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Abstract

Background: Mild cognitive impairment (MCI) is a precursor to dementia, with a preva-
lence of over 15% among community dwellers, with significant economic and social impli-
cations. Despite preserved autonomy in daily living, individuals with MCI face challenges
in handling everyday technology and memory-related tasks, necessitating digital inter-
ventions, such as digital planning-based technologies to support cognitive functioning.
Objective: The aim of this study is to identify and summarize available research literature
on available digital planning-based technologies to support memory-related functioning in
older adults with MCI. Specifically, this study seeks to (1) document the types and functions
of these technologies, (2) report their effectiveness, and (3) identify gaps in the current
evidence. Methods: A comprehensive literature search of four databases (Medline, Embase,
APA PsycINFO, and CINAHL) was conducted in accordance with Arksey and O’Malley’s
scoping review methodological framework from inception to February 6, 2024, without
restrictions. Inclusion criteria focused on peer-reviewed studies involving adults aged 50
or older with diagnosed cognitive impairment, specifically using digital planning-based
technologies for memory support. Results: From 1854 sources, 8 studies were included.
Five categories of digital planning-based technologies were identified: (1) reminders and
alarms, (2) electronic calendars, (3) digital memory notebooks, (4) digital visual mapping,
and (5) smart-home integration. Several studies reported improved task performance,
memory recall, and executive function, with digital memory notebooks and visual map-
ping software showing greatest impact on functional independence. While interventions
were generally well-received, usability challenges and low adherence were common, often
linked to technological familiarity and motivation. Conclusions: Digital planning-based
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technologies show promise in supporting memory-related functioning in older adults with
MCI. While studies report positive outcomes, more research is needed to refine these tools,
evaluate long-term effects, and ensure integration into daily life. Expanding the evidence
base will be key to improving accessibility and effectiveness for this population.

Keywords: aged; digital planning-based technology; cognition; daily functioning;
reminders; alarms; memory aid; digital interventions; internet-based technology;
memory support

1. Introduction

Mild cognitive impairment (MCI) is an intermediate state of cognitive decline between
normal aging and dementia, with an estimated prevalence of over 15% among community
dwellers [1,2]. An estimated 12.2 million people are living with MCI in the United States,
and the prevalence is projected to reach 21.55 million by 2060 [3]. In Canada, it is estimated
that 1.3 million experience MCI [4], and nearly 10% of Canadians aged 65 and older have
some form of MCI that often goes undetected [5]. Sixty percent of individuals with MCI
develop dementia in later stages of their lives, often due to underlying neurodegenerative
processes [6,7]. MCI also poses a significant economic burden, with estimated monthly
per-patient costs ranging from $2430 to $2816 in the US, including indirect caregiver costs
averaging $865 [8,9]. In Canada, the economic burden of dementia has been estimated
between $910 million and $33 billion [10], largely due to increased caregiver stress, lost
productivity, and rising care demands [11].

Mild cognitive impairment is characterized by deficits in memory and/or other cogni-
tive domains that do not significantly interfere with activities of daily living (ADLs) [12,13].
However, individuals with MCI may experience difficulties with complex tasks, such as
managing appointments, medications or financials, collectively referred to as instrumental
activities of daily living (IADLs) [14]. While they are able to live autonomously, these
challenges can impact daily functioning and increase the need for support in planning and
organizing activities [15]. MCl is increasingly recognized as a transitional stage between
normal aging and dementia [13].

Individuals with MCI often also face difficulties in handling everyday technology
(ET), such as smartphones, ATMs, self-checkout kiosks, and online service portals. These
challenges can affect their ability to manage daily tasks independently and may lead to
increased reliance on support or transitions to assisted living [15]. While older adults
with MCI are often motivated to improve cognitive function and quality of life, difficulties
navigating ET create barriers to leveraging digital assistive interventions designed to
support those very goals [16]. As digital tools become more integrated into public and
commercial services, older adults with MCI may face barriers that limit their participation
in daily life and ultimately reduce quality of life [17].

Recent studies have explored digital assistive technologies to improve memory and
support IADLs in individuals with cognitive impairment, helping those with MCI maintain
independence. Memory impairment is the most common and often earliest reported
symptom of MCI and is closely linked to difficulties in performing daily tasks [18] such
as managing schedules, taking medications, and remembering appointments. Digital
assistive technology is increasingly used to support daily functioning and independence in
individuals with MCIL.

Digital engagement, referring to regular use of technologies like smartphones or
tablets, has been linked to better cognitive functioning in older adults [19]. The association
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likely reflects both the cognitive stimulation provided by digital activities and the role of
cognitive ability in technology use. These tools support memory, communication, and
social connection [20]. A recent study assessing an interactive digital calendar with mobile
phone reminders for people with cognitive impairment found that participants increased
their perception of their ability to perform IADLs along with performance satisfaction [21].
Calendars and task management systems from smartphone devices provide adults with
MCI with cues and reminders, which have the potential to support task lists and prospective
memory [22]. However, challenges with such cognitive aids, such as poor adherence and
engagement, persist, and have been attributed to a lack of a multidimensional approach
that fails to consider users’ attitudes, beliefs, motivations, and preferences [16].

While steps have been taken to support IADLs in older adults with MCI, digital
interventions specifically targeting memory-dependent daily functioning in older adults
with MCI are limited [20]. This systematic scoping review aimed to review the current
evidence on digital planning-based technologies available to support memory functioning
in older adults with MCI, with the goal of identifying gaps in knowledge and informing
future research directions.

Objective: To systematically map and synthesize the existing literature on the use
of digital planning-based technology for individuals with MCI, including the types of
technology, their functions, effectiveness, and gaps in the current evidence.

2. Materials and Methods
2.1. Study Design

Arksey & O’Malley’s scoping review framework was employed to design and conduct
the scoping study [23]. This methodological approach consisted of five stages: identification
of the research question, identification of pertinent studies, selection of relevant articles,
extraction of the data and charting, and collation and summarization of results. Adopting
this systematic framework enabled the team to identify and synthesize the existing evidence
on the topic and recognize gaps within the existing scientific literature. The guidelines
outlined by Peters and colleagues for conducting a systematic scoping review were followed
by defining the study’s “population”, “concept,” and “context,” and by detailing the search
strategy, inclusion criteria, and approach to data synthesis [24]. In this study, MCI is
defined as a condition characterized by noticeable changes in cognitive abilities, including
memory, problem-solving, or language, that are greater than expected for normal aging but
do not significantly limit daily functioning, allowing individuals to continue to manage
IADLs [25].

2.2. Identification of the Research Question
The following research questions were developed to guide this study:

a.  What does the existing literature report on digital planning-based technology to
support memory-related functioning for individuals with MCI?

b.  What are the types and functions of digital planning-based digital compensatory
aids/tools used to support memory-related functioning for individuals with MCI?

C. What is the reported effectiveness of these interventions in supporting memory-
related functioning for individuals with MCI?

2.3. Selection of Pertinent Studies

The following databases were searched by a health sciences librarian (LS): Medline
and Medline in Process via Ovid, Embase Classic + Embase via Ovid, APA PsycINFO
via Ovid, CINAHL via EBSCOHost. A search strategy was developed in Medline, and
then translated into the other databases, as appropriate (see Appendix A). The Medline
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search strategy was peer-reviewed using the Peer Review of Electronic Search Strategies
(PRESS) tool by another librarian (PF). All databases were searched from their dates of
inception to February 6, 2024. No restrictions were applied to the search. All references
were entered into an EndNote file for processing (n = 2659), and then into Covidence for
deduplication and screening. After removing duplicates (n = 805), the total number of
studies to be screened was 1854.

2.4. Selection of Relevant Articles

The selection process was implemented by applying given inclusion and exclusion
criteria to the studies obtained through the scientific databases search (Table 1). The
two-stage screening approach involved first reviewing at the level of titles/abstracts,
followed by a full-text review of selected articles. Three independent reviewers (AS, SK &
TL) conducted the screening. Any disagreements were addressed during monthly team
consultations with senior team members (A] & NT). The study’s selection process, including
the number of sources identified, screened, found eligible, and ultimately included, was
documented using a PRISMA flowchart (Figure 1). Common reasons for exclusion were
studies focusing exclusively on participants with dementia or other neurodegenerative
disorders, traumatic brain injury (TBI) as the primary cause of MCI, interventions unrelated
to planning or memory support, or technologies not relevant to digital planning.

Table 1. Inclusion and Exclusion Criteria.

Inclusion Criteria

Exclusion Criteria

Peer-reviewed scientific articles

Editorials, letters to editors, thesis/dissertations, and book reviews

Studies where participants were 50 years old or older with diagnosed Studies in which participants exclusively had cognitive impairment due

mild cognitive impairment

to an acquired brain injury (e.g., stroke, traumatic brain injury, etc.)

Studies focusing on digital planning-based technologies to support

memory-related functioning

Studies involving experimental animal models of cognitive dysfunction

Studies published in any language where English translation is

available.

Studies not in the English language or without available translations

2.5. Data Extraction

The final selection of articles was compiled in a Microsoft Excel spreadsheet for data
charting. A comprehensive data charting process was employed using a set of descriptors
to extract relevant information from the selected articles, including authors, journal title,
study time and location, design, population, sample size, purpose, key outcomes, and any
other pertinent data related to answer the research questions.

2.6. Collation and Summarization of Results

Following data charting, a descriptive numerical summary and qualitative thematic
analysis were conducted to present key findings. Descriptive findings from the spreadsheet
were collated and independently coded using content analysis [26]. Numerical summaries
were used to report study design, population, sample size, time, location, and purpose,
while qualitative synthesis was employed for outcomes. The study adhered to the PRISMA-
ScR Checklist for reporting standards [27]. The PRISMA-ScR checklist is available in the
Supplementary Material.



J. Ageing Longev. 2025, 5, 42

50f19

Identification of studies via databases

c Records removed before screening:
.‘2_ Records imported for screening .
5 (n = 26509) Duplicate records removed
£ — ”|  (n=805)
3
2]
) l
Records screened Records irrelevant
(n = 1854) | (n=1797)
Records assessed for eligibility Records excluded (n = 49)
= (n =57) " Study focus other than on tools to
-aE» help with memory (n = 23)
§ Wrong patient population (n = 6)
Abstract (n = 5)
Study protocol (n = 5)
Study population other than MCI (n
= 5)
Adult population (n = 1)
—
. A 4
E Studies included in review
=
g (n=8)

Figure 1. PRISMA flowchart of the study selection process.

3. Results

Of 1854 sources identified from four bibliographic databases, eight (n = 8) articles that
met all the selection criteria were finally accepted.

3.1. Characteristics of the Included Studies

The studies included in this scoping study were peer-reviewed research articles pub-
lished between 2016 and 2022 in the United States (n = 5; 63%), Sweden (n = 1; 13%), Japan
(n =1; 13%), South Korea (n = 1; 13%). The included articles present data surrounding the
use of memory assistive digital planning-based technology for older adults, aged 50 or
older, with a diagnosis of MCI. These adults lived in various settings, including at home, in
geriatric care facilities, or in memory care facilities. Some were also recruited from memory
clinics. Studies included between 7 and 52 participants. The most common study designs
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were longitudinal (n = 2; 25%) and randomized controlled trials (n = 2; 25%), followed by
mixed methods (n = 1; 13%), cross-over designs (n = 1; 13%), quasi-experimental (n = 1;
13%), and focus group interview approaches (n = 1; 13%).

Table 2 describes the digital planning-based technological interventions and their out-
comes for older adults with MCI. The types of interventions utilized in the
study included:

o  Three active reminder and alarm systems to assist with daily tasks and appointment
reminders [28-30].

e Two apps that used an electronic calendar as a reminder system to assist with daily
tasks and memory [31,32].

e  One digital memory notebook that integrates scheduling, journaling, reminders, and
motivational tools to support everyday functioning [33].

e A tablet app used by caregivers to develop a visual map, which assists individuals
with MCI to accomplish activities more effectively [34].

e An electronic memory and management aid application with smart-home integration
that helps perform daily tasks consistently [35].

Table 2. Intervention description and outcomes on memory-related functioning (n = 8).

Memory-Related

éuthors, Year, Type of Study Population Type of ) Techr.lology U.sed Functlons. of Functioning
ountry Intervention (Device Required) Intervention D N
omain
RemindMe: An I‘i\edlig:i;er?:;fers
20 older adults interactive digital reg ons § logs Plannin.
Baric et al., 2019, Focus group (mean age 73: range ~ Reminders and calendar with P 108 &

responses and

scheduling, and task

Sweden [28] interviews 60-85) with access to  alarms SMS-based .
- . . scheduled events for  execution support
an electronic device reminders lized activi
(Smartphone) ggrsona ized activity
istory
Step-by-step visual
Tablet-based visual prompts using Support for memory
Lo 7 long-term care . : recall and task
Longitudinal, 3 . .. . mapping software images and P
Boatman et al., 2019, residents with MCI Digital visual - s planning in
USA [34] pre-post measure or AD (mean age 81;  mappin with ADL-specific keywords to instrumental
: design range 68-92) ge ol pping templates (Tablet support task " lilti © £ dail
ange device) sequencing and la'c Tvities ot datly
ADL completion ving
SmartPrompt: Auditory and visual
Within-participant 10 older adults Reminder app task prompts, Prospective memory,
Hackett et al., 2022, t }i’ 1 p d 4 (mean age 80; range Reminders and informed by motivational motivation, and
USA [29] Elc‘)ssr;—zi/era ;:Scie n 67-93) with MCI or alarms neuropsychological feedback, and episodic memory
& dementia theory structured task support
(Smartphone) completion logging
Displays date/time
20 older adults (>65) with alar.ms and task Time orientation,
L1 Cross-over . . Page-a-day calendar  prompts; up to five .
Nishiura et al., 2021, . with dementia and . R daily task
Japan [31] randomized 7 healthy older Electronic calendar app on Android scheduled events rompting, elobal
P stratified study dul y tablets (Tablet) with step-by-step promphing, &
adults cues after alarm cognition support
dismissal
Sections for
scheduled tasks,
Pane & Kim 2021 Quasi-experimental 42 postmenopausal “One Day” calendar  to-do lists, and daily xiﬁii;ent
& ’ with non-equivalent ~ women (>50) with Electronic calendar application journaling to : A
South Korea [32] attention, executive
control group, MCI (Smartphone) support memory f :
and task unction
organization
Centralized task
20 older adults (>50) management with
) - with MCI (n = 14) or Digital memory Digital Memory to-do lists, calendar, Prospectl\{e and
Raghunath et al., Iterative usability traumatic brain notes, and retrospective
. - notebook Notebook (DMN) . . .
2020, USA [33] testing injury (TBI) (n = 3), A . reminders; includes memory, planning,
. application (iOS Tablet) A - :
and caregivers motivational daily task execution

(n=3)

prompts and smart
home integration
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Table 2. Cont.

Authors, Year,

Type of

Technology Used

Functions of

Memory-Related

Country Type of Study Population Intervention (Device Required) Intervention I;unctl_o ning
omain
Task scheduling,
activity logging,
) EMMA (Electronic real-tln’}e prompts, Supports habit
Schmitter- Smart-home and training formation,
s 32 older adults (>50) Memory and . K .
Edgecombe et al., Longitudinal study . . integrated memory . reminders; prospective memory,
with amnestic MCI - Management Aid) ; . -
2022, USA [35] aid (Smartphone) integrated with and daily task
app (smartphone smart-home for management
context-aware
support
. Prospective memory
. Reminder app and .
Scullin et al., 2022, Randomized 52 older a_dults with Reminders and digital voice supApAort’A reminder Prospective memory,
. MCI or mild notifications for
USA [30] controlled trial d . alarms recorder app IADLs
ementia (Smartphone) scheduled tasks
p (calls and photos)

Abbreviations: AD = Alzheimer’s Disease; ADL = Activities of daily living; DMN = digital memory notebook;
EMMA = Electronic Memory and Management Aid; [ADL = instrumental activities of daily living; MCI = mild
cognitive impairment; SMS = Short message service; TBI = traumatic brain injury.

3.2. Types of Technologies Identified and Categorized

Across 8 studies, we found five categories of memory-focused digital technologies:
(1) reminders and alarms; (2) electronic calendar; (3) digital memory notebook; (4) digital
visual mapping; and (5) smart-home integration.

3.3. Reminders and Alarms

Baric et al. [28] developed a text message reminder system to help participants manage
their schedules by sending prompts to their smartphones. These reminders were created by
family members or professionals using a digital shared calendar. Responses and scheduled
events were stored in a feedback system, which contributed to a personalized history
of activities. The feedback system visually summarized completed and uncompleted
activities using color codes and provided details on SMS responses, event schedulers, and
usage duration. User feedback was collected through focus group interviews. Participants
had mixed opinions about the interventions, with most concluding that the technology
was challenging to integrate into daily life due to participants having to change their
mobile/smartphone routines, despite being easy to learn. Some perceived the intervention
as a sign of modernity, whereas others perceived it as a sign of aging and dependence [28].

Hackett et al. [29] assessed the SmartPrompt system, a smartphone-based reminder
application, designed to assist individuals by supporting multiple cognitive domains
simultaneously and providing motivational rewards. Participants in the SmartPrompt
study arm were given cues, such as alarms and instructions requiring photo logging
to provide visual confirmation of task completion (e.g., reminders to drink water and
submitting a photo of the emptied glass), whereas participants assigned to the unprompted
control arm were not. Participants experienced both the SmartPrompt and the unprompted
conditions at different times. Ninety percent of participants responded to all alarms
correctly, based on predefined criteria for task accomplishment, and 100% responded to at
least one. Motivational rewards included device vibrations and customized sounds (e.g.,
participant’s favorite song plays when they accomplish all their daily tasks). All participants
who obtained less-than-perfect accomplishment scores in the unprompted group obtained
higher accomplishment scores in the SmartPrompt condition. Most participants (67.2%)
indicated that they viewed SmartPrompt favorably [29].

Scullin et al. [30] evaluated two smartphone applications, a digital recorder app and
a reminder app designed to offload prospective memory intentions. Participants were
randomly assigned to one of the two apps. To assess prospective memory performance,
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participants were instructed twice a week to remember to complete time- or location-based
tasks, such as calling an experimenter’s phone number on specific days or to take photos at
specific locations, such as their home, grocery store, church, and workplace. The Lawton-
Brody IADL scale was completed by care partners at baseline and after the intervention.
After four weeks of app use, 66.7% of participants reported perceived improvements in
memory functioning and quality of life. Those who used the reminder app more frequently
showed better prospective memory performance and improved IADLs. Familiarity with
smartphone technology prior to the study was the most significant determinant of app
usage and acceptability [30].

3.4. Electronic Calendar

Nishiura et al. [31] developed a prototype electronic calendar that was programed
as an application on Android-based devices. The calendar automatically changed the
current date and day of the week with large, easy-to-read letters to differentiate ‘today’
from other days. The page-a-day calendar changes the date and day of the week each day.
Features (e.g., optimal color contrast, large letters) supported participants in easily finding
information, with up to five events per day inputted into the schedule. Additional daily
tasks are displayed, and schedule time triggers and alarm sound. When users touched
the “stop the alarm” icon, the sound stopped, and instructions for the next task were
displayed for a few minutes. Positive outcomes were seen in global cognitive functions, as
measured by the MMSE, behaviors in daily activities, and impressions of using the calendar
in semi-structured interviews [31].

Pang and Kim [32] used a digital calendar app consisting of three sections to improve
memory in postmenopausal women with MCI: appointments, which included tasks to
be performed at specific times; a list of items to be completed in no particular order; and
journaling, which consisted of participants writing about important events that occurred
that day. Study Group 1 participated in calendar training and walking exercises, Study
Group 2 participated in calendar training only, and the control group received neither.
Participants in Group 1 experienced increased memory contentment, whereas Group 2
maintained memory, and the control group had decreased memory satisfaction. Overall,
improved executive functions and memory contentment were seen in Group 1. However,
changes in depressive symptoms and self-esteem were not significant [32].

3.5. Comprehensive Digital Memory Notebook

Raghunath et al. [33] developed a digital memory notebook (DMN) to assist older
adults with MCI in the management of everyday activities through a mobile application.
The application integrated key features, such as a today page, to-do lists, and a calendar,
designed with user-friendly elements like large text and high-contrast visuals. Participants
engaged with the DMN over multiple usability testing iterations, reporting improvements
in task completion times over the course of each test and high satisfaction scores across
design elements. Familiarity with scheduling tools did not influence usability outcomes,
suggesting the DMN’s broad accessibility. While most users appreciated the user-centered
interface and perceived the DMN as empowering, a notable limitation was the initial
difficulty in recalling how to operate specific features outside the experimental environment.
Subsequent modifications introduced a “Help” page and motivational prompts, aimed at
increasing adoption in real-world settings. Overall, the authors believe the DMN shows
promise as a tool to improve functional independence and quality of life for users [33].

3.6. Digital Visual Mapping

One study assessed the effect of visual mapping software on the quality of life and
cognitive scores of older adults with MCI residing in a long-term care (LTC) facility for
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over three months [34]. Cognitive scores were derived from the Repeatable Battery for
Assessment of Neuropsychological Status, which assessed cognitive domains, including
immediate memory, visuospatial /constructional skills, language, attention, and delayed
memory. Visual maps consisted of pictures and keywords presented in a sequence to
assist residents and caregivers in organizing and accomplishing IADLs. Over 40 map
templates depicting a wide range of IADLs, such as managing medications, preparing
simple meals, handling finances, grocery shopping, using transportation, were loaded onto
tablets. Residents and caregivers received training on how to navigate and apply the maps
during routine care activities. These maps served as step-by-step guides, allowing residents
to reference them as needed when completing IADLs. Quality of life, measured by domains
in the Wisconsin University Quality of Life Questionnaire, improved in both residents and
caregivers. Residents showed significant improvement in immediate memory, suggesting
an increased ability to concentrate and pay attention. However, there was no significant
improvement in overall cognitive function [34].

3.7. Smart-Home Integration

Schmitter-Edgecombe et al. [35] assessed the use of Electronic Memory and Manage-
ment Aid (EMMA), an organizational tool and memory aid designed on a tablet interface to
help older adults with MCI manage daily tasks effectively. Paired with smart home technol-
ogy, EMMA provides users with real-time, context-aware prompts to support consistent use
and help form learned habits. By week four of training, participants with EMMA partnered
with the smart-home system engaged with the platform more frequently and utilized both
basic and advanced features compared to the EMMA-only training group. There was no
difference between global cognitive status or depressive symptoms. Achieving proficiency
earlier and increased use of the EMMA app during training supported a higher rate of
sustained use of the app in participants’ everyday lives [35].

3.8. Effectiveness of the Interventions

Across studies, participants generally reported high satisfaction, usability, and will-
ingness to adopt digital planning-based interventions to support memory-related func-
tioning [28,29,34]. These technologies, ranging from reminder apps and visual mapping
tools to electronic calendars, were associated with improved task performance, particularly
in prospective memory, working memory, episodic memory, and executive functions [31].
Several studies also demonstrated enhanced performance in IADLs, contributing to greater
perceived functional independence [31,33,34]. A summary of reported outcomes is pre-
sented in Table 3.

Table 3. Summary of Reported Outcomes Across Included Studies.

Outcome Domain Number of Studies Eumbgr of Studies % of Assessed Studies Studies Reporting
eporting Improvement Improvement

Task performance (e.g., task o )

completion, IADLs) 7 6 86% [29-34]

Specific cognitive functions

(e.g., memory, executive 6 5 83% [29-32,34]

function)

Global cognitive function 3 1 33% [31]

Usability /acceptability 8 8 100% [28-35]

Adherence/engagement 5 4 80% [28,30,33,35]

High usability and ease of use consistently emerged as critical factors influencing
engagement and sustained use, especially among individuals with prior technology
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familiarity [28,30]. Interventions that incorporated motivational features, such as gamifica-
tion or rewards, showed higher adherence and participant satisfaction [26].

While many studies reported cognitive benefits in specific domains, improvements in
global cognitive function were mixed and occasionally non-significant [34,35]. Nonetheless,
interventions like the DMN showed notable benefits, including reduced task completion
times and increased functional independence, regardless of users’ prior experience with
technology [33].

Collectively, these findings suggest that while digital planning-based technologies
hold promise for supporting everyday functioning in individuals with MCI, successful
implementation depends on user-centered design, ease of integration into daily routines,
and ongoing support.

4. Discussion

This systematic scoping study mapped and synthesized the existing literature on
digital planning-based technologies aimed at supporting memory-related functioning in
older adults with MCI. To our knowledge, our review is the first attempt to synthesize the
evidence on this topic to directly inform clinical practice, examining scientific articles from
scientific databases since their inception. Even though the number of older adults with MCI
is projected to increase with age worldwide, there are only a few studies on digital planning-
based technology that have been developed, tested, or used to improve memory functioning
for older adults with MCI in their daily lives. The review identified 8 studies published
between 2016 and 2022, originating from diverse geographical locations, and encompassing
five main categories of interventions: reminders and alarms, electronic calendars, digital
memory notebooks, digital visual mapping, and smart-home integration. All studies
originated from high-income countries, including the US, Japan, South Korea, and Sweden.
The findings provide insights into the types and functions of these technologies, their
effectiveness, and gaps in the current evidence base.

A key finding is the variety of digital planning-based technologies employed, rang-
ing from reminder and alarm systems [28-30] to interventions incorporating electronic
calendars [31,32], visual mapping software [29], and smart-home integration [31]. These
technologies offer diverse functionalities, including scheduling appointments, managing
tasks, and providing cues and reminders. The diverse features highlight the potential for
personalized interventions tailored to individual needs and preferences.

Many studies reported high satisfaction and positive reception among participants,
with a general willingness to adopt smartphone-based reminder and digital voice recorder
apps [29,30], aligning with broader trends of increasing technology acceptance among
older adults [16,19]. Several studies also reported improvements in specific cognitive
domains such as memory recall, working memory, and executive functions [29-32,34,35].
As such, mixed findings on global cognitive outcomes are not unexpected. Rather than
indicating a discrepancy, this highlights the importance of aligning outcome measures with
the intended purpose of the intervention. Future research should focus on evaluating the
long-term impact of these tools on functional independence, quality of life, and cognitive
maintenance, using measures that reflect real-world use and benefit.

The studies also highlighted the importance of usability and acceptability. Familiarity
with technology and ease of use were identified as key factors influencing sustained
use and improved memory performance [28,30]. This finding underscores the need for
person-centered design principles in the development of these technologies, ensuring
they are intuitive and accessible for older adults with varying levels of technological
proficiency. Incorporating motivational elements, such as rewards or gamification, also
appears promising for enhancing engagement and adherence [29].
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Despite motivation to maintain independence, older adults with MCI may struggle
to use the very technologies designed to support them. Difficulties with ET, such as
unfamiliar interfaces or multitasking demands, can limit uptake and adherence on digital
interventions. As essential services increasingly move online, these barriers may worsen
functional decline. Given the growing reliance on digital systems in essential services such
as healthcare access, banking, and transportation, these barriers not only hinder access to
support but also risk exacerbating functional decline [17].

While many studies reported positive user feedback, sustained use of digital tools
requires a deeper understanding of user acceptance. Frameworks like the Technology
Acceptance Model (TAM), which focuses on perceived usefulness and ease of use, have been
widely applied in older adult populations and assistive health contexts. Adapted models
like the Healthcare TAM, specifically designed for older adults, incorporate additional
factors such as familiarity, trust, and facilitating conditions [36]. Recent evidence from the
CREATE team and related reviews highlight the value of integrating TAM and UTAUT
frameworks into tool design to enhance useability and adoption among older adults with
MCI [37].

Our findings align with previous research highlighting the potential of digital assistive
technologies to support cognitive function and independence in older adults. The current
review extends this body of knowledge by specifically focusing on digital planning-based
technologies and their application in the context of MCI.

Multiple studies have examined the design requirements and needs of individuals
with MCI related to the development of digital planning-based technologies and have also
designed prototypes. Zubatiy et al. [38] used a distributed cognitive approach to identify
considerations for digital calendars based on individuals’ current use of calendar systems.
Individuals with MCI and their care partners preferred tracking their appointments us-
ing phone calendars, with wall calendars also being favored by individuals with MCI
specifically. The complexity of using multiple tools for scheduling was highlighted, with
some individuals using a combination of techniques to manage upcoming appointments
and tasks (e.g., wall calendar, phone calendar, reminders from family, post-it notes, white-
board) [38]. These systems are at a higher risk of errors and require more involvement from
the care partner. Shin et al. [39] used a design thinking process approach to develop a de-
sign prototype of a smart pen and digital planner application for individuals with MCI [39].
The design incorporated a familiar object and focused on ease of use to meet the needs
that they identified for users. The prototype was reviewed by experts in human—-computer
interaction and user experience but was not tested with individuals with MCI. Findings
from these studies highlight the increasing preference for digital calendar systems and the
need for simplification and consolidation of features in these systems to support more than
just appointment scheduling.

Two studies specifically examined digital planning-based systems but were excluded
from this scoping study at the full-text level of screening because they did not meet the
pre-specified exclusion criteria, as they primarily involved individuals with TBI rather
than MCI. Luna et al. [40] provided valuable insights into the characteristics of individuals
who adopted the EMMA electronic memory aid [35]. This study focused on identifying
predictors of adoption but did not evaluate how the EMMA improved memory functioning
or other cognitive outcomes in older adults with MCI. Similarly, Chudoba et al. [41]
explored the development of the DMN application [33]; however, the DMN was tested in
participants with MCI caused by mild traumatic brain injuries or Parkinson’s disease. The
study also focused on intervention methods and usability outcomes rather than evaluating
the DMN's impact on memory functioning or broader cognitive outcomes.
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Other studies have incorporated existing tablet applications (iPad calendar, iPad
Notes) as part of an external memory aid (EMA) treatment program for individuals with
MCI, but did not adapt the applications specifically for people with MCI [42,43]. In weekly
group treatment sessions, participants were taught the use of different digital and paper
external memory aids and their functional ability to use the EMAs was evaluated post-
treatment. A later version of this external memory tool incorporated a paper calendar, but
the digital calendar and notes apps were no longer part of the tool [44]. This suggests that
although digital planning-based technologies can successfully be used by people with MCI,
specialized calendar systems are required for this population and should be designed with
input from people with MCI and their care partners.

Although the studies discussed were not included in the final synthesis due to exclu-
sion criteria, they offer valuable insights for further studies. Collectively they highlight the
importance of user-centered design, the need for simplified and integrated digital tools,
and the role of familiar interfaces in supporting adoption and usability. These studies
also point to key directions for future work: the co-design of technologies with users and
care partners, the evaluation of functional and cognitive outcomes, and the adaptation of
mainstream tools specifically for the MCI population.

Overall, studies examining digital planning-based systems in individuals with MCI
have been limited to exploring the design requirements of these systems prior to developing
a prototype or pilot testing with a small sample size. To provide sufficient evidence to
support the use of digital planner technologies in programs for individuals with MCI
and in day-to-day life, larger studies will be needed to show benefits in relevant outcome
measures related to maintaining independence, supporting or improving quality of life,
improving mood symptoms, or reducing burden level in care partners.

4.1. Implications for Clinical Practice

The findings have several implications for clinical practice and policy. While digital
planning-based technologies show promise in supporting memory-related functioning and
daily activities for older adults with MCI, the current evidence is limited, with only a small
number of preliminary studies available. As such, there is insufficient data to recommend
routine use of these technologies in clinical settings.

Healthcare providers should be aware of emerging technologies but exercise caution
when considering their integration into care until more robust, high-quality evidence is
available. In the meantime, policymakers and stakeholders should prioritize and invest in
further research to evaluate the efficacy, usability, and accessibility of these tools. Doing
so will help determine their potential role in the management of cognitive impairment,
particularly given the increasing integration of digital technologies into everyday life.

4.2. Implications for Policy

Policymakers should advocate for the development and funding of digital health
interventions tailored to the needs of older adults with cognitive impairments. This in-
cludes investing in research to optimize the design and functionality of these technologies,
ensuring they are user-friendly and accessible to a diverse population. The Brain Health
and Cognitive Impairment in Aging (BHCIA) Research Initiative in Canada is a strategy
established to support research to improve care, services, and wellbeing for people liv-
ing with dementia, caregivers, and care providers [45]. The National Plan to Address
Alzheimer’s Disease in the US seeks to involve the use of technology to improve care
delivery and support for people with dementia [44]. A review of technology and dementia
emphasized that both Canadian and the U.S. strategies identify various possible uses of
technology in dementia care, such as in diagnosis, assessment, monitoring, maintaining
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functionality, leisure and activity, caregiving, and management [46]. Additionally, the
review highlighted that these strategies recognize the importance of policy changes to
facilitate the integration of technology into dementia care [46]. The use of technology is
now commonplace in everyday life situations and the performance of IADLs. If the needs
and limitations of individuals with MCI and dementia are not studied and accounted for,
then individuals with cognitive impairment will face increased barriers in their ability to
participate in public spaces, further impacting their quality of life [17].

4.3. Limitations

The review has several limitations. First, the limited number of studies meeting our
inclusion criteria, the small sample sizes, varied study designs, and the limited geograph-
ical scope of the included studies limit the generalizability of the findings. Second, the
heterogeneity in the types of interventions and outcome measures used across studies
makes it challenging to draw definitive conclusions about the effectiveness of specific
technologies. Third, the reliance on self-reported measures of satisfaction and usability may
introduce bias, as participants might overestimate the benefits due to social desirability or
placebo effects.

5. Conclusions

This scoping review provides a preliminary overview of the existing evidence on
digital planning-based technologies for older adults with MCI. Our findings suggest that
these technologies hold promise for supporting memory-related functioning and improv-
ing quality of life. However, more research is needed to determine the optimal design
and implementation of these interventions. Future studies should focus on developing
personalized interventions, evaluating long-term outcomes using randomized controlled
trials, and exploring the cost-effectiveness and integration potential of these technologies
as well as strategies to improve user training and support, particularly for individuals
with limited technological experience. As the population ages and the prevalence of MCI
increases, developing and implementing effective, accessible, and user-friendly assistive
technologies will become increasingly critical. Digital planning-based technologies repre-
sent a promising avenue for intervention, offering a personalized and adaptable approach
to supporting memory and daily functioning in this vulnerable population.
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Appendix A.1. Medline

1.
2.

O © NG

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

exp Cognitive Dysfunction/or Cognition Disorders/

((cognit* or mental) adj3 (defect* or decline or declines or disorder or disorders or
dysfunction or dysfunctions or impairment or impairments or disability or disabili-
ties)).ti,ab,kw.

or/1-2

computers, handheld/or smartphone/or cell phone/

mobile applications/or user-computer interface/

self-help devices/or communication aids for disabled/

calendar-based technolog*.ti,ab, kw.

digital memory notebook*.ti,ab,kw.

compensatory aid*.ti,ab,kw.

(smartphone* or smart-phone* or tablet or tablets or (digital adj tool*) or (mobile adj
application®)).ti,ab,kw.

palm computer*.ti,ab,kw.

palm pilot.ti,ab,kw.

pocket PC.ti,ab,kw.

((mobile or cell) adj3 (phone* or device*)).ti,ab,kw.

((handheld or hand held) adj (device* or computer*)).ti,ab,kw.

self-help device*.ti,ab,kw.

personal digital assistant.ti,ab,kw.

ambient assisted living.ti,ab,kw.

or/4-18

3and 19

(aged or aging or ageing or elder* or ((old or retired) adj2 (people* or patient* or inpa-
tient* or in-patient* or outpatient* or out-patient* or client* or person* or individual*
or wom#n or man or men or age)) or older* or geriatr* or gerontolog* or senior* or
senescen* or retiree* or sexagenarian®* or septuagenarian® or octagenarian* or nonage-
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22.

narian* or centenarian* or supercentenarian* or veteran®).ti,ab. or elderly/or elderly
patients/or retired people/or old age/or aging/or geriatrics/
20 and 21

Appendix A.2. Embase

1.

14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.

cognitive defect/or experimental cognitive defect/or mild cognitive impairment/or
postoperative cognitive dysfunction/

((cognit* or mental) adj2 (defect* or decline or declines or disorder or disorders or
dysfunction or dysfunctions or impairment or impairments or disability or disabili-
ties)).ti,ab,kw.

or/1-2

personal digital assistant/

smartphone/or mobile phone/or smart device/

self help device/

exp communication aid /

exp mobile application/

human machine interface/

calendar-based technolog*.ti,ab,kw.

digital memory notebook*.ti,ab,kw.

compensatory aid*.ti,ab,kw.

(smartphone* or smart-phone* or tablet or tablets or (digital adj tool*) or (mobile adj
application®)).ti,ab,kw.

palm computer*.ti,ab,kw.

palm pilot.ti,ab,kw.

pocket PC.ti,ab,kw.

((cell or mobile) adj2 (phone* or device*)).ti,ab,kw.

((handheld or hand held) adj (device* or computer*)).ti,ab,kw.

self-help device*.ti,ab,kw.

personal digital assistant.ti,ab,kw.

or/4-20

(aged or aging or ageing or elder* or ((old or retired) adj2 (people* or patient* or
inpatient* or in-patient* or outpatient* or out-patient* or client* or person* or indi-
vidual* or wom#n or man or men or age)) or older* or geriatr* or gerontolog* or
senior” or senescen” or retiree* or sexagenarian* or septuagenarian* or octagenarian*
or nonagenarian® or centenarian* or supercentenarian® or veteran®*).ti,ab.

exp aged/

retirement/

geriatrics/

exp aging/

or/22-26

3 and 21 and 27

Appendix A.3. APA PsycINFO

1.
2.

-

cognitive impairment/or mild cognitive impairment/

((cognit* or mental) adj2 (defect* or decline or declines or disorder or disorders or
dysfunction or dysfunctions or impairment or impairments or disability or disabili-
ties)).ti,ab.

or/1-2

computer applications/or computer assisted instruction/or mobile applications/
exp mobile devices/
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11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.

calendar-based technolog®*.ti,ab.

digital memory notebook*.ti,ab.

compensatory aid*.ti,ab.

(smartphone* or smart-phone* or tablet or tablets or (digital adj tool*) or (mobile adj
application®)).ti,ab.

palm computer*.ti,ab.

palm pilot.ti,ab.

pocket PC.ti,ab.

((mobile or cell) adj3 (phone* or device*)).ti,ab.

((handheld or hand held) adj (device* or computer*)).ti,ab.

self-help device*.ti,ab.

personal digital assistant.ti,ab.

ambient assisted living.ti,ab.

or/4-17

(aged or aging or ageing or elder* or ((old or retired) adj2 (people* or patient* or
inpatient* or in-patient* or outpatient* or out-patient* or client* or person* or indi-
vidual* or wom#n or man or men or age)) or older* or geriatr* or gerontolog* or
senior* or senescen® or retiree* or sexagenarian® or septuagenarian* or octagenarian*
or nonagenarian* or centenarian* or supercentenarian® or veteran®).ti,ab.

exp aging/

older adulthood/

retirement/

geriatrics/

or/19-23

3 and 18 and 24

Appendix A.4. CINAHL
Table Al. Search History.

# Query

S22 S2 AND S17 AND S21

S21 518 OR 519 OR 520

S20 (MH “Geriatrics+")

S19 (MH “Aged+")
TI ((aged or aging or ageing or elder* or ((old or retired) N2 (people* or patient* or inpatient* or in-patient* or
outpatient* or out-patient* or client* or person* or individual* or wom#n or man or men or age)) or older* or geriatr* or
gerontolog* or senior* or senescen* or retiree* or sexagenarian* or septuagenarian* or octagenarian* or nonagenarian* or

S18 centenarian® or supercentenarian®* or veteran*)) OR AB ((aged or aging or ageing or elder* or ((old or retired) N2
(people* or patient* or inpatient* or in-patient* or outpatient* or out-patient* or client* or person* or individual* or
wom#n or man or men or age)) or older* or geriatr* or gerontolog* or senior* or senescen® or retiree* or sexagenarian* or
septuagenarian* or octagenarian* or nonagenarian* or centenarian* or supercentenarian* or veteran®))

S17 54 OR S5 OR S6 OR S7 OR S8 OR S9 OR 510 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16

S16 TI personal digital assistant OR AB personal digital assistant

S15 TI self-help device* OR AB self-help device*

S14 TI (((handheld or hand held) N1 (device* or computer*))) OR AB ( ((handheld or hand held) N1 (device* or computer*)))

S13 TI (((cell or mobile) N2 (phone* or device*))) OR AB (((cell or mobile) N2 (phone* or device*)))

S12 TI pocket PC OR AB pocket PC

S11 TI palm pilot OR AB palm pilot

S10 TI palm computer* OR AB palm computer*

59 TI ((smartphone* or smart-phone* or tablet or tablets or (digital N1 tool*) or (mobile N1 application*))) OR AB
((smartphone* or smart-phone* or tablet or tablets or (digital N1 tool*) or (mobile N1 application*)))

S8 TI compensatory aid* OR AB compensatory aid*

S7 TI digital memory notebook* OR AB digital memory notebook*

S6 TI calendar-based technolog* OR AB calendar-based technolog*
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Table Al. Cont.

# Query
S5 (MH “Mobile Applications”)
S4 (MH “Computers, Hand-Held+"”) OR (MH “Cellular Phone”)
S3 S10OR S2
TI (((cognit* or mental) N2 (defect* or decline or declines or disorder or disorders or dysfunction or dysfunctions or
S2 impairment or impairments or disability or disabilities))) OR AB (((cognit* or mental) N2 (defect* or decline or declines
or disorder or disorders or dysfunction or dysfunctions or impairment or impairments or disability or disabilities)))
S1 (MH “Mild Cognitive Impairment”)
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