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Abstract

In an increasingly digital world, the ability of systems to adapt to individual users
has become essential. Among cognitive variables informing such systems, the human
short-term memory plays a crucial role, as it is responsible for perceiving, storing and
retrieving data. This study explores the modalities in which various information about
memory-related processes has been used in the field of Human-Centered AI (HCAI) by
analyzing input methods, objectives, application domains and nature of implemented
adaptations. By conducting a systematic literature review, the paper aims to address
this gap, while identifying current trends and challenges. The 45 papers included in
this study revealed that increasing or decreasing complexity of content or adjusting dif-
ficulty levels based on accuracy rates or time periods can improve human performance
and support learning in computer-based environments. Such personalization are espe-
cially useful in the educational and healthcare domains. These results provide a basis
of design guidelines for future research of adaptive mechanisms considering memory-
related information. This survey is anticipated to be a starting point for upcoming
developments in this field or succeeding reviews that could incorporate a wider range
of the memory scope.

1 Introduction
Diverse systems and artificial intelligence are progressively integrated into daily life, from
digital assistants and smart home devices to recommendation systems and autonomous
technologies. As people rely more heavily on these systems, it becomes even more evident
that a static and generalized system will not satisfy everyone. This leads to a necessity of
tackling the one-size-fits-all approach and shifts the attention to personalizing these systems
to the user[32].

The key feature of any adaptive technology is the user model that encapsulates observed
information about the human interacting with it. These models allow the system to make
informed decisions about how to respond to and aid the user based on sensed input, being
the foundation for adaptive behavior. For more accurate profiling, systems have started
integrating not only basic information such as background, interests and goals, but individual
traits such as cognitive styles, extracted from specially designed psychological tests[12].

Understanding these traits often include examining fundamental cognitive mechanisms
such as the human memory which is the main process this research focuses on. Memory
plays a pivotal role in shaping how individuals engage and process information, meaning that
accounting for individual memory differences can lead to a more effective and supportive
interaction. While recent developments have begun to incorporate memory-related factors
into system design, a comprehensive overview of current approaches remains lacking.

This paper aims to systematically review the mechanisms through which various systems
obtain and use information related to the user’s memory to adapt their behavior in mean-
ingful, human-centered ways. The investigation is structured around a series of research
questions that seek to be answered.

• RQ-1: What types of memory-related information are used in Human Collaborative
AI (HCAI) research for system adaptation?

• RQ-2: For what objectives has this information been used?

• RQ-3a: How has this information been used?
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• RQ-3b: Are there any trends or patterns observable in this usage?

• RQ-4: In which application domains is this information most commonly employed?

• RQ-5a: Are there any trends or patterns observable with respect to these aspects?

• RQ-5b: What challenges and trends exist in recent developments?

The remainder of the paper will introduce background information on human short-term
memory and its concepts in section 2 and review previous work done in this area of research
in section 3. The methodology in section 4 then outlines the protocol design for paper
inclusion in subsections 4.1 to 4.4, the selection process in subsection 4.5, the search results
in subsection 4.6 and the extraction strategy in subsection 4.7. The results are presented in
section 5 and discussed in section 6. Section 7 will reflect upon the method used and discuss
the ethical considerations. Finally, the research is summarized and potential future work is
described in section 8.

2 Background
Human memory, as defined by Squire[41] consists of multiple systems with distinct operating
principles and neuroanatomical structures that function in parallel to support behavior.
It plays a critical role in learning, decision-making, and adapting to new environments.
Typically, it is portrayed as three major stages:

• encoding: the process of acquiring information

• storage: the maintenance of information over time

• retrieval: the ability to access stored information when needed

However, the human memory is divided into two categories: declarative (conscious re-
call of facts and events) and non-declarative (unconscious memory processes such as skills
and conditioned responses) memory. A lot of research, including this one, focuses on the
declarative memory, in particular the short-term memory, also known as working memory.
This subsystem allows individuals to recall information ranging from personal experiences
(handled by the episodic memory) or general knowledge (managed by semantic memory).

3 Related Work
There has been a significant number of studies delving into the approaches used to evaluate
and assess user’s cognitive and memory-related capacities in digital environments. Thorpe
et al.[49] investigated the methods used for empirically measuring the workload capacity of
the users using digital systems. Although workload capacity (WLC) and working memory
capacity (WMC) are both concepts that relate to the capacity of processing information, they
differ in focus. WMC focuses on an individual’s capacity to maintain and process information
while WLC on the efficiency of the perceptual processing.[53]. Another study, conducted by
Suzuki et al.[47], analyzes how cognitive load has been measured using physiological methods
such as eye-tracking and electroencephalography (EEG), in the context of augmented reality
(AR) systems.
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Other studies have researched the intersection of cognitive abilities and digital interven-
tions. For instance, Shaban et al. [36] studied the current applications aimed at training
the working memory of children with learning disabilities and the effects they had on the
cognitive abilities of the children. Moreover, certain guidelines and design principles were
inspected. Baquero et al.[8] also aim their study towards computer-based training programs
for people with mild cognitive impairment or mild dementia.

While aligned with previous contributions in evaluating how memory-related measure-
ments are conducted, this paper centers around adaptive systems and explores the ways in
which they take into account the memory of the user, regardless of their age or disabilities,
to personalize their experience.

4 Methodology
This paper conducts a Systematic Literature Review, following the 2020 PRISMA guidelines[39].
This consists of systematically searching, filtering and synthesizing all relevant studies on the
topic of adaptation for intelligent systems based on human memory. This method ensures
a comprehensive and transparent search that can later be replicated and reproduced.

This section describes the main steps taken for the systematic literature review, including
the eligibility criteria in subsection 4.1, the feasibility criteria in subsection 4.2, the literature
databases in subsection 4.3, the search strategy of this study in subsection 4.4, the selection
process in subsection 4.5, the search results in subsection 4.6 and the extraction strategy in
subsection 4.7.

4.1 Eligibility Criteria
In the context of systematic literature reviews, the inclusion and exclusion criteria define
the characteristics that determine whether a study is eligible or not to be included in the
review. The eligibility criteria used for this study are presented in Table 5 and Table 2.

Inclusion Criteria Motivation
System introduced in the paper
is adapting based on the user’s
recorded memory.

The scope of the research.

The paper introduces a system that
takes as input the user’s memory and
introduces ways to adapt the system
based on them, even if not imple-
mented yet.

If the system has the possibility to adapt to the mem-
ory, even if only in the future, than it falls under the
scope of this research.

Table 1: Inclusion Criteria of the Study

Exclusion Criteria Motivation
The paper introduces the concept of
any computer-related memory (i.e.,
AI memory, organizational memory
instead of human memory).

We are investigating how the human processes are influ-
encing intelligent systems, not how intelligent systems
mimic the human memory.
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The paper is not in English. Reproducibility could potentially be affected by using
papers that are not understandable by everybody.

The paper focuses on mimicking the
human memory in a machine, in-
stead of taking the user’s memory as
input.

The research focuses on ways in which technologies
adapt based on the human memory, taken as input, not
on how we can imitate the human memory processes.

The paper is a survey or a review. This paper relies on primary sources, instead of indirect
information, helping eliminate bias in findings.

The paper introduces a systems that
doesn’t adapt itself in regard to the
observed memory of the user.

The survey focuses on usage of the memory information
in the adaptation of intelligent systems.

The paper introduces a Wizard-of-
Oz approach of the system.

This study is focused on concrete research completed
until this date regarding adaptations.

The paper aims to assess a certain
characteristic of a system.

This focuses on the evaluation of that system, and not
on the adaptability, falling out of our scope of research.

The paper is a retracted publication. If the paper got retracted, it means it was faulty.
Table 2: Exclusion Criteria of the Study

4.2 Feasibility Criteria
Due to the limited time frame of the 10 week project, certain feasibility constraints had to be
established when constructing the queries and extracting the papers. These are illustrated
in Table 3.

Feasibility Criteria Motivation
Restricted range of memory types. During the scoping phase of this research, a pattern

emerged in digital systems focusing on short-term mem-
ory types, such as working memory, procedural mem-
ory, and visual memory. These appeared the most rele-
vant topics for this study, so only those were explicitly
included in the query.

Only include papers from the Com-
puter Science field.

As intelligent systems fall within the domain of Com-
puter Science, this field was identified to be the most
relevant for this research

Table 3: Feasibility Criteria of the Study

In Web of Science, the field of Computer Science is not a singular criterion that can
be selected, but a series of categories. For this study, we include the following: Computer
Science Theory Methods, Computer Science Information Systems, Computer Science Arti-
ficial Intelligence, Computer Science Interdisciplinary Applications, and Computer Science
Software Engineering.
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4.3 Search Engines
To perform the searches, the following bibliographic databases were used: Scopus1, Web of
Science2 and ACM Digital Library3. This selection was made due to their extended coverage
within the domain of Computer Science. The first two offer interdisciplinary access to high-
impact journals, while the last one is recognized for its specialized access to a wide range
of conference proceedings, journals, and technical magazines relevant to computing and
information technologies.

4.4 Search Strategy
An essential part of the review process involved formulating a targeted search query to
capture the most relevant studies. The final query used for this survey is found in Appendix
A. In order for this to be developed, the topic had to be split into four key concepts: Human,
Memory, Adaptation and Intelligent Systems. Such a division was made considering the
research questions and topic of the study. The concept of Intelligent Systems supports the
introduction of a system, framework or tool, while the Adaptation part ensures the previously
mentioned technologies describe adaptive behavior or introduce ways to personalize the
experience for the user. This leads to the remaining two concepts: Human and Memory,
which should serve at least as input. They were separated to facilitate the mention of the
various types of memory. The set of relevant papers is the result of the intersection of these
concepts and their related terms, as illustrated in Figure 1.

1http://scopus.com
2https://www.webofscience.com
3https://dl.acm.org
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Figure 1: Main concepts of the search strategy

For each of these concepts, a list of synonym terms, word derivations and related termi-
nologies has been used in the search. This can be observed in Table 4.

Concept Keywords
User user*, people

Memory "working memory", "prospective memory", "visual
memory", remember*, "visual spatial memory", "vi-
sual short term memory"

Adaptation adapt*, interact*, influence

Intelligent Systems model, interface*, framework*, robot*, coach, design
Table 4: Concepts and Associated Keywords Used in the Search
Strategy

4.5 Selection Process
After the running the base queries and gathering papers from the three databases, these
papers were filtered based on the eligibility criteria described in section 4.1 to asses if they
fulfill the requirements to be included in the survey. This is a three-step process:
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1. Screening by title: Based on the title of the paper, it is decided if the paper meeting
the criteria previously defined. If the title is value, the paper is kept and further
analyzed in the next steps.

2. Screening by abstract: The papers kept from step 1 are then kept or discarded
based on their abstracts.

3. Screening by full-text: For each of the remaining papers, the entirity of the paper
is read and their eligibility is decided.

4.6 Search Results
A total of 4152 results were retrieved on May 29, 2025 as follows: 1867 from Web of Science,
2064 from Scopus and 221 from ACM Digital Library. Of these, 2506 were not in the
Computer Science field and 486 duplicates were removed. Based on the filtering described
in 4.5, a number of 547 papers were excluded based on the title, 441 based on the abstract
and 127 based on full-text, resulting in 45 included papers. Figure 2 visually summarizes
these steps.

Figure 2: PRISMA flow diagram
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4.7 Data Extraction
The papers that are decided eligible for the survey after the manual filtering are used for
data extraction. References were stored into a management tool called Zotero4 and the
information necessary to answer the research questions mentioned in the introduction is
listed below:

Information Research Question
What does the system measure? RQ-1

How is the input measured and, if applicable, with the help of what
devices?

RQ-1

What does the user model predict? RQ-1, RQ-3a

For what objectives has the system been designed? RQ-2

What adaptations does the system implement based on the observed
information?

RQ-3a, RQ-3b

Application domain RQ-4

Type of system RQ-5a, RQ-5b

Target audience RQ-3b, RQ-5a, RQ-5b

Are the adaptations conceptual? RQ-5b
Table 5: Research Questions of the Study and Their Motivation

5 Results
This chapter presents the results of the literature review conducted to explore how memory-
related information is used to guide system adaptation. Section 5.1 outlines the input
data and measurements related to the user’s memory that the system collects to enable
adaptive responses in subsequent phases, addressing RQ-1. Section 5.2 focuses on the nature
of the adaptations implemented and the objectives they aim to fulfill, while highlighting
any observable patterns. This answers RQ-2, RQ-3a and RQ-3b. Section 5.3 offers an
overview of the application domains for which these systems were developed, covering RQ-
4. Challenges and trends observed in recent years are introduced, responding to RQ-5a
and RQ-5b, in section 5.4.

5.1 Memory-Related Input Data and Measurements
The first step of any adaptive system is to sense and interpret input data, forming its internal
representation and driving adaptive behavior. This paper focuses on the type of memory-
related information that has been used across the literature. An overview of these findings
can be seen in Table 6.

4https://www.zotero.org
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What does it measure Number of
papers

Papers

brain activity 8 [44], [37], [40], [52], [3], [54], [2], [27]
cognitive abilities 7 [30], [26], [43], [55], [50], [22], [20]
correct / incorrect answers 15 [7], [37], [35], [29], [5], [31], [16], [24], [23],

[34], [54], [1], [9], [17], [15]
eye data 6 [5], [3], [43], [42], [18], [25]
time 10 [37], [16], [43], [54], [55], [9], [15], [5], [22],

[10]
number of interactions with
the system

2 [11], [6]

memory load 1 [28]
user performance 6 [14], [13], [34], [33], [18], [51]
user’s password forget
rate, recall threshold, write
threshold

1 [4]

Table 6: Overview of inputs related to the memory used by the
systems

The majority of the systems begin with an initial task designed to assess the user’s mental
state through various methods. The most common measurement is evaluating user responses
to a predefined set of questions, ranging from math problems[23] to vocabulary[11].

Neurophysiological data is also a frequent choice. Among the brain activity measure-
ment tools, functional near-infrared spectroscopy (fNIRS) has emerged as the most widely
used[52, 3, 54, 2, 27].Others modalities include event-related potentials (ERP)[44], and elec-
troencephalography (EEG)[37, 40].

In addition to accuracy and physiological metrics, many systems incorporate temporal
indicators as proxies for memory performance. These consist of task completion time [37, 16,
43, 54, 55, 15], average response time[9], hesitation before response[5, 54, 22], and duration
of task interruption[10].

Other measures identified in the literature range from cognitive abilities (perceptual
speed, verbal working memory, visual working memory[26, 43, 50], spatial memory, visual
scanning[26], and working memory capacity[22]), to various indicators of user performance
(whether the user has eaten yet[14], game scores[34, 33], or results of psychometric tests[51]).

5.2 Adaptive Mechanisms
This section aims to give an overview of the adaptive mechanisms that intelligent systems
have used in regard to human memory, as seen in Table 7. A wide range of adaptation
strategies were identified, the most popular consisting of modifying the complexity and
structure of the provided information. This included approaches such as simplifying visual
content, reducing the number of interface elements, or providing additional instructions.
Task difficulty adaptation is also a reoccurring behavior, where missions were scaled up or
down in difficulty based on prior performance in game-like environments.
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Adaptation Number of
papers

Papers

modify complexity and
structure of provided
information

18 [44], [45], [31], [3], [28], [26], [13], [22],
[30], [33], [9], [50], [17], [15], [51], [25],
[52], [20]

change difficulty level 9 [37], [40], [5], [24], [54], [55], [33], [27], [15]
add or remove reinforce-
ment

7 [11], [48], [10], [43], [50], [42], [14]

adjust type of content pro-
vided

11 [7], [35], [4], [37], [5], [18], [29], [38], [21],
[28], [1]

extend or cut out the expo-
sure period

3 [52], [31], [34]

increase or decrease number
of reminders

2 [20], [2]

Table 7: Overview of adaptation strategies implemented by the
systems

An observable pattern in those adaptations is their focus on accommodating instead of
challenging the user when performing a task or playing a game. This manifests as decreasing
the difficulty, lowering the complexity, or adding more guidelines. Another trend is the
attempt to predict the memory-related states in advance and validating them through the
collected input. These interactions consist of constructing user clusters based on similar
answers [34, 55, 9, 4] or dynamically adjusting internal parameters such as forget rate[11]
and number of available quanta[35].

Pinpointing the objectives behind adaptive interventions allows for a deeper understand-
ing of how memory-related measurements illuminate the rationale behind design decisions
and the broader role of adaptation in supporting user needs. Table 8 summarizes the objec-
tives extracted in this study.

Objective Number of
papers

Papers

cognitive training and reha-
bilitation

11 [7], [37], [19], [31], [16], [24], [38], [34],
[21], [33], [17]

learning and education sup-
port

9 [40], [5], [11], [16], [10], [23], [54], [1], [27]

performance optimization 10 [44], [35], [52], [46], [40], [16], [3], [23],
[22], [55]

user experience and inter-
face adaptation

10 [45], [48], [28], [26], [13], [9], [50], [6], [42],
[15]

assessment and monitoring 5 [29], [45], [34], [15], [51]
safety and daily life assis-
tance

8 [52], [14], [22], [30], [2], [20], [18], [4]

person re-identification 2 [38], [21]
Table 8: Overview of the objectives of the systems

The table outlines high-conceptual domains, each consisting of a set of more granular
and context-specific goals. For example, cognitive training and rehabilitation encompasses
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objectives ranging from post brain injury recovery processes[34] to memory enhancement
programs for older adults[15, 24]. Similarly, educational support provided by the systems can
vary from teaching children the basic shapes[5] to designing lessons for efficiently learning a
foreign language[11]. An important aspect often lost by cognitive impaired patients is their
ability to live independently. To address this, systems that ensure the individuals don’t
forget to eat meals[14], can choose a playlist by themselves[30], or are able to set passwords
they will later remember[4] have been conceptualized.

5.3 Application Domains
While these systems are customized to the user’s needs, it is particularly revealing to consider
the application domains they are aimed to be used in. An overview can be found in Figure
3. As expected, most of them have clustered into domains such as healthcare and education.
However, intriguing is the fact that more than 30% of the papers included in this study, do
not mention anything about a specific domain for their systems.

Figure 3: Application Domains Overview

5.4 Challenges and Trends in Recent Developments
When looking at papers from the last five years, there has been a clear shift toward imple-
menting adaptive systems rather than merely proposing conceptual frameworks. However,
the literature indicates that, even now, most of these systems provide only a starting point
for development. This uncovers a large area of research that has not been yet explored.

In addition, a recurring limitation observed across much of the recent work is the narrow
focus on memory as a singular source of input for driving system adaptation. While mem-
ory is undoubtedly a crucial component of cognitive function, its consideration in isolation
overlooks the nuanced interplay it shares with other factors, such as attention, emotion,
personality traits, motivation, and learning processes. Few systems attempt to integrate
these variables in a cohesive framework, which may be due to both conceptual challenges
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and technical constraints. This gap raises the question of whether a single system is enough
to conceptualize the multidimensionality nature of human beings.

The application domains for which these tools have been designed primarily cluster
around manufacturing and education. In educational settings, these systems aim to support
cognitive engagement and knowledge retention, while in manufacturing, the focus is often on
maintaining worker effectiveness and reducing cognitive fatigue during complex or repetitive
tasks. This focus reflects a growing emphasis on enhancing learning efficiency and sustaining
productive performance over extended periods of time.

6 Discussion
This literature review aims to identify the current usage of human memory as a basis for
adaptive behavior of various systems, exploring the input modalities, underlying motivations
and application domains.

Given the dynamic and fallible nature of the human memory, it becomes necessary to
develop measures that could assess specific memory states and levels of cognitive load.
These often include tracking the accuracy of responses (i.e, correct or incorrect answers)
or temporal data regarding delays or average response times. Moreover, brain activity can
continuously be monitored using tools like fNIRS, allowing observation of neural signals over
customized time intervals. This data can later be used to impose adaptation policies.

The findings also reveal a predominance in game-like scenarios incorporated in the sys-
tems, often in the form of serious games[35, 29, 45, 31, 24, 48, 33], challenges from a humanoid
robot[7, 37, 5], or tasks in AR environments[44, 16, 17]. These adopted strategies improved
content perception by the user by accommodating the cognitive state and mental load the
user can manage, facilitating efficient performance and increased satisfaction.

However, many systems have not yet moved beyond the conceptualization stage, only
proposing adaptation strategies, without full implementation[44, 45, 19, 10, 26, 23, 43, 1,
50, 27, 42, 18, 25]. This indicates a remaining gap in the potential new methods and effects
of integrating memory information of the user into adaptive technologies.

The value of an adaptive system lies on its relevance to the human using it. While in the
context of memory insights, it is expected that such frameworks primarily target individu-
als with cognitive impairments such as Alzheimer’s Disease[30], Parkinson’s Disease[33], or
dementia[35, 14], the literature also reveals a different emphasis. A significant number of
tools are designed to provide support for specialized workers such as pilots[52, 3, 29, 28] or
manufacturers[44, 37, 16, 48, 27, 17], which closely ties to the application domains observed
in section 5.

Regarding age, only a single paper[5] introduces a system designed explicitly for children,
between the ages of 3 and 5. This is presented as an autonomous robot tutor with a
personalization policy for when to increase or decrease the difficulty level of the lesson or
change the tone of the feedback. In contrast, other studies that consider an age group as
their target audience prioritize the elderly[31, 20, 15].

7 Responsible Research
Responsible research refers to the practice of conducting scientific work in a way that is eth-
ical, transparent, and mindful of its social impact. This section addresses the methodology
used in subsection 7.1 and discusses the ethical considerations in subsection 7.2.
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7.1 Reflection upon method
The survey was conducted using a systematic literature review, with each step performed
and reported according to the PRISMA guidelines. This ensures reproducibility to a certain
extent. However, due to the research being carried out by a bachelor student with no prior
experience with systematic reviews, potential errors may be introduced, particularly in the
screening phase. To address this, detailed documentation was recorded throughout the
filtering process to enhance transparency.

7.2 Ethical Considerations
Some existing research frameworks aim to detect, assess, or even diagnose an individual’s
mental state based on memory-related behavior. However, such assessments should involve
qualified medical professionals, as they fall within the domain of clinical expertise. It is
important to clarify that this survey does not attempt to diagnose or evaluate any individual,
instead, it focuses solely on analyzing how various systems utilize user memory in adaptive
and interactive contexts in previous research.

8 Conclusions and Future Work
This paper explores the integration of cognitive-affective information related to memory in
adaptive technologies, examining how it has been used, for what purposes and in which
application domains it proves most beneficial. It uncovers any trends or patterns that
might have emerged across the literature regarding the usage and domains and pinpoints
the challenges concerning memory in adaptations in the recent 5/10 years.

Those questions were answered through a systematic literature review conducted in ac-
cordance with the 2020 PRISMA guidelines, resulting in the inclusion of 45 relevant papers.
The final selection was drawn from three major academic databases: Scopus, Web of Sci-
ence and ACM Digital Library. The scope was restricted to the Computer Science field and
inclusion was determined based on a clearly defined eligibility procedure. A complete study
can be conducted without the feasibility criteria for a more accurate perspective on this
topic.

The study outlines the reliance on external tests and serious games as indirect measures
to infer user’s memory state and cognitive load, given the abstract and inaccessible nature
of the human memory. Most popular approaches include counting the number of errors or
correct answers, as well as temporal indicators of performance, such as average response
time or time needed to complete a task. However, some authors have pursued a more direct
method by analyzing brain activity though means such as fNIRS or EEG, and tie these
signals with user performance to guide system adaptations.

A correlation highlighted in numerous studies implies that as the user’s cognitive load
decreases, so does their performance and efficiency to perceive information. Building on
that, those systems have adopted adaptive strategies regarding the actual content intended
for the user, such as modifying the complexity, structure or type of information that is
displayed. While such mechanisms are common in web-based platforms, a considerable
number of studies presents game-like scenarios. For these contexts, the prevalent practice
is dynamic difficulty adjustment, tailoring levels on user’s scores and performance. Those
adaptations aim to improve user satisfaction, support memory training and rehabilitation
and facilitate digital-based education.
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The nature of the systems’ behaviors aligns with the reoccurring application domains
such as healthcare and education. However, a gap still remains, as many papers omit the
specification of the domain their system is intended to be used in. This lack of context
limits the impact of the review and draws attentions to the necessity of future research to
explicitly mention implementation domains.

In the future, this survey can be expanded by removing feasibility constrains and broad-
ening the scope of memory constructs included. For example, adding literature from the
IEEE Xplore database and not limiting the query to the Computer Science field. Moreover,
the memory component of the current review has been composed of short-term memory con-
cepts that relate to storage and retrieval of information. Incorporating studies that address
semantic memory or long-term memory could offer richer insights into the role played by
the human memory in adaptive context, expanding the results of RQ-1.
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A Search Query
(adapt* OR interact* OR influence) AND
(user* OR people) AND
("working memory" OR "prospective memory" OR "visual memory" OR remember* OR
"visual spatial memory" OR "visual short term memory") AND
(model OR interface* OR framework* OR robot* OR coach OR design)
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