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Background
Writing and digital storage have largely replaced organic memory for encoding and retrieval
of information in the modern era, with a corresponding decrease in emphasis on memorization in Western education. In health professional training, however, there remains a large
corpus of information for which memorization is the most efficient means of ensuring: A) that
the trainee has the required information readily available; and B) that a foundation of knowledge is laid, upon which the medical trainee builds multiple, complex layers of detailed information during advanced training. The carefully staged progression in early- to late- years’
medical training from broad concepts (e.g. gross anatomy and pharmacology) to in-depth,
specialised disciplinary knowledge (e.g. surgical interventions and follow-on care post-operatively) has clear parallels to the progression of training and knowledge exposure that Australian Aboriginal youths undergo in their progression from childhood to adulthood to Tribal
Elders.

Methods
As part of the Rural Health curriculum and the undergraduate Nutrition and Dietetics program in the Monash University Faculty of Medicine, Nursing, and Health Sciences, we
tested Australian Aboriginal techniques of memorization for acquisition and recall of novel
word lists by first-year medical students (N = 76). We also examined undergraduate student
evaluations (N = 49) of the use of the Australian Aboriginal memory technique for classroom
study of foundational biomedical knowledge (the tricarboxylic acid cycle) using qualitative
and quantitative analytic methods drawing from Bloom’s taxonomy for orders of thinking and
learning.
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Acquisition and recall of word lists were assessed without memory training, or after training in either the memory palace technique or the Australian Aboriginal narrative technique.

Results
Both types of memory training improved the number of correctly recalled items and reduced
the frequency of specific error types relative to untrained performance. The Australian
Aboriginal method resulted in approximately a 3-fold greater probability of improvement to
accurate recall of the entire word list (odds ratio = 2.82; 95% c.i. = 1.15–6.90), vs. the memory palace technique (odds ratio = 2.03; 95% c.i. = 0.81–5.06) or no training (odds ratio =
1.5; 95% c.i. = 0.54–4.59) among students who did not correctly recall all list items at
baseline.
Student responses to learning the Australian Aboriginal memory technique in the context
of biomedical science education were overwhelmingly favourable, and students found both
the training and the technique enjoyable, interesting, and more useful than rote
memorization.
Our data indicate that this method has genuine utility and efficacy for study of biomedical
sciences and in the foundation years of medical training.

Introduction
Systems for encoding, transmission, and protection of essential knowledge for group survival
and cohesion were developed by multiple cultures long before the advent of alphabetic writing.
Evidence for specific techniques of memorization has been found in cultural artefacts ranging
in scale from the handheld qipu of Meso-American tribes to the massive earthworks of paleolithic mound-building peoples in Europe and North America [1]. Use of artefacts and sacred
places for memorization is often accompanied by narrative- or song- based vocal rehearsal and
performance [2].
Australian Aboriginal societies are among the oldest known continuous human cultures in
the world, and have survived for over 50,000 years [3,4] without written (alphabetic) transmission of information (https://parksaustralia.gov.au/uluru/discover/culture/language/, accessed
12/16/20; for explanations of Australian Aboriginal orthography: [5,6]). Critical information
for individual and group survival in the demanding Australian environment is relayed in stories, artistic expression, and artisanal crafts in a complex, multi-layered system. These constructs convey information to within-group observers at variable levels of depth and
complexity, depending on their education, experience and status within the group. Each clan
and nation has its own established stories, which contain and transmit vital cultural knowledge, including Aboriginal Law, personal rights and responsibilities, land use, astronomical,
and navigation information [7–9]. These “Songline” stories are ancient, exhibit little variation
over long periods of time, and are carefully learned and guarded by the Elders who are its custodians [7]. Songlines can be expressed orally, by dance, through paintings and petroglyphs, or
a combination of all of these. Using these methods, core cultural information is maintained
and recalled without the need for a written alphabet, and an individual can acquire a vast store
of adaptable and adaptive knowledge over their lifetime. Tribal Elders in Australian Aboriginal
societies are accorded a great deal of respect, with their knowledge, wisdom and experience
being essential for the growth and survival of their group. Critical information regarding seasonal food sources, intra- and inter- tribal political relationships, tool use and manufacturing
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technology, and ’secret business’ is incorporated into traditional songlines and carved, painted,
or woven into artworks and tools. The symbolic and geometric patterns of Australian Aboriginal artworks often contain detailed information about matters of tribal interest, to which
casual or untrained observers may be completely oblivious [2,10,11].
When an Australian Aboriginal person needs to learn new information which is not part of
the Songline tradition, it is common to construct a story which incorporates aspects of the
flora, fauna, and physical geography of the local area. Detailed information, including numerical, spatial, and temporal relationships about the subject areas are built into the narrative,
which is rehearsed frequently, allowing rapid and accurate recall of the information. These stories are personal, adaptable, and can be readily constructed or modified to accommodate new
information.
The location-based methods employed by Australian Aboriginal people for memorising
new information bear a striking resemblance to classical memory techniques developed by
scholars and clergy in Western societies for recitation of epic poems, religious liturgies, and
recall of literary works [12,13]. Indeed, as Kelly [13, p.35] notes, with Australian Aboriginal
societies, “[t]heir culture was entirely stored in memory”. Even in societies with alphabetic
writing, paper, ink, and bound books were rare and precious items until only a few hundred
years ago, so it was to the benefit of an educated individual to have a vast and accurate memory. The best known classical method of memory training is the memory palace [12,14], an
imagined environment in which the learner attaches required information to specific features
and locations within an ever-expanding mental representation of a building or house. The
memory palace is itself a specific example of the method of loci—the techniques of using spatial position as a cue for the recall of information. In short, a learner attaches the desired information to features within a mental landscape, then takes advantage of highly accurate spatial
memory to facilitate recall of details.
We sought to assess the suitability of this approach for medicine and Biomedical science
education, through direct comparison of the Australian Aboriginal approach with the memory
palace technique (Western method of loci approach) and evaluation of real-world classroom
application of the Australian Aboriginal approach.
The primary aim of this research was to provide early-year medical students and other
trainees in the health professions with a powerful and adaptable system for memorising large
quantities of information with minimal time devoted to learning the technique. An important
ancillary benefit was improved understanding and awareness of Indigenous Health and cultural safety.

Methods
All procedures for both studies described below were approved by the Monash University Ethics Committee (MUHREC; application ID 9568).

Study 1: Teaching the Australian Aboriginal approach to beginning
medical students
Incoming graduate-entry medical students (Year A) from Monash University were invited to
participate during the 3-day orientation program at the start of their first semester. All students
were provided with an information sheet outlining the study procedures and benefits, and
informed consent for participation was obtained from 76/106 students in the cohort. Each student was assigned randomly to one of three study groups and assigned an individual study ID
number. Block randomization [15] of the study ID numbers was performed using 2 decks of
playing cards with all of the club suits removed, the remaining cards were shuffled and study
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groups were assigned by investigators drawing a card for each study ID number by suit
(hearts = Group 1; diamonds = Group 2; spades = Group 3), which were then entered into a
spreadsheet. When participants returned their signed informed consent, they were assigned
the next study ID in the series by a staff member who was not present during the card draw.
Demographic data for participants in this study are presented in Table 1.
Group 1 participants received particular instruction in Western memory techniques.
Group 2 students received instruction in the Australian Aboriginal technique. Students
assigned to Group 3 received no memory training (‘untrained recall’ group). The recall testing
procedure and item list were identical across groups and timepoints, though testing of the
three groups took place in separate rooms.
At the start of the study period, all participants were given an identical list of 20 words
(common butterfly names adapted from: https://www.jeffpippen.com/butterflies.htm) on a
single page to study for 10 minutes (Fig 1A). The use of butterfly names was intended to dissociate the information being studied from the medical curriculum, in order to avoid giving students the impression that the list was integral to their medical study, and to avoid any
suggestion to students who chose not to participate that they would be in any way disadvantaged in the medicine course.
All students were instructed to attempt to memorise the printed list of words. They were
also instructed not to mark or write on the word list, and not to use their mobile phones or
any other electronic devices or aids to assist in the activity. After 10 minutes, the word lists
were collected and students were asked to write down as many of the list items as they could
recall within five minutes.
After the first recall test, students in Groups 1 and 2 were given 30 minutes of instruction in
either of the Western or Australian Aboriginal memory techniques (described in detail below).
After the training period, students returned to the respective test areas and the same memory procedure (10 minutes memorization, five minutes to record list items) was repeated. Following this recall test, students had a further 20 minutes of unscheduled time. During this
break, students could chat with their peers, but could not discuss the item list or anything
related to the recall tests; nor could they use their mobile phones or electronic devices. Following the 20-minute rest, a final recall test was performed, this time without the opportunity for
students to review the list prior to recall testing.
After the final recall test, participants were asked to follow a hypertext link or scan a QR
code to an electronic survey consisting of feedback questions related to the training session
and their subjective opinions about the utility of the respective techniques. The survey questions can be found in the supporting information (S1 File).
Group 1: Memory palace technique. Participants received a brief, whiteboard-assisted
seminar on the history and use of the memory palace, and collaboratively illustrated a schematic diagram of a simple memory palace, using a brief story containing student-suggested
items, e.g. a cat, a guitar, food items, etc. Students were free to ask questions and seek clarification about the technique, and were encouraged to begin creating their internal ’memory
Table 1. Demographic information of recall test participants.
Group

N

female (%)

Age (mean +/- SD)

Age (range)

Memory Palace

25

15 (60)

22.7 +/- 2.6

20–33

Australian Aboriginal method

26

18 (69)

23.0 +/- 3.1

20–36

Untrained Recall

25

18 (72)

21.7 +/- 1.6

20–26

Participant information from the 2018 Year A Medicine cohort At Monash Rural Health-Churchill.
https://doi.org/10.1371/journal.pone.0251710.t001
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palace’ using the remembered floor plan of their childhood home. A full description of the
classical memory palace technique can be found in [12]. Briefly, participants were instructed
to visualize a familiar room and setting, i.e. a childhood bedroom or their current residence,
and to try and recall the location and physical appearance of items in the imagined space. A
schematic drawing on a whiteboard was used to illustrate this setup. Participants were
instructed to associate items to be remembered with specific objects and locations in the imagined space, with as much detail as possible (e.g. a red lamp with an adjustable shade and a
power switch in the center of the lamp base sitting on a desk to the left hand side of the
entrance to the room. As items were added to the memory list, each new item was associated
with an object and position in the imagined room. To recall items, participants were instructed
to imagine themselves walking into the room, approaching each object and location which had
a list item associated with it, and to attempt to recall the list item in conjunction with the imagined object.
Group 2: Australian Aboriginal memorization technique. Group 2 participants were
given an overview of the Australian Aboriginal memorization technique by an experienced
Australian Aboriginal educator, including a short description of how Elders instruct young
people, and the elements of place-based narrative, image, and metaphor. To construct a narrative around the butterfly word list (Fig 1A), the instructor walked students around a rock garden located on campus which contained multiple rocks, plants and concrete slabs arranged in
the shape of a large, stylized footprint (Fig 1B & 1C). Each list item was incorporated into a
narrative related to elements in the rock garden (Fig 1C). The narrative was practiced as students physically walked through the garden with the instructor, and participants were encouraged to visualize walking through the garden during recall. As the participants mentally
"walked" the path in the narrative, they were encouraged to approach each feature in the garden and identify the place and its associated butterfly name.
Group 3: Untrained recall. Participants in the untrained recall group received no instruction in either Western or Australian Aboriginal memory techniques. Instead, participants in this
group watched a documentary from the Australian Broadcasting Commission’s Australian Story
called ’a Kind of Medicine’ - https://www.abc.net.au/austory/a-kind-of-medicine/7374362.

Data analysis
Results from each of the recall test timepoints were collated, scanned into electronic formats,
and manually scored. The number of correct items reproduced by each participant was scored,
and recall errors were counted in four categories: 1) NULL- no entry was made for the test
item; 2) NEAR MISS- the test item was incorrect due to a small error, e.g “metalmask” or
“angelwing” instead of metalmark or anglewing, respectively; 3) INS- insertion of a completely
different word or phrase in place of a test item, e.g. “metalspot” instead of metalmark; 4) REMremoval of a previously entered correct answer from the list, with no replacement which fell
into one of the above categories. Note that in the case of NEAR MISS entries, simple spelling
errors which did not produce a semantically meaningful answer which differed from the target
were not counted, i.e. if a student entered “meselmark” instead of metalmark, it would not be
considered a near miss.
Each participant’s response sheet was also assessed with respect to the sequence of items in
the original list, by counting the number of items which were out of sequence with respect to
the target list, and assigning a numerical value to the number of places out of sequence the
item fell, e.g. if the 4th item on the list was written in the 6th place, a sequence value of 2 would
be assigned to that item. This is similar to the concept of positional distance, as described by
[16]. In our study, the Sequence Index was introduced to correct for the fact that an item
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Fig 1. Item list for recall testing and physical layout of the area used for construction of the narrative in the Australian Aboriginal memorization
technique. A) List of common names of butterfly species extracted from: https://www.jeffpippen.com/butterflies.htm. B) photo (by author) of the rock
garden at Churchill, Victoria used for teaching and building the narrative structure for the Australian Aboriginal memory-trained group. C) Schematic
hand-drawn map indicating the position and order of items in the rock garden in (B) used in the narrative.
https://doi.org/10.1371/journal.pone.0251710.g001

recalled out of order necessarily introduces a second error in the place where the item would
have appeared, whether or not the other item was recalled correctly. For example, recall of the
sequence 1,2,3,4,5 as 1,3,2,4,5 contains 2 position errors of distance 1 resulting from the single
reversal of (2,3). The sequence index corrects for this, and allows for straightforward computation of the magnitude of overall sequence accuracy. This allows for comparison of results
across the entire item list using a single index for each participant at each timepoint. The total
sequence value (sum of positional distance errors) for each response sheet at each timepoint
was converted to the sequence index (SeqI) using the formula:
X
SeqI ¼ ð
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Upon completion of scoring and the computation of a sequence index for each respondent at
each timepoint, data were manually entered into Microsoft Excel (v. 16.16.2; Microsoft, Inc. Redmond, WA, USA), and double-checked for accuracy. Statistical analysis was performed using the
Real Statistics Resource Pack for Macintosh (Release 6.8, ©2013–2020 Charles Zaiontz. www.realstatistics.com). Violin plots [17,18] were employed to represent both the magnitude and distribution
of within-category and within-error class data for each experimental group in the timed recall study.
Violin plots were constructed in GraphPad Prism v.8.4.2, GraphPad, Inc. San Diego, CA, USA).
To facilitate repeated measures analysis across unequal group sizes, one subject from
Group 2 (Australian Aboriginal Method) was selected using the RANDBETWEEN(1,26) function in Excel, and that subject’s data was excluded from the calculation. This procedure was
done separately for each parameter measured (i.e. number correct, error rate, or sequence
index) to ensure that there was no effect on the outcome of the group comparisons from exclusion of the same individual across all measurements. The numbers of correctly recalled items
were not normally distributed, due to a ceiling effect. This was likely attributable to the fact
that the incoming medical student population were pre-selected as high academic achievers,
and many may have already had personal systems for memorising information. All statistical
comparisons were therefore performed using non-parametric methods, to avoid introducing
errors based on assumptions of normality in the data. Repeated measures comparisons were
performed using the Friedman test, except where specified, with post-hoc pairwise comparisons made using the Friedman-Nemenyi test. Although no direct measure of effect size for the
Friedman test is generally recognized, an indirect measure of effect size was obtained using the
Kendall’s W-statistic (KW), computed from the Friedman Q value [19,20]. Effect sizes were
interpreted as follows: weak: KW< 0.19; moderate 0.20< KW< 0.39; strong 0.4< KW. All statistical results are included in the on-line dataset, which is available at https://osf.io/4cjm6/.
A second analysis was carried out in light of the ceiling effect described above. The likelihood of a student improving from less-than-perfect recall of the list to perfect recall of the 20
item list was computed as an odds ratio (OR) [21]. For this analysis, participants whose baseline score was perfect were excluded, and the number of remaining participants within the
group whose score improved to 20/20 post training was compared to the number of participants in the total study population who achieved a perfect score at baseline (N = 17/76). This
analysis was only applied to the first post-training interval, as the vast majority of participants
who achieved 20/20 recall at the first timepoint maintained that level of recall at the second.
A follow-up trial was conducted six weeks after the initial sessions to assess differences in
long-term retention of memorized information. Students were asked to perform a recall test
without exposure to the original list of butterfly names, employing the particular technique
that was presented to their original study group.
Student responses to the comparison of memory techniques. Feedback was sought from
participants in each of the three cohorts through participation in an online questionnaire (Qualtrics, Inc. Melbourne, Australia). This consisted of six 5-point Likert Scale statements, plus an
additional free-text question. The additional free-text question asked participants to provide five
descriptive words about the technique (or lack thereof) for list memorization, and a final question
requested additional information in the participants’ own words about their experience with the
various approaches. The Likert scale responses were converted to percentages, while the free-text
responses were subjected to thematic analysis, as described in the survey section below.

Study 2: Utility of the Australian Aboriginal memory technique in the classroom
Feedback from student evaluations of the implementation of the Australian Aboriginal
method in a classroom setting (Study 2) was analysed following retrospective approval for use
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of anonymised survey responses. Student responses were obtained from classes taught in 2017
(N = 25) and 2018 (N = 24), for a total of 49 course evaluations.
The Australian Aboriginal memory technique was introduced into the classroom setting of
an undergraduate Nutrition Science course at Monash University over the course of two
semesters. Students received one hour of instruction from an experienced Indigenous educator
(TY) regarding the underpinning theory and history of the technique, followed by a mnemonic story to aid recollection of the tricarboxylic acid cycle, a complex series of eight cellular
reactions used by aerobic organisms for oxidation of sugars, fats, and proteins. Students then
attended the location at the Monash University campus where the story took place, a garden
with eight native Australian Corymbia citriodora (lemon-scented gum) trees, and were walked
through the landscape-based narrative. This narrative incorporated the main reactions and
intermediate metabolites of the tricarboxylic acid cycle. Students were asked to add their own
details to their stories to help with memorization of the detailed complexities of the reactions.
All students in each class were exposed to the same instruction. Specific questions about the
students’ engagement with, and opinions about, the Australian Aboriginal memory technique
were incorporated into the normal class evaluation survey at the end of the academic semester.
Data were collected via electronic survey (anonymous Moodle poll). Anonymized student
feedback regarding the technique was subjected to a thematic analysis, as outlined below.
Thematic analysis of student responses to classroom implementation of the Australian
Aboriginal technique. Thematic analysis was used to explore the qualitative data captured in the
online survey. [22,23] describe thematic analysis as a method that seeks to find patterns, or categories, that emerge from the data, enabling the researcher to organise and provide detailed description.
This method moved the raw data from simple description to more substantive concepts, referred to
as the ‘Constant Comparison’ method [22, p. 24]. Constant comparison involves the researchers
moving in an iterative and coherent fashion back and forth, ‘mining’ the data for similarities and differences in a way which establishes those categories or themes and enhances rigour [24,25]. This
iterative process involved the researchers analysing student responses in a series of white-board
workshops that involved cordial but robust discussions to eventually settle on the final themes.
These qualitative data-analysis workshops involved five of the researchers and through collective
input, debate and conversation while undertaking constant comparison of data, consensus was
reached. The themes were then further explored utilising Bloom’s taxonomy of learning because it
was considered a useful and interesting way to conceptualise the data. Bloom’s taxonomy is a framework that suggests learners move from lower order thinking such as remembering and understanding, through to higher order thinking skills that include synthesising, evaluating and creating [26].

Results
Study 1: Teaching the Australian Aboriginal approach to early medical
students
Both methods of loci improved upon the already high level of recall among medical students
relative to those who received no memory training. Improvement in both memory training
groups was greater (Fig 2A), as measured by effect size (memory palace: Friedman Q = 18.5,
df = 2, p = 0.00009, Kendall’s W = 0.37; Australian Aboriginal method: Q = 21.3, df = 2,
p = 0.00002, KW = 0.43) than that observed in the untrained recall group (Q = 8.4, df = 2,
p = 0.014, KW = 0.17). This suggests that the observed improvements could not be attributed
simply to repeated exposure to the item list. Although the mean number of items recalled after
training was similar between the memory-trained groups, (mean ± SD = 18.8 ± 2.1; 19.3 ± 1.8
memory palace and Australian Aboriginal method, respectively), several differences were
apparent between the two methods of loci.
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Fig 2. Recall and error performance before and after training. Violin plots indicate: A) Recall scores for each study group at baseline, after a 10 minute
recall test, and a subsequent 20 minute delayed recall test. A single 20 minute training session with the memory palace technique or the Australian
Aboriginal method elicited equivalent improvement in recall performance, with a smaller improvement observed in the untrained recall group. All groups
exhibited a marked ceiling effect, with median baseline values � 17/20 list items. See Results for details and statistical analyses. B) Change in correct
sequencing of recalled items post training. Figure colours and conventions as in Fig 2A. The legend at lower right provides the algorithm for determination
of a sequencing index which accounts for the trivial observation that a single sequencing error (i.e. placing item 4 in position 6 on the recall list) results in 2
observed errors (at both position 4 and 6). C) Observed incidence of “near miss” errors (entry of a semantically meaningful but closely related term instead
of the correct list item, e.g. “metal mask” vs. “metal mark”). D) Observed incidence of NULL errors, in which items were left blank on the recall test sheet.
https://doi.org/10.1371/journal.pone.0251710.g002

Interestingly, students trained on the Australian Aboriginal technique exhibited significantly fewer errors of sequence recall than those without training or those taught the memory
palace technique (Fig 2B). It is worth noting that no instructions were provided to the

PLOS ONE | https://doi.org/10.1371/journal.pone.0251710 May 18, 2021

9 / 17

PLOS ONE

Aboriginal memorisation techniques in health education

participants with respect to sequence, yet this measure exhibited the largest effect size of any of
the parameters measured (memory palace: Q = 15.4, df = 2, p = 0.0005, KW = 0.31; Australian
Aboriginal method: Q = 32.7, df = 2, p = 0.00000008, KW = 0.65; untrained recall: Q = 0.18,
df = 2, p = 0.9, ns).
Students employing the memory palace technique made fewer near miss errors after training (Q = 14.6, df2, p = 0.0007, KW = 0.29), while the near miss rates for the Australian Aboriginal method and untrained recall groups showed no significant change (Fig 2C).
All groups showed improvement with respect to NULL errors (items left blank on the recall
test; Fig 1D), but the effect was largest in the Australian Aboriginal method group (memory
palace: Q = 11.5, df = 2, p = 0.003, KW = 0.23; Australian Aboriginal method: Q = 26.0, df = 2,
p = 0.000002, KW = 0.52; untrained recall: Q = 11.7, df = 2, p = 0.002, KW = 0.23). No significant effect was observed on insertion errors in any of the groups, and removal errors were too
infrequent to analyse (only 1 removal error was recorded in the study).
Students trained on the Australian Aboriginal memory technique were markedly more
likely to progress from a less than perfect score at baseline to complete recall of the item list
(Fig 3; 12/19 participants, 63%, OR = 2.82; 95% c.i. = 1.15–6.09) than students trained on the

Fig 3. Graphical summary of the observed increase in participants’ likelihood of obtaining the maximum recall
score following training. Blue dashed line indicates the number of participants (17/76, 22%) who achieved a recall
score of 20/20 at the baseline test (prior to training). Odds ratios of improving to 20/20 performance at the first posttraining recall test are shown as numerical values within the bars for each study group. Symbols indicate the fraction of
participants in each randomized group who obtained 20/20 at baseline (3/25 in the memory palace group; 6/26 in the
Australian Aboriginal method group; and 8/25 in the untrained recall group.
https://doi.org/10.1371/journal.pone.0251710.g003
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memory palace technique (10/22 participants, 45%, OR = 2.03; 95% c.i. = 0.81–5.06) or those
without specific memory training (6/17 participants, 35%, OR = 1.51; 95% c.i. = 0.54–4.59).
Participation in the six week follow-up was markedly reduced, with a total of 8 participants
(N = 3 memory palace; 3 Australian Aboriginal method; 2 untrained recall). The memory palace group exhibited the best long-term performance, with the results from the three participants trained on the memory palace technique achieving 8, 8, and 5 items correctly recalled
out of the list of 20. There was a noticeable decrease in recall performance among the students
trained in the Australian Aboriginal method after 6 weeks, with the participants in that group
indistinguishable from the untrained recall group. However, this observation should be treated
with caution, as the sample was too small for accurate quantification of performance.
Student responses to comparison of memorization techniques. Incoming medical students rated the importance of memory skills quite highly, with 70/71 (97%) agreeing strongly
or somewhat with the statement: “memorization is likely to be an important part of my medical education”. However, despite the intense competition for places in the graduate medicine
course, students indicated relatively weak confidence in their own memory skills, with 59%
rating memorization tasks as neutral or difficult. The same students rated the memory task in
this study as moderately easy, with 70% of respondents indicating they found the task somewhat easy, or neutral. Approximately 6% (4/71) rated the task ‘very easy’, and the same number
rated it ‘very hard’. The subjective ratings of task difficulty conflict with the observed group
performances prior to training, as described in the previous section, where all groups started
with a recall performance of 85–90% correct. Incoming medical students overwhelmingly felt
that training on specific memory techniques would be helpful, with 93% indicating ‘strongly
agree’ (51/72; 71%) or ‘somewhat agree’ (17/72; 23%) in response to the question: “Specific
memory training as a component of medical education would be worth my while”.
Study 2: Introduction of the Australian Aboriginal memory technique to undergraduate Nutrition Science students. With regard to the qualitative data relating to the use of the
Australian Aboriginal memory technique and memorization of the Citric Acid Cycle, thematic
analysis was undertaken with five overarching themes identified. The five themes identified in
the data are consolidation and learning (lower order thinking); movement and culture (middle
order thinking); and finally, engagement which corresponds to even more complex ‘meta’
thinking skills.
The first theme to emerge from the data is that of ‘consolidation’ which correlates to lower
order thinking in the domains of Bloom’s taxonomy and includes basic remembering and
comprehension skills [26]. The ability of the learner to remember subject matter in novel ways
helps to concretise the material in the early stages of learning [27]. As one student participant
explains (referring to the Australian Aboriginal memory technique): “[i]t allowed me to easily
remember the citric acid cycle in a way that I know I will remember in the exam”. Another student comments: “[it p]rovided a quick and easy technique which allowed me to learn the citric
acid cycle almost effortlessly.”
The second emergent theme is ‘learning’. Applying a particular technique to a specific task,
and then being able to apply it more widely, involves higher order thinking that also draws
from Bloom’s taxonomy [26]. Viewed in this light, learning involves a more sophisticated level
of thinking, and the ability to conceptualise the difference between technique and content. An
exemplar quote highlights self-reflection in students recognising their own learning preferences in which the incorporation of nature (trees) aids visualisation:
I would say that I’m a visual learner so remembering the trees really helped bring back those
missing pieces of memory. I really think it helped me memorize the cycle better. The storyline
also helped because it is easier to remember a story than a whole page of facts.
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Not only does this quote illustrate the importance of visualisation in learning and memory,
but it also shows how stories help to make memorable connections in a way that a disparate
list cannot. As Kelly [13] explains, it is far easier to remember a story than regurgitate facts and
this technique of memorization is something that Australian Aboriginal peoples have been
doing for millennia.
The third theme to emerge from the data set is ‘movement’ which includes elements of
space, place, and walking (or movement) that can assist in storing memories. Further, while
the notion of ‘steps’ is often used in education as a way to scaffold knowledge, in the case of the
Australian Aboriginal memory technique, there is also literal use of the term ‘steps’ as the following quote highlights: “[w]alking around and looking at the trees was a good visual tool to
relate to corresponding steps in the cycle”. Kelly [1, p. 20] concurs and refers to the way Indigenous cultures use geography and landscape to create “memory spaces” and even “narrative
landscapes”.
A fourth theme to emerge from the analysis of the data, is the highly relevant ‘cultural’
aspect to this memorization technique which students greatly appreciated. As one student
notes: “I like the idea of connecting Indigenous culture with science learning. . .”. The theme of
culture overlays learning and demonstrates the importance of conceptualising Australian
Aboriginal ways of knowing or learning with or from rather than about Australian Aboriginal
people and their knowledge systems. As Yunkaporta [2, p. 15] states, it is important not to
examine Australian Aboriginal knowledge systems, but to explore the external systems “from
an Indigenous knowledge perspective”. This is a type of metacognition that accords with the
higher order thinking of Bloom’s taxonomy [26].
The fifth theme identified in the data is ‘engagement’. Student participants note that this
technique was different, alternative, new, creative, engaging and fun. This theme relates to the
highest domain of thinking from Bloom’s taxonomy, where new ideas are generated by learners. As one student explains: “[i]t was a very creative and interactive way of learning as it was
not the ordinary pen and paper”. Another student notes:
It helps me to remember all the product names in an efficient and fun way. I’ve used this
learning technique (making up my own story) in the glycolysis [sic], and it works very well.
This tutorial also made the lesson more interactive and hence, increased my interest in learning metabolism.
The student feedback was decidedly positive, and student comments overall indicate that
they felt the Australian Aboriginal memorization method could be usefully employed for
learning and retention of complex, highly detailed information (in this case, the tricarboxylic
acid cycle of metabolism). Most (95%) students indicated that they found the technique effective, and over half (56%) indicated that they would definitely employ the method in their
future studies.

Discussion
Our data clearly indicate that narrative-based memory techniques employing variations of the
method of loci: 1) can improve short-term retention of complex, ordered sets of information
with a single training session; and 2) the utility of either the Western "memory palace" technique or the Australian Aboriginal narrative method likely requires sustained practice and
repeated exposure to the target material for long-term retention (i.e. weeks to months) [28].
This study reveals several subtle, but important advantages for teaching of the Australian
Aboriginal memorization method as compared to the more widely known memory palace
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technique. In particular the Australian Aboriginal method seems better suited to teaching in a
single, relatively short instruction period. This is evidenced by the increased probability of
obtaining complete recall of the target list after a 20 minute teaching period, and the pronounced improvement in correct sequencing of information which was observed compared to
the memory palace approach. It is clear from both the long-term recall data and the observed
increase in performance after training, that the Australian Aboriginal method and the memory
palace are both effective techniques, which is consistent with their commonality as variations
of the method of loci. However, it is likely that the narrative structure and consistent order of
recall that the Australian Aboriginal method incorporates confers an advantage where the specific sequence of information is a relevant parameter. Sequence-dependence is a common feature of the types of information health professions students are required to learn, as evidenced
by long and complex metabolic processes such as the tricarboxylic acid cycle and oxidative
phosphorylation components of cellular respiration.

Spatial position as a memory cue
The use of physical location, even in an imagined environment, as a memory aid likely arose as
a result of the fact that so much of the essential information stored in memory can be linked to
foraging-type behaviours. It is well established that numerous species of animals engage in
food caching behaviours (reviewed in [29]), and structural imaging studies of a group of highly
trained spatial learners (London taxi drivers) has demonstrated enlargement of specific hippocampal regions corresponding to spatial memory [30], reflecting the importance of this area of
the brain for spatial navigation in humans. Consistent with the notion that exploitation of spatial memory is among the most effective memorization techniques, an early MRI study of competitors in the World Memory Championships showed that 90% of the memory athletes
employed some variation of the method of loci for rapid learning and accurate recall of information [30]. The method of loci approach has also been employed in medical student training.
Qureshi et al. [31] employed a memory palace-type mnemonic exercise to teach students the
endocrinological principles of type 2 diabetes management, and found that students who
received the method of loci training outperformed a control group of students taught using
only didactic lectures and self-directed learning.
Far from being an obsolete or archaic approach, recent studies have demonstrated that
incorporation of spatial recall in the form of a memory palace into a virtual reality environment improved facial recall in subjects wearing a head-mounted display system [32]. This sort
of immersive spatial memory is also familiar to computer gamers, who often must navigate
complex game environments to achieve goals. Thus, an understanding of the connection
between spatial position and information recall can confer advantages on modern learners
who opt to expend the effort necessary to build and maintain the mental ‘landscape’ or ‘palace’
across which memory items are draped. Our data suggest that the techniques developed over
60,000 years or more of Australian Aboriginal culture can inform and enhance the education
of students in the most technically advanced disciplines, if time and attention could be devoted
to teaching the techniques. As one of the authors recently pointed out [2], the cognitive
demands on a person in a low-tech, paleolithic environment equal or exceed the cognitive
loads placed on members of industrialized societies. Thus, it is reasonable to consider what
intellectual ‘hacks’ and adaptations developed by our progenitors could be usefully employed
for modern ends.
The qualitative data collected in this project clearly indicate that this learning approach is
pleasurable and productive in itself, and may well have a role in decreasing the ‘drudgery’
often associated with modern higher education. Moreover, as an Australian Aboriginal person
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progresses from youth, to adulthood, to elder status, the depth of knowledge about any given
topic required for them to perform their social functions changes. The use of narrative and
associated visual arts allows for additional information about a subject to be revealed as social
rank and responsibilities increase, even within the same story or design. In an analogous manner, the depth of understanding and level of necessary detail changes over the course of a medical education program in a very structured way, with a student first exposed to the foundation
knowledge underpinning medical diagnoses and therapies, then with increasing emphasis on
the pathophysiological, social, and professional/political factors associated with professional
practice in the healthcare system. This learning progression is also commensurate with
Bloom’s taxonomy of levels or orders of thinking. It is thus argued that early exposure to the
Australian Aboriginal approach to pedagogy in a respectful, culturally safe manner, has the
potential to benefit medical students and their patients.

Limitations
The foremost consideration with respect to teaching of the Australian Aboriginal memory
technique is the cultural safety aspect and respect for the peoples who developed this approach.
In our program, the teaching of this program was administered by an experienced Australian
Aboriginal Educator, who was able to integrate the method into our teaching program, while
simultaneously preventing several breaches of cultural etiquette and terminology which could
easily have compromised the material had it been delivered by a non-Australian Aboriginal
educator (TY), however well-intentioned. The need for a deep knowledge and understanding
of the appropriate context for teaching and delivery of this material is probably the main factor
which would preclude more widespread adoption of this technique. We addressed this
dilemma by recording the Australian Aboriginal educator (TY) introducing the Australian
Aboriginal knowledge systems and separately providing training to the class instructor for
delivery of the TCA-cycle narrative. This system has allowed the process to continue when TY
is unavailable for teaching.
Within the confines of this study, our observations are tempered by several clear limitations
in this experiment. First, resolution between the memory techniques with respect to efficacy is
impossible, given the ceiling effect of our study population. By definition, students admitted to
the medicine curriculum are high academic performers, and likely had developed individual
and effective methods of information storage and recall prior to our study. Our data suggest
that either the item list used in this study was too short, or the time allotted for learning the list
was too long, or both. Subjective reports from the investigators monitoring each study group
indicated that during recall testing, most students were finished within approximately 2–3
minutes for the 20 item list, and had disengaged from the task and were idly staring around
the room or otherwise exhibiting signs of boredom for the remainder of the task. It is likely
that future studies conducted on high-performing populations would benefit from a longer or
more complex item list. Moreover, this factor should be considered in the design of replicate
or expanded trials of memorization techniques, with specific attention paid to the sub-populations to be studied.
A second limitation extends to the long-term recall of information, and the need for
rehearsal/revision prior to application of the recalled information for, e.g., a written or practical examination. The low participation rate at the 6-week timepoint in this study precluded
evaluation of the relative effectiveness of the memorization techniques. However, the degraded
performance across all groups at 6 weeks suggests that continued engagement with memorised
information is required for long-term retention of the information. Thus, students and
instructors should exercise caution before employing any of the measured techniques in the
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hopes of obtaining a ‘silver bullet’ for quick acquisition and effortless recall of important data.
Any system of memorization will likely require continued practice and revision in order to be
effective.
The limitations associated with the analysis of class-evaluation surveys in Study 2 largely
result from the difficulty of extracting precise information from large groups of subjective ratings. This is somewhat compounded by the fact that the data examined with respect to memorization were obtained as a subset of a larger survey of student satisfaction with the entire
course. Thus, student responses were likely influenced by individual opinions of the course
and instructor, as well as variations in individual performance in the class. The value of the
information lies in the use of the Australian Aboriginal memory technique in a ‘real-world’
setting, as a practical tool for instruction. However, because of the structure of the course,
there was no comparison available with performance of students not trained in the method.

Conclusion
It is clear from these studies that students in the medical and allied health professions expect
that memorization will play a substantial role in their training, and that they are receptive to
learning techniques that can improve recall performance on memory tasks. In addition, the
students sampled in this work viewed training on the Australian Aboriginal method, in particular, as meaningful, interesting, and fun. The attractiveness of this approach, combined with
the clear quantitative improvement in recall after a single, short training session, suggests that
memory techniques based on Indigenous knowledge can be beneficially incorporated into
health professions education.

Supporting information
S1 File. Survey text.
(PDF)

Acknowledgments
The authors wish to thank the student cohorts from both courses who participated in these
studies. In addition, we pay our respects to the traditional owners of the lands on which these
studies were conducted, and pay our respect to their elders–past, present, and emerging. In
particular, we appreciate the generosity of the elders who permitted these techniques to be
adapted for use in a classroom setting. Dr. Tyson Yunkaporta is a member of the Apalech clan
from Western Cape York, Australia.

Author Contributions
Conceptualization: David Reser, Margaret Simmons, Marianne Tare, Adelle McArdle, Tyson
Yunkaporta.
Data curation: David Reser, Esther Johns, Andrew Ghaly, Aimee L. Dordevic.
Formal analysis: David Reser, Margaret Simmons, Aimee L. Dordevic.
Investigation: David Reser, Margaret Simmons, Esther Johns, Andrew Ghaly, Marianne Tare,
Adelle McArdle, Tyson Yunkaporta.
Methodology: David Reser, Michelle Quayle, Tyson Yunkaporta.
Project administration: David Reser.
Resources: Michelle Quayle, Aimee L. Dordevic.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251710 May 18, 2021

15 / 17

PLOS ONE

Aboriginal memorisation techniques in health education

Supervision: David Reser, Aimee L. Dordevic, Tyson Yunkaporta.
Visualization: David Reser, Tyson Yunkaporta.
Writing – original draft: David Reser, Julie Willems, Tyson Yunkaporta.
Writing – review & editing: David Reser, Margaret Simmons, Aimee L. Dordevic, Marianne
Tare, Adelle McArdle, Julie Willems, Tyson Yunkaporta.

References
1.

Kelly L. The memory code. Sydney: Allen & Unwin; 2016. 336– p.

2.

Yunkaporta T. Sand talk: how Indigenous thinking can save the world. Melbourne, Victoria: Text Publishing Company; 2019.

3.

Hudjashov G, Kivisild T, Underhill PA, Endicott P, Sanchez JJ, Lin AA, et al. Revealing the prehistoric
settlement of Australia by Y chromosome and mtDNA analysis. Proceedings of the National Academy
of Sciences. 2007; 104(21):8726. https://doi.org/10.1073/pnas.0702928104 PMID: 17496137

4.

Rasmussen M, Guo X, Wang Y, Lohmueller KE, Rasmussen S, Albrechtsen A, et al. An Aboriginal Australian Genome Reveals Separate Human Dispersals into Asia. Science. 2011; 334(6052):94. https://
doi.org/10.1126/science.1211177 PMID: 21940856

5.

Handbook of Australian languages/edited by R.M.W. Dixon and Barry J. Blake. Dixon RMW, Blake BJ,
editors. Canberra: Australian National University Press; 1979.

6.

Thieberger N. Handbook of WA Aboriginal Languages south of the Kimberley Region: Canberra: Pacific
Linguistics; 1993. https://doi.org/10.1103/physreva.47.2370 PMID: 9909193

7.

Sveiby K-E, Skuthorpe T. Treading lightly: The hidden wisdom of the world’s oldest people. Allen and
Unwin, Australia. 2006.

8.

Fuller RS, Anderson MG, Norris RP, Trudgett M. The Emu Sky Knowledge of the Kamilaroi and Euahlayi Peoples. Journal of Astronomical History and Heritage. 2014; 17(2):171–9.

9.

Norris RP, Harney BY. Songlines and Navigation in Wardaman and other Australian Aboriginal Cultures. 2014; 17(2):141–8.

10.

Morphy H, editor Ancestral Connections: Art and an Aboriginal System of Knowledge. University of Chicago Press. Chicago, USA 1991.

11.

Morphy H. Moving the body painting into the art gallery—knowing about and appreciating works of
Aboriginal art. Journal of Art Historiography. 2011;(4):1–21.

12.

Yates F. Francis Yates: Selected Works, Volume III: The Art of Memory1999.

13.

Kelly L. Memory Craft: improve your memory using the most powerful methods from around the world.
Sydney: Allen & Unwin; 2019. 320 p.

14.

Foer J. Moonwalking with Einstein: the art and science of remembering everything. New York: Penguin
Press; 2011.

15.

Suresh K. An overview of randomization techniques: An unbiased assessment of outcome in clinical
research. Journal of Human Reproductive Sciences. 2011; 4(1):8–11. https://doi.org/10.4103/09741208.82352 PMID: 21772732

16.

Solway A, Murdock BB, Kahana MJ. Positional and temporal clustering in serial order memory. Memory
and Cognition. 2012; 40(2):177–90. https://doi.org/10.3758/s13421-011-0142-8 PMID: 22057363

17.

Weissgerber TL, Savic M, Winham SJ, Stanisavljevic D, Garovic VD, Milic NM. Data visualization, bar
naked: A free tool for creating interactive graphics. Journal of Biological Chemistry. 2017; 292
(50):20592–8. https://doi.org/10.1074/jbc.RA117.000147 PMID: 28974579

18.

Weissgerber TL, Winham SJ, Heinzen EP, Milin-Lazovic JS, Garcia-Valencia O, Bukumiric Z, et al.
Reveal, Don’t Conceal: Transforming Data Visualization to Improve Transparency. Circulation. 2019;
140(18):1506–18. Epub 2019/10/29. https://doi.org/10.1161/CIRCULATIONAHA.118.037777 PMID:
31657957.

19.

Tomczak M, Tomczak E. The need to report effect size estimates revisited. An overview of some recommended measures of effect size. Trends in Sport Sciences. 2014; 1(21):19–25.

20.

Zaiontz C. (2020) Real Statistics Using Excel. www.real-statistics.com.

21.

McGough JJ, Faraone SV. Estimating the size of treatment effects: moving beyond p values. Psychiatry
(Edgmont). 2009; 6(10):21–9. Epub 2009/12/17. PMID: 20011465; PubMed Central PMCID:
PMC2791668.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251710 May 18, 2021

16 / 17

PLOS ONE

Aboriginal memorisation techniques in health education

22.

Butler-Kisber L. Butler-Kisber L. (2010). Qualitative inquiry: Thematic, narrative and arts-informed perspectives. London: Sage. 2010. https://doi.org/10.1123/apaq.27.3.226 PMID: 20571157

23.

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology. 2006; 3
(2):77–101. https://doi.org/10.1191/1478088706qp063oa PMID: 32100154

24.

Braun V, Clarke V. Successful Qualitative Research: A Practical Guide for Beginners: SAGE Publications; 2013.

25.

Pope C, Ziebland S, Mays N. Qualitative research in health care. Analysing qualitative data. Bmj. 2000;
320(7227):114–6. Epub 2000/01/22. https://doi.org/10.1136/bmj.320.7227.114 PMID: 10625273;
PubMed Central PMCID: PMC1117368.

26.

Krathwohl DR. A Revision of Bloom’s Taxonomy: An Overview. Theory Into Practice. 2002; 41(4):212–
8. https://doi.org/10.1207/s15430421tip4104_2.

27.

Crawford C, Smith M, editors. Rethinking Bloom’s Taxonomy: Implicit Cognitive Vulnerability as an
Impetus towards Higher Order Thinking Skills In: Zheng J, editor. Exploring Implicit Cognition: Learning,
Memory, and Social Cognitive Processes. Hershey, PA, USA: IGI Global; 2015. p. 86–103 2015.
https://doi.org/10.4018/978-1-4666-6599-6.CH004

28.

Legge ELG, Madan CR, Ng ET, Caplan JB. Building a memory palace in minutes: Equivalent memory
performance using virtual versus conventional environments with the Method of Loci. Acta Psychologica. 2012; 141(3):380–90. https://doi.org/10.1016/j.actpsy.2012.09.002 PMID: 23098905

29.

Caching Brodin A. Encyclopedia of Animal Behavior. 2009:241–6. https://doi.org/10.1016/B978-0-08045337-8.00218–7

30.

Maguire EA, Valentine ER, Wilding JM, Kapur N. Routes to remembering: The brains behind superior
memory. Nature Neuroscience. 2003; 6(1):90–5. https://doi.org/10.1038/nn988 PMID: 12483214

31.

Qureshi A, Rizvi F, Syed A, Shahid A, Manzoor H. The method of loci as a mnemonic device to facilitate
learning in endocrinology leads to improvement in student performance as measured by assessments.
Advances in Physiology Education. 2015; 38(2):140–4. https://doi.org/10.1152/advan.00092.2013
PMID: 25039085

32.

Krokos E, Plaisant C, Varshney A. Virtual memory palaces: immersion aids recall. Virtual Reality. 2019;
23(1):1–15. https://doi.org/10.1007/s10055-018-0346-3

PLOS ONE | https://doi.org/10.1371/journal.pone.0251710 May 18, 2021

17 / 17

