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Abstract 

This study describes an approach to History education which leverages Augmented Reality (AR). 
It supplements work reported in Lim & Lim (2020) and shares how the profiles of participants and 
their respective responses to the intervention might be represented in forms not previously 
reported, with a view to increasing intelligibility of the data. The intervention aimed to explore the 
affordances of AR in mediating learner-initiated construction of representations of their memory 
palaces / method of loci, using the Learner-Generated Augmentation approach described in Lim 
et al. (2018), as applied to the memorization of historical facts. In this activity, participants used a 
free AR mobile application - Just a Line - to sketch out memory palaces of key information from a 
prose passage. This activity was trialled on student-teachers who are majoring in History at the 
National Institute of Education, Singapore. The resulting dataset was relatively complex, not least 
because the constructions of the memory palaces were potentially in three dimensions and 
overlain on the local environments of each participant. A contribution of this paper is the proposal 
of a format for representing such datasets to facilitate analyses and subsequent scaling. 

Keywords 

Augmented Reality, Phenomenology, Memory Palace, Method of Loci, Assessment for Learning, 
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Introduction 

This study describes a pedagogical approach which leverages the affordances of Augmented 
Reality (henceforth abbreviated as AR) for learning, in the context of History education. Most 
learning interventions using AR technology currently adopt the paradigm of an expert-led model 
of teaching, in which the content is created by the teacher or an expert. This approach limits the 
degree to which learners can engage actively with the design iterations of the AR artifacts, in effect 
relegating them to not much more than consumers of content.  

In contrast, this project explores the possibility of using the affordances of AR to facilitate 
participant-led learning interventions, in which the learner constructs representations based on 
their emerging understanding of a given topic.  

In doing so, this project adopts the Learner-Generated Augmentation approach proposed by Lim 
et al in 2018. This approach affords learners, rather than domain experts, the opportunities to 
create their own boundary objects with AR, in contexts that are authentic to the learners 
themselves. This design approach is enabled by the introduction of new AR technologies, in 
particular, the introduction of the freely downloadable AR app Just a Line by Google in 2018 
(Stolyar, 2018). Such AR apps enable users to sketch virtually on their surrounding environments 
using only their fingers and their mobile devices (Looper, 2018). This is depicted in Figure 1. 

 

 

Figure 1. User sketching using Just a Line app 

The learning activity combined the established Memory Palace (otherwise known as Method of 
Loci) strategy (Maguire, Valentine, Wilding, & Kapur, 2003) with the AR application Just a Line. 
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Students were asked to sketch out a memory palace using the Just a Line app and record this 
process.  

This paper supplements work reported in Lim & Lim (2020) and shares how the profiles of 
participants and their respective responses to the intervention might be represented in forms not 
previously reported, with a view to increasing intelligibility of the data. 

Review of literature 

The study reported in this paper has roots in the work of Husserl and his writings on 
phenomenology. Husserl’s earliest writings on phenomenology - Reine Phänomenologie - are now 
more than a century old. They remain extremely relevant to the issues facing the learning sciences 
today. 

The memory palace / method of loci is a strategy that makes use of two important concepts, 
namely place, that is as familiar to the learner as possible (loci), and images representing the 
content that one wants to remember (imagines) (Yates, 1966). The learner begins by recalling a 
loci that is extremely familiar to themselves (Foer, 2011). The learner will then ‘walk’ through the 
loci in their minds and places images representing the set of information that he / she wants to 
remember at specific points. To recall this set of information, the learner passes through the 
specific points around these loci where the images of information were placed by him / her, 
triggering the learner’s memory, thereby facilitating recall (Foer, 2011; Yates, 1966).  

A study by Maguire et al (2003) comparing fMRI scans of participants of the World Memory 
Championships and a control group of participants who did not report exceptional memory 
capabilities found that when the method of loci was used by the former group of participants, 
regions of the brain important for memory, spatial memory and navigation were more active, 
suggesting a neurological basis for the effectiveness of this method.  

However, a limitation of the memory palace technique is the fact that it is very dependent on the 
learner’s sense of imagination. Some learners have less vivid imagination than others, making this 
method less effective for some. Another limitation would be that the memory palace is situated 
tacitly in the learner’s imagination and as such, the teacher is unable to access the learner’s 
memory palace to assess his / her naïve understanding of the topic. 

In 2018, because of efforts of companies such as Facebook and Google in Augmented Reality, 
such intentional reifications of Husserl’s ‘objects of the mind’ (Husserl, 1982) are now possible into 
the actual local environments of the learner. 

By definition, with its emphasis on augmenting reality, AR is well placed to help learners connect 
the concrete to the abstract. Thus far, applications of AR technology are heavily reliant upon the 
expert to create the content for learners (Lim et al, 2018). This limits the potential scalability of AR 
technologies in education.  

The Learner-Generated Augmentation approach addresses this limitation by inviting learners, 
rather than domain experts, to express their emergent understandings. Using the affordances of 
AR technology, learners can represent their naïve understandings, and their AR artifacts become 
boundary objects with which their peers and teachers can engage. 

This affordance for learning – in which the learner is able to reify an intentional object in its ‘proper 
presentation’ (Brentano, 1973), in his / her local environment, from no pre-existing resources – 
has never been possible, till the present day. 

The implications of this affordance as windows of intersubjectivity into the minds of learners are 
significant. The approach is therefore inherently constructionist in framing. 
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Objective 

The objective of the study reported in this paper was to explore the affordances of AR with respect 
to the construction of memory palaces in the context of History education. The results of the study 
are described in detail in Lim & Lim (2020). The present paper focuses on the proposition of a 
format for representing the multi-dimensionality of the dataset which arose from the study. 

Methodology 

Participant profile 

A pilot study was carried out with five student-teachers (three males and two females in their early 
twenties) from the National Institute of Education, Singapore. These student-teachers were all 
majoring in History and will become secondary school history teachers upon graduation. All of 
them had experience learning history at the secondary level, and all self-reported that they were 
comfortable with technology and used smartphone apps several times a day. Before they started 
participation in this study, participants were asked to rate their familiarity with the topic (the history 
of Malaya from the late 1930s to 1950) on of a scale of 1 to 5, where 1 represented no familiarity 
and 5 represented being very familiar with the topic. Participants self-reported a rating of 3 or 
more.  

Only participant A reported prior experience with memory palace as a strategy. He elaborated that 
he did not like using the strategy, as he felt that it obligated him to memorise what the teacher 
wanted to him to remember. Other participants used methods such as writing out their own notes 
and repeating chunked information aloud to themselves to remember the huge amount of historical 
information accurately. 

Description of learning activity 

Each of the participants was invited to experience the intervention separately. Each run of the 
intervention was carried out across two separate sessions: 

Session One – constructing the memory palace 

▪ Participants were introduced to the memory palace technique and how it is generally used. 
▪ Participants were introduced to the app Just a Line and practised sketching using this app. 
▪ Participants were then given a passage from a historical text and asked to remember the 

information from this text by sketching a memory palace with Just a Line. Participants were 
encouraged to complete their sketches in an environment that was personally meaningful to 
themselves. Participants were asked to record their sketching process and were also told 
that during the subsequent session there would be a test of how much they could recall. 

 

Session Two – revisiting the memory palace 

▪ A week later, participants were administered a written test of recall. There was no time limit 
for participants to complete this written test of recall; participants were told to compete the 
test to the best of their ability. 

▪ Each participant was asked to describe what they were attempting to sketch in their memory 
palace. Their description was recorded for subsequent analysis and for triangulation. 

Results 

Participants were given a passage from a history book – Owen, R. G., Chandler, D. P., & Roff, W. 
R. (2005) The emergence of modern Southeast Asia: a new history. Chapter 21 of the book 
documents the History of Malaya between the late 1930s to 1950. Participants were required to 
select from this text what they considered as key information that they should remember. 
Consequently, the information that participants represented on their memory palaces and wrote 
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down in the test reflected what they deemed as important, thereby permitting possible insight into 
their respective understandings of the text.  

Recording the construction process 

The ability to record the screen as the learner sketches is one of the affordances of the app Just 
a Line. Using this function, each participant recorded a video of their memory palace. Participants 
tended to construct their memory palaces in their respective dormitory bedrooms. Each video 
recording was then analysed using a coding system with the following parameters, which reflected 
the major possible affordances of Just a Line: 

▪ whether the participant made use of the ‘real-world’ background as anchor for the information 
given; 

▪ whether the participant was physically stationary or moving around while completing the 
memory palace; 

▪ whether the participant used the x, y and z axes to complete their memory palace; and 
▪ whether the participant used words, numbers, and / or symbols, to represent information. 

 

Figure 2 illustrates the use of some of these elements, as captured through a screenshot of single 
frame in one such video recording made by participants. 

 

Figure 2. Annotated section of a memory palace as sketched by a participant 

The results of this coding are reflected in Table 1. 
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Participant 

 

Uses 
background 

elements 

Moves around 

(not stationary 
on the spot) 

 

Uses z axis 

 

 

Uses symbols (in 
addition to text) 

A Y N N Y 

B N Y Y N 

C Y Y Y Y 

D N Y Y Y 

E Y N N Y 

Table 1. Coding of participants’ Memory Palace sketches 

Interview with participants 

Interviews with participants are not reported in the present paper. The reader is invited to refer to 
Lim & Lim (2020) for details of the interviews. 

Test of recall 

The test of recall consisted of two main questions – one asking the participants to list events from 
the passage in a chronological order, while the other required participants to classify information 
according to the given categories. This test attempted to evaluate the effectiveness of this learning 
intervention in helping students remember information, rather than memorise it by rote (Mayer, 
2002).  

Participants’ responses to the test were analysed by breaking them down into basic chunks of 
historical information. This method of using chunks to evaluate the accuracy of how much 
participants remember is consistent with similar studies, eg Landauer (1986) and Loftus (1985). 
The first question tested participants’ skill of chronological thinking – a chunk was defined as a set 
of information that consisted of both an event and the time that the event occurred at. For the 
second question, which tested a student’s ability to classify information given to them in the 
passage, a chunk was defined as one point of information written down by participants. 

Given the importance of accuracy in the writing of historical facts when doing history (Carr, 1961), 
this study also attempted to evaluate the accuracy of the chunks remembered and written down 
by participants. Accuracy in this context was taken to be the degree to which information that was 
stated in the given text was correctly written. Using this working understanding of accuracy, even 
if participants wrote something that was historically accurate, but not stated in this given text, the 
chunk was considered invalid. If the information written by the participant omitted certain elements 
of time (e.g. if the passage gave the exact date, month and year of the event and the participant 
only wrote the month and year of the event), the chunk would be considered as partially valid. 

The participants’ responses in the test of recall were analysed based on the preceding concept of 
chunks. For a more detailed description of the coding scheme, the reader is invited to refer to Lim 
& Lim (2020). 
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The results of the analysis of all five participants’ responses to Question One of this test are as 
follows: 

Participant No. of chunks 
given 

No. of chunks 
correct 

No. of chunks 
partially correct 

No. of chunks not 
correct 

A 3 1 0 2 

B 9 8 1 0 

C 8 7 1 0 

D 7 3 2 2 (1 chunk not 
given in text) 

E 8 7 1 0 

Table 2. Coding of responses to Question One of the test of recall 

The results of the analysis of all five participants’ responses to Question Two of this test are as 
follows: 

Participant No. of chunks 
given 

No. of chunks 
correct 

Partially Accurate No. of chunks not 
correct 

A 6 4 0 2 

B 12 12 0 0 

C 8 6 1 (some parts of 
chunk not given in 

text) 

2 (1 chunk not 
given in text) 

D 7 5 0 2 (2 chunks not 
given in text) 

E 11 6 0 5 (5 chunks not 
given in text) 

Table 3. Coding of responses to Question Two of the test of recall 

Analysis and Discussion 

This paper supplements Lim’s & Lim’s (2020) preceding work in which data from the intervention 
was reported in an initial iteration. The coding of the data was represented in that paper in classical 
tabular formats. 

Given the multi-dimensionality of the dataset, representing the data in tables potentially constrains 
its intelligibility, and – therefore – its subsequent use and translation to other contexts. 

The Learner-Generated Augmentation approach was previously applied in the context of teaching 
Chemistry (as documented in Lim et al, 2018), in which students were asked to sketch molecular 
structures. However, differing ontologies of the disciplinary domains of Chemistry and History 
mean that the previous experiences of applying the Learner-Generated Augmentation approach 
in the teaching of Chemistry cannot be directly translated to the teaching of History, which is the 
intent of this study. In contrast with Chemistry, practitioners of History are required to form 
interpretations of historical events by interpreting ‘facts’ from different sources of information to 
form a historical narrative of past events. The sources one selects in this narrative will result in 
different people coming up with a diversity of historical narratives of the same historical event 
(Carr, 1961). Therefore, unlike the context of Chemistry, the sketches of history can vary 
significantly across various students. 
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Given the preceding argument, the authors of the present paper deliberated on the representation 
of the findings, such that they might be intelligible and facilitate analysis. A significant challenge 
was to afford a concise representation of each participant, as well as a panoptic overview across 
participants, in terms of: 

▪ background / demographic profile; 
▪ attributes of the memory palace / method of loci sketched; and 
▪ performance in the assessment tasks of the intervention. 
 

From the perspective the participant as the unit of analysis, data from Tables 1, 2 and 3 can be 
represented in the schematic form shown in Figure 3, in which: 

▪ data in the innermost rings represents demographic profile 
o gender is in-most (blue = male, pink = female) 
o prior experience with memory palace is second in-most (green = yes, red = no) 

▪ data in the bottom half of the diagram represents attributes of the memory palace / method 
of loci sketched (Table 1, green = yes, red = no), and 

▪ data in the top half of the diagram represents performance in the two assessment tasks of 
the intervention (top left for Table 2 and top right for Table 3, going clockwise for each 
respective column in each of the two tables). 
 

Figure 3. General schematic form 



 

Constructionism 2020 Papers 

 

490 

Such a representation offers the advantage of flexibility of scale to any similar subsequent studies. 
For example, Figure 4 depicts a panoptic overview of the major datasets arising from the present 
study, with the participant as the unit of analysis. 

 

Figure 4. Graphical overview of all participants 

Taking participant C as an example (Figure 5), he made use of all of the major affordances which 
sketching in AR afforded, namely, he used background elements and symbols, he moved around 
as he sketched, and he did not just sketch on a two-dimensional plane but made use of depth as 
well. 

His description of the role of the context (the background elements of the sketch) and movements 
(such as looking up, down, and around) in enhancing their recall of different chunks of information 
is consistent with findings of Madan and Singhal (2012) with respect to embodied cognition. As 
Participant C articulated: “I realized that even say a day or two later, I’m able to remember the 
things that I compartmentalized. I can remember what labels I associate with the items that I 
tagged. I can remember what is the rationale of me selecting these particular facilities or function 
for a particular event”.  

The deliberate efforts that participants invested in planning their respective memory palaces by 
thinking about how and where to represent information before actually sketching, meant that they 
were making explicit to their peers, what would otherwise remain as tacit organizational schema. 
In the words of Participant C: “How can I compartmentalize the information that I have, in to the 
facilities around me? I understand history as a form of narrative, so definitely there is a sequence 
of events, there’s a logical flow as to the narrative, so let’s see my environment, like how can it 
fit?” 
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Figure 5. Participant C 

Space permits a further discussion only of Participants B and E. As can be seen from the 
respective figures below, these two participants used very different affordances of sketching in 
AR. In terms of the test of recall, Participant B (Figure 6) gave the highest number of chunks of 
information amongst all participants; she also remembered these chunks largely accurately, 
making only one partial error out of the 21 chunks she remembered. Her sketch covered a greater 
spatial extent. From this, it was deduced that participant B’s memory palace was more elaborate, 
enabling her to encode more chunks of important information that she wanted to remember into 
this memory palace. 
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Figure 6. Participant B 

As illustrated in Figure 7, one of the attributes contributing to the elaborate nature of Participant 
B’s memory palace was that she (as did Participants C and D) sketched in three dimensions, and 
not simply on a two-dimensional plane. 
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Figure 7. Section of an example of a sketch in three dimensions – Participant B 

This is in contrast to Participant E, the graphic of whom is depicted in Figure 8. A comparison of 
Figures 6 and 8 shows that the respective performances of Participants B and E in the test of 
classification of information was dissimilar. 
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Figure 8. Participant E 

The preceding figures depict of course only the bald facts of the relative similarities (or lack thereof) 
among the participants. No causal link is claimed between the bottom half of each of the figures 
with respect to the participants’ respective performance as depicted in the top half. The figures 
are only meant as a shorthand to facilitate identification of interesting cases for deeper comparison 
and follow-up in any subsequent larger studies. As for the present study, the nuances which 
emerged from the interviews are elaborated upon in the earlier paper by Lim & Lim (2020). 

Conclusion 

The study described in this paper is an early attempt at understanding how AR might be used as 
an expressive medium for learners to surface what might otherwise have been tacit to their peers 
and teacher, through the construction of sketches in three dimensions.  
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AR is dissimilar to other mediums of sketching in the sense that canvases have the potential to be 
three-dimensional, as well as transparent (ie, background elements from the ‘real-world’ can 
potentially be anchors for elements of the sketch). These particular affordances of AR as an 
expressive medium pose challenges for the coding of the resulting sketches. In turn, these 
challenges are compounded when the object of the sketch has no received domain representation 
in and of itself (eg, a memory palace as opposed to a representation of molecular structure). 

In the present paper, we have proposed a symbolic means of representing such data, as inspired 
by the geographic wind rose. Each ‘rose’ for Learner-Generated Augmentation takes a single 
participant as the unit of analysis, and attempts to convey the participant’s profile and responses 
to the intervention in terms of: 

▪ background / demographic profile, 
▪ attributes of the memory palace / method of loci sketched, and 
▪ performance in the assessment tasks of the intervention. 

 

In turn, it is our hope that this format for representing the multi-dimensionality of data which might 
potentially accrue from an AR-based learning intervention might perhaps inspire subsequent 
studies and analyses, not least because an advantage of this format is that it enables scholars to 
have a panoptic overview of the variations in the dataset, as expressed graphically. 

In this way, we have attempted to suggest how what has long been seen as a virtual and transient 
medium of visualization – the authorship of which has thus far been confined to domain experts 
and technical experts, with concomitant implications to cost and ease of scalability – might be 
democratized as a canvas for construction as novices seek to represent their own naïve and 
evolving understandings, in disciplinary domains as ontologically dissimilar as Chemistry (Lim et 
al., 2018) and History (Lim & Lim, 2020). 

Augmented Reality is presently a rapidly evolving field. Major stakeholders in the technology 
industry have been contributing new affordances and seeking to establish industry-wide standards 
in each of recent years. For example, in May 2018, Google introduced the affordance for learners 
to work collaboratively on the same sketch (Damiani, 2018). Likewise, on the horizon as a possible 
industry-wide standard are protocols to ensure a degree of permanence to AR artifacts anchored 
in local environments. These and other functionalities create possibilities for extensions of this 
activity beyond what is covered in the study described in this paper. 

The state of the AR industry at present is not unlike where Massively Multi-player Online Role-
Playing Games (MMORPGs) and virtual worlds were in the mid-2000s. At that time, the worlds 
such as World of Warcraft, Second Life, and Minecraft were portrayed in the mass media as little 
more than community spaces of social interaction and entertainment, but not as sandboxes for 
construction. It was not until the insights of Gee (2003), Shaffer (2007) and others encouraged 
scholars to explore these worlds through the lenses of epistemic frames and embodied cognition 
that their affordances for learning and social constructivism began to be understood. Their legacy 
can still be seen today in active EVE Online, OpenSim and Minecraft communities which have 
sustained. 

These communities – of course – trace their roots to Papert’s earliest work on constructionism and 
his vision of Mathland and the intentional explorative movements of the turtle. The present authors 
see the work described in this paper as part of this palimpsest of constructed understandings, in 
how it seeks to afford learners with connections to their everyday environments by augmenting 
their phenomenological interactions. 
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