various functions, such as 

food-related behaviours (for example finding food sources and detecting if the food source is 

edible or not), hazard avoidance, and social communication (Stevenson, 2010). Human 

olfaction is more sophisticated than initially considered, and it has even been suggested that 

humans can distinguish over 1 trillion different smells (Bushdid et al., 2014).  

Memory for smells, olfactory memory, has been proposed to be a unique memory 

system, different to other sensory memory (Herz & Engen, 1996). This is in part anatomical, 

as the olfactory cortex connects directly to the amygdala, avoiding the thalamus (unlike the 

other senses; Farbman, 1992; Herz & Engen, 1996). Neurons involved in olfaction, olfactory 

receptor neurons (or olfactory sensory neurons), are continuously regenerated and ensheathed 

in glial cells (and therefore unmyelinated unlike other neurons; Doucette, 1995; Graziadei & 

Graziadei, 1979). Olfaction is also considered one of the slowest senses in terms of 

processing information, possibly because of the differences in neurons (Schab, 1991).  

Despite this proposed uniqueness, olfaction has typically had little research attention. 

Historically, olfaction has been considered less important than other senses and more greatly 

associated with social connotations of disgust (Low, 2006). Furthermore, on a methodological 

level, studying olfactory memory is currently more complex than the study of other sensory 

memory systems. Unlike other senses in which participants may be able to recall and recreate 

the stimuli they were exposed to (such as in tasks of verbal memory in which the participant 

can vocally reproduce what they were told previously), there is yet to be a technique 

developed to measure participants’ odour recall by recreating the odour they were exposed to 

(Herz & Engen, 1996; White, 1998; White et al., 2015). Instead, tasks of olfactory memory 

tend to focus on odour recognition (for example: answering yes or no to questions about 

previous exposure), identification (such as naming the odour presented), and discrimination 
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(for example identifying which of two or more presented odours were shown before; White et 

al., 2015).  

Some of the above techniques however rely on the use of other cognitive and sensory 

processes too, which again further complicates matters as to the nature of olfactory memory 

traces (perceptual or semantic, or both), and which is currently debated (Herz, 2000; Wilson 

& Stevenson, 2006). For example, odour naming has been associated with increased olfactory 

recognition; however, this might be testing verbal and semantic knowledge rather than pure 

olfaction as odour naming is a particularly difficult skill (Jönsson & Olsson, 2003; Öberg et 

al., 2002). Although Paivio (1986) hypothesised most memory systems have two pathways 

(dual coding theory), verbal and non-verbal, it is difficult for current study designs to separate 

out these verbal/semantic and non-verbal/perceptual components, and therefore difficult to 

study olfactory memory without utilising other memory pathways. An interesting double 

dissociation observed in the literature is that of Eichenbaum et al. (1983), who studied 

olfaction in the case of HM, an individual with bilateral hippocampal lesions following 

neurosurgery to control seizures resulting in anterograde amnesia (Scoville & Milner, 1957). 

HM was able to detect odours and discriminate for intensity and adaption, but could not 

discriminate for identical or different, and failed to perform in a match-to-sample task 

(Eichenbaum et al., 1983). This suggests that although he was able to perceive an odour, he 

was unable to compare this to semantic knowledge of the odour, hence giving evidence to a 

possible perceptual and semantic olfactory memory divide.  

Some studies have attempted to address these methodological difficulties and 

questions about semantic/perceptual encoding in olfactory memory by utilising uncommon 

odours, which one would not have prior semantic or episodic knowledge of (White et al., 

2015). Even unfamiliar, novel odours are often still remembered better than chance, again 

suggesting an element of pure perceptual olfactory memory (Møller et al., 2009; White et al., 
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2015). Moreover, even without full recall of odour names, studies have found that a sense of 

knowing the odour (often referred to as familiarity) is associated with an increased chance of 

odour recognition (Jönsson & Olsson, 2003; Tulving, 1985). This brings into question 

whether olfactory memory is consistent with memory models such as the Working Memory 

Model (Andrade & Donaldson, 2007; Baddeley, 2000; Baddeley & Hitch, 1974); which 

proposes that working memory consists of a phonological loop, visuospatial sketchpad and 

episodic buffer that enables information to be maintained and manipulated until it can be 

moved into long-term memory or is otherwise forgotten; essentially a perceptual hold within 

each of the senses in which stimuli can be repeated or maintained before processing into 

long-term memory or being forgotten.  

Evidence for and against the existence of a working memory model of olfaction is 

dependent on findings of serial position effects and interference effects. Studies suggest 

mixed evidence about current serial position effects for olfactory memory, with either little 

evidence demonstrated or only a slight suggestion of recency effects (in the absence of 

primacy effects; Johnson & Miles, 2009; Miles & Hodder, 2005; White, 1998; White et al., 

2015). Furthermore, even interference effects are inconsistently reported in the literature 

(White et al., 2015). Moss et al. (2018, 2019) suggested that the existence of interference 

effects is determined by the quality of the odours, with verbalisable odours being found to be 

more subjected to proactive interference than non-verbalisable odours. Collectively, this 

questions the concept of olfactory working memory. 

Despite this working memory debate, there is less dispute in the literature about the 

permanence of long-term olfactory memory. Generally, long-term memory has been proposed 

to be a potentially infinite and permanent store of information (Atkinson & Shiffrin, 1968). 

Long-term studies of olfactory memory have suggested that odours are recalled better than 

chance over significant time delays, as they are subjected to limited forgetting compared to 
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other sensory memories (Herz & Engen, 1996; Schab, 1991). For example, Lawless (1978) 

found that olfactory memory was above chance at 4 weeks post-exposure and remained stable 

at this level at 4 months post-exposure, whereas memory for visual stimuli declined at a faster 

rate.  Furthermore, perceptual qualities of the odours, such as being more unpleasant, 

irritable, and intense, have been associated with even greater long-term olfactory memory 

retention than hedonically neutral, mild odours (Larsson et al., 2009). This might provide 

evolutionary benefits, increasing survival through avoidance of threats and adverse 

environments (Kensinger, 2007; Soussignan et al., 1997).  

Additionally, episodic memories, especially those with emotional content, are said to 

be more persistent in long-term olfactory memory. For example, olfaction has been suggested 

to allow quick and detailed recall of emotionally salient autobiographical memories, known 

as the Proust phenomenon (Chu & Downes, 2002; Proust, 1928). Again, this may be 

understood through consideration of the brain’s anatomy. The primary olfactory cortex 

connects directly to the amygdala, which is involved in emotions and threat detection, 

therefore olfaction and emotions being connected is comprehensible (Aggleton, 1993; 

Carmichael et al., 1994; Zhou et al., 2021). This has been supported in research utilising 

functioning Magnetic Resonance Imaging scans, such as that of Herz et al. (2004) who found 

when participants were asked to recall personally significant memories cued by an odour, 

there was significantly greater activation of the amygdala, than when the cue was visual in 

nature. 

Although olfactory memory may be considered to have greater long-term retention 

than other sensory memory pathways, across the human lifespan however it is suggested that 

olfactory memory decreases (Doty & Kamath, 2014). This is largely due to a decline in 

general olfaction as humans age, as measured on a number of tests such as odour detection 

threshold, odour identification, and measures of olfactory memory (Schubert et al., 2012; 
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Tzeng et al., 2021). Reasons for this effect of age on olfactory ability may include a reduction 

in grey matter volume for brain regions involved in olfaction, increased risk of diseases that 

affect the human nasal tract and reduced synaptic connectivity as humans age (Schubert et al., 

2008; 2012; Seubert et al., 2020; Tzeng et al., 2021; Yang & Pinto, 2016). This reduced 

olfactory ability is more prominent in men than women, possibly because of the increased 

risk of brain injury in men, arguably superior verbal abilities of women (and thus other 

pathways of olfactory information), and anatomical differences between the sexes (Brand & 

Millot, 2001; Öberg et al., 2002; Schubert et al., 2008, 2012).  

Although a degree of decline in olfactory functioning is expected with age, excessive 

decline has been associated with a variety of neurodegenerative conditions, such as 

Parkinson’s disease and Alzheimer’s disease (Devanand et al., 2015; Ponsen et al., 2009), and 

even increased risk of mortality (Pinto et al., 2014). In regard to dementia, several studies 

have demonstrated how low olfactory identification rates in older adults can predict cognitive 

decline in cognitively typical older adults, and conversion from Mild Cognitive Impairment 

to Alzheimer’s disease (Conti et al., 2013; Devanand et al.., 2008; Schubert et al., 2008).  

This increased risk of cognitive impairment with a decline in olfactory functioning may be 

associated with decreased grey matter volume, increased hyperphosphorylated tau, increased 

β-amyloid plaques, and decreased somatostatin in the olfactory cortex, as well as the presence 

of an APOE-ε4 allele (Bhatia-Dey & Heinbockel, 2021; Brozzetti et al., 2020; Larsson et al., 

2016; Saiz-Sanchez et al, 2010; Tzeng et al., 2021). This suggests that olfactory memory 

could be relevant to clinical conditions and suggests a need for continued research.   

Rationale and Aims 

Overall, although long-term memory is generally considered more enduring than 

other sensory memory pathways, inconsistent approaches to measuring olfactory memory and 

overlap with other memory processes (such as semantic memory) have provided a need for a 
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review of the literature to be undertaken. As recognition tests are commonly used in the 

literature and require less semantic and verbal processing (compared to identification tests),  

this review will focus on olfactory long-term recognition memory (White et al., 2015).  

Therefore, this review aimed to systematically explore the existing literature on 

olfactory recognition memory, with the view to answering the following questions:   

1) Is olfactory recognition memory persistent over time in a healthy adult population? 

2) What methods of experimental design are employed to investigate olfactory 

recognition memory in a healthy adult population? 

3) What covariates influence olfactory recognition memory? 

Based on the findings of the above questions, this review aimed to identify the current 

implications of olfactory memory research and suggested directions for future exploration. 

Methodology 

A systematic search of four databases was conducted on 25th October 2022. The 

databases selected for this review were: MEDLINE (OVID), PsycINFO, Web of Science, and 

Journal Storage (JSTOR). These databases were selected due to their relevance to the topic 

area, providing literature on Psychology, Medicine, Social Sciences, and Neuropsychology 

topics. JSTOR was selected to broaden the scope of the search, to reduce the risk of bias. 

Additionally, the Journal of Neuropsychiatry and Clinical Neuroscience was searched in the 

preliminary stages of the review, producing 115 papers, however, no further papers were 

found for this review relative to the inclusion and exclusion criteria utilised here.  

No time limitations were applied to the publications.  

All search terms were generated from keywords of influential papers, search terms 

used in other systematic reviews on similar topics, and synonyms of initial keywords 

identified (Chu & Downes, 2002; Herz, 2000; White et al., 2015; Zucco, 2003). For 
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MEDLINE (OVID), PsycINFO, and Web of Science, the search terms consisted of: olfact* 

OR smell* OR odour* OR odor* AND memor* OR remember* OR recall AND permanen* 

OR dura* OR fixe* OR fixi* OR stable OR stabili* OR endur* OR non-decay* OR persist* 

OR imperish* OR constant* OR preserv* AND recogni*. Due to the large numbers of 

identified papers in scoping searches, the final literature review searches were run with filters 

for humans, in the English language, and peer-reviewed (applied where possible within 

PsycInfo).  

Due to limitations of the search tools (inability to process large numbers of search 

terms) within JSTOR, the following search terms were used: olfact* OR smell* OR odour* 

OR odor* AND memor* OR remember* OR recall AND recogni*. Additionally, the results 

were filtered to be in the English language, of the item type ‘articles’, ‘research reports’, and 

within the discipline of Psychology (biology, health sciences, and science and technology 

disciplines were also checked in initial scoping searches with no new relevant results found).  

Eligibility Criteria 

In order to be considered for this review, the study had to meet the following 

eligibility criteria: 

1. The study had to be empirical research, published in the English language, by a peer-

reviewed journal.  

2. Olfactory recognition memory had to be (at least one of) the dependent variable 

within the study, with the inclusion of at least one time point of long-term memory 

(defined as ≥ 24 hours).  

3. The participants of the study were adult-age (18 years and above) human subjects. 
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Exclusion Criteria 

Studies were removed from this review if they met any of the following exclusion 

criteria: 

1. The participants of the study were non-human animals, such as rats and mice.  

2. The human participants were diagnosed with any form of cognitive impairment and/or 

neurodegenerative disease. 

3. The participants were experiencing any mental health difficulties.  

4. The participants were experiencing any form of congenital sensory processing 

difficulties (such as congenital blindness).   

5. The study was exploring the effects of COVID-19 on olfaction.  

Prisma Diagram  

The PRISMA diagram (Moher et al., 2009) in Figure 1 below displays an overview of 

the screening process for the studies reported in this review. Once a search was conducted on 

each database, the list of citations (including abstracts) was imported into reference 

management software (RefWorks).  

RefWorks was used throughout the screening of the literature, in order to collate the 

citations from the database searches. Once imported to RefWorks, duplicates among these 

results were removed (n = 133). Titles were initially screened for eligibility, followed by 

abstracts of potentially relevant results. Finally, full-text papers were reviewed, resulting in 

18 papers being included in this review.  
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Style Note 

Of the 18 studies included in this review, some studies contained multiple 

experiments. Only the experiments that met the above inclusion and exclusion criteria were 

included in this review, see Appendices A and B for the full breakdown of which experiments 

from the studies were included, and more information about the studies’ characteristics. 
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Unless otherwise stated, where there were important differences between experiments to 

highlight, different experiments within studies will not be indicated in this review. 

Assessment of Quality 

To assess the quality of the final papers, three assessment quality tools were utilised: 

the Clinical Appraisal Skills Programmes (CASP; 2018) Cohort Study checklist, the Joanna 

Briggs Institute (JBI; 2020b) Randomised Control Trial (RCT) and the JBI Quasi-

Experimental Design checklists (2020a). A summary of the results of the appraisal checklists 

can be seen in Tables 1-3 below.   

Each of the checklists included questions which were not relevant to this review and 

were therefore removed from inclusion in the quality appraisal used here. Specifically, in the 

CASP (2018) question 6 (a and b) regarding follow-ups was not included, in the JBI (2020b) 

RCT questions 4-6 and 8 regarding blinding of participants and researchers and follow-ups 

were removed, and in the JBI (2020a) Quasi-Experimental checklists questions 3 (regarding 

participants use of other treatments) and 6 (regarding follow-ups) were removed, whilst 

question 5 (regarding pre- post- outcome measures) was treated as if asking whether or not 

the participants experienced an immediate recognition test in addition to delayed recognition 

tests (due to the effect to interest, time). 

Of the two studies included in the CASP (2018) checklist (Cain & Potts, 1996 

[experiment 1]; Olsson et al., 2009), both were considered to be of good quality following the 

use of the checklist. However, neither provided sufficient information regarding the 

recruitment of participants and Cain and Potts (1996) included participants of an 

unrepresentative quota for gender which was not considered in their analyses or as a potential 

confounding variable for their results.  

Of the 12 studies included in the JBI (2020b) RCT checklist, five were considered to 

be of good quality (Ayabe-Kanamura & Kikuchi, 1997; Jehl et al., 1995; Lyman & McDaniel, 



13 
 

1990; Rabin & Cain, 1984; Zucco, 2003). None of the 12 studies included sufficient 

information regarding the randomisation of participants to groups, however.  

Furthermore, seven studies were highlighted as having limitations, such as not 

including sufficient detail about the participant’s characteristics (Cain & Potts, 1996 

[experiment 2]; Davis, 1977; Engen & Ross, 1973 [experiments 1-3]; Jehl et al., 1997; 

Lawless & Engen, 1997), no control group utilised (Cain & Potts, 1996 [experiment 2]), 

provided little information about the statistical analyses used (Engen & Ross, 1973 

[experiments 1-3]), had an unequal gender ratio of participants that was insufficiently 

considered in the analysis (Cornell Kӓrnekull et al., 2015; Lawless & Engen, 1997), and 

unfairly attributed pleasantness to that of emotion (Saive et al., 2014). Despite these 

limitations, all 12 studies were included in this review.  

Of the five quasi-experiments, all five were considered to be of good quality 

following the use of the JBI Quasi-Experimental Design Checklist (2020a; Chrea et al., 2007; 

Larsson & Bäckman, 1993, 1997; Lehrner, 1993; Murphy et al., 1991). 
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Search Results  

Summary of Included Studies 

The methods and outcomes of the final 18 studies are summarised in Table 4 below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 
 

 

 



20 
 

 



21 
 

 



22 
 

 



23 
 

 



24 
 

 

 

 



25 
 

 



26 
 

Review Synthesis 

The studies included in this review were of great heterogeneity. The studies utilised 

vastly different experimental methods, samples, time points, statistical models, and poorly 

reported raw data. Although attempts were made to contact surviving authors for further 

information to overcome some of these difficulties, further data were not provided upon 

request. Consequently, a meta-analysis of the 18 studies could therefore not be conducted 

(Boland et al., 2017), and instead the studies were narratively synthesised using guidance 

from Campbell et al. (2020) and Popay et al. (2006).  

Although 11 studies utilised signal detection theory as their statistical analysis, these 

studies were heterogeneous regarding the reporting of results (for example some included 

only hits, some included only discrimination [d’] scores for encoding groups and not time, 

and some only included results in a graph). Only three papers included sufficient information 

regarding the number of hits, false alarms, and d’ scores across time, and this was considered 

insufficient for a meaningful summary table.  

As the time points utilised in the studies varied greatly, the below narrative synthesis 

is conducted across all studies. After a summary of the participants, stimuli, encoding tasks, 

retention intervals, and recognition tasks used in the studies, the narrative synthesis is 

grouped by time points of testing (single or multi), followed by groups of covariates. This 

decision was taken as it aligned most with the aims of this review and predictions regarding 

possible underlying influences on recognition memory in healthy adult populations 

(McKenzie et al., 2020).  

Participants 

Over the 18 studies, an approximate total of 1243 participants were included. Only 

one paper, Davis (1977) failed to provide any characteristic information about participants, 

including the total number of participants in the study.  
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From the studies that reported the sex of participants (Ayabe-Kanamura & Kikuchi, 

1997; Cain & Potts, 1996; Chrea et al., 2007; Cornell Kӓrnekull et al., 2015; Jehl et al., 1997; 

Larsson & Bäckman, 1993, 1997; Lawless & Engen, 1997; Lehrner, 1993; Lyman & 

McDaniel, 1990; Murphy et al., 1991; Olsson et al., 2009; Rabin & Cain, 1984; Saive et al., 

2014; Zucco, 2003), the majority of the participants were female (n = 583), compared to male 

(n = 374).  Three studies failed to report sex characteristics (Davis, 1977; Engen & Ross, 

1973; Jehl et al. 1995). Ten studies recruited participants exclusively from universities, 

including undergraduate and graduate students, and university faculty staff (Ayabe-Kanamura 

& Kikuchi, 1997; Cain & Potts, 1996; Chrea et al., 2007; Cornell Kӓrnekull et al., 2015; 

Davis, 1977; Engen & Ross, 1973; Lawless & Engen, 1997; Lehrner, 1993; Rabin & Cain, 

1984; Zucco, 2003). None of the 18 studies utilised additional standardised screening 

measures for participants, however, several specified additional participant inclusion and 

exclusion criteria (Table 5). 
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Stimuli  

The 18 studies varied on the characteristics of the olfactory stimuli used in the 

experiment(s), see Table 6.  One study (Lawless & Engen, 1997) failed to provide further 

descriptive information about the stimuli other than the name of the odours selected.  

Common or Uncommon Odours 

The majority of studies utilised common odours (Cain & Potts, 1996; Chrea et al., 

2007; Engen & Ross, 1973; Larsson & Bäckman, 1993, 1997; Lehrner, 1993; Lyman & 

McDaniel, 1990; Murphy et al., 1991; Olsson et al., 2009; Rabin & Cain, 1984; Zucco, 

2003).  

In contrast, four studies purposefully utilised unfamiliar odours (Ayabe-Kanamura & 

Kikuchi, 1997; Jehl et al., 1995, 1997; Saive et al., 2014) and a further study utilised odours 

that were difficult to name (Cornell Kӓrnekull et al., 2015). Davis (1977) reported only the 

chemical names for the odours utilised.  

Odour Characteristics 

Several studies controlled the odour stimuli for certain characteristics. Two studies 

excluded the use of unpleasant odours (Larsson & Bäckman, 1993, 1997), two studies utilised 

neutrally pleasant odours (Jehl et al., 1995, 1997), and Zucco (2003) was the only study to 

use both neutral and pleasant odours. Three studies (Jehl et al., 1995, 1997; Olsson et al., 

2009) controlled for the intensity of odours, and one study (Lyman & McDaniel, 1990) 

counterbalanced the identifiability and discriminability of odours across odour sets.  

Comparator Stimuli 

Additionally, four studies compared odour memory to that of memory for other 

alternative stimuli, such as visual free forms (Davis, 1977), faces (Murphy et al., 1991), 
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symbols (Murphy et al., 1991), words (Olsson et al., 2009), and pictures of foreign countries 

from travel magazines (Lawless & Engen, 1997).  
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Encoding Tasks 

Across the 18 studies, several different encoding tasks were used (see Table 7). 

The most popular encoding method was a judgement of odour quality such as 

familiarity or pleasantness, on either a categorical scale (for example ‘familiar’ or 

‘unfamiliar’) or an ordinal scale (e.g., ‘0 – 100, how pleasant is this odour?’). This method 

was employed by seven studies (Cornell Kӓrnekull et al., 2015, Engen & Ross, 1973; Larsson 

& Bäckman, 1993, 1997; Lehrner, 1993; Murphy et al., 1991; Rabin & Cain, 1984).  

Other quality judgements for the odours were used in some studies, such as the 

similarity of odour pairs (Olsson et al., 2009), whether or not the odour source was edible 

(Olsson et al., 2009), whether or not the odour was liked (Engen & Ross, 1973), and 

pleasantness of the odours (Lyman & McDaniel, 1990; Lehrner, 1993).  

The second most popular encoding task was that of an identification task. This varied 

between studies but largely involved either the generation of a label for the odour (Cain & 

Potts, 1996; Lehrner, 1993; Rabin & Cain, 1984; Zucco, 2003) or attempts to provide the 

veridical name of the odour (Cornell Kӓrnekull et al., 2015; Engen & Ross, 1973).  

Several studies utilised a paired-associates based task, in which participants would be 

asked to encode the odour paired with another stimulus, such as an image (Lawless & Engen, 
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1977; Lyman & McDaniel, 1990), or a label or association from a list provided (Engen & 

Ross, 1973), a digit (Davis, 1977), or a name or picture or life event (Zucco, 2003).  

Four studies required participants to learn the odour with a provided label (Ayabe-

Kanamura & Kikuchi, 1997; Jehl et al., 1997; Larsson & Bäckman, 1993; Lyman & 

McDaniel, 1990).  

Three studies employed exposure-only techniques, in which only the odour was 

presented to them, and participants were instructed to memorise this (Chrea et al., 2007; Jehl 

et al., 1995; Larsson & Bäckman, 1993). Similarly, Saive et al. (2014) encouraged the free 

discovery of a computer-generated environment. 

Lastly, two studies employed olfactory threshold tests and verbal skill tests as part of 

their encoding tasks (Larsson & Bäckman, 1993, 1997).  
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Retention Intervals  

 Seven studies investigated odour recognition memory using a single time point of 

testing only (Cain & Potts, 1996; Chrea et al., 2007; Davis, 1977; Jehl et al., 1995; Lyman & 

McDaniel, 1990; Saive et al., 2014; Zucco, 2003); whereas 10 studies utilised only multiple-

time points in their procedure (Ayabe-Kanamura & Kikuchi, 1997; Cornell Kӓrnekull et al., 
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2015; Jehl et al., 1997; Larsson & Bäckman, 1993, 1997; Lawless & Engen, 1977; Lehrner, 

1993; Murphy et al., 1991; Olsson et al., 2009; Rabin & Cain., 1984). Engen and Ross (1973) 

used single and multiple time points of testing in different experiments.  

Among those that used single time points and multiple time points of testing, 

procedures varied considerably on the length of retention interval between encoding and 

testing session, please see Table 8 below.   
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Recognition Tasks 

Fourteen studies employed a forced-choice recognition task, in which participants had 

to select from two options regarding if an odour had been shown before (Ayabe-Kanamura & 

Kikuchi, 1997; Cain & Potts, 1996; Chrea et al. 2007; Cornell Kӓrnekull et al., 2015; Davis, 

1977; Jehl et al., 1997; Larsson & Bäckman, 1993, 1997; Lyman & McDaniel, 1990; Murphy 

et al., 1991; Olsson et al., 2009; Rabin & Cain, 1984; Saive et al., 2014; Zucco, 2003). Three 

of the 14 studies which employed a forced-choice recognition task also combined this with a 

confidence rating in their response (Cain & Potts, 1996; Olsson et al., 2009; Rabin & Cain, 

1984).  

Additionally, a further four studies utilised an alternative forced-choice task, in which 

participants had to select from a pair which odour was presented previously (Engen & Ross, 

1973; Jehl et al., 1995; Lawless & Engen, 1977; Lehrner, 1993).  

Outside of recognition tasks, several studies employed additional means of testing 

memory, such as identification tasks and recall tasks. Nine studies utilised an identification 

task in which participants were asked to identify the odour by providing a name for the odour 

(Cain & Potts, 1996; Cornell Kӓrnekull et al., 2015; Jehl et al., 1997; Larsson & Bäckman, 

1993, 1997; Lehrner, 1993; Murphy et al., 1991; Olsson et al., 2009; Rabin & Cain, 1984). 

Four studies employed a paired-associates task in which participants had to match the odour 

to previously presented paired stimuli such as a picture, number, or written name (Davis 

1977; Lawless & Engen, 1977; Lyman & McDaniel, 1990; Zucco, 2003), whilst another 

recorded recall for the episode in which the odour was learnt (Saive et al., 2014). One study 

also employed an olfactory threshold test within the recognition task (Murphy et al., 1991).  

In regard to odour qualities, seven studies asked participants to provide an additional 

familiarity rating for the odours (Ayabe-Kanamura & Kikuchi, 1997; Davis, 1977; Larsson & 

Bäckman, 1993, 1997; Lehrner, 1993; Murphy et al., 1991; Saive et al., 2014). A further three 
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studies asked for a pleasantness rating for each odour (Ayabe-Kanamura & Kikuchi, 1997; 

Lehrner, 1993; Saive et al., 2014). Two studies asked for a similarity judgement of the 

odours, specifically Engen and Ross (1973) asked for a similarity rating, whilst Jehl et al. 

(1995) asked participants to judge if pairs of odours were similar for intensity (answers were 

‘identical’/ ‘different’). One study asked for intensity ratings (Saive et al., 2014). One study 

asked participants to rate the meaningfulness of each odour (Davis, 1977).  

Finally, some studies combined the odour recognition tasks with verbal memory tests 

(Jehl et al., 1997; Larsson & Bäckman, 1993, 1997).  

Please see Table 9 below for the recognition and testing tasks of each study.  
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Recognition Memory Across Time 

Of the 11 studies that utilised multiple time points to measure recognition memory, 

eight studies suggested that odour recognition memory declined over time (Ayabe-Kanamura 

& Kikuchi, 1997; Cornell Kӓrnekull et al., 2015; Jehl et al., 1997; Larsson & Bäckman, 1993, 

1997; Murphy et al., 1991; Olsson et al., 2009; Rabin & Cain, 1984).  

This was largely due to a decrease in ‘hits’ (correctly recognised items; Ayabe-

Kanamura & Kikuchi, 1997; Cornell Kӓrnekull et al., 2015; Jehl et al., 1997; Larsson & 

Bäckman, 1993, 1997) and an increase in false alarms (incorrectly recognised) over time 

(Cornell Kӓrnekull et al., 2015; Larsson & Bäckman, 1993, 1997; Murphy et al., 1991).   

However, in contrast to the above findings, Engen and Ross (1973 [experiment 1]) 

suggested that odour recognition rates across retention intervals were stable (other than one 

significant difference between day 1 and day 30 testing, due to an increase in recognition 

scores on day 1) and above chance at 30 days testing. This aligns with the findings of Lehrner 
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(1993), who found odour hit rates and false alarm rates were stable over time for odours.  

Lawless and Engen (1977) even suggested odour recognition scores increased over time.  

Of the studies that used a single time point of testing, only Jehl et al. (1995) and Saive 

et al. (2014) reported an overall level of odour recognition. Jehl et al. (1995) noted that hit 

scores did not significantly increase over increased numbers of familiarisation (learning) 

sessions, however, false alarms did significantly decrease, resulting in an overall significant 

increase in d’ scores across familiarisation sessions. Saive et al. (2014) also noted that d’ 

scores were high, specifically when hits and correct rejections were combined, this was 

significantly higher than misses and false alarms combined across participants.  

However, the other six single time point studies failed to report an overall recognition 

score outside of their covariables of interest and are therefore discussed in the below co-

variates section only (Cain & Potts, 1996; Chrea et al., 2007; Davis, 1977; Engen & Ross, 

1973 [experiments 2 & 3]; Lyman & McDaniel, 1990; Zucco, 2003).  

Covariates  

Age 

Larsson and Bäckman (1993, 1997) and Murphy et al. (1991) examined the effect of 

age on olfactory recognition memory.  

Young participants had higher d’ scores (specifically because of higher hit rates and 

lower false alarms) than older participants (Larsson & Bäckman, 1993, 1997; Murphy et al., 

1991). Additionally, Murphy et al. reported that this discrepancy in age performance was 

associated with a quicker decline in hit rates in the elderly, an increased sensitivity to odour 

thresholds in young participants, and reduced familiarity judgements in the elderly.  

Two of the studies, Larsson and Bäckman (1993, 1997) suggest this might be due to 

age-related differences in odour identification, although the latter study did not find any 

significant difference between young and old groups for olfactory threshold tests (unlike 
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Murphy et al., 1991). Specifically, Larsson and Bäckman (1997) identified that age-related 

differences were highly significantly interlinked with the odour naming-ability of participants 

(odour recognition score differences between groups dropped below significance when 

naming-ability was considered in the regressions); and that younger participants were more 

likely to generate veridical names and less likely to make name omissions than older 

participants. 

Comparison to Recognition Memory for Other Stimuli 

Three of the studies employed procedures that compared odour recognition memory 

to that of recognition memory for other stimuli, such as faces, symbols and visual forms 

(Cornell Kӓrnekull et al., 2015; Davis, 1977; Murphy et al., 1991).  

Cornell Kӓrnekull et al. (2015) suggested that recognition memory for faces was 

greater (had higher d’ scores) than that of odours. This may have been associated with the 

finding that other stimuli had lower false alarm rates compared to odours (Cornell Kӓrnekull 

et al., 2015; Davis, 1977; Murphy et al., 1991), but similar hit rates (Davis, 1977).  Moreover, 

Murphy et al. also found younger participants had significantly better recognition memory for 

odours and symbols than older participants, but no significant difference between young and 

old groups for faces.  

Effects of Multiple Encoding 

Two studies (Lyman & McDaniel, 1990; Zucco, 2003) investigated olfactory 

recognition memory utilising multiple encoding methods.  

Zucco (2003) found that odour recognition memory slightly varied depending on the 

encoding condition used, with participants from the life-episode group (in which they smelled 

the odour and had to remember a specific life episode related to the odour) producing 
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significantly higher d’ scores than those from the control group, and the label-plus-definition 

group (in which participants generated a label and defined the odour).   

Similarly, Lyman and McDaniel (1990) found that participants in the odour-picture-

name group (in which odours were paired at encoding with an image and a name) had 

significantly higher d’scores than odour-only, odour-name (odours paired with a name), and 

name-only groups. Moreover, odour-name and odour-picture groups also had higher d’ scores 

than odour-only and name-only groups (which had the lowest d’ score).  

Odour Identification and Naming Ability 

Larsson and Bäckman (1993, 1997), Lehrner (1993), and Murphy et al. (1991) tested 

participants’ ability to name the odours in identification tasks in addition to odour recognition 

tests. Overall, studies suggested that participants’ ability to name odours was correlated to 

successful odour recognition.  

Only one study, Chrea et al. (2007), investigated the influence of an odour’s ability to 

be named. Chrea et al. suggested that odours that were more easily named and had a higher 

inter-rater agreement of the name between people of the same culture (which they termed 

codability), resulted in higher odour recognition rates at a delayed memory recognition test 

for French individuals (but not individuals from America or Vietnam).  

Additionally, five studies utilised multiple time points for identification testing of 

odour labels and found that odours that were labelled more consistently were more likely to 

be recognised (Ayabe-Kanamura & Kikuchi, 1997; Cain & Potts, 1996; Cornell Kӓrnekull et 

al., 2015; Lehrner, 1993, Rabin & Cain, 1984). 

However, Engen and Ross (1973), Olsson et al. (2009), and Rabin and Cain (1984) 

suggested the benefit of odour labelling on recognition is limited to accurate labels only, and 

Rabin and Cain (1984) suggested consistency in odour labelling reduces over time. 

Furthermore, Ayabe-Kanamura and Kikuchi (1997) found no overall benefit of verbal labels 
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for recognition of odours across time, with no significant differences in hits, false alarms and 

adjusted recognition scores (calculated as hits and correlations summated, divided by two) 

found between groups given a pleasant label, unpleasant label, or control.  

Furthermore, variations in the quality of labels used influenced the odour recognition 

rates in three studies. When odours were paired with a name, three studies (Larsson & 

Bäckman, 1993; Lyman & McDaniel, 1990; Jehl et al., 1997) found that this increased odour 

d’ scores, particularly when the odour was paired with a veridical name rather than a 

chemical name (Jehl et al., 1997).  

Odour Qualities 

Thirteen studies investigated the effects of odour qualities on recognition memory 

(Ayabe-Kanamura & Kikuchi, 1997; Cornell Kӓrnekull et al., 2015; Davis, 1977; Engen & 

Ross, 1973; Jehl et al., 1995; Larsson & Bäckman, 1993, 1997; Lehrner, 1993; Lyman & 

McDaniel, 1990; Murphy et al., 1991; Olsson et al., 2009; Rabin & Cain, 1984; Saive et al., 

2014).  

Familiarity. When rated for familiarity, odours were rated as more familiar than other 

stimuli, such as symbols, visual forms, and faces (but not words; Davis, 1977; Murphy et al., 

1991). Odours that had increased familiarity scores were found to have higher recognition 

than odours with low familiarity scores in the majority of the studies (Cornell Kӓrnekull et 

al., 2015; Larsson & Bäckman, 1993, 1997; Rabin & Cain, 1984). However, Engen and Ross 

(1973) and Saive et al. (2014) found no significant effect of familiarity ratings on odour 

recognition rates, and Cornell Kӓrnekull et al. (2015) found that familiarity ratings were 

associated with an increased number of false alarms.  

Furthermore, familiarity ratings were found to be stable over time by Davis (1977) 

and Ayabe-Kanamura and Kikuchi (1997) but decreased over time in the study by Olsson et 

al. (2009).  
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Intensity.  Only two studies analysed intensity as a factor in odour recognition and 

across time (Jehl et al., 1995; Saive et al., 2014). It was found that intensity ratings did not 

significantly influence odour recognition rates (Saive et al., 2014), and that intensity ratings 

were stable across increased numbers of learning phases (Jehl et al., 1995).  

Liked Odours. Only one study, Engen and Ross (1973) asked participants whether or 

not they liked the odours, and this was not significantly correlated with recognition scores.  

Pleasantness. Quality ratings regarding odours’ pleasantness were included in four 

studies (Ayabe-Kanamura & Kikuchi,1997; Lehrner, 1993; Lyman & McDaniel, 1990; Saive 

et al., 2014).  

Ayabe-Kanamura and Kikuchi (1997) investigated odour recognition memory in three 

groups, each provided with odours with either a pleasant label, an unpleasant label, or no 

label (control group). Across the different groups, there were no significant differences in 

ratings of pleasantness, nor in the number of hits, false alarms, or d’ scores. However, the 

pleasant-label group produced less unpleasant ratings than those in the unpleasant label 

group, and their d’ scores significantly increased over time (all other groups had no 

significant effect of time).  

Saive et al. (2014) however, investigated participants’ odour recognition memory on 

the dependency of their odour ratings, in which odour ratings per participant were divided 

into pleasant, unpleasant, or neutral odour categories. Those odours rated as either pleasant or 

unpleasant had significantly higher recognition scores than those in a ‘neutral’ odour. In 

comparison to neutral odours, pleasant odours were rated as more intense and familiar, and 

unpleasant odours were rated as more intense and less familiar.  

Neither Lehner (1993) nor Lyman and McDaniel (1990) analysed the results of the 

pleasantness judgements on recognition rates.  
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Sex 

Studies appeared to vary in regard to findings on the influence of sex on olfactory 

recognition memory. Although Lehrner (1993) found females had better odour recognition 

than males (with a higher hit rate, but equal false alarm rate to males), Cornell Kӓrnekull et 

al. (2015) and Olsson et al. (2009) found no significant difference in the performance of male 

and female participants in their odour recognition memory.  

Olfactory Threshold Tests  

Only two of the studies reported analysis of olfactory threshold tests on overall odour 

recognition memory (Larsson & Bäckman, 1993; Murphy et al., 1991). Both studies found 

that participants’ ability on olfactory threshold results produced no significant difference in 

recognition memory at different retention intervals, nor across all retention intervals.  

Discussion 

The aims of this systematic review were to explore if olfactory recognition memory is 

persistent over time, what experimental design methods were employed to investigate 

olfactory recognition memory, and what the influences of covariates on olfactory recognition 

memory were.  

Overall, this review found that olfactory recognition memory significantly declined 

over time (Ayabe-Kanamura & Kikuchi, 1997; Cornell Kӓrnekull et al., 2015; Jehl et al., 

1997; Larsson & Bäckman, 1993, 1997; Lehrner, 1993; Murphy et al., 1991; Olsson et al., 

2009; Rabin & Cain, 1984). This goes against the finding of other studies in the literature, 

such as Lawless (1978). Unfortunately, due to the poor quality of reporting in the studies and 

the absence of key information, it was difficult for this review to establish if this decline in 

olfactory recognition memory signified a drop in olfactory recognition memory below 

chance. In turn, this made it difficult to compare studies that utilised multiple time points of 

testing to those that used single time points of testing. This result is perhaps unsurprising 
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however, given the concept that the olfactory system is slow to process information (Schab, 

1991), hence the studies explored here may not be providing enough time to encode olfactory 

information, and it is therefore lost sooner than would be expected in optimal conditions for 

olfactory information processing. Moreover, the decline in olfactory recognition memory did 

not appear to be the result of forgetting, but an increased uncertainty as to previously exposed 

odours resulting in increased false alarms. This may therefore still suggest olfactory 

recognition memory is long-term in nature.  

Regarding the experimental design methods employed by the studies, studies varied 

on the encoding tasks, retention intervals, and recognition tasks employed. Studies largely 

utilised quality judgements and/or identification tasks as their encoding tasks, varied 

considerably on their chosen length of retention interval (with almost no consistency in the 

literature observed), and largely utilised forced-choice or alternative forced-choice 

recognition tasks.  

The choice of encoding tasks and recognition tasks utilised in the studies may too 

have influenced the decline in olfactory recognition memory retention observed in this 

review, as a singular method of encoding through odour quality judgements may have 

resulted in poor memory traces being made (Lyman & McDaniel, 1990). Odours, therefore, 

did not get the chance to benefit from multiple sources of encoding as they might otherwise 

in more ecologically valid environments, however when multiple encoding methods were 

used this did result in the expected increase in recognition memory (Lyman & McDaniel, 

1990; Paivio, 1986; Zucco, 2003).  This further adds support to a dual-coding theory for 

olfactory memory.  

As for the covariates investigated within the studies reviewed, several covariates were 

found to influence olfactory recognition memory. Age appeared to negatively influence 

olfactory recognition memory, largely due to declining hit rates and reduced identification 
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ability (Larsson & Bӓckman, 1993, 1997; Murphy et al., 1991). This supports other literature 

that suggests olfactory memory declines as humans age (Doty & Kamath, 2014; Schubert et 

al., 2012; Tzeng et al., 2021).  

Participants’ ability to identify an odour also appeared to be associated with increased 

olfactory recognition memory (Larsson & Bäckman, 1993, 1997; Lehrner, 1993; Murphy et 

al., 1991). A particularly important skill appeared to be that of consistency of label use, with 

more consistent label use associated with better olfactory recognition memory, and use of 

veridical labels (Ayabe-Kanamura & Kikuchi, 1997; Cain & Potts, 1996; Cornell Kӓrnekull 

et al., 2015; Lehrner, 1993, Rabin & Cain, 1984). These findings suggest that olfactory 

recognition memory may be aided by semantic recall, in line with suggestions from Paivio 

(1986) regarding dual processing theory (Jönsson & Olsson, 2003).  

In regard to odour qualities, familiarity, pleasantness/unpleasantness (more than 

hedonic neutrality) and difference in odours were associated with increased olfactory 

recognition memory, however the intensity and whether or not the odours were liked did not 

appear to have an effect on olfactory recognition memory (Jehl et al., 1995, 1997; Olsson et 

al., 2009). The familiarity and pleasantness findings are aligned with the research (Jönsson & 

Olsson, 2003). However, the lack of influence of intensity on olfactory recognition memory 

is more surprising, given the possible evolutionary advantages of avoiding intense odours 

(Kensinger, 2007; Larsson et al., 2009; Soussignan et al., 1997). This review’s finding 

however was likely impacted by the very few studies (three) that incorporated intensity into 

their investigations and this, therefore, requires further exploration.  

Sex and olfactory threshold detection rates were found not to influence olfactory 

recognition memory (Cornell Kӓrnekull et al., 2015; Olsson et al., 2009). This goes against 

previous literature that has suggested the prominence of sex differences in olfactory memory, 

and the influence of olfactory thresholds on olfactory memory (Öberg et al., 2002; Schubert 
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et al., 2012; Tzeng et al., 2021). It is however difficult to draw conclusions about the causes 

of this result due to the limited number of studies exploring these covariates in this review.    

Lastly, compared to faces, odours had lower recognition memory, however, this effect 

was not observed in visual forms. This suggests that olfaction and visual forms, which are 

both more abstract in nature, might be using a different memory trace to that of faces (Cornell 

Kӓrnekull et al., 2015; Davis, 1977; Murphy et al., 1991). 

Clinical Implications 

This review suggests that olfactory recognition memory is subject to decline over time 

and that olfactory recognition memory can be influenced by a variety of factors such as age, 

multiple sources of encoding, and consistent use of labels. 

These factors may be important when the strong link between olfaction and 

neurodegenerative diseases is considered (Devanand et al., 2015; Ponsen et al., 2009). This 

review would support other studies that suggest olfactory changes may be important to 

consider in screening for early detection of neurodegenerative diseases (Bhatia-Dey & 

Heinbockel, 2021). Perhaps, with further research, olfactory recognition skills could be 

enhanced through cognitive skills training programmes, such as olfactory training, 

incorporating skills like consistency of label use and multiple forms of encoding in aiding 

memory, in the hope of aiding a medium of memory in those who develop a 

neurodegenerative disease.  

Directions for Future Research  

Olfactory memory is still an under-researched area, historically because olfaction was 

associated with a source of disgust, and more recently impacted by the ability of the currently 

available methodology to accurately capture olfactory recall (Herz & Engen, 1996; Low, 

2006; White et al., 2015). Further research into olfactory memory is therefore currently 
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required, with more high-quality reporting in the research papers, to ascertain the basic nature 

of olfactory memory traces.   

Until such a time that olfactory recall can be accurately assessed with advancements 

in technology, future research should aim to utilise more consistent methodology and should 

explore differences between perceptual and semantic coding for olfactory memory (Wilson & 

Stevenson, 2006).  

Possible directions for future research would be to further explore the persistence of 

long-term olfactory memory and the possible existence of a double dissociation between 

olfactory memory and that of other sensory memory modalities. One method by which future 

studies could investigate this would be to utilise studies focusing on participants with brain 

injury or unique amnesias.  

Critique of the Current Review 

Although this current review found a significant decline in olfactory memory over 

time, it is worth considering these findings in light of the potential limitations of this current 

review.  

This review did not apply a limit to the timescale for publications, which resulted in 

the inclusion of material from 1973 to the present day. Although a broad scope of the 

literature is useful because of the limited amount of olfactory memory research currently 

available; neuropsychological knowledge has progressed considerably with technological 

advancements (such as brain imaging scans) and the introduction of memory models that 

have shaped more recent studies of memory using different methodologies (Baddeley, 2000; 

Boland et al., 2017; Herz et al., 2004). This may in part explain the variation in encoding and 

recognition tasks noted in this review. Hence, this may have meant that the older literature 

was not comparable to the more recent literature.  
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The literature included in this review were of mixed quality according to the critical 

appraisal tools, and often reported very little data and was heterogenous in many ways (such 

as the samples used). Because of this, the current review was unable to conduct a meta-

analysis of the results, which would have been more powerful in understanding the first aim 

of the review than the narrative synthesis employed. This, therefore, limited the conclusions 

that could be drawn from the papers.  

Future reviews may benefit from further exploring olfactory recognition memory by 

utilising more robust critical appraisal tools, narrower timescales of publication in searches, 

and the use of meta-analysis techniques.  

Conclusion 

 

In summary, this systematic review and narrative synthesis of the literature on 

olfactory recognition memory in a human population revealed the following: olfactory 

recognition memory does decline over time, largely due to increased false alarms; many 

methods are employed in studies to investigate olfactory recognition memory, the most 

common of which was forced-choice and alternative forced-choice; and several covariates 

may influence the recall of odours (such as participant’s age, participant’s ability to identify 

the odour and odour qualities of familiarity and pleasantness). Covariates of participants’ sex 

and olfactory threshold detection ability and the intensity of odours were not found to 

influence olfactory recognition memory.  

Several implications of these findings are suggested, focusing on the impact of 

olfaction and neurodegenerative disease, with an argument in favour of olfactory training 

with ageing populations.   

However, the results of this literature review should be interpreted cautiously, due to 

the large time scale of included papers and the lack of meta-analysis.   
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Directions for future research are suggested, exploring olfactory memory with 

participants with brain injury or unique amnesias to further understand long-term olfactory 

memory and the nature of its encoding.  
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Abstract 

Previous research has suggested that olfactory memory is more long-lasting than other sensory 

memory, due to its unique brain physiology and ties to emotionally salient episodic memories. 

One clinical participant, SI, is presented with medically unexplained anterograde amnesia 

following a shoulder injury in 2013, since which time he has maintained a memory-retention 

window of 1 waking day. This study aimed to explore olfactory memory with SI, in an 

observational case-control design. SI was compared to eight age and education-matched 

control participants on an olfactory memory recognition task, an implicit memory task (mirror 

maze), and a neuropsychological test battery (Short Parallel Assessments of Neuropsychology 

Status [SPANS]). Olfactory memory was tested immediately, after a 100-minute delay, and 

after a 24-hour delay. The implicit memory task and SPANS (recall and recognition 

components) were repeated on the second day of testing. Results indicated that SI’s 

performance on the olfactory recognition memory task, implicit memory task, and SPANS were 

at a similar level to control participants on day 1 of testing; however, by day 2 of testing, unlike 

controls, SI did not demonstrate any retained learning. This finding was in spite of an incident 

of olfactory-cued episodic memory retrieval and occasional identification of odours.  Despite 

previous research to the contrary, olfactory memory was unable to permeate SI’s memory 

retention window and was quickly forgotten, raising questions about the consolidation of 

memory.  Future research with larger samples is needed to confirm this finding and to continue 

exploring medically unexplained anterograde amnesia. 

Keywords: anterograde amnesia, memory, olfaction, long-term. 
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Introduction 

Amnesia, or memory loss, has been studied for centuries, and various causes and 

classifications are described in the literature (Langer, 2021). Amnesia can be categorised by its 

chronological pattern, with retrograde amnesia being the loss of previous memories inputted 

prior to onset, and anterograde amnesia being the inability to form new memories since onset 

(Langer, 2021; Sanders & Warrington, 1971). Anterograde amnesia in the absence of brain 

damage is rare and was historically referred to as psychogenic amnesia, however, this term 

attributed memory difficulties to psychological distress or feigning and was negatively 

associated with being intentional for secondary gains (Markowitsch, 2003). More recently 

these cases are referred to as functional amnesia (a term which acknowledges the uncertainty 

of the cause), or dissociative amnesia (a clinical diagnosis recognising amnesia typically 

resulting from psychological trauma; De Renzi et al., 1997; Markowitsch, 2003; Spiegel et al., 

2011).  

One such case of anterograde amnesia without any structural brain changes, classified 

clinically as dissociative amnesia, is WO (Burgess & Chadalavada, 2015). WO is a gentleman 

with reported anterograde amnesia following a root canal treatment in 2005. Since then, 

without reorientating himself throughout the day, WO has not made any new memories outside 

of a conscious memory-retention period of approximately 90-minutes; the only exceptions to 

this being an awareness of his father’s death and the birth of a new baby recalled across a 24-

hour period (before also being forgotten). Interestingly, despite deficits in new episodic and 

semantic memory, WO also demonstrates impaired implicit memory (which is otherwise 

typically intact in those with anterograde amnesia resulting from bilateral hippocampal 

damage; Spiers et al., 2001). Cases such as those presented by Burgess and Chadalavada (2015) 

provide a unique opportunity to learn more about human memory in otherwise apparently intact 

brain anatomy.  
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An area of memory requiring further research is olfactory memory (White, 1998; White 

et al., 2015). Olfaction, one’s sense of smell, is considered one of the oldest senses and has 

been suggested to serve several functions such as food seeking, avoidance of hazards, and 

social communication (Sarafoleanu et al., 2009; Stevenson, 2010). Olfactory memory is the 

ability to recall odours (Herz & Engen, 1996; White et al., 2015).  The detection, encoding, and 

recall of odour stimuli uses several cognitive skills, like executive functioning skills 

(Richardson & Zucco, 1989; Schlintl & Schienle, 2022; Solla et al., 2023). 

It has been suggested that olfactory memory is more long-lasting than memories for 

other sensory modalities, or at least less subject to forgetting (Engen & Ross, 1973; Lawless & 

Engen, 1977; Lehrner, 1993; White et al., 2015). For example, Lawless (1978) compared 

recognition memory for olfactory stimuli to that of visual stimuli (scenic travel images) and 

free-form shapes over intervals of 20 minutes, 7 days, 4 weeks, or 4 months. Memory for 

olfactory stimuli was found to decline in the first 4 weeks, but remained stable above chance 

after this time, in a similar manner to the free-form shapes but dissimilar to visual stimuli which 

demonstrated strong memory retention at 4 weeks but a steeper memory decline thereafter. 

Because of this suggestion as to the longevity of odours, and other distinctive features (such as 

the lack of evidence of serial position effects), the structure of the olfactory memory model and 

the existence of an olfactory working memory system is currently debated (Baddeley & Hitch, 

1974; Johnson & Miles, 2009; White, 1998).  

This longevity of olfactory memory may be in part connected to the unique olfactory 

physiology and relationship between olfaction, the amygdala, and emotional memories. The 

olfactory memory pathway within the brain bypasses the thalamus (implicated in all other 

sensory modalities) and has a direct connection to the amygdala (Farbman, 1992; Herz & 

Engen, 1996). The amygdala has been associated with the emotional salience of memories, and 

emotional memories are more likely to be remembered (such as WO’s demonstrated 
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recollection of his father’s passing; Cahill & McGaugh, 1995; Kensinger, 2007). This may also 

explain the Proust phenomenon, the idea that olfaction has a strong cue to emotionally 

significant autobiographical (episodic) memories (Chu & Downes, 2000, 2002; Larsson et al., 

2014; Proust, 1928). This connection between olfaction and episodic memory has been 

demonstrated in various studies (Chu & Downes, 2000; de Bruijn and Bender, 2017; 

Hackländer et al., 2018; Saive et al., 2014). Olfactory-evoked episodic memories are suggested 

to be older (from childhood before the age of 10) and more emotional than memories cued by 

verbal or visual information (Willander & Larsson, 2006, 2007). Anatomically, Herz et al. 

(2004) suggested that odour-cued personally significant memories resulted in increased 

amygdala and hippocampal activation compared to those visually-cued. Olfactory-cued 

memories have even been said to be helpful in those with neurodegenerative conditions such 

as Alzheimer’s disease, resulting in more specific and emotional memories recalled than music 

or control conditions, and suggested as a potential therapeutic tool (El Haj et al., 2018).   

Though odours have been shown to evoke episodic memories, this process does not 

require odour identification (Herz, 2004, 2005; Herz & Cupchick, 1992). Indeed, verbal 

identification is extremely difficult, bringing into question whether olfactory memory is 

encoded semantically (verbally) or perceptually (non-verbally; Cain, 1979; Conway & 

Pleydell-Pearce, 2000; Herz & Engen, 1996; Paivio, 1986). Support for a semantic olfactory 

memory pathway comes from studies that suggest identification of odours, consistent use of a 

label (even if incorrect), and more highly verbalisable odours are associated with greater recall 

(Cornell Kärnekull et al., 2015; Lyman & McDaniel, 1990; Moss et al., 2019). This semantic 

and verbal processing influence has been suggested as an explanation for sex differences found 

in olfactory memory tasks, whereby women often outperform men on olfactory identification 

and recognition (Brand & Millot, 2001; Lehrner, 1993; Öberg et al., 2002).  
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Furthermore, the semantic or perceptual processing debate may allude to reported 

differences between familiarity and recollection; the idea that one might come across a stimulus 

and have a feeling of knowing it with partial recall, versus fully recollecting when and where 

they have come across that stimulus before (Tulving, 1985; Yonelinas, 2002). This distinction 

has been referred to as the tip-of-the-nose phenomenon, akin to tip-of-the-tongue word-finding 

difficulties (Lawless & Engen, 1977). Studies suggest that odour familiarity aids recollection 

(Jönsson & Olsson, 2003; Larsson & Bäckman, 1993; Rabin & Cain, 1984). 

Besides familiarity, other odour qualities have been found to influence the persistence 

of olfactory memories, such as intensity, pleasantness, and irritability. For example, Larsson et 

al. (2009) found participant performance on olfactory recognition tests was greater for odours 

rated unpleasant, irritable, and/or intense. Xiao et al. (2020) demonstrated that unpleasant 

odours produced greater responses on functional Magnetic Resonance Imaging (fMRI) scans 

in the amygdala, piriform cortex, and hippocampus than pleasant odours when participants 

were repeatedly exposed to the odours. This association between odour qualities and memory 

may provide an evolutionary advantage, enabling survival by avoiding aversive environments 

(Kensinger, 2007; Larsson et al., 2009).   

To summarise, there are several unknowns still associated with olfactory memory; is 

olfactory memory truly long-term, what qualities aid long-term olfactory memory, and is 

olfactory memory affected by verbal identification?  

Rationale and Aims 

Recently, a new case of medically unexplained anterograde amnesia has come to light, 

that of SI (Burgess, 2017). SI presents with anterograde amnesia since a shoulder injury and 

unsuccessful corrective surgeries. Since this time in 2013, SI has failed to retain new memories 

outside of a memory-retention window of 1 waking day, with his memory failing after a night’s 
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sleep. Like WO, SI has demonstrated one exception to this, a memory of an emotive Rugby 

World Cup game that lasted longer than 24 hours, before also being forgotten.  

This current research aims to explore olfactory memory with a unique case of 

anterograde amnesia, SI, in the hope of developing a better understanding of the clinical 

participant’s difficulties and contributing to the scientific understanding of olfactory memory, 

amnesia and related neurological difficulties (in line with NHS values of ‘respect and dignity’ 

and ‘improving lives’; Department of Health and Social Care, 2015). 

The above literature suggests that olfactory memory, with its strong persistence and 

unique physiology, would pose a potential means by which SI could remember information 

and a pathway which has not yet been explored with SI. However, SI does present with unique 

and very rare amnesia that has led to the following conservative hypotheses:  

1) The clinical participant (SI) will not significantly differ to control participants 

in olfactory recognition memory at immediate (T0), or 100-minute delayed memory (T1) 

testing but will recognise significantly fewer odours than control participants at 24-hour 

delayed memory (T2) testing. Control participants will not demonstrate any significant 

difference in the number of odours correctly recognised across all time points.  

2) There will be a correlation between odour quality ratings (intensity, 

pleasantness, recognisability, and familiarity) and olfactory recognition memory for control 

participants. SI will not differ from control participants in odour quality ratings.  

3) There will be a qualitative difference in the description used by clinical and 

control participants when identifying each odour at each time point.  

4) Control participants will demonstrate implicit learning on the mirror maze task 

across the two days of testing, however, the clinical participant will not demonstrate such 

implicit learning.  
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5) The clinical participant will score similarly to the control participants on the 

Short Parallel Assessments of Neuropsychology Status (SPANS) on day 1 of testing, 

however, will score differently to control participants in recall and recognition subtests on 

day 2.  

Methods 

Design  

This study utilised a repeated-measures observational case-control design. The clinical 

participant was compared to eight matched controls for performance on an olfactory 

recognition memory task, which was performed immediately (T0), after a 100-minute delay 

(T1), and after a delay of 24 hours (T2). Participants also engaged in comparator tasks during 

the 100-minute delay, specifically the ‘mirror maze task’ (Burgess & Chadalavada, 2015; 

Milner et al., 1968) and the SPANS (Burgess, 2014).  

The clinical participant’s partner was consulted during the design process to ensure the 

suitability and appropriateness of the design to SI’s abilities.  

Across hypotheses 1, and 3-5, the independent variables (IV) of the study were the 

presence or absence of amnesia and time.  

For hypothesis 1, the dependant variables (DV) were the number of hits (i.e., correctly 

recognised), false alarms (i.e., signalled recognition when the target was not present), misses 

(i.e., did not signal recognition in the presence of a target), and correct rejections (i.e., correctly 

dismissed the distractor odour as a foil).  

For hypothesis 2, odour quality ratings for intensity, recognition, familiarity, and 

pleasantness and the target odour recognition scores (hits /misses) were the correlational 

variables included in the analysis.  

For hypothesis 3, the DV was the description provided by participants when asked to 

identify the odour.  
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For hypotheses 4 and 5, the DVs were the scores obtained on the mirror maze task and 

the SPANS subtests. 

Participants 

Clinical Participant 

SI is a 42-year-old white male, ex-smoker, who has demonstrated profound anterograde 

amnesia since a shoulder injury at work and two subsequent unsuccessful rotator-cuff surgeries 

in 2013 (Burgess, 2017). Since then, SI has not formed any new memories outside of a 

conscious memory retention window of approximately 1-waking day, with his memory failing 

after a night’s sleep; the only known (reported by SI’s partner) exception is that of an emotive 

Rugby World Cup game (the memory for which lasted 24-48 hours, before being forgotten).   

SI grew up in a rural area of the UK and had poor attendance at school (due to family 

commitments) until he was 14 years old when he ceased formal education. Following school, 

SI trained as a Butcher and had various subsequent manual labour-based jobs, including within 

a factory warehouse where he sustained his shoulder injury. Since his injury and onset of 

memory difficulties, SI has not been able to maintain employment.  

Throughout his early life and later adulthood, SI has engaged in various contact sports, 

including rugby, and has likely sustained head injuries related to these hobbies.  

SI likely had undiagnosed epilepsy in his early life and was prescribed anti-epileptic 

medications (although he did not take these in his teenage years). SI’s younger brother also has 

epilepsy.  

SI has engaged in a range of neuropsychological assessments since the onset of reported 

difficulties, the results of which can be seen in Appendix C (Burgess, 2017). During 

assessments, SI reportedly appears to be applying excessive effort, and after any assessment 

session, SI reports headaches, in a similar manner to subjects post-ictal. 
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Overall, SI’s premorbid IQ was estimated to be below the 25th percentile, with scores 

on various tasks such as digit span, fluency, and comprehension, around the 5th percentile 

(Burgess, 2017). This IQ is anticipated to be an underestimate, however, due to the reported 

observable decreased concentration and attention from previous levels when SI was tested, lack 

of historic schooling opportunities, and reliability and validity issues using a single 

neuropsychological assessment as an indicator of a larger multi-factorial construct (IQ). 

Therefore, SI’s true IQ may be more represented in observed ‘fluid’ versus ‘crystalised’ skills. 

A low estimate of SI’s IQ was between the 9th and 16th percentiles, with current data supporting 

an estimate closer to the latter, with ‘fluid’ and visuospatial skills seen as an area of relative 

strength.  

Current brain scans (computerised tomography [CT], magnetic resonance imaging 

[MRI] and single-photon emission computed tomography [SPECT]) have not indicated any 

clinically significant brain damage. One scan did indicate reported evidence of a historic 

parafalcine subdural hematoma, but this was considered unrelated to reported difficulties and 

likely due to a premorbid head injury (Burgess, 2017; Cragun et al., 2020).    

Occasionally, SI has been noted to experience periods of ‘absence’ and/or dissociation 

during the day, in which his memory reportedly lapses, and he presents as if he has awoken 

from sleep without memory for that day. Patterns and triggers to these periods are currently 

unknown. Several-hour and 24-hour electroencephalograms did not detect nocturnal or diurnal 

epileptic activity.  

SI was recruited to this current study via an independent, professional relationship he 

and his partner have maintained with Dr Gerald Burgess since 2015. Following the Burgess 

and Chadalavada (2015) publication regarding the unique amnesia observed with WO, and a 

subsequent newspaper article (Robson, 2015), SI’s partner contacted Dr Burgess directly and 

informed him of SI’s memory difficulties and expressed interest in participating in research. 
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Since this time, SI has participated in two further research studies (Burgess, 2017; Yusuf-

George et al., 2022). Regarding this current research, SI and his partner were introduced to the 

current author by Dr Burgess, and subsequent correspondence regarding recruitment to the 

present study occurred via email and later face-to-face discussions during the data collection 

process.   

Control Participants 

Eight control participants participated in this study. These participants were matched to 

the clinical participant on the following demographics: age (all control participants were 

between the ages of 40 and 55 years, M = 42.5), gender (male), and education level (further 

education equivalent or less). All control participants were white.  

Control participants were eligible for the study on the basis that they had not knowingly 

experienced COVID-19 in the three months prior to participation (due to the reported impact 

of COVID-19 on anosmia; Klopfenstein et al., 2020) and were non- or ex-smokers (Dinc et al., 

2020).  

Additionally, control participants were excluded from the study if they were anosmic 

(self-reported or were unable to detect any of the smells in the study), had a diagnosed memory 

condition, had any current untreated illness resulting in nasal congestion, or had any known 

food or respiratory allergies.  

Control participants were recruited via a purposive sampling method, including 

advertisement on social media (Appendix D) and word-of-mouth. All participants that 

volunteered were included in the study. Control participants were located in the South-East of 

England, and data were collected between January – February 2023. Participants did not 

receive payment for their participation.  

No power calculation was conducted, due to the uniqueness of the clinical participant’s 

presentation, the exploratory nature of this study, and the assumption that controls should 
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demonstrate near-perfect odour recognition, and therefore produce a large effect size. The 

decision to include eight control participants was based on the number of control participants 

used in a similar case-control design and literature that suggested the number of control 

participants should be three- or fourfold the number of clinical participants (which was initially 

going to be two, before WO was excluded due to contracting COVID19; Smith et al., 2010; 

Song & Chung, 2010; Ury, 1975). 

Materials 

Odours 

Thirty-one original odours were sourced from fragrance suppliers, 29 from 

AromaPrime and two from Givaudan (Appendix E).  

To this author’s knowledge, these odours had not been previously utilised in research 

and their quality ratings were not normed. Although norms were available for other odours, 

such as in the study by Moss et al. (2016), it was considered prudent to undertake a small 

sample to rate the current odours used here, to provide norms to aid the allocation of odours to 

either ‘targets’ or ‘foils’. In accordance with recommendations from Julious (2005) and due to 

the relatively small control sample size in the main study, the pilot aimed to recruit a minimum 

of 12 participants to provide such odour quality ratings.  

Thirteen pilot participants were therefore recruited through convenience sampling 

methods. Pilot participants were not matched to the clinical participant for age (M = 30.23), 

sex (nine female, four male), or education level (all 13 had attended higher education), due to 

time limitations on data collection of the main study.   

The 13 pilot participants (an additional 14th participant was excluded due to failure to 

complete the pilot testing) rated the odours for intensity, pleasantness, recognisability, and 

familiarity and were asked to name the odour and rate the accuracy of the assigned label 

(completed after all other qualities were rated and the assigned label was revealed). The pilot 
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data were then used to generate mean ratings for each odour on each quality, which was used 

to inform the distribution of odours into different, balanced groups used in the testing 

(Appendix F).  

The six odours with the lowest mean rating for pleasantness were chosen as target 

odours (group A), to be remembered, on the basis that unpleasant odours are often better 

recalled than pleasant odours (Larsson et al., 2009).  The aim of this decision was to maximise 

chances of recognition.  

The 18 odours with the highest mean rating for pleasantness were then chosen as foils 

and assigned to the three groups to be used at the three time-points of memory testing. These 

three foil groups (groups B-D) were balanced for mean pleasantness ratings.  

The remaining seven odours were excluded, one of which (‘rotten egg’) was excluded 

prior to the ranking of pleasantness, due to the observation that the smell dissipated within the 

timeframe of exposure and was therefore unsuitable for testing needs.  

Odours were presented to participants in opaque, plastic test tubes, with a white screw 

top. Odours were transferred to test tubes by dipping 1cm of a 5cm x 0.5cm length fragrance 

test strip into the liquid odour sample from the suppliers and placing said strip into the test 

tubes. Odour strips were re-dipped into the sample pots and transferred back into the test tubes 

on each day of testing. Test tubes were contained within numbered, small, plastic, sealable 

bags. Odour samples and odour test tubes were kept in a stationary fridge at 4°C between 

testing trials and transferred for use in testing in a portable fridge to maintain consistent odour 

quality and strength.  

During testing, participants were instructed to unscrew the test tube lid, hold the tube 

2cm from the middle of the tip of their nose, and allowed to sniff the odour for an unlimited 

number of sniffs.  
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During the encoding task, and at the three time-points of testing, the presentation of 

target and foil odours was randomised (although the same randomised order was used across 

control and clinical participants, due to the small sample size).  

Measures 

Olfactory Recognition Memory Task 

 The olfactory recognition memory task was purpose-designed for this study, with 

questions adapted from previous research (Cornell Kӓrnekull et al., 2015; Engen & Ross, 1973; 

Larsson et al., 2009; Rabin & Cain, 1984).  The main question of the memory task, “Did we 

show you this odour in the teaching block?”, utilised an adapted old/new paradigm (Engen & 

Ross, 1973). The odour quality rating scales used in the recognition memory task were the 

same scales used in the pilot. Scales were presented to participants on laminated sheets of A4 

for reference in testing (Appendix G). The participants were then asked to name the odour, in 

the hopes of encouraging recall through semantic and/or episodic cueing. Participants provided 

a verbal response to each question, which was recorded on the answer sheet (Appendix H) by 

the researcher. Responses to the naming question for each odour at each phase of the task 

(encoding – T2) were audio recorded and later transcribed. 

 Firstly, in an encoding phase, participants were shown the six target odours, one at a 

time. Participants answered the odour quality rating scales and naming question for each odour. 

Participants then engaged in an immediate test of olfactory recognition memory (T0), 

in which they were presented with the six target odours and six new foil odours (each foil was 

only presented once to participants and did not repeat across the memory phases) and answered 

the task questions for each odour. This process was repeated after a 100-minute delay (T1) and 

after a 24-hour delay (T2).  
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The Short Parallel Assessments of Neuropsychological Status 

Participants completed the SPANS Version A on both days of testing (Burgess, 2014). 

Specifically, on day 1, participants completed: the 24-hour recognition memory test, naming, 

sustained and divided listening (one and two), object recall, object recognition, figure copy, 

letter-number coding, figure recall, figure recognition, list learning, counting backwards, 

monetary calculations, list recall, list recognition, similarities, and the symbol-word paired 

associates tasks. On day 2, participants completed the recall and recognition components of the 

SPANS.  

These comparator subtests were selected for the testing protocol as they utilise similar 

format and cognitive skills as needed in olfactory memory recognition tasks.  

Mirror Maze  

On days 1 and 2, clinical and control participants completed a pencil and paper maze 

task, in which they were asked to complete ten trials of a maze using only the reverse image 

available in a mirror, whilst their hands were covered using a clipboard to block their view (see 

Appendix I). Participants were instructed to complete the maze as quickly as possible, without 

touching or crossing the boundaries of the maze.  

The 30cm x 30cm mirror was mounted on a wooden block, leaning at an approximate 

95° angle. Participants’ mirror maze completion was timed.  

This implicit procedural memory task was selected for comparison to WO, and to 

examine SI’s procedural memory skills which are often preserved in amnesia with observable 

hippocampal damage (Burgess & Chadalavada, 2015; Milner et al., 1968; Spiers et al., 2001).  

Procedure 

Once the prospective control participant contacted the lead researcher via their email 

address and indicated they met the inclusion criteria, they were sent a control participant 

information sheet (Appendix J). The consent form and demographics questionnaire were 
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completed on the first day of testing, with testing only proceeding if participant’s consented 

and their demographics matched the study’s requirements (Appendices K and L).  

Testing occurred across two days, in participants’ homes, in a quiet room that had been 

ventilated for 15 minutes before and during testing. Testing on day 1 lasted approximately 2 

hours, and testing on day 2 lasted approximately 45 minutes. Throughout testing, participants 

only consumed water.  

On day 1 of testing, participants first engaged in the encoding and immediate memory 

test of the olfactory recognition memory task. During a delay of 100 minutes post-T0 testing, 

participants completed the mirror maze and SPANS tasks, and a break was provided. Upon 

completion of the 100 minute delay, participants repeated the olfactory recognition memory 

task (T1).  

On day 2, 24 hours after the encoding phase, participants engaged in a second test of 

delayed olfactory recognition memory (T2), followed by the repetition of the mirror maze task 

and recall and recognition components of the SPANS. Activities between T1 and T2 were 

uncontrolled.  

Upon completion of the testing, participants were provided with a debrief (Appendix 

M).  

Ethical Considerations 

Ethical approval was acquired from the Salomons Institute of Applied Psychology 

Ethics Panel (Appendix N). 

Written, informed consent was obtained from all participants on day 1 Control 

participants provided verbal consent on day 2, indicating that they wished to proceed with the 

second day of the study. As SI only had a memory-retention window of 1 waking day, the entire 

consent procedure was repeated on the second day of testing. SI was assumed to have the 

capacity to consent, with no evidence that indicated the contrary. SI’s partner also provided 
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informed consent for the testing (Appendix O), and both SI and his partner had the right to 

withdraw SI from the study at any point up to 72 hours post-testing. No participant exercised 

their right to withdraw from the study. 

The odours, with various degrees of pleasantness and intensity, had the potential to 

cause discomfort to participants, however, this did not exceed that which the participants would 

encounter in everyday life and was deemed a necessary risk for the importance of the study 

(Larsson et al., 2009). Although no participants expressed adverse reactions to the odours, had 

this occurred, their right to withdraw would have been reiterated and actioned accordingly.   

Due to the duration of the study, there was potential for participants to experience 

fatigue and boredom. This was counteracted by including breaks within the 100-minute delay, 

before or after the comparator tasks were completed.  

All control participant data were collected using a participant identification number, 

which was kept separate from consent forms. SI’s data and details included in this study posed 

a risk to his anonymity, therefore insignificant details have been redacted to reduce the risk of 

identification, and SI was informed of and agreed to this risk.  

Participants’ responses to being asked to identify the odours were audio recorded on an 

encrypted device, and informed consent for this was obtained via the consent form. The audio 

recording was later transcribed, and the recording was deleted. The anonymised transcript was 

then transferred to a password-protected CD-ROM for storage, along with the other 

anonymised study data, in accordance with the Salomons Institute policy. 

Data Analysis 

IBM SPSS (version 29) was used to analyse the data. Data were subject initially to tests 

of parametric assumptions (Appendix P). Due to the small sample size and breach of parametric 

assumptions, nonparametric statistical analysis was used throughout this study.  
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As one of the groups consists of only SI (N = 1), nonparametric measures of 

independent group designs (such as the Kruskal-Wallis Test) were not able to be used.  

Instead, control participants’ repeated-measures variables were analysed using 

Friedman’s tests, and, where appropriate, significant results were further explored using 

Wilcoxon signed-rank tests as post-hoc analysis, with a Bonferroni correction applied. SI’s 

scores were then compared to control participants’ scores both qualitatively and (where 

appropriate) using a Bayesian approach and SingleBayes.exe software as described in 

Crawford and Garthwaite (2007).  

Correlational data for hypothesis 2 were analysed using two-tailed Kendall’s tau 

coefficients, due to the small sample size (Field, 2009).  

For hypothesis 3, in addition to the above, the audio-recorded data were transcribed and 

analysed using content analysis, based on the approach proposed by Elo and Kyngäs (2008). 

Specifically, a deductive content analysis was applied, using meaning as the unit of analysis, 

and manifest content. An unconstrained matrix was generated, using initial categories based on 

Cornell Kärnekull et al. (2015), until exhaustive codes were created.  

Regarding hypothesis 5, SPANS results were explored qualitatively and compared to 

normative data generated by Burgess (2014, 2022).  
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Results 

Hypothesis 1 

The results of participants’ olfactory recognition memory scores across T0 – T2 have 

been summarised in Table 1 below.  

 

As expected, controls participants did not significantly differ in the number of hits (ꭓ²(2) 

=1.83, p > .05), misses (ꭓ²(2) =1.83, p > .05), false alarms (ꭓ²(2) = 5.44, p > .05), and correct 

rejections (ꭓ²(2) = 5.44, p > .05), produced across T0, T1 and T2.  

SI’s scores were then compared to control participants for the number of hits, misses, 

false alarms and correct rejections using a Bayesian approach. Significant differences were 

found between SI’s hit and miss scores compared to that of control participants’ at T2, with no 

other significant difference identified. Specifically, SI’s hit scores at T2 produced a Bayesian 

point estimate of 1.94% (p < .05, 95% credible interval of 0.00% - 12.69%), which suggests 

that only 1.94% of the control population would produce a hit score lower than SI’s score. SI’s 

miss scores at T2 produced a Bayesian point estimate of 98.72 % (p < .05, 95% credible interval 

of 90.37% - 99.99%). This suggests that 98.72% of control participants would produce a miss 

score lower than SI’s score. 
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In considering the above finding, it is important to note that SI was observed to answer 

“No” to every odour (target or foil) on day 2 of testing, when asked “Did we show you this 

odour in the teaching block?” 

Hypothesis 2 

Target odour quality ratings were compared to olfactory memory recognition scores 

(hits/misses) obtained by control participants’ using Kendall’s tau. Control participants’ 

pleasantness ratings (τ = 0.05, p > .05), recognisability ratings (τ = .15, p > .05), and familiarity 

ratings (τ = .15, p > .05) were not significantly correlated to their recognition memory scores. 

Recognition memory task outcomes were however significantly correlated with control 

participants’ intensity ratings, τ = -0.32, p < .001.  

SI target odour quality ratings were then compared to control participants’ ratings using 

a Bayesian approach, see Table 2. SI’s scores only significantly differed from control 

participants’ scores for pleasantness at T0, with a Bayesian point estimate of 98.96 % (p < .05, 

95% credible interval of 91.72% - 100.00%). This suggests that 98.96% of control participants 

would produce a lower pleasantness rating for the target odours than SI.   
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Hypothesis 3 

The content analysis of the participants’ responses to being asked to name the odour 

were coded using four main categories based on Cornell Kärnekull et al. (2015) and generated 

from the data. The four main categories were: no association (no association was given), single 

association (a one-off association was made at T0, T1 or T2 without any prior associations 

made at encoding – T2), inconsistent association (subsequent association(s) made that are 

dissimilar to the prior association), or consistent association (subsequent associations made that 

are identical or similar to the prior association).  

A second independent coder was utilised to code the data, and Fleiss’ kappa indicated 

there was a very good inter-rater agreement, Ƙ = .957 (95% CI, .854 to 1.00), p < .001 (Altman, 

1999; Table 3 below). Any disagreements in coding were resolved through discussion.  

 

 

 

 

 

 

 

 

The four association categories were then compared to the number of hits and misses 

made by control participants across T0 – T2 (Table 4). The category of no association was the 

most frequently used across all time points for control participants and SI.  
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The frequency of control participants’ use of the four association categories was 

compared across time. A Friedman’s test indicated that the control participants did not 

significantly differ in the frequency with which they used the categories of no association (ꭓ²(2) 

= 4.53, p > .05), single association (ꭓ²(2) = 2.60, p > .05), consistent association (ꭓ²(2) = 3.71, 

p > .05), nor inconsistent association (ꭓ²(2) = 0.13, p > .05) across time (T0 - T2).  

When the mean scores for the number of hits, misses, false alarms and correct rejections 

and the frequency of association categories made by control participants were compared to SI’s 

scores using a Bayesian approach, it was indicated that SI produced significantly more single 

associations and consistent associations with target odours he was unable to recognise (misses) 

than the control sample at T2 (Bayesian point estimate of 99.92%, p < .05, two-tailed, with a 

95% credible interval of 99.42% – 100.00%), no other result was significantly different. This 

suggests that only 0.08% of the control participants would produce more single and consistent 

associations for target odours they were unable to recognise (misses) than SI at T2. 

Hypothesis 4 

The amount of time taken by control participants to complete the mirror maze trials 

significantly decreased across trials (T1 -T10) on day 1 (ꭓ²(9) =53.78, p < .01), and on day 2 

(ꭓ²(9) = 36.03, p < .01). Post-hoc Wilcoxon signed-rank tests with a Bonferroni correction of 

.0167 level of significance revealed that on day 1 trial times significantly decreased between 

trial 1 and trial 10 (T = 0, r = - 0.63) and between trial 1 and trial 5 (T = 0, r = - 0.63), but did 

not significantly decrease between trial 5 and trial 10 (T = 8, r = - 0.35). On day 2, trial times 

only significantly decreased between trial 1 and trial 10 (T = 0, r = - 0.63), but did not 

significantly decrease between trial 1 and trial 5 (T = 4, r = - 0.49), nor trial 5 and trial 10 (T = 

5, r = - 0. 46).  

When the data were collectively analysed, and day 2 results were treated essentially as 

trials 11 – 20, a Friedman’s test indicated that the control participants significantly decreased 
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in the amount of time taken to complete trials across trial 1 to trial 20 (ꭓ²(19) = 110.13, p < 

.001).  Wilcoxon signed-rank tests used as post-hoc analysis with a Bonferroni correction of 

.0167, indicated that there was a significant medium decline in time taken to complete trials 

between trial 1 and trial 20 (T = 0, r =  - 0.63), between trial 10 and trial 20 (T = 0, r =  - 0.63), 

and between trial 1 and trial 15 (T = 0, r =  - 0.63).  
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Figure 1 

Day 1 Mirror Maze Trials Completion Times for the Eight Control Participants and SI  
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When SI’s results were compared to the control participant’s results (Table 5, Figures 1 

and 2), a difference was apparent in the data. SI was significantly slower (when compared using 

a Bayesian approach) than control participants for completing the mirror maze from trial 4 to 

trial 9 on day 1 (Bayesian point estimates of 97.71 – 99.93% with 95% lower credible limits 

between 85.57% - 99.89% p < .05, one-tailed), and throughout all trials on day 2 (Bayesian 

point estimates of 99.94%, with 95% lower credible limits between 99.53 – 100.00 %). This 

suggests that where control participants had maintained their implicit learning on day 2, SI had 

not, and his time scores reverted to very similar times achieved on day 1 testing.  

 

 

 

Figure 2 

Day 2 Mirror Maze Trials Completion Times for the Eight Control Participants and SI  
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Hypothesis 5 

On day 1 of testing (Table 6), SI performed as well as control participants on the SPANS 

subtests of naming and sustained and divided listening round 1. Two control participants 

performed at a lower level than SI on figure copy and writing sentences, and one control 

participant performed at the same low level as SI did on monetary calculation. SI however 

produced a lower score than all other control participants on sustained and divided listening 

round 2, object recall, object recognition, letter-number coding, figure recall, figure 

recognition, list learning, list recall, list recognition, similarities, and symbol-word paired 

associates.  

In relation to the SPANS base rates and percentiles, generated from SPANS-X (Burgess, 

2022) testing with a normative sample, SI’s performance on day 1 for the figure copy, writing 

sentences, naming, and sustained and divided listening round 1 subtests were within the normal 

range expected for a typical age-matched population, all other scores fell below the expected 

level. 
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On day 2 of testing (Table 7), SI performed lower than all control participants on all 

tests of recall and recognition memory, with the exception of scoring at the same level as one 

participant on the 24-hour recognition memory test and object recall. Interestingly, despite 

reporting no memory of having completed the SPANS test, SI was able to identify two of the 

six objects from the 24-hour recognition memory test.  

Across day 1 and 2, SI’s performance declined in all tasks, apart from those in which 

he had already reached the floor level (figure recognition, list recognition and symbol-word 

paired associates). This was unlike control participants however, who largely maintained or 

improved their scores on the following tests: 24-hour recognition test, object recognition, figure 

recall (only three participants’ scores declined), figure recognition (only two participants’ 

scores declined), list recognition (only one participant’s score declined), and symbol-word 

paired associates (in which no scores declined). Control participants’ scores were observed to 

decline in object recall (five participants’ scores declined, one by as much as SI), and list recall 

(seven participants’ scores declined, one by as much as SI). Overall suggested however, is that 

the control participants benefitted from retention of memory between days 1 and 2, whereas SI 

did not demonstrate retention of memory across the same period.  

Discussion 

This case-control study aimed to explore olfactory recognition memory with a clinical 

participant with unique anterograde amnesia, SI, to develop a greater understanding of 

anterograde amnesia and olfactory memory.  

Hypothesis 1 

Control participants’ olfactory recognition responses (hits, misses, false alarms and 

correct rejection) remained stable across time, in concordance with research regarding the 

longevity and limited decay of olfactory memory (Engen & Ross, 1973; Lawless, 1978; 

Lawless & Engen, 1977; Lehrner, 1993).  
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As expected, SI did not differ from control participants on the first day of testing (T0 

and T1) but was significantly different to controls on day 2 (T2) for hits and misses. This is 

largely due to his response bias, responding “No” to every recognition question where 

statistically, by chance alone, he could have achieved three hit scores (correct response of “Yes” 

for three out of the six target odours).  

Although WO (Burgess & Chadalavada, 2015) has not, to this author’s knowledge, 

been tested for his olfactory memory, SI’s results are comparable to WO’s performance on 

explicit tests of memory, in that WO reportedly had intact recognition and recall when tested 

within his memory retention window of 90 minutes, but was unable to recall or recognise the 

learnt material when the test was administered after a 90-minute delay in which no rehearsal 

was permitted.  

Therefore, despite previous research suggesting olfactory memory is better recognised 

and less likely to be forgotten than other sensory memory, due to its unique physiology and 

close anatomical link to the hippocampus and amygdala; in the case of SI, with clinically 

insignificant brain imaging and presumed intact brain anatomy, olfactory memory was unable 

to permeate his memory retention window and was quickly forgotten.   

Hypothesis 2 

Control participants’ target odour quality ratings for pleasantness, familiarity and 

recognisability were not correlated with achieved outcomes (hits or misses). Only the intensity 

ratings were correlated with hits and misses of target odours, and this was a negative correlation 

suggesting that as intensity scores increased, hit scores decreased. SI’s scores were also only 

found to differ to control participants for pleasantness at T0, the reason for this difference was 

unapparent. This finding was largely a deviation from the literature which suggests that odours 

rated unpleasant, intense, irritable, familiar, and recognisable were more likely to be recalled 

and recognised in testing (Larsson et al., 2009; Larsson & Bäckman, 1993; Lawless & Engen, 
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1977; Rabin & Cain, 1984). However, conclusions about the influence of quality ratings are 

likely limited by this present study’s methodological choices, such as the small number of target 

odours in use and the small sample size of eight control participants. Moreover, the 

pleasantness ratings were likely influenced by using only unpleasant odours as target odours, 

therefore conclusions about the influences of odour pleasantness on recognition scores are very 

limited.  

Hypothesis 3 

Concerning the descriptions used by the control and clinical participants for the odours, 

the category of no association was the most frequently used by participants, who often did not 

provide a response, and these odours appeared to accumulate the highest number of hit 

responses. This may reflect the difficulty of identifying odours as previously described by Cain 

(1979) and further demonstrates that even unnamed odours can be correctly recognised (Herz 

& Cupchick, 1992).  

Odours with consistent associations did not have many hits associated, nor did the 

frequency of use of consistent associations (or other categories) change over time, unlike the 

finding by Cornell Kärnekull et al. (2015) which suggested a decrease in the frequency of 

consistent associations. This finding however may have been impacted by the small number of 

odours named and also because of the difference in time delay used (24 hours versus 64 days 

at the largest interval) between this study and Cornell Kärnekull et al. (2015).   

When SI’s scores were compared to controls’, he produced significantly more single 

and consistent associations with odours he was unable to recognise (misses) at T2. This could 

indicate that SI was unable to use the odours as cues to semantic information or episodic recall 

from the previous day’s testing, although it is important to note SI’s response bias (“No” to 

every recognition question).  
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Interestingly, SI, when asked to name one of the odours at T1 (subjectively) appeared 

to have an episodic memory triggered and became tearful. The incident of episodic memory 

retrieval appears in-keeping with previous research suggesting olfaction is a stronger cue to 

episodic retrieval than other senses (such as the Proust phenomenon), produces memories older 

in nature (childhood memories), and more emotionally charged (Chu & Downes, 2000, 2002; 

de Bruijn & Bender, 2017; Larsson et al., 2014;  Proust, 1928; Saive et al., 2014; Willander & 

Larsson, 2006, 2007). However, according to previous research, this strong olfactory-episodic 

association should have aided recall, and should have experienced a slower forgetting rate, thus 

increasing the likelihood of a hit at T2 with SI (Hackländer et al., 2018); this was not the case. 

Upon inspection of the same odour at T2, SI did not explicitly allude to experiencing the same 

episodic recall that one might expect in complete anterograde amnesia.  

Hypothesis 4  

With the implicit memory task, the mirror maze, SI’s timings across day 1 and day 2 

were similar, and significantly much slower than control participants on day 2. SI, therefore, 

did not demonstrate evidence of implicit learning. This is clinically rare, given the reported 

sparing of implicit memory skills in anterograde amnesia in the presence of bilateral 

hippocampal lesions, and mimics the reported memory deficits of WO (Burgess & 

Chadalavada, 2015; Spiers et al., 2001).  

 Furthermore, SI was slower than control participants on the mirror maze by the second 

half of day 1 testing, which may imply difficulty with processing speed or the effects of fatigue. 

In considering his olfactory memory performance, this could explain SI’s chance-level 

performance at T0 and T1 testing, as olfactory memory has been suggested to rely on cognitive 

skills such as processing speed (Schlintl & Schienle, 2022). 
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Hypothesis 5  

On the SPANS, SI performed at a similar level or slightly below the normative sample 

and control participants on tasks of naming, sustained and divided listening round one, figure 

copy, writing sentences, and monetary calculations; but performed at a lower than anticipated 

level on all other tasks (sustained and divided listening round two, recall and recognition tests, 

letter-number coding, list learning, similarities, and symbol-word paired associates). These 

latter tasks are arguably considered to be more taxing on skills of executive functioning skills 

(such as inhibition, processing speed and cognitive flexibility) and general memory ability 

(Burgess, 2014). Notably, this was like the finding of Burgess and Chadalavada (2015) with 

WO, which suggested WO’s intellect was largely intact post-onset of amnesia, however, his 

working memory and visuospatial skills had reportedly diminished over time.  

In comparison to his performance on olfactory recognition memory tasks, this may have 

meant that SI struggled to compare and contrast odour objects, hence his near-chance scores of 

hits, misses, false alarms and correct rejections at T0 and T1 even theoretically before the onset 

of his lapse in memory-retention of 1 waking day. This would replicate the findings of research 

which suggest an association between a reduction in executive functioning, in older people and 

those with neurological conditions such as Parkinson’s disease, and reduced olfactory memory 

(Schlintl & Schienle, 2022; Solla et al., 2023).   

After the onset of memory lapse on day 2, SI was, unsurprisingly, worse than control 

participants on all SPANS recall and recognition tasks, with no apparent evidence of learning. 

The exception to this was the 24-hour memory recall task, where SI correctly selected two of 

the three items to remember (the “pint glass” and “cup of tea”) out of six available items. 

Although this may suggest episodic recall beyond the memory retention period, this finding 

should be considered cautiously, as SI’s decision may have been influenced by unintentional 
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episodic priming; with the two correctly identified objects likely closest in nature to his 

personal life than the other four objects.   

Clinical Implications 

The findings of this study challenge previous research which suggests the unique 

physiology of the olfactory memory pathway should allow for the retention of olfactory 

memories at a precedent above those of other sensory memory modalities (Farbman, 1992; 

Graziadei & Graziadei, 1979; Herz & Engen, 1996; Lawless, 1978). Despite the lack of any 

clinically significant brain anatomy changes, SI could not recall olfactory memories after a 24-

hour delay. This, in turn, implies that olfactory memory is not as immediately long-term as 

research would suggest, but instead is a process involving consolidation over sleep. 

In line with previous memory models such as Baddeley and Hitch (1974), olfactory 

memory may therefore contain a working memory store similar to the other senses, in which 

olfactory information is held and maintained before either consolidation into long-term 

memory or is forgotten. It may be this working memory which allowed SI to answer the 

questions about the odours on day 1, however, without consolidation into long-term memory, 

the olfactory memories were forgotten, and he was unable to answer questions about the odours 

on day 2.  

Regarding anterograde amnesia in the absence of clinically significant brain 

abnormality, SI did not objectively demonstrate any retained memory over 24 hours across 

olfactory recognition memory tasks, implicit memory tasks, and other broader tasks of 

cognitive skills (SPANS). This is greatly similar to the case of WO previously reported 

(Burgess & Chadalavada, 2015). This suggests that the current scientific understanding of 

anterograde amnesia is limited by available technology and anatomical knowledge, and instead, 

the true causes exist beyond that on a metabolic level involved in the consolidation of memory.  
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Based on the findings of this study, clinical staff, particularly those conducting 

assessments with clinical populations, may benefit from training in the consolidation of 

memory. Such training should include information about olfactory memory difficulties and 

how these might present in those with amnesia versus populations with typical memory. It is 

hoped this training would allow for easier identification of other individuals with amnesia and 

would allow clinicians to draw on knowledge of olfactory difficulties in their formulations with 

clients presenting with a range of difficulties (such as dementia and post-traumatic stress 

disorder; Vermetten et al., 2007).  

Future Research 

The occurrence of anterograde amnesia in the absence of clinically significant brain 

injury is considered rare, however, the cases of SI and WO imply the existence of a clinical 

classification beyond current scientific understanding, and potentially centring on an issue at a 

metabolic, consolidation level. It would therefore be of utmost importance that future research 

investigates reported incidences of such cases to explore if they too exhibit similar memory 

deficits (such as impaired implicit memory), to determine if a distinct classification does indeed 

exist.  

Those with anterograde amnesia and other neurological conditions provide unique 

opportunities to explore the current theories around olfactory memory, and future research 

should look to continue investigating olfactory long-term memory with these clinical 

populations. It would be especially interesting to explore such cases of anterograde amnesia if 

they were to present in a female, given women’s reportedly enhanced olfactory memory (Brand 

& Millot, 2001 Lehrner, 1993; Öberg et al., 2002). This would hopefully provide more 

information about the unique anatomy, consolidation, and duration of olfactory long-term 

memory.  
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Limitations 

The main limitation of this current study is the small sample size. Although for a case-

control design, a large control participant sample was unnecessary, the findings are restricted 

by small effect sizes, reliance on nonparametric statistics, and lack of generalisability (for 

example with all male participants). Future studies into olfactory memory should aim to expand 

upon this research with a larger, more representative sample.  

Another limitation of this study was methodological. The recognition memory task was 

purpose-designed, and, although based on previous research and using piloted questions, no 

normative data nor reliability statistics were available, the design relied heavily on verbal 

expression, and the naming question could have been utilised to better evoke the olfactory-

episodic memory links (Herz, 2004, 2005; Herz & Cupchick, 1992). Future research should 

therefore aim to explore olfactory memory utilising less explicit methods (perhaps through 

exploring more implicit methods such as olfactory priming, or habituation), and should explore 

olfactory-episodic memory links by asking participants to name an episodic event associated 

with each odour in a manner like the Galton-Crovitz method (Crovitz & Schiffman, 1974; 

Hockländer et al., 2018).  

Conclusion 

Despite being anatomically intact, without clinically significant brain abnormalities, 

olfactory learning was unable to permeate SI’s memory-retention window of 1 waking day. 

Control participants however demonstrated olfactory recognition memory that did not 

significantly differ over time. These findings challenge existing literature which suggests that 

olfactory memory is more long-lasting than other forms of sensory memory due to unique 

physiology and raises questions about the consolidation of olfactory memory.  
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This study found that odour quality ratings, other than intensity, were not correlated 

with the correct (hits) or incorrect (misses) identification of target odours in control 

participants.  

This study replicated previous research in demonstrating the difficulty in naming 

odours, however, control participants were still able to recognise target odours above chance 

without attributing a name. With SI, naming (single, consistent, or inconsistent associations) 

did not appear to aid recall, and despite one odour triggering episodic recall, unlike previous 

suggestions, this did not aid his recollection of the odour in subsequent testing.  

SI continued to demonstrate a lack of memory retention in other memory tasks, 

including implicit memory tasks (mirror maze) and tasks of other cognitive skills (SPANS). 

This is different to the pattern usually seen in anterograde amnesia resulting from observable 

brain injury, where implicit memory is reportedly more intact. This suggests that like WO, SI 

presents with unique anterograde amnesia, without brain structural changes, that may point 

towards a new classification with causes located on a metabolic level at the point of memory 

consolidation.  

Several limitations of this study are suggested, such as its small sample size, reliance 

on verbally expressed methods of olfactory recognition, and limited investigation of olfactory-

episodic memory links. Revised protocols are suggested to allow for the investigation of 

olfactory memory without such limitations.  

Future research should aim to continue to explore olfactory memory with those with 

medically unexplained anterograde amnesia to answer the question, what does short-term 

olfactory memory comprise of and how is this consolidated into long-term memory? 
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Appendix A: Studies and Experiments Included in Section A 

 

Author (Year) Experiment 

Number 

Included/Excluded Reason(s) 

Ayabe-Kanamura & 

Kikuchi (1997) 

- - - 

Cain & Potts (1996) 
1 Included Meets criteria 

2 Included Meets criteria 

Chrea et al. (2007) 
1 Excluded No memory task 

2 Included Meets criteria 

Cornell Kӓrnekull et 

al. (2015) 

- - - 

Davis (1977) - - - 

Engen & Ross (1973) 

1 Included Meets criteria 

2 Included Meets criteria 

3 Included Meets criteria 

Jehl et al. (1995) - - - 

Jehl et al. (1997) - - - 

Larsson & Bäckman 

(1993) 

- - - 

Larsson & Bäckman 

(1997) 

- - - 

Lawless & Engen 

(1977) 

1 Included Meets criteria 

2 Excluded No recognition memory task, 

identification only 

3 Excluded No recognition memory task, 

identification only 

Lehrner (1993) - - - 

Lyman & McDaniel 

(1990) 

1 Included Meets criteria 

2 Excluded Retention interval <24 hours 

Murphy et al. (1991) 

1 Excluded Retention interval <24 hours 

2 Included Meets criteria 

3 Excluded Retention interval <24 hours 

4 Excluded Retention interval <24 hours 

Olsson et al. (2009) 
1 Excluded Retention interval <24 hours 

2 Included Meets criteria 

Rabin & Cain (1984) - - - 

Saive et al. (2014) - - - 

Zucco (2003) 
1 Included  

2 Excluded Retention interval <24 hours 

Note. - within table symbolises that the study was not divided into further experiments, 

and therefore no further information is provided regarding the study’s inclusion in 

Section A of this project.  
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Appendix B: Section A Characteristics of Studies 

 

Author 

(Year) 

[experiment 

number] 

Country Study Design Participants 

Ayabe-

Kanamura 

& Kikuchi 

(1997)  

 

Japan 3x3 Mixed Factorial Design 

 

58 participants (31 men, 37 women). No age or ethnicity data provided.  

Cain & 

Potts 

(1996) 

[experiment 

1] 

 

America Within-Subjects Design 

 

 

10 paid participants (4 men, 6 women). Recruited from the Yale community. No age 

or ethnicity data provided. 

Cain & 

Potts 

(1996) 

[experiment 

2] 

America Between-Subjects Design 

 

 

20 participants (nine males and 11 females). No age or ethnicity data provided. 

Chrea et al. 

(2007) 

 

 

America, Vietnam & 

France 

Quasi-experiment design 

 

59 students, 20 from France (7 male, 13 female, M = 22.8, SD = 3.9), 20 from 

America (4 male, 16 female, M age = 23.1, SD = 5.0), and 19 from Vietnam (9 

male, 10 female, M age = 22.4, SD = 1.2).  
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Author 

(Year) 

[experiment 

number] 

Country Study Design Participants 

Cornell 

Kӓrnekull 

et al. 

(2015) 

Sweden 4x2x2 Mixed Factorial Design 

 

 

83 participants (43 women, 40 men). The age ranged from 19 to 50 years for the 

women (M age = 26.3, SD = 5.8) and from 19 to 44 years for the men (M age 

= 26.1, SD = 5.8). No ethnicity data  

Davis 

(1977) 

America 2 x 3 Mixed Factorial Design 

 

 

No participant data provided regarding number of participants, age, sex, or ethnicity. 

13-16 participants were assigned to each condition.  

Engen & 

Ross 

(1973) 

[experiment 

1] 

 

America Mixed Design 37 participants. No age, sex, or ethnicity data provided. 

 

 

Engen & 

Ross 

(1973) 

[experiment 

2] 

 

America Between-Subjects Design 

 

68 participants. No age, sex, or ethnicity data provided. Participants were not 

informed of the delayed recognition test.  

  

Engen & 

Ross 

(1973) 

[experiment 

3]  

America Between-Subjects Design 

 

74 participants. No age, sex, or ethnicity data provided.  

Jehl et al. 

(1995) 

France 4X3 Between-Subjects Factorial 

Design 

 

  

110 adults between 19 and 30 years of age (M = 23.63 + 2.78). No sex or ethnicity 

data was provided. 
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Author 

(Year) 

[experiment 

number] 

Country Study Design Participants 

Jehl et al. 

(1997) 

France 5x2 Between-Subjects Factorial 

Design 

 

 

100 subjects (50 women, 50 men, 18-32 years of age, M = 25.3). College graduate 

students.  

No ethnicity data was provided. 

Larsson & 

Bäckman 

(1993) 

Sweden 3x3x2 Quasi-Mixed Factorial 

Design 

 

 

 

 

 

 

 

 

108 healthy women volunteered. Participants were divided into three groups 

dependant on their age, young (18-30 years old), young-old (60-69 years old), 

and old (70-79 years old). No ethnicity data provided. 36 participants were in 

each age group. 12 participants of each age group were randomly assigned to 

each encoding condition.  

Larsson & 

Bäckman 

(1997) 

Sweden 3x2 Quasi-Mixed Factorial Design 

 

 

72 women participants, who were divided into three groups of 24 participants based 

on age: young (aged 19±34 years), young-old (aged 60±69 years), and old 

adults (aged 70±79 years). No ethnicity data provided. 

Lawless & 

Engen 

(1977) 

 

America Mixed Design 

 

15 Brown University students volunteered for a practice study (8 participants’ data 

was included in the practice group and 7 participants’ in the control group). 

Another 74 subjects were paid participants. 30 subjects were male; 59 were 

female. No age or ethnicity data provided. Three participants were excluded 

for failing to perfume above chance levels (total participants therefore 86). 

Lehrner 

(1993) 

Austria 2x4 Quasi-Mixed Factorial Design 27 men and 29 women participants, between 18 and 27 years of age. No further age 

information or ethnicity data provided.  

 

Lyman & 

McDaniel 

(1990) 

America 5x2 Between-Subjects Factorial 

Design 

 

120 participants, recruited from universities, 70 male and 50 female participants. No 

age or ethnicity data provided. 
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Author 

(Year) 

[experiment 

number] 

Country Study Design Participants 

Murphy et 

al. (1991) 

America 2x3x4 Quasi-Mixed Factorial 

Design 

 

 

32 participants (16 students, (M, SD = 21.4, 2.6; and 16 elderly, M, SD = 72.1, 6.6). 

16 were female, and 16 were male. No ethnicity data was provided. No control 

group. 

Olsson et 

al. (2009) 

Sweden 2x2 Within-Subjects Factorial 

Design 

 

 

16 men and 16 women with the mean age of 23.7 (SD=4.2). No ethnicity information 

was provided. 

Rabin & 

Cain (1984) 

America Mixed Design 45 Yale undergraduates (24 females, 21 males) participated. No information provided 

on ages or ethnicities of participants. 

Saive et al. 

(2014) 

France 2x3 Mixed Factorial Design 

 

25 healthy participants (13 women; age: M = 21.4 SD = ± 2.1). 

Zucco 

(2003) 

Italy Between-Subjects Design  

 

 

48 university students ranging in age from 20 to 30 years (M = 24.7 years). 28 males 

and 20 females.  
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Appendix C: SI Previous Neuropsychological Assessment 

SI completed a previous neuropsychological assessment with Dr Gerald Burgess in 2017, the 

results of which are being prepared for publication.  

 

Of note, SI completed a Weschler Adult Intelligence Scale – IV (WAIS-IV), and achieved the 

following results: 

 

WAIS-IV Subtest Standard Score 

Block Design 6 

Digit Span 5 

Matrix Reasoning 7 

Vocabulary 7 

Information 7 

Letter-Number Sequencing 8 
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Appendix D: Advertisement 
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Appendix E: Odour Groups for Testing 

 

Supplier 
Odour 

Number 
Odour Name Included/Excluded Group 

AromaPrime 1 Basil Included B 
AromaPrime 2 Hospital modern day Included D 
AromaPrime 3 Skunk Excluded - 
AromaPrime 4 Racing car Excluded - 
AromaPrime 5 Fressia Meadow Included C 
AromaPrime 6 Brewery Included D 
AromaPrime 7 Candy Floss Included B 
AromaPrime 8 Lavender Included B 
AromaPrime 9 Cigarette ash Included D 
AromaPrime 10 Rotten egg Excluded - 
AromaPrime 11 Sweaty feet Included A 
AromaPrime 12 Buttered popcorn Included B 
Givaudan 13 Lemon Included D 
AromaPrime 14 Flatulence Included A 
AromaPrime 15 Coffee blend Included C 
AromaPrime 16 Fish market Excluded - 
AromaPrime 17 Sports changing 

room 
Included C 

AromaPrime 18 Washday Included D 
AromaPrime 19 Rotten flesh Excluded - 
AromaPrime 20 Dentist Included C 
AromaPrime 21 Sewer Included A 
AromaPrime 22 Methane Included A 
AromaPrime 23 Garden shed Included B 
AromaPrime 24 Vomit Included A 
AromaPrime 25 Peppermint Included D 
AromaPrime 26 Pine forest Included C 
AromaPrime 27 Gun smoke Excluded - 
AromaPrime 28 Crusty bread Included B 
AromaPrime 29 Acrid rubbish Included A 
AromaPrime 30 Urine Excluded - 
Givaudan 31 Cantaloup melon Included C 

 

 

 



120 
 

Appendix F: Odour Quality Ratings from the Pilot Study 

Smell Number 
Score 

 

How would you 
rate the smell 

intensity? 

How would you rate the 

smell pleasantness? 

How well do you 

recognise the 
smell? 

How confident 
are you of this 

name? 

How familiar 
is the smell? 

How accurately does 
the smell match the 

name? 

1 
M 3.85 1.38 1.08 28.33 1.31 0.31 

SD 0.80 2.10 0.64 28.87 0.75 0.48 

2 
M 3.79 -0.07 1.14 41.43 1.14 0.93 

SD 0.97 1.69 0.77 28.78 0.77 0.83 

3 
M 4.29 -1.93 0.43 21.79 0.71 0.57 

SD 1.27 2.02 0.51 24.78 0.73 0.79 

4 
M 4.14 -1.07 0.79 24.64 0.86 0.33 

SD 1.17 2.02 0.58 23.08 0.66 0.65 

5 
M 3.50 1.71 1.21 36.43 1.36 1.31 

SD 0.94 1.27 0.58 27.06 0.50 0.75 

6 
M 3.21 1.43 1.21 42.86 1.29 0.71 

SD 1.05 1.65 0.70 24.63 0.73 0.73 

7 
M 3.50 2.36 1.29 43.21 1.36 1.07 

SD 1.02 1.28 0.47 28.93 0.50 0.73 

8 
M 3.64 2.14 1.43 62.86 1.71 1.71 

SD 0.93 1.29 0.65 27.01 0.47 0.61 

9 
M 4.21 -1.00 1.14 43.57 1.21 1.15 

SD 0.80 2.25 0.66 29.25 0.70 0.80 

10 
M 1.38 -1.00 0.29 16.15 0.21 0.31 

SD 1.04 1.75 0.47 22.93 0.43 0.63 

11 
M 3.86 -2.71 0.79 26.15 0.86 1.08 

SD 1.41 1.20 0.89 28.73 0.86 0.76 
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Smell Number 
Score 

 

How would you 
rate the smell 

intensity? 

How would you rate the 

smell pleasantness? 

How well do you 

recognise the 
smell? 

How confident 
are you of this 

name? 

How familiar 
is the smell? 

How accurately does 
the smell match the 

name? 

12 
M 4.36 -0.64 0.79 28.85 1.00 0.92 

SD 1.15 2.34 0.70 25.51 0.88 0.76 

13 
M 3.43 2.29 1.29 57.14 1.50 1.79 

SD 1.22 1.07 0.73 34.07 0.65 0.43 

14 
M 5.21 -3.64 0.14 4.23 0.14 0.29 

SD 0.97 0.50 0.36 10.77 0.36 0.73 

15 
M 3.29 0.86 0.86 35.00 0.93 1.00 

SD 1.33 1.75 0.77 23.12 0.73 0.88 

16 
M 3.85 -2.62 1.15 35.38 1.23 1.08 

SD 1.07 1.12 0.69 34.79 0.60 0.76 

17  
M 4.00 1.92 1.54 58.46 1.54 0.31 

SD 0.91 0.76 0.52 27.64 0.52 0.75 

18 
M 3.85 1.00 1.15 31.92 1.31 0.77 

SD 0.80 1.47 0.38 25.13 0.48 0.83 

19  
M 4.77 -2.31 0.69 19.23 0.62 0.50 

SD 0.83 2.39 0.63 25.32 0.65 0.76 

20 
M 4.31 -0.85 0.38 11.67 0.69 0.54 

SD 0.85 2.15 0.65 18.01 0.63 0.66 

21  
M 4.85 -3.38 0.31 13.33 0.31 0.67 

SD 1.14 0.87 0.48 19.69 0.48 0.49 

22 
M 4.62 -2.77 0.46 12.31 0.54 0.30 

SD 1.04 1.42 0.52 15.36 0.52 0.48 

23  
M 3.62 1.00 1.31 39.23 1.15 0.23 

SD 0.77 1.78 0.48 25.32 0.38 0.60 
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Smell Number 
Score 

 

How would you 
rate the smell 

intensity? 

How would you rate the 

smell pleasantness? 

How well do you 

recognise the 
smell? 

How confident 
are you of this 

name? 

How familiar 
is the smell? 

How accurately does 
the smell match the 

name? 

24 
M 4.38 -3.31 1.08 50.00 1.31 1.08 

SD 1.19 0.95 0.64 30.00 0.75 0.64 

25  
M 3.77 1.77 1.46 52.31 1.46 1.69 

SD 1.01 1.01 0.52 23.86 0.52 0.48 

26 
M 3.38 1.62 1.15 34.62 1.38 1.08 

SD 1.19 1.04 0.69 26.02 0.65 0.64 

27  
M 4.77 -2.46 0.38 13.85 0.62 0.10 

SD 0.93 2.03 0.51 18.95 0.51 0.32 

28 
M  3.46 1.23 0.69 37.50 0.92 0.23 

SD 0.66 1.79 0.63 31.94 0.76 0.44 

29  
M  4.69 -3.31 0.15 11.67 0.31 0.67 

SD 0.95 1.03 0.38 13.37 0.48 0.89 

30 
M 3.92 -2.31 0.62 10.77 0.54 0.54 

SD 1.04 2.02 0.51 17.06 0.78 0.66 

31 
M 3.77 2.31 1.62 63.85 1.69 1.77 

SD 0.83 1.32 0.51 28.73 0.48 0.44 
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Appendix G: Stimuli Scales from the Olfactory Recognition Memory Test 

 

 

Teaching Block 

1. How would you rate the smell intensity?  

 

 

 

 

 

 

2. How would you rate the smell pleasantness?  

-4 Extremely unpleasant 

-3 Moderately unpleasant 

-2 Unpleasant 

-1 Slightly unpleasant 

1 Slightly pleasant 

2 Pleasant 

3 Moderately pleasant 

4 Extremely pleasant 

 
3. How well do you recognise the smell? 

0 Unknown 

1 Vague recognition 

2 Full recognition 

 

4. How familiar is the smell?  

0 Unfamiliar 

1  Vague familiarity 

2  Full familiarity 

6 Intolerable 

5 Very strong 

4 Strong 

3 Easily perceptible 

2 Weak 

1 Very weak 

0 Not perceptible 
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5. What is the name of the smell?  

(this question has an open response that will be audio 
recorded) 
 
 
 
 

6. How confident are you of this name?  

 

0 No confidence 

20  

40  

60  

80  

100 Very high 
confidence 
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Memory Phases 

1. Did we show you this odour in the teaching block? 

Yes 

No 

 

2. How confident are you of your response?  

 

0 No confidence 

20  

40  

60  

80  

100 Very high 
confidence 

 

3. How would you rate the smell intensity?  

 

 

 

 

 

 

 

 

 

 

 

 

6 Intolerable 

5 Very strong 

4 Strong 

3 Easily perceptible 

2 Weak 

1 Very weak 

0 Not perceptible 
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4. How would you rate the smell pleasantness?  

-4 Extremely unpleasant 

-3 Moderately unpleasant 

-2 Unpleasant 

-1 Slightly unpleasant 

1 Slightly pleasant 

2 Pleasant 

3 Moderately pleasant 

4 Extremely pleasant 

  

 

5. How well do you recognise the smell? 

 

 

 

6. How familiar is the smell? 

 

 

 

7. What is the name of the smell?  

(this question has an open response that will be audio 
recorded) 
 
 
 
 
 
 
 
 
 

0 Unknown 

1 Vague recognition 

2 Full recognition 

0 Unfamiliar 

1  Vague familiarity 

2  Full familiarity 
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8. How confident are you of this name?  

 

0 No confidence 

20  

40  

60  

80  

100 Very high 
confidence 
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Appendix H : Olfactory Memory Recognition Task Researcher Answer Sheet 

 

 

Encoding Phase                Start Time:                            

End Time: 

Smell 
Number 

How would you 
rate the smell 
intensity?  

How would you rate 
the smell 
pleasantness?  

How well do 
you recognise 
the smell? 

How familiar 
is the smell?  

What is the name of the 
smell?  

How confident 
are you of this 
name?  

29             

11             

14             

22             

24             

21             

 

 

 

 

 

 
-4 Extremely unpleasant 

-3 Moderately unpleasant 

-2 Unpleasant 

-1 Slightly unpleasant 

1 Slightly pleasant 

2 Pleasant 

3 Moderately pleasant 

4 Extremely pleasant 
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T0                      Start Time:                            End Time: 

Smell 
Number 

Did we show 
you this 
odour in the 
teaching 
block? 

How 
confident are 
you of your 
response?  

How would 
you rate the 
smell 
intensity?  

How would you 
rate the smell 
pleasantness?  

How well do 
you 
recognise 
the smell? 

How 
familiar is 
the 
smell?  

What is the name 
of the smell?  

How 
confident 
are you of 
this name?  

7                 

28                 

24                 

8                 

14                 

1                 

22                 

12                 

29                 

21                 

23                 

11         

 
-4 Extremely unpleasant 

-3 Moderately unpleasant 

-2 Unpleasant 

-1 Slightly unpleasant 

1 Slightly pleasant 

2 Pleasant 

3 Moderately pleasant 

4 Extremely pleasant 
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T1                      Start Time:                            End Time: 

Smell 
Number 

Did we show 
you this odour 
in the teaching 
block? 

How 
confident are 
you of your 
response?  

How would 
you rate the 
smell 
intensity?  

How would you 
rate the smell 
pleasantness?  

How well do 
you 
recognise 
the smell? 

How 
familiar is 
the smell?  

What is the name of 
the smell?  

How 
confident 
are you of 
this name?  

24                 

11                 

29                 

17                 

21                 

5                 

14                 

15                 

22                 

26                 

31                 

20         
 

 

 

 
-4 Extremely unpleasant 

-3 Moderately unpleasant 

-2 Unpleasant 

-1 Slightly unpleasant 

1 Slightly pleasant 

2 Pleasant 

3 Moderately pleasant 

4 Extremely pleasant 
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T2    Start Time:                            End Time: 

Smell 
Number 

Did we show 
you this odour 
in the teaching 
block? 

How 
confident are 
you of your 
response?  

How would 
you rate the 
smell 
intensity?  

How would you 
rate the smell 
pleasantness?  

How well do 
you 
recognise 
the smell? 

How 
familiar is 
the smell?  

What is the name of 
the smell?  

How 
confident 
are you of 
this name?  

18                 

13                 

29                 

25                 

9                 

21                 

14                 

2                 

22                 

11                 

6                 

24         

 
-4 Extremely unpleasant 

-3 Moderately unpleasant 

-2 Unpleasant 

-1 Slightly unpleasant 

1 Slightly pleasant 

2 Pleasant 

3 Moderately pleasant 

4 Extremely pleasant 
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Appendix I: Mirror Maze Diagram 
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Appendix J: Participant Information Sheets 

 

 

 

 

 
 

 

Salomons Institute for Applied Psychology 
One Meadow Road 

Tunbridge Wells 
Kent TN1 2YG 

www.canterbury.ac.uk/appliedpsychology 

Control Participant - Information about the research 
 
Investigating smell memory in individuals with medically unexplained amnesia  
 
Hello. My name is Kari Snell and I am a trainee clinical psychologist at Canterbury Christ 
Church University. Along with my colleagues, Dr Jerry Burgess (Senior Lecturer and 
Neuropsychological Lead at the Salomons Institute, jerry.burgess@canterbury.ac.uk ) and 
Dr Philip Ulrich (Lecturer in Psychology, Canterbury Christ Church University, 
philip.ulrich@canterbury.ac.uk ), we would like to invite you to take part in a research study. 
Before you decide whether to take part, it is important that you understand why the research 
is being done and what it would involve for you.  
 
Talk to others about the study if you wish.  
(Part 1 tells you the purpose of this study and what will happen to you if you take part.  
Part 2 gives you more detailed information about the conduct of the study).  
 
 

Part 1 of the Information Sheet 
 
What is the purpose of the study?  
Previous research has suggested that memory for smells is unique, often more closely tied 
to our emotional memories and less likely to be forgotten than the memory for other senses. 
 
The aim of this study is to explore memory for smells in individuals with amnesia, and to 
compare them to individuals without amnesia.  
 
Why have I been invited?  
You have been invited to take part in this research because you meet the matching criteria, 
this is when individuals in one group are matched to another group based on certain 
characteristics. In this case these characteristics are sex, age, education level, and smoking 
status. Your results will be compared to this other group, who are individuals experiencing 
amnesia.  
 
Do I have to take part?  
It is up to you to decide whether to join the study. If you agree to take part, I will then ask you 
to sign a consent form. You are free to withdraw from the study at any time up until the data 
analysis has begun, without giving a reason.  
 
What will happen to me if I take part?  

mailto:jerry.burgess@canterbury.ac.uk
mailto:philip.ulrich@canterbury.ac.uk
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If you agree to take part, you will be asked to smell some odours presented to you. You will 
be asked to name the odour, and to rate its pleasantness and intensity, and to remember the 
odours for a later time. Your memory for the odours will be tested immediately after they are 
shown to you, after a short delay, and then on the next day (one day after the first session). 
These sessions will take place in a suitable venue nearby. Each session should last 
approximately 1-2 hours. 
 
Please note that your responses when asked to name the odour at each time point of testing 
will be audio recorded. This audio recording will be carried out by using an encrypted device. 
The audio recording will be transcribed anonymously (it will not involve identifiable data such 
as your name) for data analysis. 
 

Expenses and payments   
There will be no payment offered for taking part in the research. 
 
What will I be asked to do? 
You will be asked to remember, and name 6 odours presented to you. You will be asked to 
rate each odour for its pleasantness and intensity on questionnaires. You will then be 
immediately shown some more odours, some will be familiar to you and some will not, and 
you will be asked if you recognise each odour from the first session and how confident you 
feel in your response. You will again be asked to name each odour and rate each odour for 
its pleasantness and intensity on a questionnaire. This process will be repeated after a short 
delay of approximately 100 minutes, in which time you will complete some other tasks of 
verbal, visual and procedural memory. On the next day, you will again repeat this process for 
the final time. 
 
Please note that your responses throughout testing will be audio recorded. This is to enable 
the researchers to compare your responses over time and to ensure all the researchers are 
administering the testing consistently across time. This audio recording will be carried out by 
using an encrypted device. The audio recording will be transcribed anonymously (it will not 
involve identifiable data such as your name) for data analysis. 
 
What are the possible disadvantages and risks of taking part?  
Some of the smells shown to you may be unpleasant and intense and could cause some 
discomfort.   
 
Some elements of the tasks asked of you could be considered repetitive, and you may find 
yourself becoming bored or fatigued. Specifically, testing will last around 2 hours on day 1, 
and approximately 1 hour on day 2. However, breaks will be possible during testing to try to 
reduce the effects of boredom and fatigue. 
 
What are the possible benefits of taking part?   
The information we get from this study may help us to improve the understanding of amnesia 
and similar difficulties and could help to improve the care of those experiencing these 
difficulties. This study will not involve any treatment.  
 
What if there is a problem?  
Should you have any complaint or concern about the way you have been treated during this 
study or any possible harm you might suffer will be addressed. Please feel free to raise any 
such concern with the researcher at any time during the study, or alternatively please speak 
to the Salomons Research Director; the detailed information on this is given in Part 2.  
 
Will information from or about me from taking part in the study be kept confidential?  
Yes. We will follow ethical and legal practice and all information about you will be handled in 
confidence.  
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There are some rare situations in which information would have to be shared with others. 
The details are included in Part 2.  
 
 

This completes part 1. 
If the information in Part 1 has interested you and you are considering participation, please 
read the additional information in Part 2 before making any decision.  

 
 

Part 2 of the Information Sheet 
 

What will happen if I don’t want to carry on with the study?  
You can withdraw from the study up until the data has started to be analysed. After this 
point, 72 hours after your participation, the data will no longer be able to be identified on an 
individual level and so it will no longer be possible to withdraw your data. If you choose to 
withdraw from the study at any point prior to 72 hours after you have participated in the 
study, all the data you have provided will be removed from the research without any 
consequence to you. If you would like to withdraw your data from the study, please contact 
any of the researchers using their contact information below. 
 
What if there is a problem?  
Should there be any problems encountered, we encourage you to make a complaint to the 
lead researcher and/or the Salomons Research Director. Your complaints will be taken very 
seriously and will be investigated further.  
 
Concerns and Complaints  
If you have a concern about any aspect of this study, you should ask to speak to me, and I 
will do my best to address your concerns. You can contact me by emailing me at: 
ks788@canterbury.ac.uk and I will get back to you as soon as possible. 
 
If you remain dissatisfied and wish to complain formally, you can do this by contacting Dr 
Fergal Jones, Clinical Psychology Programme Research Director, Salomons Institute for 
Applied Psychology – fergal.jones@canterbury.ac.uk  
 
Will information from me or about me taking part in the study be kept confidential?  
We will follow ethical and legal practice regarding information about you. The following 
measures will be taken regarding confidentiality:  

• Your data from the study will be collected on a password-protected laptop and 

encrypted audio recorder. 

• Your results will be anonymised and coded using a unique two-letter system. The 

only document to contain the link between these codes and the true identities of 

participants will be kept on an encrypted device and only available to the lead 

researcher.  

• Your anonymised data will be stored on a password protected CD-ROM at Salomons 

Institute for Applied Psychology for 10 years and it will then be destroyed. Only the 

research team will have access to this anonymised data, however the data from the 

study may be made available to future research (at which point further ethical 

approval would be sought from The Salomons Ethics Panel).  

• As a research participant, you have the right to check the accuracy of data held 

about you and to correct any errors.  

mailto:ks788@canterbury.ac.uk
mailto:–%20fergal.jones@canterbury.ac.uk
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• Please be aware, should you disclose information that concerns me about your 

safety or the safety of others around you, I am obliged to break confidentiality to 

speak to a third party to ensure your/their safety.  

 
What will happen to the results of the research study?  
The results of the research study will be written up into a case study and may be published 
in a scientific journal and on Canterbury Christ Church University’s website.  
 
As a participant of the study, you can receive a copy of the results once the write-up is 
completed. Should you wish to receive a copy of the results, please send me your email 
address by contacting me at ks788@canterbury.ac.uk You will be informed of when the 
results have been written up and will be sent a copy of the publication. 
 
The data collected in this study may be used again in other studies at a later time.  
 
Who is sponsoring and funding the research?  
This research is being sponsored by Canterbury Christ Church University. 
 
Who has reviewed the study?  
This study has been reviewed and given favourable opinion by The Salomons Ethics Panel, 
Salomons Institute for Applied Psychology, Canterbury Christ Church University. For your 
references should you wish to enquire further about the approval for this study, the protocol 
number for this piece of research is ETH2021-0388. 
 
You will be provided with a copy of this information sheet and the consent form, should you 
agree to participate in the study.   
 
Further information and contact details  
If you would like to speak to me and find out more about the study or have questions about 
it, you can contact me by emailing ks788@canterbury.ac.uk and I will get back to you as 
soon as possible.  
 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

mailto:ks788@canterbury.ac.uk
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Salomons Institute for Applied Psychology 
One Meadow Road, 

Tunbridge Wells, 
Kent TN1 2YG 

www.canterbury.ac.uk/appliedpsychology 

Clinical Participant - Information about the research 
 
Investigating smell memory in individuals with medically unexplained amnesia  
 
Hello. My name is Kari Snell and I am a trainee clinical psychologist at Canterbury Christ 
Church University. Along with my colleagues, Dr Jerry Burgess (Senior Lecturer and 
Neuropsychological Lead at the Salomons Institute, jerry.burgess@canterbury.ac.uk ) and 
Dr Philip Ulrich (Lecturer in Psychology, Canterbury Christ Church University, 
philip.ulrich@canterbury.ac.uk ), we would like to invite you to take part in a research study. 
Before you decide whether to take part, it is important that you understand why the research 
is being done and what it would involve for you.  
 
Talk to others about the study if you wish.  
(Part 1 tells you the purpose of this study and what will happen to you if you take part.  
Part 2 gives you more detailed information about the conduct of the study).  
 
 

Part 1 of the Information Sheet 
 
What is the purpose of the study?  
Previous research has suggested that memory for smells is unique, often more closely tied 
to our emotional memories and less likely to be forgotten than the memory for other senses. 
 
The aim of this study is to explore memory for smells in individuals with amnesia, and to 
compare them to individuals without amnesia.  
 
Why have I been invited?  
You have been invited to take part in this research because you have memory difficulties 
which we wish to investigate further. You are one of two individuals with memory difficulties 
we wish to explore in this study, and your results will be compared to a group of individuals 
similar to yourself, but without such difficulties.   
 
Do I have to take part?  
It is up to you to decide whether to join the study. If you agree to take part, I will then ask you 
to sign a consent form. You are free to withdraw from the study at any time up until the data 
analysis has begun, without giving a reason.  
 
What will happen to me if I take part?  
If you agree to take part, you will be asked to smell some odours presented to you. You will 
be asked to name the odour, and to rate its pleasantness and intensity, and to remember the 
odours for a later time. Your memory for the odours will be tested immediately after they are 
shown to you, after a short delay, and then on the next day (one day after the first session). 
These sessions will take place in your home, or another suitable venue nearby. Each 
session should last approximately 1-2 hours.  
 

Expenses and payments   

mailto:jerry.burgess@canterbury.ac.uk
mailto:philip.ulrich@canterbury.ac.uk
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There will be no payment offered for taking part in the research.  
 
What will I be asked to do? 
You will be asked to remember and name 6 odours presented to you. You will be asked to 
rate each odour for its pleasantness and intensity on questionnaires. You will then be 
immediately shown some more odours, some will be familiar to you and some will not, and 
you will be asked if you recognise each odour from the first session and how confident you 
feel in your response. You will again be asked to name each odour and rate each odour for 
its pleasantness and intensity on a questionnaire. This process will be repeated after a short 
delay of approximately 100 minutes, in which time you will complete some other tasks of 
verbal, visual and procedural memory. On the next day, you will again repeat this process for 
the final time. 
 
Please note that your responses throughout testing will be audio recorded. This is to enable 
the researchers to compare your responses over time and to ensure all the researchers are 
administering the testing consistently across time. This audio recording will be carried out by 
using an encrypted device. The audio recording will be transcribed anonymously (it will not 
involve identifiable data such as your name) for data analysis. 
 
What are the possible disadvantages and risks of taking part?  
Some of the smells shown to you may be unpleasant and intense and could cause some 
discomfort.   
 
Some elements of the tasks asked of you could be considered repetitive, and you may find 
yourself becoming bored or fatigued. Specifically, testing will last around 2 hours on day 1, 
and approximately 1 hour on day 2. However, breaks will be possible during testing to try to 
reduce the effects of boredom and fatigue.  
 
Your results will be written up and likely published in a scientific journal. Although we will 
take measures to hide your identifiable features (such as removing your name and only 
using an anonymised code to refer to you), because your difficulties are so unique it may 
mean that the information published in the journal could still be linked to you.  
 
What are the possible benefits of taking part?   
We cannot promise the study will help you, but the information we get from this study may 
help us to improve the understanding of difficulties similar to yours and may help to improve 
the care of others experiencing these difficulties. This study will not involve any treatment.  
 
What if there is a problem?  
Should you have any complaint or concern about the way you have been treated during this 
study or any possible harm you might suffer will be addressed. Please feel free to raise any 
such concern with the researcher at any time during the study, or alternatively please speak 
to the Salomons Research Director; the detailed information on this is given in Part 2. Your 
carer/family member will also be involved in the study, supporting the process, and may be 
able to act on your behalf (as an advocate of any of your concerns) should you so wish.  
 
Will information from or about me from taking part in the study be kept confidential?  
Yes. We will follow ethical and legal practice and all information about you will be handled in 
confidence. The exception to this is that although we will take every effort to disguise your 
identity, we will be writing about you in some depth, and you may therefore still be 
recognisable from the information written.  
 
There are some rare situations in which information would have to be shared with others. 
The details are included in Part 2.  
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This completes part 1. 

If the information in Part 1 has interested you and you are considering participation, please 
read the additional information in Part 2 before making any decision.  

 
 

Part 2 of the Information Sheet 
 

What will happen if I don’t want to carry on with the study?  
You can withdraw from the study up until the data has started to be analysed. After this 
point, 72 hours after your participation, the data will no longer be able to be identified on an 
individual level and so it will no longer be possible to withdraw your data. If you choose to 
withdraw from the study at any point prior to 72 hours after you have participated in the 
study, all the data you have provided will be removed from the research without any 
consequence to you. If you would like to withdraw your data from the study, please contact 
any of the researchers using their contact information below. 
 
What if there is a problem?  
Should there be any problems encountered, we encourage you to make a complaint to the 
lead researcher and/or the Salomons Research Director. Your complaints will be taken very 
seriously and will be investigated further.  
 
Concerns and Complaints  
If you have a concern about any aspect of this study, you should ask to speak to me and I 
will do my best to address your concerns. You can contact me by emailing me at: 
ks788@canterbury.ac.uk and I will get back to you as soon as possible. 
 
You can also contact the supervisor of the study, Jerry Burgess (with whom you have a prior 
relationship) by emailing him at: jerry.burgess@canterbury.ac.uk and he will get back to you 
as soon as possible.  
 
If you remain dissatisfied and wish to complain formally, you can do this by contacting Dr 
Fergal Jones, Clinical Psychology Programme Research Director, Salomons Institute for 
Applied Psychology – fergal.jones@canterbury.ac.uk  
 
Will information from me or about me taking part in the study be kept confidential?  
We will follow ethical and legal practice regarding information about you. The following 
measures will be taken regarding confidentiality:  

• Your data from the study will be collected on a password-protected laptop and 
encrypted audio recorder.  

• Your results will be anonymised and coded using a unique two-letter system. The 
only document to contain the link between these codes and the true identities of 
participants will be kept on an encrypted device and only available to the lead 
researcher.  

• The exception to the above is that although we will take every effort to disguise your 
identity, we will be writing about you in some depth, and you may therefore still be 
recognisable from the information written.  

• Your anonymised data will be stored on a password protected CD-ROM at Salomons 
Institute for Applied Psychology for 10 years and it will then be destroyed. Only the 
research team will have access to this anonymised data, however the data from the 
study may be made available to future research (at which point further ethical 
approval would be sought from The Salomons Ethics Panel).  

• As a research participant, you have the right to check the accuracy of data held 
about you and to correct any errors.  

mailto:ks788@canterbury.ac.uk
mailto:jerry.burgess@canterbury.ac.uk
mailto:–%20fergal.jones@canterbury.ac.uk
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• Please be aware, should you disclose information that concerns me about your 
safety or the safety of others around you, I am obliged to break confidentiality to 
speak to a third party to ensure your/their safety.  
 

What will happen to the results of the research study?  
The results of the research study will be written up into a case study and may be published 
in a scientific journal and on Canterbury Christ Church University’s website.  
 
As a participant of the study, you can receive a copy of the results once the write-up is 
completed. Should you wish to receive a copy of the results, please send me your email 
address by contacting me at ks788@canterbury.ac.uk You will be informed of when the 
results have been written up and will be sent a copy of the publication. 
 
The data collected in this study may be used again in other studies at a later time.  
 
Who is sponsoring and funding the research?  
This research is being sponsored by Canterbury Christ Church University. 
 
Who has reviewed the study?  
This study has been reviewed and given favourable opinion by The Salomons Ethics Panel, 
Salomons Institute for Applied Psychology, Canterbury Christ Church University. For your 
references should you wish to enquire further about the approval for this study, the protocol 
number for this piece of research is ETH2021-0388.  
 
You will be provided with a copy of this information sheet and the consent form, should you 
agree to participate in the study.   
 
Further information and contact details  
If you would like to speak to me and find out more about the study or have questions about 
it, you can contact me by emailing ks788@canterbury.ac.uk and I will get back to you as 
soon as possible.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:ks788@canterbury.ac.uk
mailto:ks788@canterbury.ac.uk
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Appendix K: Participant Consent Form 

 

 

 
 

 

Salomons Institute for Applied Psychology 

                                            One Meadow Road, Tunbridge Wells, Kent TN1 2YG 

Ethics approval number: ETH2021-0388.  

Version number: 1 
Participant Identification number for this study:  

 

CONSENT FORM 
Title of Project: Investigating smell memory in two individuals with medically 

unexplained amnesia  
Name of Researcher: Kari Snell 

 

Please initial in the box  

1. I confirm that I have read and understand the information sheet 
dated.................... (version............) for the above study. I have had the 
opportunity to consider the information, ask questions and have had these 
answered satisfactorily.  

 

  

2. I understand that my participation is voluntary and that I am free to withdraw 
at any time prior to the start of data analysis (72 hours after participation), 
without giving any reason.  

 

  

3. I understand that my responses to questions included in the study will be 
audio recorded on an encrypted device and later transcribed (written-up). I 
give permission for this audio recording to occur. 

 

  

4. I understand that relevant sections of my medical notes, as specified in the 
information sheet, and data collected during the study may be looked at by the 
lead supervisor, Jerry Burgess. I give permission for these individuals to have 
access to my data.  

 

  

5. I agree that anonymous quotes from my interview and other anonymous 
data may be used in published reports of the study findings. 

 

  

6. I agree for my anonymous data to be used in further research studies. 
 

 

  

7. I agree to take part in the above study.  
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Name of Participant____________________ Date________________  
 
Signature ___________________ 
 
Name of Person taking consent ______________ Date_____________  
 
Signature ____________________ 
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Appendix L: Participant Demographics Questionnaire 

 

Investigating smell memory in individuals with medically unexplained amnesia 

 

Demographic Questionnaire 

 

Please complete the below information, which will be used to ensure your characteristics 

match those of the participants in the clinical group with amnesia, to allow us to compare 

your data. We will not use this information to identify you the study write up, this information 

will be anonymised.  

 

 
Your date of birth: 
 

 

Your gender 
(please circle): 
 

 

Male    

Female     

Non-Binary      

Other (please specify): ………………………………. 

 

What is the 
highest level of 
education that you 
have achieved? 
(please circle) 
 

 

No Formal Education 

Secondary School 

College / Sixth Form / Work-Based Apprenticeship 

University Undergraduate  

University Postgraduate 
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Employment 
status (please 
circle): 
 

 
Employed Full-Time 

Employed Part-Time       

Unemployed       

Student        

Retired       

Other (please state) ………………………………….. 

 

 
What is your 
current 
occupation? 
 

 
……………………………………………………………………………… 

……………………………………………………………………………… 

 

What is your 
smoking status? 
(please circle) 
 

 

Non-Smoker 

Ex-Smoker 

Smoker 

 

 
Do you have a 
sense of smell? 
(please circle) 
 

Yes / No  

 
Have you had 
COVID-19 within 
the past 3 
months? (please 
circle) 
 

Yes / No  

 
Do you have any 
untreated 
illnesses currently 
resulting in a 
congested nose? 
(please circle)  

 
 
 
Yes / No  
 
 
Please provide more details if you answered ‘Yes’ to having an 
untreated illness resulting in a congested nose: 
 
……………………………………………………………………………… 

……………………………………………………………………………… 
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Do you have a 
diagnosed 
memory 
condition? (please 
circle) 

 
 
Yes / No 
 
 
If you answered ‘yes’ to having a diagnosed memory 
condition, please name the memory condition here: 
 
……………………………………………………………………………… 

……………………………………………………………………………… 

 

 
Do you have any 
known allergies? 
(please circle) 

 
Yes / No  
 
 
If you answered ‘Yes’ to having allergies, please provide more 
details about what you are allergic to: 
 
……………………………………………………………………………… 

……………………………………………………………………………… 
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Appendix M: Participant Debrief Sheet 

 

 

 

 

Salomons Institute for Applied Psychology 
1 Meadow Road 
Tunbridge Wells 

Kent 
TN1 2YG 

www.canterbury.ac.uk/appliedpsychology 

 

Debrief Sheet 
Investigating smell memory in individuals with medically unexplained amnesia 

Thank you for taking the time to participate in this study.  

Previous research has suggested that memory for smells is unique, often more 

closely tied to our emotional memories and less likely to be forgotten than the 

memory for other senses. 

The aim of this study was to explore memory for smells in individuals with amnesia, 

and to compare them to individuals without amnesia. 

What should I do now?  

You are not required to do anything further as part of this study. We would like to 

thank you for your involvement. Your input in this study will hopefully further the 

scientific understanding of amnesia and olfactory (smell) memory.  

What if I would like a copy of the results?  

If you would like to receive a copy of the study’s collective results please contact the 

lead researcher, Kari Snell (ks788@canterbury.ac.uk), and provide your email 

address.  

What will happen if I don’t want to carry on with the study?  

You can withdraw from the study up until the data has started to be analysed. After 

this point, 72 hours after your participation, the data will no longer be able to be 

identified on an individual level and so it will no longer be possible to withdraw your 

data. If you choose to withdraw from the study at any point prior to 72 hours after you 

have participated in the study, all the data you have provided will be removed from 

the research without any consequence to you. If you would like to withdraw your data 

from the study, please contact any of the researchers using their contact information 

below. 

Queries or concerns  

http://www.canterbury.ac.uk/appliedpsychology
mailto:ks788@canterbury.ac.uk
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If you have any queries or concern about any aspect of this study, please contact the 

lead researcher (Kari Snell) or any other member of the research team using the 

contact details at the bottom of the debrief sheet.  We will get back to you as soon as 

possible.  

Although we hope that participating in this study has not resulted in any negative 

effects for you, should you think or feel you have experienced any negative 

outcomes and wish to discuss those further please contact any of the study’s 

researchers using the contact information below or utilise the sources of further 

support detailed below.    

Further support available to you  

• Your GP, who will be able to offer you a range of support including possible 

referral or signposting for self-referral to your local Improving Access to 

Psychological Therapies (IAPT) service (who provide therapies for people 

experiencing difficulties with mental health conditions such as low mood or 

anxiety).  

• British Association for Behavioural and Cognitive Psychotherapies (BABCP), 

where you can find information about accessing a private Psychotherapist: 

www.babcp.com  

• British Association for Counselling and Psychotherapy (BACP), where you 

can find information about accessing a private Counsellor: 

www.bacp.co.uk/search/Therapists  

• Mind, a mental health charity providing various forms of support for anyone 

experiencing mental health difficulties, visit: www.mind.org.uk or call the Mind 

Infoline (available Monday-Friday, 09:00 – 18:00): 0300 123 3393 

Contacts  

Miss Kari Snell (Trainee Clinical Psychologist at the Salomons Institute and lead 

researcher) ks788@canterbury.ac.uk  

Dr Jerry Burgess (Senior Lecturer and Neuropsychology Lead at the Salomons 

Institute) jerry.burgess@canterbury.ac.uk 

Dr Philip Ulrich (Lecturer in Psychology, Canterbury Christ Church University) 

philip.ulrich@canterbury.ac.uk  

 

Thank you again for your participation  

 

 

 

 

http://www.babcp.com/
http://www.bacp.co.uk/search/Therapists
http://www.mind.org.uk/
mailto:ks788@canterbury.ac.uk
mailto:jerry.burgess@canterbury.ac.uk
mailto:philip.ulrich@canterbury.ac.uk
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Appendix N: Ethical Approval 

This has been removed from the electronic copy. 
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Appendix O: Family Member Information Sheet  

 

 

 

Salomons Institute for Applied Psychology 
One Meadow Road 

Tunbridge Wells 
Kent TN1 2YG 

www.canterbury.ac.uk/appliedpsychology 

Family Member - Information about the research 
 
Investigating smell memory in individuals with medically unexplained amnesia  
 
Hello. My name is Kari Snell and I am a trainee clinical psychologist at Canterbury Christ 
Church University. Along with my colleagues, Dr Jerry Burgess (Senior Lecturer and 
Neuropsychological Lead at the Salomons Institute, jerry.burgess@canterbury.ac.uk ) and 
Dr Philip Ulrich (Lecturer in Psychology, Canterbury Christ Church University, 
philip.ulrich@canterbury.ac.uk ), we would like to invite you to take part in a research study. 
Before you decide whether to take part, it is important that you understand why the research 
is being done and what it would involve for you.  
 
Talk to others about the study if you wish.  
(Part 1 tells you the purpose of this study and what will happen to you if you take part.  
Part 2 gives you more detailed information about the conduct of the study).  
 
 

Part 1 of the Information Sheet 
 
What is the purpose of the study?  
Previous research has suggested that memory for smells is unique, often more closely tied 
to our emotional memories and less likely to be forgotten than the memory for other senses. 
 
The aim of this study is to explore memory for smells in individuals with amnesia, and to 
compare them to individuals without amnesia.  
 
Why have I been invited?  
As a carer/family member of someone with amnesia (a clinical participant) who may 
participate in this research, we would like to invite you to consult with us on the research to 
ensure its appropriateness and comfortableness for your significant other.  
 
Do I have to take part?  
It is up to you to decide whether to join the study. If you agree to take part, I will then ask you 
to sign a consent form. You are free to withdraw from the study at any time up until the data 
analysis has begun, without giving a reason.  
 
What will happen to me if I take part?  

mailto:jerry.burgess@canterbury.ac.uk
mailto:philip.ulrich@canterbury.ac.uk
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If you agree to take part, you will be asked to comment on the appropriateness and 
feasibility of the research. You will be asked to support the clinical participant in their 
participation of the research.  
 

Expenses and payments  
There will be no payment offered for taking part in the research. 
 
What will I be asked to do? 
You will be asked to comment on the appropriateness and feasibility of the research. You 
will be asked to support the clinical participant in their participation of the research. You will 
be asked some informal questions about your significant other, relevant to the testing and 
their presentation.  
 
Your significant other’s responses throughout testing will be audio recorded. If you are in the 
room during testing, please be aware that anything you say during that time will also be 
recorded on the encrypted device. Your significant other’s responses are being audio 
recorded to enable researchers to document exactly what words they select to describe the 
odour, to compare their responses over time. The audio recording will be transcribed 
anonymously (it will not involve identifiable data such as your or your significant other’s 
name) for data analysis. 
 
What are the possible disadvantages and risks of taking part?  
Some of the smells shown in the testing may cause some discomfort to your significant other 
and you.  
 
You may find some of the elements of the tasks repetitive and may become bored or 
fatigued. Specifically, testing will last around 2 hours on day 1, and approximately 1 hour on 
day 2. However, breaks will be possible during testing to try to reduce the effects of boredom 
and fatigue on both your significant other and you.  
 
What are the possible benefits of taking part?   
The information we get from this study may help us to improve the understanding of amnesia 
and similar difficulties and could help to improve the care of those experiencing these 
difficulties. This study will not involve any treatment.  
 
What if there is a problem?  
Should you have any complaint or concern about the way you or your significant other have 
been treated during this study or any possible harm you or they might suffer will be 
addressed. You will be asked to advocate on the behalf of your significant other, supporting 
them through testing and raising their concerns if they are unable to themselves. Please feel 
free to raise any such concern with the researcher at any time during the study, or 
alternatively please speak to the Salomons Research Director; the detailed information on 
this is given in Part 2.  
 
Will information from or about me from taking part in the study be kept confidential?  
Yes. We will follow ethical and legal practice and all information about you will be handled in 
confidence.  
 
There are some rare situations in which information would have to be shared with others. 
The details are included in Part 2.  
 
 

This completes part 1. 
If the information in Part 1 has interested you and you are considering participation, please 
read the additional information in Part 2 before making any decision.  
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Part 2 of the Information Sheet 
 

What will happen if I don’t want to carry on with the study?  
You can withdraw from the study up until the data has started to be analysed. After this 
point, 72 hours after your participation, the data will no longer be able to be identified on an 
individual level and so it will no longer be possible to withdraw your data. If you choose to 
withdraw from the study at any point prior to 72 hours after you have participated in the 
study, all the data you have provided will be removed from the research without any 
consequence to you. If you would like to withdraw your data from the study, please contact 
any of the researchers using their contact information below. 
 
What if there is a problem?  
Should there be any problems encountered, we encourage you to make a complaint to the 
lead researcher and/or the Salomons Research Director. Your complaints will be taken very 
seriously and will be investigated further.  
 
Concerns and Complaints  
If you have a concern about any aspect of this study, you should ask to speak to me, and I 
will do my best to address your concerns. You can contact me by emailing me at: 
ks788@canterbury.ac.uk and I will get back to you as soon as possible. 
 
You can also contact the supervisor of the study, Jerry Burgess (with whom you have a prior 
relationship) by emailing him at: jerry.burgess@canterbury.ac.uk and he will get back to you 
as soon as possible. 
 
If you remain dissatisfied and wish to complain formally, you can do this by contacting Dr 
Fergal Jones, Clinical Psychology Programme Research Director, Salomons Institute for 
Applied Psychology – fergal.jones@canterbury.ac.uk  
 
Will information from me or about me taking part in the study be kept confidential?  
We will follow ethical and legal practice regarding information about you. The following 
measures will be taken regarding confidentiality:  

• Study data will be collected on a password-protected laptop and encrypted audio 

recorder.   

• Your contributions to the study will be anonymised and coded. The only document to 

contain the link between these codes and the true identities of participants/family 

members will be kept on an encrypted device and only available to the lead 

researcher.  

• Your anonymised data will be stored on a password protected CD-ROM at Salomons 

Institute for Applied Psychology for 10 years and it will then be destroyed. Only the 

research team will have access to this anonymised data, however the data from the 

study may be made available to future research (at which point further ethical 

approval would be sought from The Salomons Ethics Panel).  

• As a family member supporting this study you are considered to be a research 

participant, and as such you have the right to check the accuracy of data held about 

you and to correct any errors.  

• Please be aware, should you disclose information that concerns me about your 

safety or the safety of others around you, I am obliged to break confidentiality to 

speak to a third party to ensure your/their safety.  

 

mailto:ks788@canterbury.ac.uk
mailto:jerry.burgess@canterbury.ac.uk
mailto:–%20fergal.jones@canterbury.ac.uk
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What will happen to the results of the research study?  
The results of the research study will be written up into a case study and may be published 
in a scientific journal and on Canterbury Christ Church University’s website.  
 
As a participant of the study, you can receive a copy of the results once the write-up is 
completed. Should you wish to receive a copy of the results, please send me your email 
address by contacting me at ks788@canterbury.ac.uk You will be informed of when the 
results have been written up and will be sent a copy of the publication. 
 
The data collected in this study may be used again in other studies at a later time.  
 
Who is sponsoring and funding the research?  
This research is being sponsored by Canterbury Christ Church University. 
 
Who has reviewed the study?  
This study has been reviewed and given favourable opinion by The Salomons Ethics Panel, 
Salomons Institute for Applied Psychology, Canterbury Christ Church University. For your 
references should you wish to enquire further about the approval for this study, the protocol 
number for this piece of research is ETH2021-0388. 
 
You will be provided with a copy of this information sheet and the consent form, should you 
agree to participate in the study.   
 
Further information and contact details  
If you would like to speak to me and find out more about the study or have questions about 
it, you can contact me by emailing ks788@canterbury.ac.uk and I will get back to you as 
soon as possible.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:ks788@canterbury.ac.uk
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Appendix P: Tests of Parametric Assumptions in SPSS 

 

Hypothesis 1: Olfactory Recognition Memory Scores 

 

Descriptives 
 Statistic Std. Error 

Hits Mean 4.25 .366 

95% Confidence Interval 

for Mean 

Lower 

Bound 

3.38 
 

Upper 

Bound 

5.12 
 

5% Trimmed Mean 4.22  

Median 4.00  

Variance 1.071  

Std. Deviation 1.035  

Minimum 3  

Maximum 6  

Range 3  

Interquartile Range 2  

Skewness .386 .752 

Kurtosis -.448 1.481 

T1_Hits Mean 5.00 .463 

95% Confidence Interval 

for Mean 

Lower 

Bound 

3.91 
 

Upper 

Bound 

6.09 
 

5% Trimmed Mean 5.06  

Median 5.50  

Variance 1.714  

Std. Deviation 1.309  

Minimum 3  

Maximum 6  

Range 3  

Interquartile Range 3  

Skewness -1.018 .752 

Kurtosis -.700 1.481 

T2_Hits Mean 4.75 .559 

95% Confidence Interval 

for Mean 

Lower 

Bound 

3.43 
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Upper 

Bound 

6.07 
 

5% Trimmed Mean 4.83  

Median 5.50  

Variance 2.500  

Std. Deviation 1.581  

Minimum 2  

Maximum 6  

Range 4  

Interquartile Range 3  

Skewness -.904 .752 

Kurtosis -.695 1.481 

 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Hits .220 8 .200* .917 8 .408 

T1_Hits .277 8 .070 .748 8 .008 

T2_Hits .285 8 .054 .815 8 .041 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

 

Descriptives 
 Statistic Std. Error 

False Alarms Mean 1.00 .327 

95% Confidence Interval 

for Mean 

Lower 

Bound 

.23 
 

Upper 

Bound 

1.77 
 

5% Trimmed Mean 1.00  

Median 1.00  

Variance .857  

Std. Deviation .926  

Minimum 0  

Maximum 2  

Range 2  

Interquartile Range 2  

Skewness .000 .752 

Kurtosis -2.100 1.481 
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T1_False_Alarm

s 

Mean 2.13 .515 

95% Confidence Interval 

for Mean 

Lower 

Bound 

.91 
 

Upper 

Bound 

3.34 
 

5% Trimmed Mean 2.08  

Median 2.00  

Variance 2.125  

Std. Deviation 1.458  

Minimum 0  

Maximum 5  

Range 5  

Interquartile Range 2  

Skewness .824 .752 

Kurtosis 2.002 1.481 

T2_False_Alarm

s 

Mean 2.13 .398 

95% Confidence Interval 

for Mean 

Lower 

Bound 

1.18 
 

Upper 

Bound 

3.07 
 

5% Trimmed Mean 2.08  

Median 2.00  

Variance 1.268  

Std. Deviation 1.126  

Minimum 1  

Maximum 4  

Range 3  

Interquartile Range 2  

Skewness .488 .752 

Kurtosis -.989 1.481 

 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

False Alarms .235 8 .200* .802 8 .030 

T1_False_Alarm

s 

.284 8 .056 .900 8 .286 

T2_False_Alarm

s 

.216 8 .200* .882 8 .197 

*. This is a lower bound of the true significance. 
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a. Lilliefors Significance Correction 

 

 

Descriptives 
 Statistic Std. Error 

Misses Mean 1.75 .366 

95% Confidence Interval 

for Mean 

Lower 

Bound 

.88 
 

Upper 

Bound 

2.62 
 

5% Trimmed Mean 1.78  

Median 2.00  

Variance 1.071  

Std. Deviation 1.035  

Minimum 0  

Maximum 3  

Range 3  

Interquartile Range 2  

Skewness -.386 .752 

Kurtosis -.448 1.481 

T1_Misses Mean 1.00 .463 

95% Confidence Interval 

for Mean 

Lower 

Bound 

-.09 
 

Upper 

Bound 

2.09 
 

5% Trimmed Mean .94  

Median .50  

Variance 1.714  

Std. Deviation 1.309  

Minimum 0  

Maximum 3  

Range 3  

Interquartile Range 3  

Skewness 1.018 .752 

Kurtosis -.700 1.481 

T2_Misses Mean 1.25 .559 

95% Confidence Interval 

for Mean 

Lower 

Bound 

-.07 
 

Upper 

Bound 

2.57 
 

5% Trimmed Mean 1.17  
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Median .50  

Variance 2.500  

Std. Deviation 1.581  

Minimum 0  

Maximum 4  

Range 4  

Interquartile Range 3  

Skewness .904 .752 

Kurtosis -.695 1.481 

 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Misses .220 8 .200* .917 8 .408 

T1_Misses .277 8 .070 .748 8 .008 

T2_Misses .285 8 .054 .815 8 .041 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

 

Descriptives 
 Statistic Std. Error 

Correct Rejections Mean 5.00 .327 

95% Confidence Interval 

for Mean 

Lower 

Bound 

4.23 
 

Upper 

Bound 

5.77 
 

5% Trimmed Mean 5.00  

Median 5.00  

Variance .857  

Std. Deviation .926  

Minimum 4  

Maximum 6  

Range 2  

Interquartile Range 2  

Skewness .000 .752 

Kurtosis -2.100 1.481 

T1_Correct_Rejection

s 

Mean 3.88 .515 

95% Confidence Interval 

for Mean 

Lower 

Bound 

2.66 
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Upper 

Bound 

5.09 
 

5% Trimmed Mean 3.92  

Median 4.00  

Variance 2.125  

Std. Deviation 1.458  

Minimum 1  

Maximum 6  

Range 5  

Interquartile Range 2  

Skewness -.824 .752 

Kurtosis 2.002 1.481 

T2_Correct_Rejection

s 

Mean 3.88 .398 

95% Confidence Interval 

for Mean 

Lower 

Bound 

2.93 
 

Upper 

Bound 

4.82 
 

5% Trimmed Mean 3.92  

Median 4.00  

Variance 1.268  

Std. Deviation 1.126  

Minimum 2  

Maximum 5  

Range 3  

Interquartile Range 2  

Skewness -.488 .752 

Kurtosis -.989 1.481 

 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Correct Rejections .235 8 .200* .802 8 .030 

T1_Correct_Rejectio

ns 

.284 8 .056 .900 8 .286 

T2_Correct_Rejectio

ns 

.216 8 .200* .882 8 .197 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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Hypothesis 2: Odour Quality Ratings 

 

Descriptives 
 

Intensity_Rating Statistic 

Std. 

Error 

Hit_M_FA_

CR 

Very Weak Mean .2500 .25000 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.5456 
 

Upper 

Bound 

1.0456 
 

5% Trimmed Mean .2222  

Median .0000  

Variance .250  

Std. Deviation .50000  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .75  

Skewness 2.000 1.014 

Kurtosis 4.000 2.619 

Weak Mean .6667 .14213 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.3538 
 

Upper 

Bound 

.9795 
 

5% Trimmed Mean .6852  

Median 1.0000  

Variance .242  

Std. Deviation .49237  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness -.812 .637 

Kurtosis -1.650 1.232 

Easily 

Perceptible 

Mean .9167 .08333 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.7333 
 

Upper 

Bound 

1.1001 
 

5% Trimmed Mean .9630  
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Median 1.0000  

Variance .083  

Std. Deviation .28868  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness -3.464 .637 

Kurtosis 12.000 1.232 

Strong Mean .8507 .04386 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.7632 
 

Upper 

Bound 

.9383 
 

5% Trimmed Mean .8897  

Median 1.0000  

Variance .129  

Std. Deviation .35903  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness -2.014 .293 

Kurtosis 2.119 .578 

Very Strong Mean .7143 .07055 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.5718 
 

Upper 

Bound 

.8568 
 

5% Trimmed Mean .7381  

Median 1.0000  

Variance .209  

Std. Deviation .45723  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness -.984 .365 

Kurtosis -1.085 .717 

Intolerable Mean .7143 .18443 
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95% Confidence 

Interval for Mean 

Lower 

Bound 

.2630 
 

Upper 

Bound 

1.1656 
 

5% Trimmed Mean .7381  

Median 1.0000  

Variance .238  

Std. Deviation .48795  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness -1.230 .794 

Kurtosis -.840 1.587 

 

 

Tests of Normality 
 Intensity_Ratin

g 

Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 

Hit_M_FA_

CR 

Very Weak .441 4 . .630 4 .001 

Weak .417 12 <.001 .608 12 <.001 

Easily 

Perceptible 

.530 12 <.001 .327 12 <.001 

Strong .512 67 <.001 .426 67 <.001 

Very Strong .448 42 <.001 .567 42 <.001 

Intolerable .435 7 <.001 .600 7 <.001 

a. Lilliefors Significance Correction 

 

 

 

Descriptives 
 

Pleasantness_Recoded Statistic 

Std. 

Error 

Hit_M_FA_

CR 

Extremely 

Unpleasant 

Mean .7778 .10083 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.5650 
 

Upper 

Bound 

.9905 
 

5% Trimmed Mean .8086  

Median 1.0000  

Variance .183  
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Std. Deviation .42779  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .25  

Skewness -1.461 .536 

Kurtosis .137 1.038 

Moderately 

Unpleasant 

Mean .6552 .08983 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.4712 
 

Upper 

Bound 

.8392 
 

5% Trimmed Mean .6724  

Median 1.0000  

Variance .234  

Std. Deviation .48373  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness -.689 .434 

Kurtosis -1.644 .845 

Unpleasant Mean .8519 .04880 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.7540 
 

Upper 

Bound 

.9497 
 

5% Trimmed Mean .8909  

Median 1.0000  

Variance .129  

Std. Deviation .35858  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness -2.038 .325 

Kurtosis 2.235 .639 

Slightly 

Unpleasant 

Mean .7750 .06687 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.6397 
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Upper 

Bound 

.9103 
 

5% Trimmed Mean .8056  

Median 1.0000  

Variance .179  

Std. Deviation .42290  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness -1.369 .374 

Kurtosis -.135 .733 

Slightly Pleasant Mean .6667 .33333 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.7676 
 

Upper 

Bound 

2.1009 
 

5% Trimmed Mean .  

Median 1.0000  

Variance .333  

Std. Deviation .57735  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .  

Skewness -1.732 1.225 

Kurtosis . . 

 

 

Tests of Normality 
 Pleasantness_Reco

ded 

Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 

Hit_M_FA_

CR 

Extremely 

Unpleasant 

.476 18 <.001 .520 18 <.001 

Moderately 

Unpleasant 

.417 29 <.001 .602 29 <.001 

Unpleasant .512 54 <.001 .424 54 <.001 

Slightly Unpleasant .478 40 <.001 .517 40 <.001 

Slightly Pleasant .385 3 . .750 3 <.001 

a. Lilliefors Significance Correction 
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Descriptives 
 

Recognition_Rating Statistic 

Std. 

Error 

Hit_M_FA_

CR 

No recognition Mean .7143 .06091 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.5922 
 

Upper 

Bound 

.8364 
 

5% Trimmed Mean .7381  

Median 1.0000  

Variance .208  

Std. Deviation .45584  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness -.975 .319 

Kurtosis -1.090 .628 

Vague 

Recognition 

Mean .7797 .05442 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.6707 
 

Upper 

Bound 

.8886 
 

5% Trimmed Mean .8107  

Median 1.0000  

Variance .175  

Std. Deviation .41803  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness -1.385 .311 

Kurtosis -.086 .613 

Full Recognition Mean .8966 .05755 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.7787 
 

Upper 

Bound 

1.0144 
 

5% Trimmed Mean .9406  

Median 1.0000  

Variance .096  
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Std. Deviation .30993  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness -2.748 .434 

Kurtosis 5.961 .845 

 

 

 

Tests of Normality 
 Recognition_Rat

ing 

Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 

Hit_M_FA_

CR 

No recognition .449 56 <.001 .566 56 <.001 

Vague 

Recognition 

.481 59 <.001 .511 59 <.001 

Full Recognition .527 29 <.001 .354 29 <.001 

a. Lilliefors Significance Correction 

 

 

Descriptives 
 

Fam_Rating Statistic 

Std. 

Error 

Hit_M_FA_

CR 

No familiarity Mean .7091 .06181 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.5852 
 

Upper 

Bound 

.8330 
 

5% Trimmed Mean .7323  

Median 1.0000  

Variance .210  

Std. Deviation .45837  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness -.947 .322 

Kurtosis -1.147 .634 

Vague 

familiarity 

Mean .7833 .05363 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.6760 
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Upper 

Bound 

.8907 
 

5% Trimmed Mean .8148  

Median 1.0000  

Variance .173  

Std. Deviation .41545  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness -1.411 .309 

Kurtosis -.011 .608 

Full familiarity Mean .8966 .05755 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.7787 
 

Upper 

Bound 

1.0144 
 

5% Trimmed Mean .9406  

Median 1.0000  

Variance .096  

Std. Deviation .30993  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness -2.748 .434 

Kurtosis 5.961 .845 

 

 

Tests of Normality 
 

Fam_Rating 

Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 

Hit_M_FA_

CR 

No familiarity .446 55 <.001 .570 55 <.001 

Vague 

familiarity 

.482 60 <.001 .508 60 <.001 

Full familiarity .527 29 <.001 .354 29 <.001 

a. Lilliefors Significance Correction 
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Hypothesis 3: Naming Associations 

 

Descriptives 
 

Association Statistic 

Std. 

Error 

T0_hits No Association Mean 3.7500 .61962 

95% Confidence 

Interval for Mean 

Lower 

Bound 

2.2848 
 

Upper 

Bound 

5.2152 
 

5% Trimmed Mean 3.7778  

Median 4.0000  

Variance 3.071  

Std. Deviation 1.75255  

Minimum 1.00  

Maximum 6.00  

Range 5.00  

Interquartile Range 2.75  

Skewness -.345 .752 

Kurtosis -1.260 1.481 

Single Association Mean .0000 .00000 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.0000 
 

Upper 

Bound 

.0000 
 

5% Trimmed Mean .0000  

Median .0000  

Variance .000  

Std. Deviation .00000  

Minimum .00  

Maximum .00  

Range .00  

Interquartile Range .00  

Skewness . . 

Kurtosis . . 

Consistent 

Association 

Mean .3750 .18298 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.0577 
 

Upper 

Bound 

.8077 
 

5% Trimmed Mean .3611  
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Median .0000  

Variance .268  

Std. Deviation .51755  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness .644 .752 

Kurtosis -2.240 1.481 

Inconsistent 

Association 

Mean .2500 .16366 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1370 
 

Upper 

Bound 

.6370 
 

5% Trimmed Mean .2222  

Median .0000  

Variance .214  

Std. Deviation .46291  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .75  

Skewness 1.440 .752 

Kurtosis .000 1.481 

T0_misses No Association Mean 1.2500 .36596 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.3846 
 

Upper 

Bound 

2.1154 
 

5% Trimmed Mean 1.2222  

Median 1.0000  

Variance 1.071  

Std. Deviation 1.03510  

Minimum .00  

Maximum 3.00  

Range 3.00  

Interquartile Range 1.75  

Skewness .386 .752 

Kurtosis -.448 1.481 

Single Association Mean .1250 .12500 
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95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1706 
 

Upper 

Bound 

.4206 
 

5% Trimmed Mean .0833  

Median .0000  

Variance .125  

Std. Deviation .35355  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

Consistent 

Association 

Mean .0000 .00000 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.0000 
 

Upper 

Bound 

.0000 
 

5% Trimmed Mean .0000  

Median .0000  

Variance .000  

Std. Deviation .00000  

Minimum .00  

Maximum .00  

Range .00  

Interquartile Range .00  

Skewness . . 

Kurtosis . . 

Inconsistent 

Association 

Mean .2500 .25000 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.3412 
 

Upper 

Bound 

.8412 
 

5% Trimmed Mean .1667  

Median .0000  

Variance .500  

Std. Deviation .70711  

Minimum .00  

Maximum 2.00  

Range 2.00  
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Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

T0_total No Association Mean 5.0000 .50000 

95% Confidence 

Interval for Mean 

Lower 

Bound 

3.8177 
 

Upper 

Bound 

6.1823 
 

5% Trimmed Mean 5.1111  

Median 5.5000  

Variance 2.000  

Std. Deviation 1.41421  

Minimum 2.00  

Maximum 6.00  

Range 4.00  

Interquartile Range 1.75  

Skewness -1.616 .752 

Kurtosis 2.471 1.481 

Single Association Mean .1250 .12500 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1706 
 

Upper 

Bound 

.4206 
 

5% Trimmed Mean .0833  

Median .0000  

Variance .125  

Std. Deviation .35355  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

Consistent 

Association 

Mean .3750 .18298 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.0577 
 

Upper 

Bound 

.8077 
 

5% Trimmed Mean .3611  

Median .0000  

Variance .268  
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Std. Deviation .51755  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness .644 .752 

Kurtosis -2.240 1.481 

Inconsistent 

Association 

Mean .5000 .37796 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.3937 
 

Upper 

Bound 

1.3937 
 

5% Trimmed Mean .3889  

Median .0000  

Variance 1.143  

Std. Deviation 1.06904  

Minimum .00  

Maximum 3.00  

Range 3.00  

Interquartile Range .75  

Skewness 2.339 .752 

Kurtosis 5.469 1.481 

T1_hits No Association Mean 3.6250 .77776 

95% Confidence 

Interval for Mean 

Lower 

Bound 

1.7859 
 

Upper 

Bound 

5.4641 
 

5% Trimmed Mean 3.6944  

Median 4.0000  

Variance 4.839  

Std. Deviation 2.19984  

Minimum .00  

Maximum 6.00  

Range 6.00  

Interquartile Range 3.75  

Skewness -.438 .752 

Kurtosis -1.129 1.481 

Single Association Mean .3750 .18298 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.0577 
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Upper 

Bound 

.8077 
 

5% Trimmed Mean .3611  

Median .0000  

Variance .268  

Std. Deviation .51755  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness .644 .752 

Kurtosis -2.240 1.481 

Consistent 

Association 

Mean .6250 .37500 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.2617 
 

Upper 

Bound 

1.5117 
 

5% Trimmed Mean .5278  

Median .0000  

Variance 1.125  

Std. Deviation 1.06066  

Minimum .00  

Maximum 3.00  

Range 3.00  

Interquartile Range 1.00  

Skewness 1.960 .752 

Kurtosis 3.937 1.481 

Inconsistent 

Association 

Mean .2500 .16366 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1370 
 

Upper 

Bound 

.6370 
 

5% Trimmed Mean .2222  

Median .0000  

Variance .214  

Std. Deviation .46291  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .75  

Skewness 1.440 .752 
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Kurtosis .000 1.481 

T1_misses No Association Mean .7500 .52610 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.4940 
 

Upper 

Bound 

1.9940 
 

5% Trimmed Mean .6111  

Median .0000  

Variance 2.214  

Std. Deviation 1.48805  

Minimum .00  

Maximum 4.00  

Range 4.00  

Interquartile Range 1.50  

Skewness 1.951 .752 

Kurtosis 3.205 1.481 

Single Association Mean .1250 .12500 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1706 
 

Upper 

Bound 

.4206 
 

5% Trimmed Mean .0833  

Median .0000  

Variance .125  

Std. Deviation .35355  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

Consistent 

Association 

Mean .1250 .12500 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1706 
 

Upper 

Bound 

.4206 
 

5% Trimmed Mean .0833  

Median .0000  

Variance .125  

Std. Deviation .35355  

Minimum .00  
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Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

Inconsistent 

Association 

Mean .1250 .12500 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1706 
 

Upper 

Bound 

.4206 
 

5% Trimmed Mean .0833  

Median .0000  

Variance .125  

Std. Deviation .35355  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

T1_total No Association Mean 4.3750 .73040 

95% Confidence 

Interval for Mean 

Lower 

Bound 

2.6479 
 

Upper 

Bound 

6.1021 
 

5% Trimmed Mean 4.5278  

Median 5.0000  

Variance 4.268  

Std. Deviation 2.06588  

Minimum .00  

Maximum 6.00  

Range 6.00  

Interquartile Range 2.75  

Skewness -1.578 .752 

Kurtosis 2.463 1.481 

Single Association Mean .5000 .26726 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1320 
 

Upper 

Bound 

1.1320 
 

5% Trimmed Mean .4444  
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Median .0000  

Variance .571  

Std. Deviation .75593  

Minimum .00  

Maximum 2.00  

Range 2.00  

Interquartile Range 1.00  

Skewness 1.323 .752 

Kurtosis .875 1.481 

Consistent 

Association 

Mean .7500 .49099 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.4110 
 

Upper 

Bound 

1.9110 
 

5% Trimmed Mean .6111  

Median .0000  

Variance 1.929  

Std. Deviation 1.38873  

Minimum .00  

Maximum 4.00  

Range 4.00  

Interquartile Range 1.00  

Skewness 2.294 .752 

Kurtosis 5.531 1.481 

Inconsistent 

Association 

Mean .3750 .18298 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.0577 
 

Upper 

Bound 

.8077 
 

5% Trimmed Mean .3611  

Median .0000  

Variance .268  

Std. Deviation .51755  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness .644 .752 

Kurtosis -2.240 1.481 

T2_hits No Association Mean 3.1250 .76619 
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95% Confidence 

Interval for Mean 

Lower 

Bound 

1.3132 
 

Upper 

Bound 

4.9368 
 

5% Trimmed Mean 3.1389  

Median 3.5000  

Variance 4.696  

Std. Deviation 2.16712  

Minimum .00  

Maximum 6.00  

Range 6.00  

Interquartile Range 4.00  

Skewness -.549 .752 

Kurtosis -.663 1.481 

Single Association Mean .3750 .26305 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.2470 
 

Upper 

Bound 

.9970 
 

5% Trimmed Mean .3056  

Median .0000  

Variance .554  

Std. Deviation .74402  

Minimum .00  

Maximum 2.00  

Range 2.00  

Interquartile Range .75  

Skewness 1.951 .752 

Kurtosis 3.205 1.481 

Consistent 

Association 

Mean 1.0000 .59761 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.4131 
 

Upper 

Bound 

2.4131 
 

5% Trimmed Mean .8333  

Median .5000  

Variance 2.857  

Std. Deviation 1.69031  

Minimum .00  

Maximum 5.00  

Range 5.00  
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Interquartile Range 1.00  

Skewness 2.366 .752 

Kurtosis 6.020 1.481 

Inconsistent 

Association 

Mean .2500 .16366 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1370 
 

Upper 

Bound 

.6370 
 

5% Trimmed Mean .2222  

Median .0000  

Variance .214  

Std. Deviation .46291  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .75  

Skewness 1.440 .752 

Kurtosis .000 1.481 

T2_misses No Association Mean .8750 .47949 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.2588 
 

Upper 

Bound 

2.0088 
 

5% Trimmed Mean .8056  

Median .0000  

Variance 1.839  

Std. Deviation 1.35620  

Minimum .00  

Maximum 3.00  

Range 3.00  

Interquartile Range 2.50  

Skewness 1.210 .752 

Kurtosis -.470 1.481 

Single Association Mean .1250 .12500 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1706 
 

Upper 

Bound 

.4206 
 

5% Trimmed Mean .0833  

Median .0000  

Variance .125  
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Std. Deviation .35355  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

Consistent 

Association 

Mean .1250 .12500 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1706 
 

Upper 

Bound 

.4206 
 

5% Trimmed Mean .0833  

Median .0000  

Variance .125  

Std. Deviation .35355  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

Inconsistent 

Association 

Mean .1250 .12500 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1706 
 

Upper 

Bound 

.4206 
 

5% Trimmed Mean .0833  

Median .0000  

Variance .125  

Std. Deviation .35355  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

T2_total No Association Mean 4.0000 .70711 

95% Confidence 

Interval for Mean 

Lower 

Bound 

2.3280 
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Upper 

Bound 

5.6720 
 

5% Trimmed Mean 4.1111  

Median 4.5000  

Variance 4.000  

Std. Deviation 2.00000  

Minimum .00  

Maximum 6.00  

Range 6.00  

Interquartile Range 2.75  

Skewness -1.143 .752 

Kurtosis 1.357 1.481 

Single Association Mean .5000 .26726 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.1320 
 

Upper 

Bound 

1.1320 
 

5% Trimmed Mean .4444  

Median .0000  

Variance .571  

Std. Deviation .75593  

Minimum .00  

Maximum 2.00  

Range 2.00  

Interquartile Range 1.00  

Skewness 1.323 .752 

Kurtosis .875 1.481 

Consistent 

Association 

Mean 1.1250 .71807 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.5730 
 

Upper 

Bound 

2.8230 
 

5% Trimmed Mean .9167  

Median .5000  

Variance 4.125  

Std. Deviation 2.03101  

Minimum .00  

Maximum 6.00  

Range 6.00  

Interquartile Range 1.00  

Skewness 2.504 .752 
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Kurtosis 6.610 1.481 

Inconsistent 

Association 

Mean .3750 .18298 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.0577 
 

Upper 

Bound 

.8077 
 

5% Trimmed Mean .3611  

Median .0000  

Variance .268  

Std. Deviation .51755  

Minimum .00  

Maximum 1.00  

Range 1.00  

Interquartile Range 1.00  

Skewness .644 .752 

Kurtosis -2.240 1.481 

Total_Hits No Association Mean 10.5000 1.83225 

95% Confidence 

Interval for Mean 

Lower 

Bound 

6.1674 
 

Upper 

Bound 

14.8326 
 

5% Trimmed Mean 10.6111  

Median 10.5000  

Variance 26.857  

Std. Deviation 5.18239  

Minimum 1.00  

Maximum 18.00  

Range 17.00  

Interquartile Range 7.00  

Skewness -.513 .752 

Kurtosis .763 1.481 

Single Association Mean .7500 .31339 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.0089 
 

Upper 

Bound 

1.4911 
 

5% Trimmed Mean .7222  

Median .5000  

Variance .786  

Std. Deviation .88641  

Minimum .00  
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Maximum 2.00  

Range 2.00  

Interquartile Range 1.75  

Skewness .615 .752 

Kurtosis -1.481 1.481 

Consistent 

Association 

Mean 2.0000 1.10195 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.6057 
 

Upper 

Bound 

4.6057 
 

5% Trimmed Mean 1.7222  

Median .5000  

Variance 9.714  

Std. Deviation 3.11677  

Minimum .00  

Maximum 9.00  

Range 9.00  

Interquartile Range 3.00  

Skewness 1.963 .752 

Kurtosis 4.067 1.481 

Inconsistent 

Association 

Mean .7500 .31339 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.0089 
 

Upper 

Bound 

1.4911 
 

5% Trimmed Mean .7222  

Median .5000  

Variance .786  

Std. Deviation .88641  

Minimum .00  

Maximum 2.00  

Range 2.00  

Interquartile Range 1.75  

Skewness .615 .752 

Kurtosis -1.481 1.481 

Total_Miss

es 

No Association Mean 2.8750 .91491 

95% Confidence 

Interval for Mean 

Lower 

Bound 

.7116 
 

Upper 

Bound 

5.0384 
 

5% Trimmed Mean 2.7500  
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Median 2.5000  

Variance 6.696  

Std. Deviation 2.58775  

Minimum .00  

Maximum 8.00  

Range 8.00  

Interquartile Range 3.50  

Skewness 1.172 .752 

Kurtosis 1.247 1.481 

Single Association Mean .3750 .26305 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.2470 
 

Upper 

Bound 

.9970 
 

5% Trimmed Mean .3056  

Median .0000  

Variance .554  

Std. Deviation .74402  

Minimum .00  

Maximum 2.00  

Range 2.00  

Interquartile Range .75  

Skewness 1.951 .752 

Kurtosis 3.205 1.481 

Consistent 

Association 

Mean .2500 .25000 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.3412 
 

Upper 

Bound 

.8412 
 

5% Trimmed Mean .1667  

Median .0000  

Variance .500  

Std. Deviation .70711  

Minimum .00  

Maximum 2.00  

Range 2.00  

Interquartile Range .00  

Skewness 2.828 .752 

Kurtosis 8.000 1.481 

Mean .5000 .32733 
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Inconsistent 

Association 

95% Confidence 

Interval for Mean 

Lower 

Bound 

-.2740 
 

Upper 

Bound 

1.2740 
 

5% Trimmed Mean .4444  

Median .0000  

Variance .857  

Std. Deviation .92582  

Minimum .00  

Maximum 2.00  

Range 2.00  

Interquartile Range 1.50  

Skewness 1.440 .752 

Kurtosis .000 1.481 

 

 

 

 

Tests of Normality 
 

Association 

Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 

T0_hits No Association .262 8 .112 .916 8 .397 

Single Association . 8 . . 8 . 

Consistent 

Association 

.391 8 <.001 .641 8 <.001 

Inconsistent 

Association 

.455 8 <.001 .566 8 <.001 

T0_misses No Association .220 8 .200* .917 8 .408 

Single Association .513 8 <.001 .418 8 <.001 

Consistent 

Association 

. 8 . . 8 . 

Inconsistent 

Association 

.513 8 <.001 .418 8 <.001 

T0_total No Association .260 8 .118 .771 8 .014 

Single Association .513 8 <.001 .418 8 <.001 

Consistent 

Association 

.391 8 <.001 .641 8 <.001 

Inconsistent 

Association 

.430 8 <.001 .568 8 <.001 

T1_hits No Association .234 8 .200* .904 8 .314 
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Single Association .391 8 <.001 .641 8 <.001 

Consistent 

Association 

.347 8 .005 .676 8 .001 

Inconsistent 

Association 

.455 8 <.001 .566 8 <.001 

T1_misses No Association .443 8 <.001 .601 8 <.001 

Single Association .513 8 <.001 .418 8 <.001 

Consistent 

Association 

.513 8 <.001 .418 8 <.001 

Inconsistent 

Association 

.513 8 <.001 .418 8 <.001 

T1_total No Association .244 8 .178 .813 8 .040 

Single Association .371 8 .002 .724 8 .004 

Consistent 

Association 

.330 8 .010 .628 8 <.001 

Inconsistent 

Association 

.391 8 <.001 .641 8 <.001 

T2_hits No Association .227 8 .200* .901 8 .297 

Single Association .443 8 <.001 .601 8 <.001 

Consistent 

Association 

.375 8 .001 .638 8 <.001 

Inconsistent 

Association 

.455 8 <.001 .566 8 <.001 

T2_misses No Association .366 8 .002 .671 8 .001 

Single Association .513 8 <.001 .418 8 <.001 

Consistent 

Association 

.513 8 <.001 .418 8 <.001 

Inconsistent 

Association 

.513 8 <.001 .418 8 <.001 

T2_total No Association .191 8 .200* .888 8 .223 

Single Association .371 8 .002 .724 8 .004 

Consistent 

Association 

.400 8 <.001 .605 8 <.001 

Inconsistent 

Association 

.391 8 <.001 .641 8 <.001 

Total_Hits No Association .136 8 .200* .980 8 .963 

Single Association .301 8 .031 .782 8 .018 

Consistent 

Association 

.261 8 .117 .716 8 .003 

Inconsistent 

Association 

.301 8 .031 .782 8 .018 
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Total_Miss

es 

No Association .231 8 .200* .905 8 .319 

Single Association .443 8 <.001 .601 8 <.001 

Consistent 

Association 

.513 8 <.001 .418 8 <.001 

Inconsistent 

Association 

.455 8 <.001 .566 8 <.001 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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Hypothesis 4: Mirror Maze 

Descriptives 
 Statistic Std. Error 

T1 Mean 38.2063 7.95073 

95% Confidence Interval 

for Mean 

Lower 

Bound 

19.4058 
 

Upper 

Bound 

57.0067 
 

5% Trimmed Mean 36.3542  

Median 32.6350  

Variance 505.713  

Std. Deviation 22.48807  

Minimum 18.75  

Maximum 91.00  

Range 72.25  

Interquartile Range 14.41  

Skewness 2.272 .752 

Kurtosis 5.772 1.481 

T2 Mean 30.2500 8.94798 

95% Confidence Interval 

for Mean 

Lower 

Bound 

9.0914 
 

Upper 

Bound 

51.4086 
 

5% Trimmed Mean 27.8039  

Median 23.5700  

Variance 640.531  

Std. Deviation 25.30872  

Minimum 13.63  

Maximum 90.90  

Range 77.27  

Interquartile Range 15.13  

Skewness 2.490 .752 

Kurtosis 6.546 1.481 

T3 Mean 20.0050 3.40887 

95% Confidence Interval 

for Mean 

Lower 

Bound 

11.9443 
 

Upper 

Bound 

28.0657 
 

5% Trimmed Mean 19.2133  

Median 18.1800  

Variance 92.963  
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Std. Deviation 9.64175  

Minimum 12.23  

Maximum 42.03  

Range 29.80  

Interquartile Range 9.03  

Skewness 2.043 .752 

Kurtosis 4.750 1.481 

T4 Mean 16.6850 2.17211 

95% Confidence Interval 

for Mean 

Lower 

Bound 

11.5488 
 

Upper 

Bound 

21.8212 
 

5% Trimmed Mean 16.4722  

Median 15.9550  

Variance 37.745  

Std. Deviation 6.14366  

Minimum 10.00  

Maximum 27.20  

Range 17.20  

Interquartile Range 11.29  

Skewness .672 .752 

Kurtosis -.529 1.481 

T5 Mean 14.6363 1.85945 

95% Confidence Interval 

for Mean 

Lower 

Bound 

10.2394 
 

Upper 

Bound 

19.0331 
 

5% Trimmed Mean 14.5603  

Median 12.7800  

Variance 27.660  

Std. Deviation 5.25932  

Minimum 7.64  

Maximum 23.00  

Range 15.36  

Interquartile Range 8.66  

Skewness .491 .752 

Kurtosis -.960 1.481 

T6 Mean 12.7850 1.20312 

95% Confidence Interval 

for Mean 

Lower 

Bound 

9.9401 
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Upper 

Bound 

15.6299 
 

5% Trimmed Mean 12.8778  

Median 12.4650  

Variance 11.580  

Std. Deviation 3.40293  

Minimum 6.61  

Maximum 17.29  

Range 10.68  

Interquartile Range 4.67  

Skewness -.518 .752 

Kurtosis .264 1.481 

T7 Mean 11.7625 1.02055 

95% Confidence Interval 

for Mean 

Lower 

Bound 

9.3493 
 

Upper 

Bound 

14.1757 
 

5% Trimmed Mean 11.8917  

Median 11.9450  

Variance 8.332  

Std. Deviation 2.88656  

Minimum 5.84  

Maximum 15.36  

Range 9.52  

Interquartile Range 3.13  

Skewness -1.162 .752 

Kurtosis 2.182 1.481 

T8 Mean 11.7538 1.48822 

95% Confidence Interval 

for Mean 

Lower 

Bound 

8.2347 
 

Upper 

Bound 

15.2728 
 

5% Trimmed Mean 11.8103  

Median 11.4400  

Variance 17.718  

Std. Deviation 4.20932  

Minimum 5.03  

Maximum 17.46  

Range 12.43  

Interquartile Range 7.36  

Skewness -.153 .752 
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Kurtosis -.759 1.481 

T9 Mean 11.3163 1.07724 

95% Confidence Interval 

for Mean 

Lower 

Bound 

8.7690 
 

Upper 

Bound 

13.8635 
 

5% Trimmed Mean 11.3758  

Median 11.0800  

Variance 9.284  

Std. Deviation 3.04690  

Minimum 6.32  

Maximum 15.24  

Range 8.92  

Interquartile Range 5.18  

Skewness -.158 .752 

Kurtosis -.582 1.481 

T10 Mean 12.4700 1.97200 

95% Confidence Interval 

for Mean 

Lower 

Bound 

7.8070 
 

Upper 

Bound 

17.1330 
 

5% Trimmed Mean 12.2500  

Median 11.5800  

Variance 31.110  

Std. Deviation 5.57767  

Minimum 5.09  

Maximum 23.81  

Range 18.72  

Interquartile Range 5.94  

Skewness 1.106 .752 

Kurtosis 2.123 1.481 

T11 Mean 12.4313 1.25787 

95% Confidence Interval 

for Mean 

Lower 

Bound 

9.4569 
 

Upper 

Bound 

15.4056 
 

5% Trimmed Mean 12.4642  

Median 12.4550  

Variance 12.658  

Std. Deviation 3.55778  

Minimum 6.20  
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Maximum 18.07  

Range 11.87  

Interquartile Range 4.60  

Skewness -.208 .752 

Kurtosis .728 1.481 

T12 Mean 9.5188 .68850 

95% Confidence Interval 

for Mean 

Lower 

Bound 

7.8907 
 

Upper 

Bound 

11.1468 
 

5% Trimmed Mean 9.4258  

Median 8.6800  

Variance 3.792  

Std. Deviation 1.94738  

Minimum 7.62  

Maximum 13.09  

Range 5.47  

Interquartile Range 3.12  

Skewness .972 .752 

Kurtosis -.187 1.481 

T13 Mean 10.7838 1.24697 

95% Confidence Interval 

for Mean 

Lower 

Bound 

7.8351 
 

Upper 

Bound 

13.7324 
 

5% Trimmed Mean 10.6947  

Median 10.2050  

Variance 12.440  

Std. Deviation 3.52698  

Minimum 6.60  

Maximum 16.57  

Range 9.97  

Interquartile Range 6.29  

Skewness .367 .752 

Kurtosis -.825 1.481 

T14 Mean 9.4425 .88173 

95% Confidence Interval 

for Mean 

Lower 

Bound 

7.3575 
 

Upper 

Bound 

11.5275 
 

5% Trimmed Mean 9.3250  
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Median 9.3350  

Variance 6.220  

Std. Deviation 2.49391  

Minimum 6.33  

Maximum 14.67  

Range 8.34  

Interquartile Range 2.35  

Skewness 1.288 .752 

Kurtosis 2.674 1.481 

T15 Mean 9.4912 1.31993 

95% Confidence Interval 

for Mean 

Lower 

Bound 

6.3701 
 

Upper 

Bound 

12.6124 
 

5% Trimmed Mean 9.3081  

Median 8.8400  

Variance 13.938  

Std. Deviation 3.73332  

Minimum 4.97  

Maximum 17.31  

Range 12.34  

Interquartile Range 4.03  

Skewness 1.307 .752 

Kurtosis 2.608 1.481 

T16 Mean 8.4988 .87715 

95% Confidence Interval 

for Mean 

Lower 

Bound 

6.4246 
 

Upper 

Bound 

10.5729 
 

5% Trimmed Mean 8.4936  

Median 8.0000  

Variance 6.155  

Std. Deviation 2.48096  

Minimum 5.47  

Maximum 11.62  

Range 6.15  

Interquartile Range 5.08  

Skewness .228 .752 

Kurtosis -1.912 1.481 

T17 Mean 7.6088 .85048 
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95% Confidence Interval 

for Mean 

Lower 

Bound 

5.5977 
 

Upper 

Bound 

9.6198 
 

5% Trimmed Mean 7.6058  

Median 7.2300  

Variance 5.787  

Std. Deviation 2.40552  

Minimum 4.26  

Maximum 11.01  

Range 6.75  

Interquartile Range 4.45  

Skewness .424 .752 

Kurtosis -.732 1.481 

T18 Mean 8.1125 .75613 

95% Confidence Interval 

for Mean 

Lower 

Bound 

6.3245 
 

Upper 

Bound 

9.9005 
 

5% Trimmed Mean 8.0172  

Median 7.8700  

Variance 4.574  

Std. Deviation 2.13867  

Minimum 5.45  

Maximum 12.49  

Range 7.04  

Interquartile Range 2.22  

Skewness 1.154 .752 

Kurtosis 2.114 1.481 

T19 Mean 7.3413 .71660 

95% Confidence Interval 

for Mean 

Lower 

Bound 

5.6468 
 

Upper 

Bound 

9.0357 
 

5% Trimmed Mean 7.2592  

Median 7.3000  

Variance 4.108  

Std. Deviation 2.02684  

Minimum 5.02  

Maximum 11.14  

Range 6.12  
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Interquartile Range 3.04  

Skewness .836 .752 

Kurtosis .404 1.481 

T20 Mean 7.2613 .84811 

95% Confidence Interval 

for Mean 

Lower 

Bound 

5.2558 
 

Upper 

Bound 

9.2667 
 

5% Trimmed Mean 7.1636  

Median 7.1350  

Variance 5.754  

Std. Deviation 2.39882  

Minimum 4.62  

Maximum 11.66  

Range 7.04  

Interquartile Range 3.95  

Skewness .717 .752 

Kurtosis .129 1.481 

 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

T1 .328 8 .011 .728 8 .005 

T2 .338 8 .008 .650 8 <.001 

T3 .263 8 .109 .768 8 .013 

T4 .149 8 .200* .927 8 .492 

T5 .241 8 .193 .933 8 .544 

T6 .173 8 .200* .945 8 .665 

T7 .234 8 .200* .910 8 .352 

T8 .123 8 .200* .975 8 .931 

T9 .137 8 .200* .952 8 .729 

T10 .181 8 .200* .926 8 .481 

T11 .136 8 .200* .989 8 .993 

T12 .238 8 .200* .878 8 .181 

T13 .152 8 .200* .939 8 .601 

T14 .254 8 .137 .893 8 .252 

T15 .215 8 .200* .904 8 .314 

T16 .204 8 .200* .886 8 .214 

T17 .170 8 .200* .928 8 .495 

T18 .245 8 .171 .906 8 .326 
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T19 .170 8 .200* .932 8 .530 

T20 .150 8 .200* .934 8 .549 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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Appendix Q: Naming Categories Transcript 

 

This has been removed from the electronic copy.   
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or republished material). 

Direct replications 
The journal publishes direct replications. Submissions should include “A Replication 
of XX Study” in the subtitle of the manuscript as well as in the abstract. 

Registered Reports 
Journal of Experimental Psychology: Learning, Memory, and Cognition (JEP:LMC) 
accepts Registered Reports (RR) as an article type. To learn more about RR, please 
consult the general guidelines and information at the Center for Open Science and 
at Peer Community In. We are a PCI-RR-interested journal, which means that 
articles that pass review at PCI can enter the review process at JEP:LMC. 
Registered Reports at JEP:LMC must meet the usual stringent standards for 
scientific rigor and validity. In addition, as with any article at JEP:LMC, articles are 
expected to advance theory about basic cognitive functions. 
Access the flowchart on editorial decision-making about Registered 
Reports at JEP:LMC. Please download it and consider whether your proposal meets 
requirements prior to submission. 

https://www.editorialmanager.com/xlm/default.aspx
https://www.apa.org/www.cos.io/initiatives/registered-reports
https://rr.peercommunityin.org/help/guide_for_authors
https://www.apa.org/pubs/journals/resources/jep-lmc-registered-reports-flowchart.pdf
https://www.apa.org/pubs/journals/resources/jep-lmc-registered-reports-flowchart.pdf
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Registered Reports submissions can propose novel research or replications of prior 
work that was published in JEP:LMC or elsewhere. 
Proposals can include preliminary data. Multi-experiment proposals in which some 
experiments are completed are others are proposed are often an appealing 
approach to a complicated question. 
Publications may be allowed to include exploratory analyses not included in the 
proposal. These analyses should be clearly labeled as exploratory and their inclusion 
will be informed in part by the outcome of Stage 2 peer review. 
Power should be high and should allow fair comparison of competing hypotheses. 
Sample size can take into account the costs of sampling (for example, with hard-to-
recruit populations). 
There is no deadline for Stage 2 submission following Stage 1 acceptance, but the 
authors must accept some risk that scientific findings that arise in the interim may 
influence Stage 2 review. No Stage 2 paper will be rejected simply because the core 
result has been published by others in that interim period. 

Cover letter 
Your cover letter must include the following information: 

• Contact information for each author, including valid email address, affiliation, mailing 
address, as well as phone and fax numbers 

• A statement that your manuscript is original, not previously published, and not under 
concurrent consideration elsewhere 

• If your cover letter does not contain this information, you will receive a written request 
from JEP: LMC asking for a revised cover letter. 

When submitting your manuscript, please include your cover letter in its entirety by 
copying it to the text box provided in the Manuscript Submission Portal. 
Unfortunately, the portal cannot currently accept formatted cover letters. Even if you 
send a formatted version of your letter to the Journal, we must also have a text 
version of your cover letter. 
If you are submitting a revision, feel free to email a formatted version of your cover 
letter to the editorial office, though you must still also send a text version of your 
cover letter through the portal as you're uploading your revision. 

Manuscript submission 
acknowledgment 
Once authors have submitted their manuscript through the submission portal, an 
email acknowledging receipt of the manuscript will be sent to the corresponding 
author. If this acknowledgment email does not reach the corresponding author within 
a few days of submitting the manuscript, please contact the editorial office. 

Anonymous review 
Anonymous review is optional. If an author wants anonymous review, a “Masked” 
article type must be selected upon submission, and the request should be included 
in the author's cover letter. 
The manuscript receiving anonymous review should be formatted as follows: 
Make sure that the manuscript itself contains no clues to the authors' identity, 
including grant numbers, names of institutions providing IRB approval, self-citations, 

http://www.editorialmanager.com/xlm/default.aspx
mailto:cfells@apa.org
mailto:cfells@apa.org
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and links to online repositories for data, materials, code, or preregistrations (e.g., 
Create a View-only Link for a Project). All author-identifying information should be 
removed from the manuscript, including authors' names and affiliations on the title 
page, footnotes, and author notes. The properties of the file should also not reveal 
the authors' names. 
The authors' contact information should instead be included in the cover letter, which 
is not seen by the reviewers. 
If your manuscript was mask reviewed, please ensure that the final version for 
production includes a byline and full author note for typesetting. 

Related Journals of Experimental 
Psychology 
For the other JEP journals, authors should submit manuscripts according to the 
manuscript submission guidelines for each individual JEP journal: 

• Journal of Experimental Psychology: Animal Learning and Cognition 
• Journal of Experimental Psychology: Applied 
• Journal of Experimental Psychology: General 
• Journal of Experimental Psychology: Human Perception and Performance 

When one of the editors believes a manuscript is clearly more appropriate for an 
alternative APA journal, the editor may redirect the manuscript with the approval of 
the author. 

Manuscript preparation 
Prepare manuscripts according to the Publication Manual of the American 
Psychological Association using the 7th edition. Manuscripts may be copyedited for 
bias-free language (see Chapter 5 of the Publication Manual). 
Review APA's Journal Manuscript Preparation Guidelines before submitting your 
article. 
Double-space all copy. Other formatting instructions, as well as instructions on 
preparing tables, figures, references, metrics, and abstracts, appear in the Manual. 
Additional guidance on APA Style is available on the APA Style website. 
Below are additional instructions regarding the preparation of display equations, 
computer code, and tables. 

Display equations 
We strongly encourage you to use MathType (third-party software) or Equation 
Editor 3.0 (built into pre-2007 versions of Word) to construct your equations, rather 
than the equation support that is built into Word 2007 and Word 2010. Equations 
composed with the built-in Word 2007/Word 2010 equation support are converted to 
low-resolution graphics when they enter the production process and must be 
rekeyed by the typesetter, which may introduce errors. 
To construct your equations with MathType or Equation Editor 3.0: 

• Go to the Text section of the Insert tab and select Object. 
• Select MathType or Equation Editor 3.0 in the drop-down menu. 

If you have an equation that has already been produced using Microsoft Word 2007 
or 2010 and you have access to the full version of MathType 6.5 or later, you can 
convert this equation to MathType by clicking on MathType Insert Equation. Copy 
the equation from Microsoft Word and paste it into the MathType box. Verify that 

https://www.apa.org/pubs/journals/xan
https://www.apa.org/pubs/journals/xap
https://www.apa.org/pubs/journals/xge
https://www.apa.org/pubs/journals/xhp
https://apastyle.apa.org/products/publication-manual-7th-edition/
https://apastyle.apa.org/products/publication-manual-7th-edition/
https://www.apa.org/pubs/journals/resources/manuscript-submission-guidelines
https://apastyle.apa.org/
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your equation is correct, click File, and then click Update. Your equation has now 
been inserted into your Word file as a MathType Equation. 
Use Equation Editor 3.0 or MathType only for equations or for formulas that cannot 
be produced as Word text using the Times or Symbol font. 

Computer code 
Because altering computer code in any way (e.g., indents, line spacing, line breaks, 
page breaks) during the typesetting process could alter its meaning, we treat 
computer code differently from the rest of your article in our production process. To 
that end, we request separate files for computer code. 

In online supplemental material 
We request that runnable source code be included as supplemental material to the 
article. For more information, visit Supplementing Your Article With Online Material. 

In the text of the article 
If you would like to include code in the text of your published manuscript, please 
submit a separate file with your code exactly as you want it to appear, using Courier 
New font with a type size of 8 points. We will make an image of each segment of 
code in your article that exceeds 40 characters in length. (Shorter snippets of code 
that appear in text will be typeset in Courier New and run in with the rest of the text.) 
If an appendix contains a mix of code and explanatory text, please submit a file that 
contains the entire appendix, with the code keyed in 8-point Courier New. 

Tables 
Use Word's insert table function when you create tables. Using spaces or tabs in 
your table will create problems when the table is typeset and may result in errors. 

LaTex files 
LaTex files (.tex) should be uploaded with all other files such as BibTeX Generated 
Bibliography File (.bbl) or Bibliography Document (.bib) together in a compressed 
ZIP file folder for the manuscript submission process. In addition, a Portable 
Document Format (.pdf) of the manuscript file must be uploaded for the peer-review 
process. 

Academic writing and English 
language editing services 
Authors who feel that their manuscript may benefit from additional academic writing 
or language editing support prior to submission are encouraged to seek out such 
services at their host institutions, engage with colleagues and subject matter experts, 
and/or consider several vendors that offer discounts to APA authors. 
Please note that APA does not endorse or take responsibility for the service 
providers listed. It is strictly a referral service. 
Use of such service is not mandatory for publication in an APA journal. Use of one or 
more of these services does not guarantee selection for peer review, manuscript 
acceptance, or preference for publication in any APA journal. 

https://www.apa.org/pubs/journals/resources/supplemental-material
https://www.apa.org/pubs/journals/resources/editing-services
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Submitting supplemental materials 
APA can place supplemental materials online, available via the published article in 
the PsycArticles® database. Please see Supplementing Your Article With Online 
Material for more details. 

Abstract and keywords 
All manuscripts must include an abstract containing a maximum of 250 words typed 
on a separate page. After the abstract, please supply up to five keywords or brief 
phrases. 

References 
List references in alphabetical order. Each listed reference should be cited in text, 
and each text citation should be listed in the references section. 
Examples of basic reference formats: 

Journal article 
McCauley, S. M., & Christiansen, M. H. (2019). Language learning as language use: A 

cross-linguistic model of child language development. Psychological Review, 126(1), 1–
51. https://doi.org/10.1037/rev0000126 

Authored book 
Brown, L. S. (2018). Feminist therapy (2nd ed.). American Psychological 

Association. https://doi.org/10.1037/0000092-000 

Chapter in an edited book 
Balsam, K. F., Martell, C. R., Jones. K. P., & Safren, S. A. (2019). Affirmative cognitive 

behavior therapy with sexual and gender minority people. In G. Y. Iwamasa & P. A. Hays 
(Eds.), Culturally responsive cognitive behavior therapy: Practice and supervision (2nd 
ed., pp. 287–314). American Psychological 
Association. https://doi.org/10.1037/0000119-012 

Data set citation 
Alegria, M., Jackson, J. S., Kessler, R. C., & Takeuchi, D. (2016). Collaborative Psychiatric 

Epidemiology Surveys (CPES), 2001–2003 [Data set]. Inter-university Consortium for 
Political and Social Research. https://doi.org/10.3886/ICPSR20240.v8 

Software/Code citation 
Viechtbauer, W. (2010). Conducting meta-analyses in R with the metafor package.  Journal 

of Statistical Software, 36(3), 1–48. https://www.jstatsoft.org/v36/i03/ 
Wickham, H. et al., (2019). Welcome to the tidyverse. Journal of Open Source Software, 

4(43), 1686, https://doi.org/10.21105/joss.01686 
 

 

All data, program code, and other methods must be appropriately cited in the text 
and listed in the references section. 

Figures 
Preferred formats for graphics files are TIFF and JPG, and preferred format for 
vector-based files is EPS. Graphics downloaded or saved from web pages are not 

https://www.apa.org/pubs/journals/resources/supplemental-material
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acceptable for publication. Multipanel figures (i.e., figures with parts labeled a, b, c, 
d, etc.) should be assembled into one file. When possible, please place symbol 
legends below the figure instead of to the side. 
Resolution 

• All color line art and halftones: 300 DPI 
• Black and white line tone and gray halftone images: 600 DPI 

Line weights 
• Adobe Photoshop images 

o Color (RGB, CMYK) images: 2 pixels 
o Grayscale images: 4 pixels 

• Adobe Illustrator Images 
o Stroke weight: 0.5 points 

APA offers authors the option to publish their figures online in color without the costs 
associated with print publication of color figures. 
The same caption will appear on both the online (color) and print (black and white) 
versions. To ensure that the figure can be understood in both formats, authors 
should add alternative wording (e.g., “the red (dark gray) bars represent”) as needed. 
For authors who prefer their figures to be published in color both in print and online, 
original color figures can be printed in color at the editor's and publisher's discretion 
provided the author agrees to pay: 

• $900 for one figure 
• An additional $600 for the second figure 
• An additional $450 for each subsequent figure 

Permissions 
Authors of accepted papers must obtain and provide to the editor on final 
acceptance all necessary permissions to reproduce in print and electronic form any 
copyrighted work, including test materials (or portions thereof), photographs, and 
other graphic images (including those used as stimuli in experiments). 
On advice of counsel, APA may decline to publish any image whose copyright status 
is unknown. 

• Download Permissions Alert Form (PDF, 13KB) 

Reporting standards 
Journal Article Reporting Standards 
Authors should consider the APA Style Journal Article Reporting Standards (JARS) 
for a helpful resource for reporting data and the outcomes of inferential statistical 
tests. The standards offer ways to improve transparency in reporting to ensure that 
readers have the information necessary to evaluate the quality of the research and to 
facilitate collaboration and replication. 
The JARS: 

• recommend the division of hypotheses, analyses, and conclusions into primary, 
secondary, and exploratory groupings to allow for a full understanding of quantitative 
analyses presented in a manuscript and to enhance reproducibility; 

• offer modules for authors reporting on replications, clinical trials, longitudinal studies, 
and observational studies, as well as the analytic methods of structural equation 
modeling and Bayesian analysis; and 

• include guidelines on reporting of study preregistration (including making protocols 
public); participant characteristics (including demographic characteristics); inclusion 

https://www.apa.org/pubs/authors/permissions-alert.pdf
https://apastyle.apa.org/jars
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and exclusion criteria; psychometric characteristics of outcome measures and other 
variables; and planned data diagnostics and analytic strategy. 

The guidelines focus on transparency in methods reporting, recommending 
descriptions of how the researcher's own perspective affected the study, as well as 
the contexts in which the research and analysis took place. 

Transparency and openness 
Empirical research, including meta-analyses, submitted to the Journal of 
Experimental Psychology: Learning, Memory, and Cognition must meet Level 1 
(Disclosure) for all eight aspects of research planning and reporting as well as Level 
2 (Requirement) for citation; data, materials, and code transparency; and study and 
analysis plan preregistration. Authors should include a subsection in the method 
section titled “Transparency and openness.” This subsection should detail the efforts 
the authors have made to comply with the TOP guidelines. 
For example: 

• We report how we determined our sample size, all data exclusions (if any), all 
manipulations, and all measures in the study, and we follow JARS (Kazak, 2018). All 
data, analysis code, and research materials are available at [stable link to repository]. 
Data were analyzed using R, version 4.0.0 (R Core Team, 2020) and the 
package ggplot, version 3.2.1 (Wickham, 2016). This study’s design and its analysis 
were not pre-registered. 

Links to preregistrations and data, code, and materials should also be included in the 
author note. 

Data, materials, and code 
Authors must state whether data and study materials are available and, if so, where 
to access them. Recommended repositories include APA’s repository on the Open 
Science Framework (OSF), or authors can access a full list of other recommended 
repositories. 
In both the author note and at the end of the method section, specify whether and 
where the data and material will be available or note the legal or ethical reasons for 
not doing so. For submissions with quantitative or simulation analytic methods, state 
whether the study analysis code is available, (e.g., scripts for generating stimuli, 
conducting simulations, or performing data analyses) is available, and, if so, where 
to access it or the legal or ethical reason why it is not available. 
For example: 

• All data have been made publicly available at the [repository name] and can be 
accessed at [persistent URL or DOI]. 

• Materials and analysis code for this study are not available. 
• The code behind this analysis/simulation has been made publicly available at the 

[repository name] and can be accessed at [persistent URL or DOI]. 

Preregistration of studies and analysis 
plans 
Preregistration of studies and specific hypotheses can be a useful tool for making 
strong theoretical claims. Likewise, preregistration of analysis plans can be useful for 
distinguishing confirmatory and exploratory analyses. Investigators are encouraged 
to preregister their studies and analysis plans prior to conducting the research 
(e.g., ClinicalTrials.gov or the Preregistration for Quantitative Research in 

https://osf.io/meetings/apa/
http://re3data.org/
http://re3data.org/
https://clinicaltrials.gov/
https://docs.google.com/spreadsheets/d/1vlp5GN-HXrtrjCdjE28f_3tT6RiwhQO2vVeOZGOaFsQ/edit#gid=0
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Psychology template) via a publicly accessible registry system (e.g., OSF, 
ClinicalTrials.gov, or other trial registries in the WHO Registry Network). 
Articles must state whether or not any work was preregistered and, if so, where to 
access the preregistration. Preregistrations must be available to reviewers; authors 
may submit a masked copy via stable link or supplemental material. Links in the 
method section and the author note should be replaced with an identifiable copy on 
acceptance. 
For example: 

• This study’s design was preregistered; see [STABLE LINK OR DOI]. 
• This study’s design and hypotheses were preregistered; see [STABLE LINK OR 

DOI]. 
• This study’s analysis plan was preregistered; see [STABLE LINK OR DOI]. 
• This study was not preregistered. 

Open science badges 
Articles are eligible for open science badges recognizing publicly available data, 
materials, and/or preregistration plans and analyses. These badges are awarded on 
a self-disclosure basis. 
At submission, authors must confirm that criteria have been fulfilled in a 
signed badge disclosure form (PDF, 33KB) that must be submitted as supplemental 
material. If all criteria are met as confirmed by the editor, the form will then be 
published with the article as supplemental material. 
Authors should also note their eligibility for the badge(s) in the cover letter. 
For all badges, items must be made available on an open-access repository with a 
persistent identifier in a format that is time-stamped, immutable, and permanent. For 
the preregistered badge, this is an institutional registration system. 
Data and materials must be made available under an open license allowing others to 
copy, share, and use the data, with attribution and copyright as applicable. 

Available badges are: 

Open Data: 
All data necessary to reproduce the reported results that are digitally shareable are 
made publicly available. Information necessary for replication (e.g., codebooks or 
metadata) must be included. 
  

Open Data; Protected Access: 
A Protected Access (PA) notation may be added to open data badges if sensitive, 
personal data are available only from an approved third-party repository that 
manages access to data to qualified researchers through a documented process. To 
be eligible for an open data badge with such a notation, the repository must publicly 
describe the steps necessary to obtain the data and detailed data documentation 
(e.g. variable names and allowed values) must be made available publicly. 
Manuscripts with data deposited in ICPSR's database are eligible for this badge. 
  

https://docs.google.com/spreadsheets/d/1vlp5GN-HXrtrjCdjE28f_3tT6RiwhQO2vVeOZGOaFsQ/edit#gid=0
https://osf.io/prereg/
https://osf.io/tvyxz/
https://osf.io/tvyxz/wiki/2.%20Awarding%20Badges/
https://www.apa.org/pubs/authors/open-practices-disclosure-form.pdf
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Open Materials: 
All materials necessary to reproduce the reported results that are digitally shareable, 
along with descriptions of non-digital materials necessary for replication, are made 
publicly available. 
  

Preregistered: 
At least one study's design has been preregistered with descriptions of (a) the 
research design and study materials, including the planned sample size; (b) the 
motivating research question or hypothesis; (c) the outcome variable(s); and (d) the 
predictor variables, including controls, covariates, and independent variables. 
Results must be fully disclosed. As long as they are distinguished from other results 
in the article, results from analyses that were not preregistered may be reported in 
the article. 
  

Preregistered+Analysis Plan: 
At least one study's design has been preregistered along with an analysis plan for 
the research — and results are recorded according to that plan. 
  
Note that it may not be possible to preregister a study or to share data and materials. 
Applying for open science badges is optional. 

Publication policies 
APA policy prohibits an author from submitting the same manuscript for concurrent 
consideration by two or more publications. 
See also APA Journals® Internet Posting Guidelines. 
APA requires authors to reveal any possible conflict of interest in the conduct and 
reporting of research (e.g., financial interests in a test or procedure, funding by 
pharmaceutical companies for drug research). 

• Download Disclosure of Interests Form (PDF, 38KB) 

In light of changing patterns of scientific knowledge dissemination, APA requires 
authors to provide information on prior dissemination of the data and narrative 
interpretations of the data/research appearing in the manuscript (e.g., if some or all 
were presented at a conference or meeting, posted on a listserv, shared on a 
website, including academic social networks like ResearchGate, etc.). This 
information (2–4 sentences) must be provided as part of the Author Note. 
Authors of accepted manuscripts are required to transfer the copyright to APA. 

• For manuscripts not funded by the Wellcome Trust or the Research Councils UK 
Publication Rights (Copyright Transfer) Form (PDF, 83KB) 

• For manuscripts funded by the Wellcome Trust or the Research Councils UK 
Wellcome Trust or Research Councils UK Publication Rights Form (PDF, 34KB) 

https://www.apa.org/pubs/journals/resources/internet-posting-guidelines
https://www.apa.org/pubs/authors/disclosure-of-interests.pdf
https://www.apa.org/pubs/authors/publication-rights-form.pdf
https://www.apa.org/pubs/authors/publication-rights-form-wellcome-rcuk.pdf
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Ethical Principles 
It is a violation of APA Ethical Principles to publish "as original data, data that have 
been previously published" (Standard 8.13). 
In addition, APA Ethical Principles specify that "after research results are published, 
psychologists do not withhold the data on which their conclusions are based from 
other competent professionals who seek to verify the substantive claims through 
reanalysis and who intend to use such data only for that purpose, provided that the 
confidentiality of the participants can be protected and unless legal rights concerning 
proprietary data preclude their release" (Standard 8.14). 
APA expects authors to adhere to these standards. Specifically, APA expects 
authors to have their data available throughout the editorial review process and for at 
least 5 years after the date of publication. 
Authors are required to state in writing that they have complied with APA ethical 
standards in the treatment of their sample, human or animal, or to describe the 
details of treatment. 

• Download Certification of Compliance With APA Ethical Principles Form (PDF, 26KB) 

The APA Ethics Office provides the full Ethical Principles of Psychologists and Code 
of Conduct electronically on its website in HTML, PDF, and Word format. You may 
also request a copy by emailing or calling the APA Ethics Office (202-336-5930). 
You may also read "Ethical Principles," December 1992, American Psychologist, Vol. 
47, pp. 1597–1611. 

Other information 
Visit the Journals Publishing Resource Center for more resources for writing, 
reviewing, and editing articles for publishing in APA journals. 
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Appendix S: End of Study Summary and Feedback Letter to the Salomons Ethics Panel 

 

Dear Salomons Institute for Applied Psychology Ethics Panel,  

This letter is to summarise the research completed for the Major Research Project 

approved by the Ethics Panel in November 2021 (ethics application number ETH2021-0388). 

Since approval by the Ethics Panel, this project has been successfully carried out with 

one of the clinical participants with medically unexplained amnesia, SI, and eight age and 

education-matched control participants.  

Unfortunately, due to circumstances outside of the control of the research team, the 

second clinical participant, WO, was not available for testing. This was because WO 

contracted COVID-19 two days before he was scheduled to participate in testing and lost his 

sense of smell and taste (which are currently yet to return). The ethics panel will be contacted 

further about this, with the scope to seek approval to continue the project to test WO (should 

he still be willing to undergo testing), to support the project for publication.  

In regards to the work that was undertaken as part of this project, please see the 

summary below.  

 

Background: 

Previous research has suggested that olfactory memory is more long-lasting than other 

sensory memory, due to its unique brain physiology and ties to emotionally salient episodic 

memories.  

One clinical participant, SI, was presented with medically unexplained anterograde 

amnesia following a shoulder injury in 2013, since which time he has maintained a memory-

retention window of 1 waking day. This study aimed to explore olfactory memory with SI, in 

an observational case-control design. 

Methods: 
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SI was compared to eight age and education-matched control participants on an 

olfactory memory recognition task, an implicit memory task (mirror maze), and a 

neuropsychological test battery (Short Parallel Assessments of Neuropsychology Status 

[SPANS]). Olfactory memory was tested immediately, after a 100-minute delay, and after a 24-

hour delay. The implicit memory task and SPANS (recall and recognition components) were 

repeated on the second day of testing.  

Results 

Results indicated that SI’s performance on the olfactory recognition memory task, 

implicit memory task, and SPANS were at a similar level to control participants on day 1 of 

testing; however, by day 2 of testing, unlike controls, SI did not demonstrate any retained 

learning. This finding was in spite of an incident of olfactory-cued episodic memory retrieval 

and occasional identification of odours.   

Discussion 

Despite previous research to the contrary, olfactory memory was unable to permeate 

SI’s memory retention window and was quickly forgotten. Due to SI’s apparent intact brain 

anatomy, this raises questions about the consolidation of olfactory memory from short-term to 

long-term memory.  

Clinical Implications 

SI’s inability to recall olfactory memory after a 24-hour delay implies that olfactory 

memory is not as immediately long-term as research would suggest. This reignites questions 

regarding the nature of olfactory memory encoding and consolidation.  

SI’s performance was qualitatively similar to WO’s previous performance (Burgess & 

Chadalavada, 2015). This raises further questions about the consolidation of all memory on a 

metabolic level.  

Future Research 
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Future research with larger samples is needed to confirm the finding of this project and 

to continue exploring medically unexplained anterograde amnesia. 

 

Thank you for your approval for this project. I hope this project has been completed to 

your satisfaction. Should you require any further information, please contact me on the below 

information.  

Yours sincerely, 

 

 

Kari Snell  

Trainee Clinical Psychologist  

Canterbury Christ Church University 

ks788@canterbury.ac.uk 

Supervisors: Dr Gerald Burgess, Dr Phillip Ulrich 
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