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Abstract
Objective: To address challenges faced by older adults in smart home interface op-
erations, such as high cognitive load and symbol recognition difficulties, this study
attempts to propose a preliminary age-friendly interaction design method based on
the "Long-term Memory Mapping (LMM) model" and explore the potential value of
nostalgic symbols in interface design.
Method: Through literature analysis and in-depth interviews, nostalgic symbols fa-
miliar to older adults were identified, and a five-layer LMM structural model was
constructed. Retro-style icons with a 1980s aesthetic were designed. A within-sub-
ject controlled experiment was conducted with 15 older adults aged 60-75 to com-
pare their performance between the nostalgic icon group and the modern flat icon
roup in terms of first-time recognition accuracy, task completion time, and error
requency.
Results: The nostalgic icon group performed better than the control group in first-
time recognition accuracy, task completion time, and error frequency.
Conclusion: The preliminary findings of this exploratory study suggest that the use
of nostalgic symbols is associated with the activation of long-term memory in older
adults and may contribute to reduced cognitive load and improved operational effi-
ciency. The LMM model offers some insights for the design of age-friendly interfaces
in smart homes; however, the specific contribution of the “nostalgia effect” and its
causal mechanisms still require further testing in future studies that strictly control
for confounding variables.
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INTRODUCTION

According to the 2023 National Development
Bulletin on Aging Affairs released by the Ministry
of Civil Affairs and the National Office on Aging,
China's population aged 60 and above now ac-
counts for 21.1% of the total population[1]. The
elderly face a significant "digital divide" when
integrating into contemporary society. When
operating smart home interfaces, current designs
featuring abstract symbols, complex steps, and
small buttons increase cognitive load, hindering
their ability to enjoy technological conveniences.
Therefore, this study focuses on two core ques-
tions: How can interaction design effectively re-
duce the cognitive burden of smart home use for
the elderly? How can nostalgic elements from
long-term memory be leveraged in interface
design to enhance usability? While existing re-
search has attempted to reduce cognitive load
through icon simplification and voice interaction,
most studies have failed to systematically lever-
age nostalgic elements and cognitive strengths
embedded in the long-term memory of the el-

derly. Therefore, this study proposes a prelimi-
nary theoretical framework for the “Long-Term
Memory Mapping Model (LMM),” which aims to
explore potential design pathways from “cogni-
tive compensation” to “cognitive empowerment”
through the mechanisms of symbolic cogni-
tion and nostalgia-induced arousal. It should
be noted that this study is an exploratory effort
intended to provide preliminary evidence and a
theoretical foundation for subsequent, more rig-
orous causal testing.

2 CHALLENGES IN AGE-FRIENDLY DESIGN

2.1 Symbolic layer issues

Two problems exist at the symbolic layer in
age-friendly design practice. Firstly, there exists
a mismatch between the symbols currently in
mainstream use and the physical symbols stored
in the long-term memory of older adults. Sec-
ond, cultural memory gaps impact their compre-
hension of interface content. Liu S noted that the
"smart switch" icon in smart home products ex-
hibits a highly abstract characteristic within cur-



Age-friendly interaction design for smart homes

rent user interface (Ul) design styles. However,
this abstract icon creates cognitive conflict with
the physical image of old-fashioned pull-cord
switches stored in their long-term memory [2].
Such symbolic mismatches confuse older adults
when using smart devices, reducing their opera-
tional efficiency.

Another issue stems from the impact of cultural
memory gaps. Many smart devices employ sym-
bols from Western culture, with the hamburger
menu being a prime example. These Western-
derived symbols may lack intuitive recogniz-
ability for older adults, making it difficult for
them to quickly grasp their meanings. Their life
experiences mean they are more familiar with
traditional, localized symbols. Such Westernized
symbol designs clash with their memory experi-
ences, creating cognitive barriers [3] and hinder-
ing the establishment of connections between
the symbolic meaning and actual function of
these icons.

2.2 Interaction layer issues

At the interaction level, older users face a discon-
nect between actions and intent in procedural
memory: familiar past operations like pressing or
rotating are difficult to directly apply to today's
swipe-based gesture controls, resulting in a lack
of familiar contextual cues during operation [2].
This shift in device interaction logic forces them
to relearn new operational steps, significantly in-
creasing their cognitive load.

The absence of contextual cues negatively im-
pacts elderly users' experience. Many smart de-
vices currently fail to organize functional entries
according to elderly users' daily scenarios. For
instance, time-related or routine-based entries
like "Morning Exercise" or "Afternoon Rest" lack
logical arrangement. Such design neglects the
diverse usage needs across different scenarios,
making it difficult for elderly users to quickly lo-
cate required functions [4].

2.3 Long-term memory layer issues

At the long-term memory level, the elderly pri-
marily face challenges of insufficient emotional
association and difficulty transferring prior ex-
perience. Current smart device interfaces lack
elements that evoke nostalgia among seniors,
and their operational methods conflict with
long-established habits. Conversely, the visual
characteristics and operational modes of clas-
sic devices like vintage radios and traditional
televisions can trigger emotional resonance,
thereby enhancing product acceptance and
willingness to use [3]. For instance, incorporat-
ing the operational logic of "clockwise rotation
increases volume, counterclockwise decreases

volume" from traditional devices into modern
interface designs can reduce learning difficulty
and enhance user satisfaction.

3 ANALYSIS OF THE CAUSES OF AGE-FRIENDLY DE-
SIGN ISSUES

The underlying causes of the aforementioned is-
sues in the symbolic, interactive, and memory
layers can be categorized into three types: di-
minished information processing capacity due
to cognitive aging mechanisms, symbolic com-
prehension barriers stemming from sociocultural
disconnects, and systemic misalignment between
technological offerings and the needs of elderly
users. These will be analyzed sequentially below.

3.1 Mapping cognitive aging mechanisms to de-
sign variables

3.1.1 Reduced bandwidth in the perception-
symbol channel

One core mechanism of cognitive ageing is
the general decline in information processing
speed, manifested as reduced bandwidth in
the conversion from sensory channels to sym-
bolic representations. Ageing slows neural pro-
cessing operations, triggering the "limited time
mechanism" (where critical operations remain
incomplete) and the "simultaneity mechanism"
(where earlier processing results become obso-
lete by the time later processing is completed),
which together impair cognitive function [5].
Changes in brain structure and function directly
diminish the efficiency of perceptual informa-
tion transmission, impacting the symbolic con-
version process [6]. Older adults require longer
periods to parse complex information, making
them prone to omissions or misinterpretations,
particularly in multitasking or high-time-pres-
sure scenarios [7]. For instance, when elderly
individuals attempt to log into an application or
complete payment verification, the system-gen-
erated SMS verification code typically expires
after 60 seconds. They must undertake a series
of cognitive operations: reading the text mes-
sage, memorising the six-digit code, switching
back to the application, locating the input field,
and accurately entering the code. Due to dimin-
ished information processing speed, any delay
in a single step—such as misremembering or
mistyping a digit—may prevent completion be-
fore the code expires. This necessitates re-trig-
gering the SMS and restarting the entire process.
This common predicament stems not from task
complexity, but precisely from the "time-limited
mechanism"—the critical operation (entering a
valid code) remains "unfinished" because cogni-
tive processing exceeds the system's designated
time window.
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3.1.2 decline in working memory capacity and
information architecture mismatch

Declining working memory (WM) capacity is a
core manifestation of age-related cognitive de-
cline, directly impairing information buffering
and integration abilities [7]. WM impairment
causes imbalanced allocation of information
processing resources. When complex informa-
tion structures exceed WM capacity, older adults
are prone to operational confusion or decision
errors [8]. The mismatch between WM and infor-
mation architecture triggers "cognitive mismatch,"
imposing additional mental load [9].

3.2 Sociocultural disconnect

3.2.1 Technology iteration cycles vs. cultural
memory half-life in the elderly

Technology iteration cycles far outpace the cul-
tural memory half-life of the elderly, making it
difficult for their cognitive systems to synchro-
nize updates. Rapidly proliferating technolo-
gies like mobile payments and smart device
interfaces, abstract symbols of new technolo-
gies, and the weakening of traditional cultural
carriers demand frequent adaptation to new
interaction logics. Older adults rely on long-
accumulated experiential symbols, with cog-
nitive frameworks formed during industrial or
pre-digital eras. Their preference for traditional
hospitals over community institutions reflects
dependence on familiar service models [10].
The temporal conflict between technological
iteration and memory mechanisms further ex-
acerbates long-term memory retrieval barriers.
Home-based elderly care services often fail to
adequately consider cultural habits, resulting in
low utilization rates [11].

3.2.2 Mismatch between globalized Ul symbols
and local elderly experiences

Standardized interface symbols create semantic
gaps with the lived experiences of local sen-
iors. Internationally prevalent Ul icons lack in-
terpretability for rural or less-educated elderly
populations. For instance, mismatched rural fi-
nancial services stem from product designs that
disregard farmers' actual cognitive levels [12].
Dialect vocabulary is excluded from interaction
design, such as rural commercial insurance fac-
ing low acceptance due to obscure terminology
[13]. Symbols familiar to the elderly remain un-
translated into digital icons. While Song Dynas-
ty porcelain patterns reflected contemporary
sociocultural contexts, modern Ul lacks such
localized expressions [14].

3.3 Mismatch between technology supply
and demand

3.3.1 Commercial Ul Standards Prioritize Univer-
sality Over Elderly-Specific Design

Commercial design pursues economies of scale
at the expense of elderly users' unique needs.
Companies adopt one-size-fits-all design stand-
ards to reduce development costs. Complex pro-
cess designs exceed elderly users' working mem-
ory capacity—for example, cumbersome home
care service application procedures mismatch
with their operational capabilities [12].

3.3.2 insufficient data collection leaves personal-
ized memory cues unaddressed

The lack of data mining on individual life tra-
jectories prevents technology from providing
personalized memory assistance. Only basic
operational data is collected, while emotional
feedback is neglected. Critical memory cues
like professional experiences and cultural pref-
erences remain undigitized. In contrast to Song
Dynasty porcelain patterns documenting social
culture, modern technology fails to preserve in-
dividual memories [14].

4 EXISTING RESEARCH RESPONSES AND REMAINING GAPS
4.1 Symbol layer improvements

4.1.1 High-similarity icons and localized alternatives
Current elderly symbol recognition systems
primarily rely on explicit symbol recognition
technologies, such as OCR text recognition and
conventional icon detection algorithms. How-
ever, addressing only explicit symbol recogni-
tion results in a failure rate exceeding 60% for
the localised adaptation of metaphorical func-
tions [15]. The absence of an elderly symbol da-
tabase covering urban-rural disparities has led
to fragmented solutions.

4.1.2 multimodal symbol compensation
Combining voice guidance with vibration feed-
back reduced form-filling errors among elderly
users by 55%, with particularly significant effects
in low-literacy groups [16]. Tactile feedback be-
comes ineffective in environments exceeding
65dB noise or for users with hand tremors [17].
No bone conduction alternatives exist for noisy
environments, and multimodal combinations
may increase cognitive load.

4.2 Interaction layer optimization

4.2.1 Gesture simplification and hierarchy reduction
Replacing two-finger zooming with single-
finger long press tripled map operation ef-
ficiency for elderly users [18]. However, this
approach fails in payment verification interac-
tions, forcing age-friendly interfaces to retain
original workflows.

4.2.2 contextual navigation prototype

The pharmacy navigation interface for location-
based services (LBS) streamlines the process
through a sequential flow of 'purchase medi-
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cation — medication reminders — share with
friends and family', reducing the operational
pathway by 70%][ 19]. Failure to integrate with
offline service networks results in a disconnect
between digital and physical experiences.

4.3 Memory layer emotional engagement

4.3.1 Nostalgic content and sentiment meas-
urement

Medical apps incorporating vintage photos or
era-specific hits increased weekly retention
among elderly users by 90%. However, after
six months of repeated exposure, the emotional
engagement effect declined to 27% of its initial
value[21]. No algorithm was established for the
frequency of nostalgic content delivery.

4.3.2 personalized memory cue generation

Through natural language processing (NLP)
analysis of descriptive texts accompanying old
photographs, the system automatically gener-
ates memory cues centered on the theme of
'family gatherings'. However, 87% of elderly
participants declined to grant access permis-
sions to their photo albums, resulting in insuf-
ficient data collection [21]. Memory recon-
struction may trigger traumatic recollections,
and the system lacks user control mechanisms.

5 RESEARCH DESIGN FOR AGE-FRIENDLY MEMORY

5.1 Overall approach

First, identify two major pain points in elderly
smart home usage—abstract symbols and com-
plex procedures—through literature review and
interviews. Then construct a "Long-Term Mem-
ory Mapping Model" (LMM) and validate its
effectiveness via a within-subjects experiment
involving 15 participants aged 60-75.

5.2 Research methods

5.2.1 Mixed methods

Literature analysis will first systematize cognitive
aging and semiotics theories. Semi-structured in-
depth interviews with 8 seniors will then identify
nostalgic symbol needs. Finally, a small-sample
(n=15) within-subjects experiment will compare
nostalgic icons versus traditional icons across in-
itial recognition accuracy, completion time, and
error rates.

5.2.2 Data sources and sampling strategy
G-Power estimated a minimum sample size of
12 participants. Accounting for a 20% attri-
tion rate, 15 participants were recruited, cov-
ering educational backgrounds ranging from
elementary to high school and varying levels
of technological experience. Purposeful sam-
pling ensured representativeness.

6. CONSTRUCTION OF THE LONG-TERM MEMORY
MAPPING MoODEL (LMM)

Research indicates that while older adults ex-
perience declines in working memory and pro-
cessing speed, their long-term memory remains
relatively intact and may even demonstrate
advantages in certain contexts [22]. Therefore,
activating long-term memory through nostalgic
symbols can compensate for current cognitive
resource deficits, achieving a 'memory compen-
sation' effect. The LMM model is constructed
precisely based on this mechanism.

6.1 LMM structural design

Drawing directly from the three research catego-
ries (cognitive aging, memory advantages, and
symbolic nostalgia), the core pathway "nostal-
gic symbols — memory evocation — cognitive
offloading" is derived. This forms the basis for
constructing the five-layer LMM structure. The
model comprises an input layer, symbol per-
ception layer, memory retrieval layer, context
matching layer, and action output layer: The
input layer receives audiovisual symbols like
icons and sound effects. After recognition by the
symbol perception layer, nostalgic elements are
activated, driving the memory retrieval layer to
evoke past scene memories and emotional res-
onance. These are then mapped to the current
interface context, guiding the action output layer
to complete operations. The model's value lies
in demonstrating the practical efficacy of memo-
ry mining in alleviating cognitive burden for the
elderly, while providing theoretical foundations
and practical guidance for age-friendly design
(as shown in Figure 1).

6.2 Model hypotheses

H1: There is a positive correlation between the
presentation of nostalgic symbols in the inter-
face and the degree of activation of situational
and semantic memory among older users.

H2: The degree of memory activation is nega-
tively correlated with task cognitive load; that is,
stronger memory recall is associated with lower
error rates and shorter task completion times.

6.3 Summary

The LMM model is grounded in the “cogni-
tive aging—memory advantage—symbolic
trigger” triad theory. It translates the hypo-
thetical mechanism of “nostalgic symbols —
memory recall — cognitive load reduction”
into a five-layer structure and proposes two
testable hypotheses regarding their interrela-
tionships. This framework attempts to bridge
the gap between long-term memory research
and interface design, providing an operational
pathway and an evaluative foundation for the
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Figure 1. Long-term memory mapping model
structure diagram (image designed by the author)

preliminary experimental validation of nostal-
gic icons in this study.

7. LMM-BASED DESIGN PRACTICES FOR AGE-
FRIENDLY INTERFACES

7.1 Design goals and principles

By deeply integrating the long-term memory
characteristics of older adults with pain points in
smart home usage, we will optimize three dimen-
sions: icons, functional navigation, and feedback.

7.1.1 Icon design

Icons adopt visual symbols reminiscent of
1980s home appliances, such as the knob style
from the 1985 Peony brand television and kero-
sene lamp symbols. Lu M H et al. indicate that
seniors recognize such icons at a rate exceeding
90%; fMRI scans also reveal a 40% increase in
hippocampal activity when seniors view these
icons. Technically, icons must not be smaller
than 15mm x 15mm, and color contrast must
not fall below 4.5:1 [23]. A 2023 Tsinghua Uni-
versity study found that using nostalgic icon
designs increased user icon recognition accu-
racy by 22-35%. This demonstrates that older
adults tend to accept visual symbols linked to
their past experiences more readily and retain
them better [24].

7.1.2 Functional navigation

Functional navigation categorizes entry points
according to the "Morning - Noon - Evening" time
periods. The design follows the "3-5-2" hierarchy
principle: the main menu contains no more than
3 items, submenus no more than 5 items, and
terminal actions no more than 2 steps. Addition-
ally, corresponding lifestyle illustrations are add-
ed beside menus—such as sunrise images for the
morning segment—to enhance contextual cues
and improve operational intuitiveness [25].

7.1.3 Feedback design

Feedback design employs simulated sounds from
traditional devices, like the echo of old typewrit-
ers or the winding mechanism of mechanical
alarm clocks. These familiar auditory cues evoke
emotional memories among seniors, reinforcing
confirmation during operations.

Frequencies should be controlled within the 500
to 3000Hz range, with durations lasting 0.5 to
1 second to prevent startling reactions among
older adults. The concept of "culturally adaptive
auditory feedback" proposed by Wang Yue et al.

emphasizes that auditory cues must align with
users' cultural backgrounds and usage habits.
Only then can feedback be more readily accept-
ed, thereby enhancing the user experience [26].

The multimodal collaborative solution incorpo-
rates vibration feedback and icon bounce effects,
with the bounce amplitude controlled within
5% to achieve synchronized auditory and tactile
feedback [27].

7.2 Key technology implementation

When applying key technologies, designers can
incorporate nostalgic elements into product in-
terfaces or allow users to customize settings—
such as setting vintage photos as interface back-
grounds. These memory-triggering elements
evoke emotional recollections in older adults,
fostering familiarity with the product and in-
creasing willingness to use it [28].

Additionally, scene mode switching is crucial.
When the system detects a time point match-
ing irrigation scenarios, it automatically triggers
context-aware mechanisms, seamlessly transi-
tioning to irrigation control interfaces to deliver
task-driven contextual functionality. This design
demonstrates precise understanding and support
for seniors' daily routines and activities [29]. Ali-
baba Senior Research Institute proposed a "sce-
nario-based classification" design methodology.
This approach categorizes and integrates func-
tions by time or context, thereby reducing the
probability of operational errors [30]. It alleviates
the cognitive burden on seniors when operating
products, enabling them to use smart devices
more effortlessly.

7.3 Pre-screening of experimental materials

To ensure comparability between nostalgic and
modern icons in non-nostalgic attributes, and
to eliminate potential interference from con-
founding factors such as familiarity, visual con-
creteness, and semantic clarity, this study con-
ducted a pre-screening of materials prior to the
formal experiment.

7.3.1 Participants

The pre-experiment recruited 10 elderly partici-
pants aged 60—70 years, comprising 6 males and
4 females. All participants possessed normal vi-
sion or corrected vision, exhibited no cognitive
impairment, and did not overlap with partici-
pants in the formal experiment.

7.3.2 Measurement tools

Three five-point scales (1 = Very low/Strongly
disagree, 5 = Very high/Strongly agree) were em-
ployed to quantify the non-nostalgic attributes of
candidate icons:
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Familiarity: 'This icon looks familiar'

Visual concreteness: 'This icon depicts a specific
object'

Semantic clarity: 'One can guess its function at
a glance'

7.3.3 Experimental materials

Eighteen candidate icons were categorised into
two groups based on era characteristics: the nos-
talgic icon group (9 icons, designed in an 1980s
style) and the modern icon group (9 icons, de-
signed in the current mainstream flat style). Par-
ticipants rated each icon across the aforemen-
tioned three dimensions.

7.3.4 Preliminary experimental results
Descriptive statistics and independent samples t-
test results for the preliminary experimental data
are presented in Table 1.

Note: Familiarity, visual concreteness, and se-
mantic clarity were measured using a 5-point
Likert scale (1 = very low/strongly disagree, 5
= very high/strongly agree). Each set comprised
nine icons rated by ten elderly participants. Inde-
pendent samples t-tests revealed significant dif-
ferences between the two groups across all three
dimensions (p < 0.01).

7.3.5 Interpretation of results

Preliminary findings indicate that the nostalgia
icon group scored significantly higher than the
modern icon group across all three dimensions:
familiarity, visual concreteness, and semantic
clarity (p<0.01). This demonstrates that the nos-
talgia icons designed in this study not only pos-
sess nostalgic characteristics but also exhibit sys-
tematic visual differences from modern icons—
being more recognisable, more concrete, and
easier to comprehend functionally.

8 EXPERIMENTAL VALIDATION

8.1 Experiment one

8.1.1 Experiment objective

Examine whether the associations proposed
by the LMM hypotheses H1 and H2 are sup-
ported by the observed data under the condi-
tions of this experiment.

8.1.2 Experimental design

This study selected "flat icons" as the control
group, as they represent the current mainstream
Ul design style and possess high ecological va-
lidity. Future research may further establish con-
trol groups such as "icons + text" or "pure audio"
to more comprehensively evaluate the effective-
ness and applicability of the L model.

Experimental Materials: Based on pre-experi-
mental findings, six nostalgic icons scoring high-

ly in familiarity, visual concreteness, and seman-
tic clarity were selected from nine candidates
as experimental materials for the experimental
group (as shown in Figure 2). Six functionally
corresponding modern icons were concurrently
chosen as experimental materials for the control
group (as shown in Figure 3). Both sets of icons
maintained consistent physical attributes, includ-
ing dimensions (15mm x 15mm) and contrast
ratio (>4.5:1).

It should be noted at the outset that, although
this study measured the familiarity, visual con-
creteness, and semantic clarity of the icons in
both groups through a pilot study (see Section
7.3), the results indicate significant differences
between the two groups on these non-nostalgic
attributes. This implies that the experimental
design did not fully control for these potential
confounding variables. Consequently, the perfor-
mance differences observed between groups in
the experimental results cannot be uniquely and
definitively attributed to the “nostalgia effect”
alone, but should be regarded as the combined
result of the interaction between nostalgia-relat-
ed attributes and other relevant attributes (such
as higher concreteness and familiarity). This
study is positioned as an exploratory analysis,
aiming to provide preliminary evidence for sub-
sequent, more rigorous causal tests.

Fifteen young-old adults (aged 60-71 vyears,
mean age 65.4 + 3.2 years) were selected. This
classification follows gerontology conventions
dividing old age into "young-old" (65-74 years),
"middle-old" (75-84 years), and "old-old" (=85
years). The sample comprised seven males and
eight females. All participants possessed normal
vision (corrected vision) and were free from col-
our blindness or colour deficiency. Smartphone
proficiency was assessed via a self-report ques-
tionnaire (rated 1-5, where 1 indicated 'rarely
used' and 5 ‘'highly proficient'), yielding an aver-
age score of 2.8 + 0.9, indicating beginner to in-
termediate proficiency. Educational backgrounds
spanned primary school (4 participants), lower
secondary school (6 participants), and upper sec-
ondary school (5 participants). Inclusion criteria
comprised: (1) age 60-75 years; (2) basic smart-
phone touchscreen operation skills (e.g., ability
to tap and swipe); (3) self-reported absence of
severe cognitive impairment or conditions af-
fecting manual dexterity. Informed consent was
obtained from all participants.

Following design guidelines, two smart home
control interface prototypes were created: Ex-
perimental group (nostalgic icon group): Six
core function icons adopted 1980s home televi-
sion visual styles (e.g., "Music Playback" shaped
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Table 1. Preliminary icon screening results

Variable Retro Icon Set (n=10) Modern Icon Set (n=10)  t-value p-value

Familiarity 4.11+£0.48 2.07 £ 0.69 7.21 <0.001

Visual Concreteness 4.63 +0.32 3.24+1.01 3.94  =0.001

Semantic clarity 4.63 +0.32 296 +1.17 4.12 <0.001

like an old gramophone, "Lighting Control"
shaped like a kerosene lamp) as shown in Figure
2, sized 15mmx15mm. Control Group (Tradi-
tional Icons): Same functions using modern flat
design, matching the experimental group in size
and contrast (Figure 3).

Six typical smart home operation tasks were
set: identifying music playback, video player
functions, viewing today's weather forecast, ac-
cessing photo albums, activating flashlights, and
making phone calls.

Each participant completed tasks on both inter-
face sets: randomly assigned to use either the
experimental or control interface first, switching
after a five-minute interval between sets. Each
task had a one-minute time limit, recording: first-
attempt recognition accuracy (correctly clicking
the target icon), task completion time (duration
from interface presentation to successful opera-
tion), and number of errors (clicking the wrong
icon or repeating actions).

8.1.3 Experimental results

To test the hypotheses of the LMM model (H1,
H2), a paired samples t-test was employed to
compare performance data between the experi-
mental group (nostalgic icons) and the control
group (traditional flat icons). Descriptive statis-
tics and inferential statistics for each metric are
presented in Table 2.

Statistical analysis results: The first-pass rec-
ognition accuracy of the nostalgic icon group
was significantly higher than that of the control
group (t(14) = 6.58, p < 0.001, Cohen's d = 1.70,
95% Cl [1.02, 2.38]). Task completion time was
significantly shorter than the control group (t(14)

—
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Figure 2. Experimental group: nostalgic icon de-
sign (image designed by the author)

=-4.23, p < 0.001, Cohen's d = -1.09, 95% Cl
[-1.78, -0.40]). The number of incorrect opera-
tions was significantly lower than that of the
control group (t(14) = -6.02, p < 0.001, Cohen's
d = -1.55, 95% CI [-2.28, -0.82]). All effect
sizes (|d| > 0.8) were classified as large effects.
Consequently, the experimental findings were
consistent with the direction anticipated by H1
and H2, providing preliminary, correlational
evidence that nostalgia-oriented icons designed
using the LMM were associated with enhanced
cognitive operational efficiency among elderly
users under the experimental conditions.

These findings are consistent with the predic-
tions of the LMM model, namely that the nos-
talgic icon group demonstrated superior behav-
ioral performance. However, as noted in the
experimental design section, since the nostalgia
icon group also scored significantly higher than
the modern icon group in terms of familiarity,
visual concreteness, and semantic clarity (see
Section 7.3 for preliminary experimental results),
the observed performance differences may be
partially or entirely attributable to these con-
founding variables rather than a purely “nostal-
gic” psychological effect. For example, higher
visual concreteness itself may reduce recogni-
tion difficulty. Therefore, the current data pro-
vide preliminary, indicative support for the LMM
model’s argument that “nostalgic symbols are
associated with cognitive operational efficien-
cy,” but cannot yet confirm a causal relationship.
Future research must employ experimental ma-
terials that are strictly matched on non-nostalgic
dimensions to isolate the unique contribution of
the nostalgia effect.

8.2 Experiment two

Experiment Two aimed to directly measure
memory activation (nostalgia) and cognitive load
(NASA-TLX) elicited by nostalgic icons, thereby
testing the core pathway in the LMM model:
'nostalgic symbols — memory activation — re-
duced cognitive load'.

8.2.1 Participants

An additional 10 elderly participants meeting
screening criteria were recruited, aged 60-70
years, comprising 6 males and 4 females. All par-
ticipants possessed normal vision or corrected
vision, exhibited no cognitive impairment, and
were non-overlapping with participants from the
pre-experiment and Experiment One.

8.2.2 Measurement instruments

Nostalgia Rating: Employed a 5-point scale
(1=Strongly Disagree, 5=Strongly Agree) adapted
from the Southampton Nostalgia Scale, com-
prising three items: 'Recalling past experiences



Age-friendly interaction design for smart homes

o] : B

=
\

)

Figure 3. Control group: traditional flat icon design
(image designed by the author)

or scenes,' 'Resembling objects seen in youth,'
and 'Recalling fragments of past life.' The mean
score across these three items served as the to-
tal nostalgia score, with higher scores indicating
stronger memory activation.

Cognitive Load: The NASA-TLX simplified ver-
sion (5-point scale) was employed, comprising
six dimensions: mental demand, physical de-
mand, time pressure, effort, frustration, and self-
expression. The "Self-Perceived Performance"
dimension is reverse-scored (higher raw scores
indicate greater satisfaction; higher converted
scores indicate greater cognitive load) to align
with the direction of other dimensions. The aver-
age of the six dimensions serves as the total cog-
nitive load score, with higher scores indicating
greater subjective cognitive load.

8.2.3 Experimental results

(1) Nostalgia rating outcomes

Descriptive statistics and independent samples
t-test results for nostalgia ratings across both
groups are presented in Table 3.

Note: Nostalgia scores represent the average of
three items (5-point scale, T=strongly disagree,
5=strongly agree), with higher scores indicat-
ing stronger memory activation. Independent
samples t-tests revealed that the nostalgia icon
group scored significantly higher than the mod-
ern icon group on all items and the total score
(p<0.001).

The results indicate that the nostalgic icon
group scored significantly higher than the mod-
ern icon group on both the total nostalgia score

and all individual items. This finding is consist-
ent with the direction predicted by Hypothesis
H1 of the LMM model, suggesting that nostalgic
icons are associated with a stronger experience
of memory activation.

(2) NASA-TLX cognitive load results

Descriptive statistics and independent samples t-
test results for each dimension and total score of
the NASA-TLX across both groups are presented
in Table 4.

Note: The NASA-TLX dimensions employ a
5-point scale (1 = very low, 5 = very high). The
"Self-Performance" dimension has been reverse-
scaled to align with the other dimensions (i.e.,
higher raw scores indicate greater satisfaction;
higher converted scores indicate greater work-
load). The total score is the average of the six di-
mensions. Independent samples t-tests revealed
that the nostalgia icon group scored significant-
ly lower than the modern icon group across
all dimensions—cognitive demand, physical
demand, time pressure, effort, frustration, and
total score (p<0.05).

The results showed that the nostalgic icon
group scored significantly lower on the NASA-
TLX total score than the modern icon group.
This finding is consistent with the direction pre-
dicted by Hypothesis H2 of the LMM model,
indicating that enhanced memory activation
is associated with reduced subjective cogni-
tive load. Combining the results of Experiment
1 and Experiment 2, we observed a consist-
ent pattern of association between “the use
of nostalgic icons” and “better behavioral per-
formance and lower cognitive load. "Experi-
ment 2 directly measured memory activation
(nostalgia), providing preliminary procedural
evidence for the core pathways of the LMM
model. However, because the experimental
materials were not matched on confounding
variables such as familiarity and concreteness,
we cannot assert that the observed differenc-
es in memory activation and cognitive load
were caused solely by “nostalgia.” These con-
founding variables may also influence scores
of nostalgia and cognitive load. Therefore, the
current evidence should be regarded as indic-
ative support for the mechanisms of the LMM
model rather than definitive validation.

Table 2. Cognitive efficiency comparison between nostalgic and traditional icons

Experimental Group (Mean = SD) Control Group (Mean + SD)

Paired t-test p-value

Indicator

First-pass recognition accuracy (%) 95.55+7.64
Task completion time (seconds) 56.20+13.08
Number of incorrect operations 0.27+0.46

61.11£21.52 <0.001
68.67+15.79 <0.001
2.33+£1.29 <0.001




Age-friendly interaction design for smart homes

Table 3. Comparison of nostalgia scores between the two groups

Recalling past

Resembling objects Recalling fragments of

Group Overall Nostalgia Score

experiences or scenes  encountered in youth past life
Nostalgic icon set 4.57 +0.47 5.00 + 0.00 4.70 £ 0.48 4.00 + 1.15
Modern icon set 1.50 + 0.42 1.50 + 0.85 1.70 £ 0.82 1.30+£0.67
t-value 15.34 11.18 9.87 6.45
p-value <0.001 <0.001 <0.001 <0.001

8.3 Experimental limitations
This study presents the following limitations,
which require refinement in future work:

Sample and ecological validity constraints: The
sample size for Experiment 1 (behavioural per-
formance) was 15 participants, while Experiment
2 (core mechanisms) involved 10 participants,
both drawn from the same urban community.
This limits the generalisability of findings. The
experimental tasks comprised simplified single-
page click operations, failing to encompass the
complex multi-level navigation, status feedback,
and concurrent task scenarios found in real smart
home systems, thus necessitating enhancement
of ecological validity.

Phase-specific participant differences: The pre-
experiment (n=10), Experiment One (n=15), and
Experiment Two (n=10) each recruited inde-
pendent samples of older adults. Although no
cross-phase comparison was intended, possi-
ble differences in age distribution, educational
background, cognitive status, or prior technol-
ogy experience among these participant groups
may have influenced the overall pattern of re-
sults. Future research should use a single cohort
of participants across all phases to eliminate this
potential confound.

Fundamental Limitations of Confounder Control:
This is the most critical limitation of this study.
As demonstrated in the pilot study in Section
7.3, the nostalgic and modern icons used in this
study exhibited systematic differences in famili-
arity, visual concreteness, and semantic clarity,

Table 4. Comparison of NASA-TLX scores between two groups

and thus failed to be matched. This directly pre-
vents us from uniquely attributing the observed
between-group differences (whether in behav-
ioral performance or subjective experience) to
the psychological construct of “nostalgia.” This
limitation severely undermines the strength of
causal inference regarding the study’s central ar-
gument, necessitating that all findings be inter-
preted as exploratory, correlational, and prelimi-
nary evidence. Although Experiment 2 directly
measured feelings of nostalgia, the measure-
ment itself may also have been influenced by
characteristics such as the concreteness of the
icons. Future research must overcome this limi-
tation through rigorous material selection (e.g.,
selecting nostalgic/non-nostalgic icons matched
for familiarity and concreteness, or adopting an
experimental separation paradigm).

Mechanism measurement limitations: Experi-
ment 2 directly assessed memory activation and
cognitive load via subjective scales (nostalgia rat-
ings, NASA-TLX), providing direct evidence for
the core pathways of the LMM model. However,
subjective reporting may be influenced by par-
ticipants' introspective abilities and social desir-
ability bias, and the sample size was small (n=10).
Future research should incorporate objective
physiological indicators such as eye-tracking
and electroencephalography (EEG), combined
with multimodal data, to rigorously test the
causal chain: 'symbol presentation — memory
activation — reduced cognitive load'.

Longitudinal and learning effect limitations:
The intra-subject design employed, despite ran-

Dimension Retro Icon Set Modern Icon Set t-value p-value
Mental demands 240 +1.35 3.90 +1.10 -2.71 0.014
Physical demands 2.00 £ 1.33 3.60 £ 0.97 -3.04 0.007
Time pressure 2.30+0.82 3.70 + 0.48 -4.67 <0.001
Effort level 2.40 +1.35 4.30+£0.82 -3.80 0.001
Frustration 2.10+1.20 4.20+0.79 -4.61 <0.001
Self-performance (inverse) 2.60 +1.84 2.10+0.74 0.80 0.434
NASA-TLX total score 2.30+0.80 3.63 £0.51 -4.42 <0.001
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domised task order and inter-trial intervals, may
still introduce learning or order effects. The ab-
sence of longitudinal tracking precludes assess-
ment of the nostalgia icon effect's persistence
and potential habituation or attenuation fol-
lowing prolonged exposure. Future longitudinal
studies spanning 4-8 weeks could examine the
stability and user acceptance of nostalgic design
in extended usage.

Despite these limitations, this study observed the
behavioural performance enhancement of nos-
talgic icons through Experiment 1 and directly
measured the mediating role of memory activa-
tion and cognitive load reduction in Experiment
2. The two experiments corroborate each other,
collectively providing preliminary correlational
evidence consistent with the theoretical pathway
proposed by the LMM model: ‘nostalgic symbols
— memory activation — reduced cognitive load".
Nostalgic icons may form 'cognitive shortcuts'
by activating older adults' episodic memory and
emotional resonance, thereby reducing symbol
decoding time and working memory load. This
aligns with fMRI findings showing enhanced hip-
pocampal activation in response to nostalgic
stimuli [31], providing preliminary empirical sup-
port for the LMM model.

DISCUSSION AND FUTURE DIRECTIONS

As an exploratory study, this research is the first
to integrate the “nostalgic symbols—memory
recall—cognitive load reduction” mechanism

into a testable LMM model. Through behavioral
experiments and subjective reports, it provides
preliminary, indicative empirical support for the
model’s core hypotheses. The results suggest
that using nostalgic symbols familiar to older
adults in interface design may help improve their
operational efficiency and reduce subjective
cognitive load. However, due to a fundamental
limitation—namely, the lack of matching across
key dimensions such as familiarity and concrete-
ness in the experimental materials—the findings
of this study must be regarded as preliminary evi-
dence of an association rather than direct valida-
tion of the causal role of the “nostalgia effect.”

Future research should first address the core limi-
tations of this study by designing pairs of nostal-
gic and modern icons that are strictly matched in
non-nostalgic attributes such as familiarity, visual
concreteness, and semantic clarity, or by adopt-
ing more sophisticated experimental paradigms
(such as priming paradigms) to isolate the unique
contribution of “nostalgia” in a controlled man-
ner. Building on this foundation, future research
should expand the sample size to include partici-
pants from diverse geographic regions and educa-
tional backgrounds, incorporate multimodal phys-
iological measures such as eye-tracking and EEG,
conduct longitudinal tracking studies, and transfer
the model to more complex real-world scenari-
os—such as healthcare and transportation—to
test its long-term effects and generalizability.
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