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How scent impact memory and forgetting 

Andrea Aejmealeus-Lindström  

  

In this experiment it was investigated how scent affect the 
memory. Encoding information in the same context as retrieving 
it has been suggested to be beneficial for memory, earlier research 
has mostly explored how environmental contextual cues affects 
the memory. In this research the contextual cue was created by a 
presentation of a scent. The participants were presented with two 
lists of words, during the encoding of the first list all the 
participants were presented with a scent, half of the group was 
directed to forget the first list straight after encoding and the other 
half to keep remembering the list. For the second list no one was 
presented with a scent. In the retrieval of both lists half of each 
group was reinstated with the scent they were presented with at 
encoding and the other half without the scent (control group). The 
data were analysed with univariate ANOVAs and significant 
effects were followed up with independent-samples t-test. The 
results were that participants that were reinstated with the scent 
were thought to remember more than the others, however there 
was only a significant difference in the forget condition with 
reinstatement, where they remembered less than in the other 
conditions. 
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Most environmental spaces contain contextual information in form of an odour 

(Larsson, Arshamian & Kärnekull, 2017), and it is very likely that the context odour 

plays a role in episodic memory. There has been little research, but some findings 

indicate that it seems that getting an odour reinstated when retrieving information 

encoded earlier (if that same odour was present during encoding) affects the capacity of 

remembering (Schab, 1990).  

 

Scents can evoke vivid memories, which are experienced like time travel (Arshamian et 

al. 2013). For example, the famous Proust madeleine biscuit dipped in linden-blossom tea 

resulted in time traveling to forgotten childhood memories (Herz, 2000).  
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It has been suggested that also context plays a major role for memory. Godden and 

Baddeley (1975) conducted research on context dependent memory in different 

environments. Half of the testing group memorized a list of words on land and the other 

half under water. When recalling, both groups were divided into test group and control 

group, where the test group got to do the recall of the words in the same environment as 

they memorized them, and the control group in the other environment. The results 

showed that being in the same environment as encoding made retrieving the information 

encoded easier. That the context plays a major role is also suggested by Smith (1986), 

who found that being in the same room when the information was encoded and 

retrieved would give better results than being in a different environmental context.  

 

Other research suggests that when asking participants to think back to the initial 

learning moment, it is easier to retrieve memories (Sahakayan & Kelly, 2002), in this 

case the thinking back would bring the participant back to the encoding context.  

 

It has additionally been suggested that when the participant is told to forget (directed 

forgetting paradigm), it becomes more difficult to retrieve the memory when the person 

later tries their best to remember (Bjork, 1972). In directed forgetting tasks, participants 

are usually presented two different lists of items that they should study. However, 

straight after the first list of items, half of the participants are told to forget the list that 

they were just presented (this is the “forget” group), while the other half of the 

participants are instructed to continue remembering the first list (this is the “remember” 

group) before they get presented with the second list of items. In the end all subjects get 

tested for both lists. The result is usually that the forget group does not manage to recall 

as many items from the first list as the group that was told to keep remembering the list. 

Considering the recall of the second list of items, the participants in the forget-condition 

usually recall more items than the ones in the remember-group, and this might be due to 

the fact that there are fewer prior items to interfere with list two encoding (Liu, Bjork, & 

Wickens, 1999).  

 

 

With the context reinstatement effect and time traveling with scents in mind, the 

question is whether there are other ways of creating a contextual cue that can trigger the 
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memory, for example, can an odour create the same effect as environmental context 

dependent triggers?  

 

The purpose of this study is to investigate if the olfactory system can play a contextual 

role in memory support, and if scent can be used as support to remember a forgotten 

memory, the same way as a scent can trigger a visit down memory lane (Arshamian et 

al, 2013). Would an olfactory context reinstatement support memory recall such that it 

neutralizes the negative effects of the directed forgetting paradigm? Can a scent evoke 

and enhance memories that has been either intentionally or unintentionally forgotten? 

The hypothesis is that odour reinstatement would lead to improved memory for words 

that were previously instructed to be forgotten. 

 

Method 

 

In the experiment the participants were exposed to a scent while memorizing a list of 

words and then they were presented to another list of words without being exposed to a 

scent. There were four different groups in the experiment( FN, RY, FY, RN) half of the 

participants were given the instruction to forget (F) the first list as it was just a practise 

and the other half to keep remembering (R) the list, in these two groups half of the 

participants either got the scent reinstated (Y) while recalling the words or they did not 

(N).  

 

Paricipants 

Seventy-six participants were recruited, 53 female 23 male participants (mean age of 

26.16 years, SD =5.16 years). The participants were recruited at Stockholm university 

and by online advertisements and were awarded with course credit or a cinema voucher. 

The participants did not report suffering from any cognitive, olfactory or visual deficits, 

allergies, neurological or psychiatric illness. The participants were randomized into four 

different conditions, (1) forgetting with no reinstatement (FN), (2) remembering with 

reinstatement (RY), (3) forgetting with reinstatement (FY), and (4) remembering with 

no reinstatement (RN). Participant characteristics are presented in Table 1.  

 

All participants were tested for their olfactory abilities with a sniffin’ stick identification 

task, that assured that the participants had a sufficient sense for smells all participants 
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passed. In all groups the average ability was to identify 5 or more scents by free recall 

and with options 11 or more.  

 

The number of participants was chosen a priori and was similar with earlier studies 

treating the field of the directed forgetting paradigm (Golding & Hauselt, 1994; Araya, 

Akrami & Ekehammar, 2003; Manning, Hulbert, Williams, Piloto, Sahakyan & 

Norman, 2016). 

 

 
Table 1. Descriptive data over the participants, F =forget condition, R = remember condition, N = no 

reinstatement of scent, Y = reinstatement of scent.  
 

Group N N(Female) 

 

N(Male) 

Mean 

age SD Min Max 

Group 

FN  18 13 5 25.11 4.65 18 33 

Group 

RY 19 12 7 25.95 4.87 19 40 

Group 

FY  20 13 7 27.05 5.85 19 41 

Group 

RN 19 15 4 26.42 5.36 19 41 

Total  76 53 23 26.16 5.16 18 41 
 

 

 

Stimuli 

Two different scents were used for the experiment, they were similar in intensity and 

pleasantness. This was established by a perceptual evaluation and discrimination test on 

four scents, all perfumery accords (notes used in perfumes but not sold separately) 

provided from the Givaudan fragrance company. The two scents that were most similar 

in intensity and pleasantness, were used for the experiment (pilot testing of 12 

participants, data available upon request). These scents were reminiscent to orange 

blossom and to osmanthus flowers, respectively. Both scents were described by 

participants as mild, pleasant, fruity and flowery. The perfumery accords were chosen 
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so that they would not be familiar and thereby give the participant a biased “view”, for 

example; it was thought to be problematic if the participants partner or one of their 

family members etc. would usually wear the perfume or if the perfume would have a 

strong connection to a brand. In such case the perfume would trigger not only explicit 

but also implicit reactions and evoke memories (Arshamian et al., 2013) that could 

affect the performance.  

 

During the experiment, the participants were presented to two faces, unknown and 

equally attractive females in their mid-twenties, in the experiment the faces were 

presented with a name, either Anna or Maria, two common Swedish names.  

 

For the memory task, 30 common adjectives were presented, nothing strongly 

connected to smell and taste, but that were common things to have as favourite things. 

Such as “fotboll” (football), “hundvalpar” (puppies), “handväskor” (handbags). Fifteen 

words were randomised to each name, for every participant, to create a unique “list 1” 

and “list 2”.   

 

Procedure  

First, the participants filled in forms, to assure that they were eligible for the 

experiment, together with some background information and a written consent, where 

they were informed that participation in the experiment was optional and if they wished, 

they could at any time decide to quit the experiment.  

 

The participant was then tested with a standardized 16 item odour identification test. 

The test contains Sniffin’ Sticks from Burghart and was used to make sure that the 

participant had a sufficient sense for smell (Hummel, Sekinger, Pauli & Kobal, 1997). 

First the person got to do a free naming attempt and if they did not manage to name the 

odour, they got a card with four descriptive options to identify the one that matched the 

odour presented. From these data, a free naming score (range 0-16) and an identification 

score (range 0-16) were obtained. After the 16 odour identification sticks had been 

presented, the actual memory experiment begun. The participant got instructions 

stepwise throughout the experiment, detailed instructions were read from a manuscript 

so that every participant was presented with the same information. The participant was 

instructed to notify the experiment leaders for further details if anything was unclear.  
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First, the participant was presented with a scent applied on a piece of cotton attached 

under the nose (either scent 1 or scent 2). The participant rated the odour on three 

different scales, intensity, pleasantness and familiarity, this made sure all participants 

perceived the scent but also to make them more aware of the scent. Then the participant 

was presented with the fictive person, first of all a picture of the face together with the 

name of the imaginary person was presented. Then the fictive person’s 15 “favourite 

things” were presented on a computer screen, one word at the time for approximately 

three seconds each (list 1). After this, all participants were presented to a second person 

(list 2). The design of the experiment had two different conditions. Half of the 

participants were told that the first person was just an exercise, and now they should try 

to forget the first person. By trying to forget, it would be easier to remember the second 

person that they were actually going to be tested on. The other half were told to 

remember the information associated with the first person and then they were going to 

be presented to a second person.  

 

During the presentation of the second person and her 15 favourite things, no one was 

exposed to any scent, but they all got a scent-free cotton piece under their noses, in 

order to make conditions comparable. After the two fictional characters were presented, 

the participants received a filler task, a sudoku puzzle, that they completed as much as 

they could for 90 seconds.  

 

In the last part of the experiment each participant either got reinstated with the scent that 

was paired with the first character, or a scent-free cotton piece under their nose. Now 

their job was to recall as much as they could from the first fictional person (list 1) for 

one minute, no matter if they had been instructed to forget it or keep remembering, 

following by a free recall of the second fictional person (list 2), with the same cotton 

piece kept under the nose for recall of lists 1 and 2.  

 

Everything in the experiment was randomized; the scent-list pairing, the face, name, the 

words, as well as the two experimental manipulations, the assignment of participants to 

the forgetting condition (forget vs remember) and to the reinstatement condition 

(reinstated vs not reinstated).  

 

After the experiment, the participant received three forms to fill in, including sensory 

imagery questionnaires, VOIQ (Vividness of Olfactory Imagery Questionnaire) and 
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VVIQ (Vividness of Visual Imagery Questionnaire) (Bensafi & Rouby, 2007), and 

questions about their experience during the experiment, for example if they had any 

special techniques to remember the words, how they perceived the scent and if they 

recognized the scent , or if some words or faces were personally significant to them. 

The results were collected for future use and are not included in this thesis.  

 

To the participants in the forget condition, I apologized for asking them to forget the 

information that they later got tested on, but that it was necessary to study the effects of 

directed forgetting. They were told that they had the opportunity to withdraw from 

participation in the experiment, while still getting their reward. All participants accepted 

participation the experiment.   

 

Analysis 

The data were analysed with univariate ANOVAs where the effects of two between-

group variables were assessed; Forgetting instructions of the first word list (forget vs 

remember), and reinstatement of the contextual odour during the recall phase (reinstated 

vs not reinstated). Two separate ANOVAs were carried out.  

 

For list 1, the odour was presented during encoding for all participants, half of the 

participants were asked to forget the word list upon encoding, and thus, effects of 

reinstatement (higher performance) and directed forgetting (lower performance) were 

hypothesized for the recall of these words.  

 

In contrast, list 2 was presented under similar circumstances for all participants, I 

expected higher performance on the second list for participants in the forget condition, 

as suppression of forgetting might ease the retrieval of the second list (Liu, Bjork & 

Wickens, 1999).  

 

Data were collapsed across both odours used in the experiment, as the effects were not 

expected to differ between the two odours. Significant effects were followed-up by 

independent-samples t-tests. 
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Results 

 

 
Figure 1. Proportional recall of words (in percent) for list one. Left bars show the result when the scent 

has not been reinstated and right staples shows the result when the scent has been reinstated at recall. The 
red bars show that the participant was in the forget condition and the blue that they were in the remember 
condition for the first list.  

 

 

  
Figure 2. Proportional recall of words (in percent). Left bars show the result when the scent has not been 
reinstated and right bars shows the result when the scent has been reinstated at recall. The red bars show 
that the participant was in the forget condition and the blue that they were in the remember condition for 

the second list.  

 

 

For list 1, there was no effect of Forgetting instruction, F(1,72)=0.107, p=0.745. There 

was, however, an effect of Reinstatement, F(1,72)=5.925, p=0.017. Furthermore, this 

effect was qualified by an interaction effect among the two variables, F(1,72)=4.591, 

p=0.036. The interaction effect was caused by a poorer recall performance for 

participants receiving the forget condition and a reinstated odour during recall (M=33%, 

SD=15%), compared to those where the odour was not reinstated (M=49%, SD=18%; 
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t(36)=3.056, p=0.004; Figure 1, red bars. For participants receiving the Remember 

condition, however, the reinstatement of the odour did not have an effect on the recall 

performance, which was similar for reinstatement (M=42%, SD=13%) compared to no 

reinstatement (M=43%, SD=16%; t(36)=0.220, p=0.827; Figure 1, blue bars). This 

indicates that the forgetting instruction was not successful in making participants forget 

more words, however, reinstating the odour that they had previously associated with an 

attempt to forget, led to a diminished performance. This significant result was in the 

opposite direction to the hypothesis that odour reinstatement would lead to improved 

memory for words that were previously instructed to be forgotten. For list 2, neither the 

main effects nor the interaction was significant (ps>0.3), (Figure 2). although it was 

hypothesized to be a better remembrance on the second list for the Forget condition.   

 
Table 2. 

Summary of statistically significant results from ANOVA for list 1 and list 2). 

Factors and inteactions (df) List 1 

(F-values) 

List 2 

(F-values) 

Condition Forget vs Remember  

(1,72) 

 

0.107 0.180 

Condition Reinstatement vs No 

Reinstatement (1,72) 

 

5,925* 0.929 

Interaction Forget&Remember 

x Reinstatment&NoReinstatement 

(1,72) 

4.591* 0.129 

Note. The F values for the different conditions on the two lists. * p < 0.05 

 

 

Discussion 

 

The purpose of this study was to better understand the impact scent has on memory, 

when the items have been intentionally and unintentionally forgotten. Other kinds of 

context dependent cues have been more explored earlier, for example context dependent 

environmental cues. Scent cues has been little explored, possibly because the human 
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olfactory system has gotten little attention and has not been considered of any particular 

greatness (Majid 2017).   

 

The hypothesis was that the reinstatement of the odour would help participants to 

remember more of the first list of words presented. However, I found a tendency going 

in the other direction; reinstatement lead to poorer recall, at least when it came to 

information that was instructed to be forgotten (the forget condition), if this is correct it 

could have big consequences for many fields, perhaps this would apply to other context 

cues as well as visual or sound cues. 

 

The directed forgetting paradigm and a context-based (via scent) experiment was 

conducted. There was no support for the scent to have helped the retrieval of 

information, however, the scent in the forget condition had the opposite effect as 

expected, it seems to have given a poorer retrieval when the participant had 

intentionally forgotten what they later on were tested on.  

 

The tendency in this research suggests that for words that were learnt and then were 

later on directed to be forgotten and got a scent reinstated at retrieval worsened the 

ability to remember these words. However, the reinstatement of the scent made no 

major difference when the participant had been told to keep remembering the first 

fictional person’s favourite items.  

 

The recall of the second list did not differ much depending on the directed forgetting 

condition whether if the scent was reinstated or not, this would suggest that the scent 

itself does not disturb the recall of something that was not connected to scent. It is likely 

that participants have not completely managed to forget the presentation of list 1, this 

could explain that the results of retrieving the list 2 did not differ much between the 

groups in the different conditions.   

 

The findings in this experiment suggest the opposite of research on direct forgetting 

tasks (Liu et al., 1999), it is true that directed forgetting makes it more difficult for the 

subject to recall the first list, but this was only true for the participants who were 

reinstated with the scent. The tendency that the directed forgetting group would profit in 

terms of recall of the second list was not found in this study, there was no significant 

difference in the recall of the second list for the participants told to forget and the 
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participants that were instructed to keep remembering. This also means that the scent 

did not disturb the retrieval of the second list that was not learnt with the scent.  

 

The idea that scent could have acted as a context dependent cue and in that way would 

have helped bringing back the mind into the learning context in similar ways to 

Sahakyan and Kelley (2002) thinking back at the encoding moment and therefore 

managed to retrieve more information is not supported by our results. However, the 

scent seems to have triggered a reaction to forget, the question is how you direct what 

the cue would trigger. In our case it seems as if the scent cue triggered a command to 

forget and not as support for remembering.  If this is the case, these are some interesting 

results that should be further explored.  

 

If people who try to forget something tragic, for example a witness in court that has 

experienced something dreadful and then they get exposed to that same odour context or 

another kind of context cue, for example the scene, or just mentally traveling back. 

Perhaps also other context cues act the same way, perhaps being in a room where 

something happened that you do not want to remember, perhaps being exposed to the 

scene in hopes of “mental” travel back in time to remember more, that could just make 

it worse and make you forget more. It is a bold suggestion and further research is 

needed, but it would be a rather interesting finding if this is how it works, that the cue 

reminds you to forget and does not bring you back to the context of encoding. With an 

experiment on a field so little explored, it is difficult to draw any conclusions, however 

it is worth looking more into these suggestions. So little explored yet interesting and 

perhaps of importance.  

 

For future research it could be of interest to keep in mind that this test was conducted on 

a majority of female students and the fictive characters were also female. Many of the 

subjects informed that they could associate these fictive characters to themselves. To 

compare different scents is also interesting for the future, in exploratory observations it 

was possible to see slight differences in  the effects of the two different scents used in 

the experiment, however both groups would be small, consisting about 10 participants 

in each of the eight groups, so it would be difficult to draw any conclusions without 

risking the result to be a random finding. It could also be interesting to look further into 

different pleasantness of scents presented, perhaps it could also affect the results. 
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The results in this study, considering it being a very unexplored field implies that 

further studies on the matter should be done. Further studies are planned, using brain 

imaging methods such as fMRI and EEG, it could also be interesting to look further into 

the survey data collected in this study.  
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