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An ambient odour of anise was used in a context-dependent memory 
study with three different memory tasks targeting both declarative and 
non-declarative memory functions. Declarative memory was assessed 
by means of two episodic memory tests; recall of a prose text and a 
complex figure. Priming was used to assess the non-declarative 
memory with word fragment completion. Memory was tested 
immediately and after 48 hours. The results showed a significant main 
effect of context (odour or not) for all three tests in favour of the 
olfactory context. In addition, a significant main effect of time was 
observed for all three tests and a significant interaction effect between 
context and time for the priming test were observed. This interaction 
showed that the priming effect was equal in size across both 
conditions at immediate testing, although when the odour was 
reinstated at the delayed test the results showed larger priming relative 
the control condition.  

 
 

To initiate a conversation with a new acquaintance can be cumbersome, but next 
time you attend a dinner party try starting a conversation about scents or better yet, 
bring a sample of an odour with you and ask your neighbour if it reminds him of 
anything in particular. The sniffing of a scent will most likely trigger memories of 
events or places (Willander & Larsson 2006); which tend to be more emotional than 
memories cued by words (Arshamian et al., 2013). Inspired by research investigating 
odours and memory functions, a study was initiated to replicate and expand previous 
findings (e.g., Pointer & Bond, 1998). An experiment with one ambient odour (anise) 
and three different memory tasks targeting both declarative (explicit) and non-
declarative (implicit) memory functions was designed. To the best of my knowledge 
this combination of context and different types of memory functions has not been 
investigated simultaneously. 

 
Environmental contexts and their influence on our memory are difficult to predict 

and therefore difficult to investigate in everyday life. Research has shown that 
reinstating the environment in which the encoding of a memory took place is beneficial 
for remembering compared to when recollection occurs in a different environment 
(Smith & Vela, 2001). Context-dependent memory or the encoding specificity principle 
was introduced by Tulving and Thomson (1973), and refers to that retrieval of specific 
information is improved when the context in which the encoding took place is 
reinstated. In order to study how environmental context might influence our learning 
and recollection, Godden and Baddeley (1975) performed an experiment where divers 
learnt and recalled lists of words either on dry land or under water. Their results showed 
that when encoding and retrieval of the environmental context overlapped recollection 
was higher. Hence, lists learnt under water were better recalled under water and lists 
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learnt on land were best recalled on land. Smith and Vela (2001) conducted a review 
and meta-analysis on available findings pertaining to environmental context-dependent 
memory. Their analysis showed overall that reinstated environmental contexts affected 
memory performance positively although effects were relatively small. They also found 
that the retention time between encoding and test was related to context dependency, 
where longer retention intervals such as 24 hours to one week showed significantly 
larger effect sizes than shorter retention intervals. Research has also shown that there 
was a difference between recall and recognition such that reinstating context was more 
beneficial for recall than recognition (Godden & Baddeley, 1980; Smith & Vela, 2001). 
However, it is important to highlight that a number of studies have failed to show any 
context effects on retrieval performance (Smith & Vela, 2001).  
 

Although smells and scents are often talked about in everyday life, evidence is 
sparse regarding whether odours encountered may be used to enhance memory 
functions (Herz & Engen, 1996). Some evidence suggests that scents can serve as 
influential factors (such as priming) in the consumer industry to increase sales (Sela & 
Sobel, 2010; Smeets & Dijksterhuis, 2014). It has also been shown that odorants can 
influence mood although available research portray a mixed pattern of findings. For 
example, the smell of orange or lavender in a dentist’s waiting room affected the mood 
of patients positively with lower anxiety levels compared to patients exposed to music 
or no context alteration (Lehrner, Marwinski, Lehr, Johren, & Deecke, 2005). Other 
work indicates that pleasant odours had no effect on the mood of subjects filling out 
questionnaires, although an unpleasant scent impacted mood negatively (Sela & Sobel, 
2010). Olfactory information is also often part of our autobiographical memories and 
can therefore be used to enhance reinstatement of emotions and mood as well as 
recollection of information (Arshamian et al., 2012; Wiemens, Sauvage, & Wolf, 2014; 
Willander & Larsson, 2006). Relatedly, research on work performance has reported of 
an improvement of clerical duties such as typing speed and memorization when 
peppermint was used to odorize a room (Barker et al., 2003).  
 

As in other environmental context dependent studies; odours have been used in 
encoding and recall experiments and the results show that reinstating the odour at 
retrieval often increases performance (Ball, Shoker, & Miles, 2010; Pointer & Bond, 
1998; Schab, 1990; Sela & Sobel, 2010).  In 1990, Schab presented results showing that 
participants that learned words and were exposed to chocolate odour during encoding 
and retrieval were able to recall more words than controls that were only exposed to the 
odour during either encoding or recall. Relatedly, Pointer and Bond (1998) investigated 
whether olfactory and visual contexts would impact encoding and retrieval of a prose 
text. The contexts were either peppermint infused papers or yellow papers, and the 
results showed that subjects’ performance was improved by 12% when the original 
context was reinstated at test, but that recall was significantly better in the peppermint 
condition than for the colour context. In 2010, Ball et al., conducted three experiments 
using different odours such as rosemary, basil, and lemon as ambient olfactory 
contextual manipulations. At encoding, the subjects rated the pleasantness of a set of 
words in a room infused with one of the scents. After a two-hour retention interval, the 
subjects completed a word fragment completion test consisting of new and the 
previously shown words in the same room where either the same or a different odour 
was present. Their results showed that rosemary and basil at encoding and test had a 
positive effect on word fragment completion compared to lemon and orange. Perceived 
pleasantness and distinctiveness was also investigated without the terms being 
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explained to the participants. The authors conclude that the unpleasantness of a scent 
(e.g., rosemary was considered less pleasant than lemon) as well as distinctiveness 
appears to have an additive influence on the results (Ball et al., 2010).  
 

Odour as an environmental context can induce different moods, and according to 
Herz and Engen (1996) it is the mood inducing qualities of an odour that contributes to 
the impact of memory functions. Ostensibly, one way to investigate mood impact in 
research has been to investigate odour pleasantness, which was also discussed by Schab 
(1990) when he used chocolate and mothball odours as the environmental context 
manipulations in memory experiments. At encoding, antonyms were constructed for 
everyday words and 24 hours later participants completed a word-stem completion task 
at test. Results showed that memory performance was improved for participants 
exposed to the same ambient odour both at encoding and recall and concluded that the 
results were not restricted to pleasantness of the odours. On a similar note, Herz (1997) 
investigated odours’ distinctiveness and context dependency, where the encoding was 
incidental word learning and retrieval was a free recall that took place 48 hours later. 
Three different experiments were designed using the odours of osmanthus, peppermint, 
and clean fresh pine. The results revealed that osmanthus was the most effective 
retrieval cue. Clean fresh pine generated the same performance scores as no odour (i.e., 
control). In the third experiment no performance difference was observed between 
osmanthus and peppermint where subjects recalled 62-64% when the same ambient 
odour was present at both encoding and testing whereas the no odour group scored 50%. 
Herz concluded that the “contextual distinctiveness of an ambient odor will predict its 
effectiveness as a retrieval cue in Context Dependent Memory“ (Herz, 1997, p.379).  

 
The present study 

The main aim of the present work was to further investigate whether contextual 
odour information affect memory performance. Of particular interest was to examine 
whether potential positive odour reinstatement effects would generalize across different 
forms of memory and vary over time. In the present study declarative (explicit) memory 
was assessed by means of two episodic memory tests measuring retention of verbal 
(prose) and visuo-spatial (complex figure) information. Non-declarative (implicit) 
memory was assessed by means of a priming test with word fragment completion. 
Memory was assessed at two different occasions; immediately and 48 hours after 
encoding. 

 
 

Methods 
 
Participants 

Subjects were recruited at the Department of Psychology, Stockholm University. 
The total number of participants was 91 (19 men; 72 women) with a mean age = 28.9 
years, range 20-53 years. Two persons were excluded (one man and one woman) from 
the study due to poor olfactory function, leaving usable data from 89 participants. 
Background information of the participants (shown in Table 1) showed no significant 
differences between the groups. 
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Table 1. Means and standard deviations for background variables in the experimental 
and control conditions. 
  Odour No Odour 

 (n = 45) (n = 44) 

  M SD M SD 

Age 29.71 9.12 28.07 8.70 

Perceived state of health1 3.18 0.78 3.17 0.66 

Perceived sense of smell1 3.27 0.69 3.14 0.67 
1 Range; 1= much poorer compared to peers to 5 = much better compared to peers 
 
Declarative Memory 

Verbal Episodic Memory.  A verbal episodic memory test can be useful for 
detecting impairment of everyday memory functions; one such test is The Rivermead 
Behavioural Memory Test (RBMT) that was developed for use during rehabilitation of 
adults with acquired neurological damage and mimics the demands made on memory in 
daily life (Strauss, Sherman, & Spreen, 2006; Wilson, Cockburn, Baddeley, & Hiorns, 
1989). In this experiment, episodic memory for verbal information was measured by a 
story recall subtest (prose passage) adapted from the RBMT (Wilson, Cockburn, & 
Baddeley, 2001). Participants read a text about two hundred workers at a shipyard in 
Karlskrona that had gone on strike. The passage was studied for two minutes while 
taking note of the number of times the participant read the text. They were instructed 
that the content of the text was important. At recall participants were prompted to recall 
and write down as much of the prose passage as accurately as possible during 5 
minutes. The text consisted of 59 words and scoring was based on the text that was 
divided into 21 scoring entities (Wilson et al., 2001), yielding a maximum score of 21 
for a perfect recall. Pointer and Bond (1998) used a prose text adapted from RBMT, and 
their study including their method was the main inspiration of the present study. 

 
Visuo-spatial Episodic Memory. Episodic memory for visuo-spatial information 

was measured by the Rey-Osterrieth Complex Figure (see Figure 1). The complex 
figure was first introduced to study perceptual organization and visual memory in 
patients with brain impairment (Lezak, 2004; Meyers & Meyers, 1999). The 
participants were asked to copy the complex figure. Participants were given a maximum 
of five minutes to complete the drawing, but most participants were faster. At recall the 
subjects were asked to draw the figure they had copied at encoding as accurately as 
possible on a blank paper. Scoring was performed both for the copy (used as a baseline) 
and for recall, with a maximum performance of 36 points each (Lezak, 2004; Meyers & 
Meyers, 1999; Strauss et al., 2006). For both direct and delayed recall the test has a 
strong visual memory component as well as an almost as strong visuo-spatial 
component (Baser & Ruff, 1987; Berry, Allen, & Schmitt, 1991). 
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Figure 1. The Rey-Osterrieth Complex Figure used in the visuo-spatial memory test. 
 
Non-Declarative Memory 

Priming. Priming is a form of non-declarative (implicit) memory, which by 
definition does not involve a conscious recollection of previously viewed or studied 
information (Tulving & Schacter, 1990).  The encoding tasks often involve subjects 
processing words in some way and are later being prompted to recall the words in some 
form. One way to test priming is to complete word fragments of words that were 
processed in some way (Ball et al., 2010). Findings indicate that priming is greater 
when words are presented visually, and when presentation and fragment completion is 
perceptually congruent (same upper case or lower case setting; Roediger & Blaxton, 
1987). In the present study, participants were presented with a wordlist comprising 
thirty words written in capital letters. Here, the subjects were instructed to count the 
total number of A’s for all words, then put a cross after each word that consisted of six 
letters, all of which were to be done in one minute. The words were of varying length, 
such as “lat” (lazy) and “garderob” (wardrobe) (Karlsson, Adolfsson, Börjesson, & 
Nilsson, 2003). In order to test potential priming effects, 60 word fragments were 
created and presented on two pages, with thirty words on each page, fifteen of which 
originated from the original wordlist, and fifteen being new per page. Examples of 
primed words included as fragments are as follows: “IGELKOTT” (hedgehog) was 
changed to “_GE_K_ _ T”, “TULPAN” (tulip) was “T_L_A_” and “ÄPPLE” (apple) 
was “_ _ P_E” (Karlsson et al., 2003). Two separate scores were obtained for the word 
fragment completion; one being the number of correctly completed primed words 
(maximum score 30 points), the second being the number of correctly formed words in 
total (a total score of 60). The word fragments were constructed in such a way that they 
in most cases could be solved with at least two different words, depending on what 
letters were used by the participant. 
 
Distracter tasks.  

Two distracter tasks were included. The first was the Digit – Symbol Substitution 
test (Wechsler, 1981), where subjects are to replace digits with set symbols as many as 
they can in a given order during 90 seconds. The Word Association Test (FAS), a test of 
verbal fluency, was used after the digit symbol task to distract the priming exercise 
consisting of words (Benton & Hamsher, 1989). The FAS test consists of three word-
finding trials, using the letters F, A, and S. The participants were instructed to write as 
many words beginning with each target letter as possible in one minute per letter. The 
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verbal fluency score was acquired by summing the number of words provided by each 
participant, and a mean of all three letters was calculated. 
 
Olfactory context cue 

Different scents were tested as potential context cues. Eventually, anise oil from 
Stockholm Aeter & Essensfabrik AB was chosen since it did not stain the white paper, 
it was also a distinct smell and did not evaporate fast. The hedonics of anise oil is 
usually perceived as pleasant and rarely as repulsive, it is also familiar to most people 
but not used every day. The participants were asked to rate the perceived pleasantness 
of the odour after the test session and the mean rating was 4.57 (SD = 1.67) on a 7-point 
scale (1 = very repulsive and 7 = extremely pleasant).  
   
Materials 

Regular white A4 papers (80g) were infused with 9-12 drops of anise oil on each 
sheet with a transfer pipette, and left to dry in a document organizer with a plastic 
pocket on top of the stack of infused papers. Preparations were conducted in a fume 
cupboard and were kept there to dry for 24-48 hours. Although the scented papers were 
kept in plastic pockets, the scent seemed to evaporate quickly when exposed to air. In 
order to prolong the scent newly infused papers were added to the plastic pockets in-
between the dried previously scented papers, in this way the papers could be stored and 
used at best 1,5 weeks later. Scented papers were inserted as blank sheets in-between 
the different memory tasks to be presented at encoding and retrieval. The tests were 
stapled together and put in a separate plastic pocket and kept in a box before being used.  
 
Design and Procedure 

The basic design of the experiment was a 2 (odour or control) by 2 (immediate or 
delayed recall) between-participants design. The participants were randomly assigned to 
either the control group without odourised papers or to the group with odourised papers. 
At encoding, participants were first presented with the RBMT prose passage test that 
they were instructed to read. Thereafter the Rey-Osterrieth Complex Figure was 
presented and participants were asked to draw a copy of the figure (Meyers & Meyers, 
1999). As a final encoding task, a wordlist pertaining to the priming tests was presented. 
Thereafter two short distracter tasks were introduced, the Digit – Symbol Substitution 
test (Wechsler, 1981), and the Word Association Test (FAS) (Benton & Hamsher, 1989), 
was used to distract the participants after the encoding exercises. For both the 
experimental and control groups there were two test occasions; immediate or delayed 
(48 hours). The direct recall took place immediately after encoding and the subsequent 
distractor tasks (about 8 minutes after encoding). In the delayed condition, participants 
came back two days later to perform the recall and priming tests. The encoding session 
including instructions, and presentations took about 20 minutes. The test session 
consisted of the three main tasks described above, and also included questions regarding 
perceived state of health, age and olfactory ability. The test session took about thirty 
minutes to complete. 
 

The recall test layouts were identical in both conditions. The only difference was 
whether the plain paper in-between the tests was scented or not. The encoding and 
testing was always performed in the same room, a small lecture room at the Department 
of Psychology. The participants were seated separately, with a maximum of 10 
participants at a time. The window was opened before encoding and recall sessions and 
also during the three-minute gap between the last distractor task and the recall 
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assignment in the immediate recall condition. During this pause, instructions for the 
recall test battery were given and a word-fragment was demonstrated on the white 
board. Participants were given 30 minutes to complete the three recall tasks and answer 
the health-related questions (Willander & Larsson, 2006), but were told that they were 
able to leave when they had responded according to their satisfaction. The procedures 
were identical independent of context.  
 
 

Results 
 

A multivariate analysis of covariance (MANCOVA) was performed on the 
performance raw scores in the three memory tasks, with context (Odour, No odour) and 
time (Immediate, Delayed) as the independent variables. Self-rated perceived sense of 
smell was used as a covariate in the MANCOVA. The results from the MANCOVA 
showed that the overall effect of context was significant, (Wilk’s λ = .87, F3,82 = 3.97, p 
= .010,  = .13), as was the effect of time (Wilk’s λ= .69, F3,82 = 12.44, p < .001,  = 
.31) and the interaction between context and time, (Wilk’s λ = .89, F3,82 = 3.27, p = 
.025,  = .11).  

In order to evaluate the effects of context and time on the respective memory 
tasks, the information from the univariate F tests in the MANCOVA was used. First, 
these analyses showed that there was a significant main effect of context on priming 
(F1,88 = 9.20, p = .003, 

€ 

ηp
2  = .10) indicating that participants who were exposed to 

odours at encoding and recall showed more priming than the control group. Further, the 
main effect of time was significant, indicating that the priming effect was negatively 
affected by time (F1,88 = 20.34, p < .001, 

€ 

ηp
2  = .20). Intriguingly, there was a statistically 

reliable interaction effect between context and time for priming (F1,88 = 7.63, p = .007, 

€ 

ηp
2  = .08). As can be seen in Figure 2, the source of this interaction was the priming 

effect. 
 

  
Figure 2. Means and standard error of the means (SEMs) for priming across time and 
test conditions. 
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Second, the analyses of the performance in the RBMT episodic memory test 
showed that there was a significant main effect of context (F1,88 = 4.13, p = .045, 

€ 

ηp
2  = 

.05) indicating that participants exposed to odours at encoding and test performed better 
than the control group (see Figure 3). Also, the main effect of time was significant, 
indicating that less prose information was recalled at the delayed than at the immediate 
testing, (F1,88 = 25.34, p < .001, 

€ 

ηp
2  = .23). The interaction between context and time 

was not statistically reliable (p > .05). 
 

	    
Figure 3. Means and SEMs for verbal episodic memory performance (RBMT) across 
time and test conditions. 
 

Third, the analysis on performance in visuo-spatial episodic memory (the Rey-
Osterrieth Complex Figure) revealed a significant main effect of context (F1,88 = 4.32 p 
= .041, 

€ 

ηp
2  = .05), suggesting that the odour exposed participants recalled more figure 

information than the control group (see Figure 4). Also, the main effect of time was 
reliable, showing a reliable drop in performance over the 48 hours test interval, (F1,88 = 
8.97, p = .004, 

€ 

ηp
2  = .10). No significant interaction between context and time was 

found (p > .05). 
 

 
Figure 4. Means and SEMs for visuo-spatial episodic memory performance (complex 
figure) across time and test conditions. 
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 The raw scores (shown in Table 2) for the different contexts were relatively 
similar in the immediate recall for all three cognitive tests, but in the delayed recall, the 
difference is apparent between the groups. For the non-declarative memory test (the 
primed words and word fragments), the odour group completed 35 % word fragments 
correctly whereas the control group completed 20% of the same fragments. 
 
Table 2. Means (and standard deviations) for the memory tasks. 
  Odour Controls 

  Immediate Delayed Immediate Delayed 

Episodic memory 8.39 (4.06) 4.72 (3.39) 7.52 (4.55) 2.66 (2.26) 
Visuo-spatial 
memory 25.04 (6.90) 18.83 (7.66) 21.07 (6.71) 17.20 (6.30) 

Implicit memory 11.54 (3.63) 10.56 (4.46) 11.04 (2.63) 6.14 (3.55) 

	  
	  
	  

Discussion 
 

The present study replicated and extended previous research by testing declarative 
and non-declarative memory functions in conjunction with an ambient odour as the 
environmental context factor. Overall, the results showed that reinstatement of 
contextual odour information affected both declarative and non-declarative memory 
performance positively. These findings are in agreement with the encoding specificity 
principle (Tulving & Thomson, 1973) and with previous empirical findings (Ball et al., 
2010; Herz, 1997; Pointer & Bond, 1998; Schab, 1990). Further, there was a significant 
drop in memory performance over time, such that memory scores were lower for all 
three tests after 48 hours. To the best of my knowledge, this is the first study that 
investigated the impact of an ambient odour at encoding and reinstated at test in 
conjunction with both declarative and non-declarative memory functions 
simultaneously.  

 
 Reliable priming effects were observed in the odour condition, where word 

fragment completion was higher than in the control no-odour condition (cf. Ball et al., 
2010). Intriguingly, the present work also found a significant interaction effect between 
recall time and context such that odour reinstatement yielded a selective higher word 
fragment completion rate at 48 hours as compared with the no odour condition. Odours 
not only carries the scent but also initiates neural activity, which has been shown in 
studies where humans were unaware of odours, but the brain clearly registered that 
odorant change (Sela & Sobel, 2010). These subliminal or ambient odorants may very 
well influence behaviour, mood or state. This effect could be due to the direct 
anatomical link between the olfactory cortex and the amygdala-hippocampal complex in 
the limbic system (Herz & Engen, 1996). Speculatively, this could explain why 
subliminal odours seemingly unnoticed for the human, are registered by the brain and 
could also shed some light on and explain the results of the present study. Priming is 
also a stimulus that influences behaviour without the subject being aware of this 
influence (Smeets & Dijksterhuis, 2014). Both odour registration and priming are neural 
processes that are generally not attended to intentionally, but are clearly driving a neural 
activity pattern throughout the visual and olfactory system (Sela & Sobel, 2010). 
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Declarative memory functions were evaluated by means of two different memory 
tests. For the verbal episodic memory test, consisting of a prose passage recall, the 
results were significantly higher among participants in the odour condition than in the 
control condition. The present findings replicate the results of Pointer and Bond (1998) 
where they compared whether olfactory and visual contexts would influence subjects 
encoding and retrieval of a prose text from the Rivermead Behavioural Memory Test. 
Furthermore the second declarative memory test, the visuo-spatial episodic recall 
(drawing of a complex figure), was reliably better for the group exposed to odour at 
encoding and recall. Since the olfactory nerve is only three synapses from the 
hippocampus, which is essential in formation of declarative memory functions, the 
results could be due to this direct anatomical link (Herz & Engen, 1996). 

  
Taken together findings from the present study suggest that positive odour 

reinstatement may be generalized across different forms of memory and does vary over 
time. It has been shown in both reviews and meta-analyses that environmental context-
dependent memory effects are reliable and stable (Sela & Sobel, 2010; Smith & Vela, 
2001). Sometimes the effects were relatively small, but nevertheless reinstatement of 
olfactory context as well as other contexts like colour, affect memory performance 
positively (Smith & Vela, 2001). Their analyses also revealed that reinstating the 
context enhanced recall more than recognition. As stated above, longer retention 
intervals appears beneficial for olfactory reinstated memory. This was also shown by 
Herz in 1997 when novel ambient odours were presented at encoding and recall of word 
lists, resulted in better recall 48 hours later, compared to direct recall. Further more, the 
present study suggests that odour reinstatement effects are larger at longer test intervals 
for the non-declarative memory(cf. Smith & Vela, 2010).  

 
Pleasantness is often discussed and investigated in olfactory research. The odour 

used in the current study (anise) was rated as fairly pleasant (mean rating was 4.57 on a 
7-point scale) and most participants (72%) identified the scent as anise or liquorice. 
Interestingly, most participants reported not thinking about the odour until they were 
asked the question at the very end of the recall session. The definition of pleasantness 
varies but generally refers to the mood-inducing properties of the odour. Schab (1990) 
showed that when both a pleasant (chocolate) and an unpleasant odour (mothball) were 
present at encoding and retrieval, the results were significantly better than for the 
control condition, although the performance did not differ between the two smell types. 
This outcome suggests that the context effects are not due to the pleasantness of an 
odour. Further, Herz (1997) showed that both novel and familiar odours enhanced 
memory performance when they were considered to be distinctive and novel in a 
specific environment. When using ambient odours such as rosemary, basil, orange, and 
lemon, Ball et al., (2010) concluded that “some odours are capable of producing reliable 
ECDM [Environmental Context-Dependent Memory] effects” (p.673) for implicit 
memory tests like word fragment completion. Hence, odour distinctiveness and 
pleasantness are important aspects to take into consideration when planning olfactory 
context experiments (Ball et al., 2010; Herz, 1997; Schab, 1990).  
 
 Findings from well-controlled experiments show that olfactory context cues may 
act as significant reminders both for the recent and the distant past. Specifically, 
olfactory cues might be used to evoke memories from the distant past by means of 
autobiographical memories and has been proven to be potent triggers of childhood 
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memories (Arshamian et al., 2013; Willander & Larsson, 2006; Willander & Larsson, 
2007).  
 

Some limitations to the current study must be noted, first the encoding and recall 
tests were not counterbalanced. Second, the experimental design would have benefited 
from adding two extra conditions; one in which an odour would only have been present 
at encoding and another with the odour present only at recall. Thirdly, the recall tests 
were not timed which meant that subjects could spend more time on e.g., the word 
fragment completion, than the prose text recall.  
 

Future investigations of non-declarative as well as declarative memory functions 
with ambient odours should take into consideration odorants levels of distinctiveness, 
pleasantness, and mood inducing properties in their research. Since levels of anxiety 
might impact mood and behaviour it is a parameter to take into account. There is 
currently little research on visuo-spatial encoding and recall combined with ambient 
odours which in conjunction with gender differences would be interesting to investigate 
since research is suggesting gender differences in both visuo-spatial and olfactory 
abilities (Herlitz & Rehnman, 2008; Pauls, Petermann, & Lepach, 2013; Öberg, 
Larsson, & Bäckman, 2002). Here, gender differences were not investigated due to the 
low percentage of male participants. To bring this research into the educational system 
and investigate students use of odours while studying for and writing exams is also of 
great interest to explore in future research. 

 
 This study set out to increase our understanding of ambient odour as context in 
combination with memory tests. An experiment was created with odour infused papers 
and three different memory tests spanning over both declarative and non-declarative 
memory functions. Significant effects of the odour context were discovered for all three 
memory tests suggesting that anise is a potent mnemonic odour as it enhanced memory 
performance. This could be due to short anatomic distance between the olfactory cortex 
in the brain and the amygdala-hippocampal complex in the limbic system which is 
considered the centre of the declarative memory system (Herz & Engen, 1996). 
However, the most interesting results were found for the priming task, and physical and 
psychological processes responsible for these results need further study (Smeets & 
Dijksterhuis, 2010).   
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