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ABSTRACT:

Museum smart guide services are currently shifting from information presentation within a single
venue to service integration across multiple venues. Macao has abundant museum resources covering
history and culture, art exhibitions, folk education, and other categories. However, visitors still face
problems such as fragmented information, complex route decisions, and insufficient continuity
among cultural themes when they visit multiple museums. To improve the guide efficiency and
visitor experience of the Macao museum cluster, this paper takes the smart guide service for this
cluster as its research object. It combines field visits, user interviews, and Kano questionnaire
analysis to identify visitors’ needs in terms of route planning, information acquisition, and themed
recommendations. The results show that the automatic generation of personalized visiting routes is
the most sensitive basic function in the sample of this study, while preset themed routes have a
certain potential to improve satisfaction. Notably, nonlocal visitors account for 92% of the sample,
and respondents aged 18 to 30 account for 85.33%, indicating that the sample is clearly biased
toward young nonlocal short-term visitors. Therefore, functions such as an elder-friendly mode,
multilingual services, and local cultural participation should not be interpreted as confirmed needs of
elderly users, local residents, or foreign visitors. In this paper, these functions are treated only as
preliminary design concepts that require further testing with more targeted user samples. Based on
the research findings, this paper proposes a service design scheme for the Explore Macao Museums
app, which integrates venue information, cross-museum route generation, themed route
recommendation, multilingual guidance, and elder-friendly interaction into one platform to reduce
visitors’ pressure in terms of information search and route selection during cross-museum visits.
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Abstract: Museum smart guide services are currently shifting from information presentation
within a single venue to service integration across multiple venues. Macao has abundant museum
resources covering history and culture, art exhibitions, folk education, and other categories.
However, visitors still face problems such as fragmented information, complex route decisions,
and insufficient continuity among cultural themes when they visit multiple museums. To
improve the guide efficiency and visitor experience of the Macao museum cluster, this paper
takes the smart guide service for this cluster as its research object. It combines field visits, user
interviews, and Kano questionnaire analysis to identify visitors’ needs in terms of route
planning, information acquisition, and themed recommendations. The results show that the
automatic generation of personalized visiting routes is the most sensitive basic function in the
sample of this study, while preset themed routes have a certain potential to improve satisfaction.
Notably, nonlocal visitors account for 92% of the sample, and respondents aged 18 to 30 account
for 85.33%, indicating that the sample is clearly biased toward young nonlocal short-term
visitors. Therefore, functions such as an elder-friendly mode, multilingual services, and local
cultural participation should not be interpreted as confirmed needs of elderly users, local
residents, or foreign visitors. In this paper, these functions are treated only as preliminary design
concepts that require further testing with more targeted user samples. Based on the research
findings, this paper proposes a service design scheme for the Explore Macao Museums app,
which integrates venue information, cross-museum route generation, themed route
recommendation, multilingual guidance, and elder-friendly interaction into one platform to
reduce visitors” pressure in terms of information search and route selection during cross-museum

visits.
Keywords: Kano model; app-based smart guide; museum cluster; Macao cultural tourism
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Introduction

In urban cultural tourism, museums are no longer merely places for collecting and
displaying cultural relics; rather, they are also increasingly responsible for cultural
communication, public education, and the presentation of urban image. Modern museum
tourism research has gradually shifted from analyzing resource value and visiting
motivation to issues such as the visitor experience, public service, and the construction of
cultural spaces [1,2]. With the continuous application of digital technologies, museum
guide services are no longer limited to exhibit interpretation and indoor navigation. They

have gradually extended to visiting route planning, cultural content recommendation, and
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service adaptation for multiple user groups. For cities with numerous museums, visitors
face not only the problem of obtaining information about a single museum but also issues
such as cross-museum route selection, time arrangement, and cultural theme connection.
Therefore, research on smart guide services for museum clusters should shift its focus from
information presentation within a single venue to centralized information presentation and

visit -experience organization across multiple venues.

As an important city where Chinese and Western cultures meet, Macao has relatively rich
museum resources, covering history and culture, art exhibitions, folk education, science
and technology, and other fields. However, from the perspective of visitors” actual visiting
process, guide services for the Macao museum cluster still suffer from dispersed
information access points, insufficient cross-museum route linkage, and weak content
connections among venues. Visitors often need to search repeatedly across different
platforms for opening hours, exhibition content, transport routes, and activity information.
As a result, the visiting process can easily be interrupted by information search and route
judgment, affecting the continuity of the overall cultural experience of the museum cluster.
Previous studies have pointed out that in the context of the integration of culture and tourism,
museums need to enhance the visitor experience through public service optimization,
digital-intelligent empowerment, resource integration, and cross-sector collaboration [3][4].
The organization of cultural spaces also affects urban tourism perceptions and visitor
behavior [5]. Therefore, the service problems of the Macao museum cluster not only are
caused by an insufficient release of information but also involve inadequate coordination

among multiple venues and service links within the cultural tourism service chain.

At both the national and Macao regional levels, the development directions of digitalizing
culture and tourism, universalizing public services, and integrating cultural resources have
been continuously emphasized. Promoting museum clusters from spatial aggregation to
digital collaboration has become an important trend. After experiencing existing museum
smart guide systems, the authors found that most systems target a single museum and focus
on AR display, Al interpretation, indoor routes, and interactive experiences, while
discussion of cross-museum information integration, route linkage, and thematic
connection within museum clusters remains relatively insufficient. Especially in the urban
tourism context of Macao, where venues are concentrated, the themes are diverse, and
visitors often have limited stay times, further research based on actual user needs is still
needed to determine how fragmented venue information can be organized into clear visiting
routes and how visitors can complete smoother cross-museum visits within a limited amount
of time. Therefore, in this paper, nonlocal visitors to Macao are taken as the main research
subjects. Through field visits, user interviews, and Kano model analysis, the influence of
different guide functions on user satisfaction is evaluated, and service design strategies for
the Explore Macao Museums app are accordingly proposed. This paper is developed in
terms of three main aspects. First, it discusses the Macao museum cluster within the service
scenario of urban cultural tourism. Second, based on questionnaire results from young
nonlocal visitors, it identifies priorities for functions such as cross-museum routes,
information inquiry, and themed recommendation. Third, it applies the Kano analysis

results to the functional design of the Explore Macao Museums app. Notably, since the
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sample is dominated by young nonlocal visitors, this paper does not make definitive
inferences about elderly visitors, local residents, or foreign visitors. The related functions
are explored only as directions of inclusive design and still require further verification with

a more balanced sample.

1. Cultural Tourism Characteristics and
Service Difficulties of the Macao Museum
Cluster

Smart guide services for museum clusters are comprehensive services oriented toward
multiple venues, diverse users, and continuous visiting scenarios. Compared with single-
museum guide services, museum cluster guide services place greater emphasis on venue
information integration, cross-museum route linkage, cultural theme connection, and
differentiated user adaptation. Related studies indicate that in the context of culture-tourism
integration, museum tourism not only performs the function of cultural display but also
needs to enhance visitors’ understanding of local culture through public services,
experience design, and urban spatial organization [2,6]. Therefore, the smart guide problem
of the Macao museum cluster should not be understood only from the perspective of
information display in one museum; rather, it should be examined within the urban cultural
tourism service system. To clarify the practical problems of the smart guide service for the
Macao museum cluster, this paper analyzes its cultural tourism characteristics and service

difficulties based on three dimensions: resources, users, and services.

In terms of resource characteristics, the Macao museum cluster consists of 45 venues,
covering diverse themes such as history, art, folk culture, and science and technology. These
venues are distributed in and around the historic center of Macao and serve as material
carriers of the integration of Chinese and Western cultures. Museum tourism research
emphasizes that the key to transforming cultural resources into tourism experiences lies in
whether clear thematic relationships, spatial routes, and service support can be formed
among resources [1,3]. However, judging from the current service situation, information
release, activity updates, and visit guidance in different venues are still mainly organized
around individual museums, and unified information integration across venues is lacking.
When planning routes involving multiple museums, visitors need to separately check the
opening hours, exhibition themes, geographical locations, and transport modes associated
with different venues. This need increases the cost of information filtering before the visit

and weakens the experiential continuity of the museum cluster as an integrated cultural space.

In terms of user characteristics, the potential users of the Macao museum cluster include
different groups, such as nonlocal visitors, local residents, teenagers, and elderly visitors.
Based on existing studies and preliminary interviews, it can be initially judged that nonlocal
visitors pay more attention to route planning, opening hours, transport connections, and
one-stop information inquiry; local residents and teenagers may pay more attention to
cultural learning, parent—child activities, and local cultural cognition; and elderly visitors

may rely more on clear interfaces, voice prompts, and simplified operations. Existing
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studies have noted that the optimization of museum public services should respond to the
experiential differences among different groups and consider multiple needs, such as
cultural education, leisure visits, and urban tourism [2,4]. However, the sample of this
study cannot fully represent all these groups; thus, the related differences are used only as

a basis for later functional hypotheses and research expansion.

In terms of service characteristics, existing guide services remain largely at the level of
single-museum information introduction and basic navigation, and they provide insufficient
support for cross-museum routes, thematic connection, and multigroup adaptation.
Although visitors can obtain some venue information through maps, official websites, or
social platforms, this information lacks a unified organization and is difficult to transform
directly into a complete visit plan. Research on the digital transformation of regional
museums has already proposed the importance of information resource integration for
collaborative services [7]. However, in specific guide scenarios, there is still room for
further research on how to transform venue opening hours, exhibition themes, transport
distances, language needs, and user interests into operable cross-museum visiting routes.
At the same time, Macao’s urban characteristics of Chinese-Western cultural integration
have not yet been fully reflected in the guide service process, and the connection between

cultural content and route recommendation still needs to be improved.

Overall, Macao has a large number of museums, rich themes, and distinctive Chinese—
Western cultural characteristics. However, in actual visits, visitors still need to search for
information about each venue, judge the order of routes, and arrange visiting time by
themselves, which affects the convenience of cross-museum visits. The core of the existing
problem is not the insufficiency of a single technological function but the fact that dispersed
venue resources have not yet been effectively organized into a continuous cultural tourism
service experience. Therefore, smart guide services should not stop at simply adding AR,
Al, and other technical functions. Instead, they should start from visitors’ real visiting
process and connect venue information inquiry, route generation, theme recommendation,
and the use needs of different users so that dispersed museum resources can form clearer
visiting paths. For multigroup adaptation, this paper proposes only exploratory directions
from the perspective of inclusive services, and their specific effectiveness still needs

subsequent stratified verification.

2. Kano Questionnaire Design and Research
Implementation for Smart Guide Services in
the Macao Museum Cluster

To identify user needs for smart guide services for the Macao museum cluster, this paper
first uses field visits and user interviews to understand the main contact points and pain
points of visitors during cross-museum visits. The needs that appeared frequently in the
interviews are then transformed into functional items in a Kano questionnaire. The
questionnaire results are used to determine the impact of different functions on the

satisfaction of the current sample and to provide a basis for the subsequent priority setting
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of app functions and service design strategies. The research process includes preliminary
research, the extraction of functional needs, Kano questionnaire design, the classification
of need attributes, better-worse coefficient analysis, and transformation into design
strategies. Notably, the interpretation of the Kano results is limited by the sample structure.
In the analysis, this paper distinguishes between “core needs supported by data” and

“exploratory design suggestions proposed on the basis of public service goals.”

2.1. Review and Commentary on Related Research

As digital technologies enter museum guide scenarios, smart guidance has gradually
become an important topic in museum service research. Existing studies focus mainly on
augmented reality, artificial intelligence guidance, route navigation, elder-friendly
interaction, and service design. Some research has examined the factors influencing visitors’
use of augmented reality technologies in museum guided tours [8], and mobile augmented
reality guide services have been shown to help improve users’ understanding of exhibit
content and interactive experience [9]. In terms of smart guide demand analysis, previous
studies have attempted to use techniques such as the Kano method to identify different
levels of user needs for museum guide services, providing a reference for judging functional
priorities [10]. Research on artificial intelligence guidance further focuses on the
relationships among guide language, interaction modes, and users’ psychological feelings,
indicating that smart guidance is not merely a technological accumulation; rather, it also
involves the organization of the user experience [11]. In addition, studies on virtual maps
and landmark descriptions provide references for presenting wayfinding information in
guide terminals [12], while studies on smart museums and sustainable museum experiences
extend the discussion from the technology application, tourism promotion, and cultural

management perspectives [13,14,15].

Domestic studies pay more attention to the construction of smart museum service systems,
elder-friendly services, and the application of service design methods. Research on smart
museum services emphasizes that public cultural services should improve accessibility and
inclusiveness by considering the use abilities and visiting needs of different user groups
[16]. Studies on the construction of artificial intelligence guide systems note that smart
guides can improve the efficiency of museum services through voice interaction, knowledge
question answering, and route recommendation [17]. The application of Al smart guide
technologies in public services has also gradually become an important direction of museum
service innovation [18]. From the service design perspective, smart guidance should be
systematically designed around the user’s complete visiting process rather than remaining
at the level of single-function development [19]. Related studies have also provided
complementary perspectives on digital media interfaces, inclusive tourism, the role of Al
tourist guides, the optimization of visitor needs, the layering of multilingual systems, smart
museum information systems, augmented, virtual and mixed reality for cultural heritage,
and multisensory museum experiences [20, 21, 22, 23, 24, 25, 26, 27]. Research on the
digital transformation of regional museums further proposes that information resource
integration helps promote unified management and collaborative services for museum

resources [7]. Meanwhile, research on museum culture—tourism integration argues that the
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value of museum tourism is reflected not only in venue visits themselves but also in the
shaping of urban cultural spaces, the supply of public services, and the organization of

visitor experiences [1,2,3,6].

However, in terms of research objects and service scope, existing smart guide studies still
focus mainly on a single museum or a single exhibition space, emphasizing exhibit
interpretation, indoor navigation, immersive interaction, and the optimization of single-
venue services. In contrast, museum cluster guidance faces an urban cultural tourism
scenario that is jointly composed of multiple venues. Its core issue is not only “how one
museum can provide better interpretation” but also “how multiple museums can form
information integration, route linkage, and thematic connection.” Existing studies on
regional museum digitalization, museum tourism, and culture-tourism integration provide a
macrolevel basis for resource integration and public service optimization [4,5,7]. However,
for microlevel service processes such as route generation, thematic linkage, multilingual
services, and elder-friendly adaptation in cross-museum visits, empirical analysis and design

transformation based on samples from different user groups remain insufficient.

Therefore, this paper expands the research perspective from single-museum smart guidance
to smart guide services for the Macao museum cluster, focusing on visitors’ information
search, route judgment, and theme selection during cross-museum visits. Through field
visits, user interviews, and Kano questionnaire analysis, this study identifies the need
attributes of different functions and transforms the results into the information architecture
and functional strategies of the Explore Macao Museums app. Compared with previous
studies that emphasized technology application or single-museum experience optimization,
the uniqueness of this paper lies in the fact that it places smart guidance within the
multimuseum information integration scenario of cultural tourism in a museum cluster,
responding to practical needs for cross-museum information, routes, and thematic linkage.
Functions such as elder-friendly design, multilingual services, and local cultural
participation are treated only as exploratory hypotheses for inclusive design rather than

conclusions directly proven by the current data.

2.2. Preliminary Research

In this study, three representative museums in Macao were selected for field visits, and
interviews were conducted on topics such as existing guide experiences, cross-museum
linkage, smart guide functions, and the cultural characteristics of Macao. The interview
results reveal that the problems most frequently mentioned by visitors during cross-museum
visits are route planning, multimuseum information inquiry, and theme selection. Some
respondents mentioned that they hoped guide tools could generate routes based on visiting
times, interests, and companion groups while also providing voice guidance, multilingual
services, and elder-friendly support. Owing to the limited number of interviewees, the latter
two types of functions are used mainly for generating functional items and exploratory
design assumptions in this paper and cannot directly represent the stable needs of specific
groups. The preliminary research above, represented by onsite interviews at the Handover
Gifts Museum of Macao, provides a basis for setting the functional items in the subsequent

Kano questionnaire (Figure 1).
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Figure 1. Interview at the Handover Gifts Museum of Macao. Photography by the author(s).

2.3. Kano Questionnaire Design

The questionnaire designed for this research, titled the User Demand Survey for Smart Guide
Services in the Macao Museum Cluster, is divided into three parts and contains 16 questions
in total. The basic information section includes five single-choice questions about the visiting
experience, gender, age group, identity, and the museum visiting frequency in the past year,
the responses to which are used to understand the composition of the sample and visiting
characteristics. The core functional demand section is a Kano model matrix scale, covering
functions such as cross-museum route generation, themed route recommendation, dynamic
route adjustment, opening and closing information reminders, overview maps, multilingual
settings, Al visit diaries, online AR exhibition halls, cross-museum joint tickets, and elder-
friendly modes. Each function is evaluated at five levels, namely, “like very much,” “like
somewhat,” “neutral,” “can accept with difficulty,” and “dislike,” for both the presence
and absence of the function. This is the core part of the survey. The open suggestion section
is a fill-in question that collects users’ additional functional needs, suggestions for
improvement, and opinions on exploring cultural connotations for smart guide services,

thereby supplementing the limitations of quantitative analysis.

The research subjects include nonlocal visitors, local residents, and long-term residents in
Macao who visit Macao museums. The questionnaire was distributed both online and offline
to expand the sample. However, in the final valid sample, nonlocal visitors and young
respondents account for a relatively high proportion, indicating clear limitations in sample
representativeness. Therefore, the subsequent analysis is mainly used to reflect the demand
characteristics of young nonlocal visitors during short-term cross-museum visits, while
discussions related to local residents, elderly visitors, and foreign visitors are treated as

exploratory supplements.

2.4. Data Collection and Demand Analysis of Smart Guide
Services for Macao Museums

A total of 150 valid questionnaires were collected in this research. In the sample, nonlocal

visitors account for 92%, and young respondents aged 18 to 30 account for 85.33%. These
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results mean that the sample structure is clearly biased toward young nonlocal short-term
visitors. Therefore, the Kano analysis results mainly reflect the preferences of this group
during short-term cross-museum visits and cannot be directly generalized to the needs of
local residents, elderly visitors, or foreign visitors. In this paper’s subsequent discussion of
design aspects such as elder-friendly modes, multilingual services, and local cultural
participation, these are all defined as exploratory suggestions based on interview feedback,
the literature, and public service goals rather than definitive conclusions derived from the

present Kano data.

2.4.1. Kano Model Need Attribute Classification

According to the Kano model need attribute classification results, the automatic generation
of personalized visiting routes is classified as a must-be need, indicating that the current
sample is strongly dependent on cross-museum route planning. Preset themed routes are
classified as an attractive need, indicating that they have a certain potential to improve the
level of satisfaction among young nonlocal visitors. Although one-click switching to an
elder-friendly mode is also classified as an attractive need in the overall statistics, since the
main body of the sample des not consist of elderly users, this result can only indicate that
the current sample has a positive perception of the “simplified operation/elder mode.” This
finding cannot be equated with empirical verification of elderly users’ needs. Online AR
exhibition halls, multilingual settings, overview maps, Al visit diaries, and other functions
are classified as indifferent attributes in the overall statistics, indicating that the respondents
are not highly sensitive to these functions in the immediate use scenario and that their
presence or absence does not cause strong dissatisfaction. The classification of need
attributes above provides a basis for the subsequent judgment of functional priorities
(Table 1). On this basis, user pain points can be further translated into specific app
functional modules. For example, decision fatigue corresponds to cross-museum route
generation, information islands correspond to basic information navigation for individual
museums, and monotonous experiences correspond to expanded modules such as

interactive experiences and elder-friendly services (Figure 2).

User Pain Points Kano Requirement Categories APP Specific Functions
Smart Route
Decision Basic Needs (M) Generation across
Fatigue Venues

Single Venue Basic
Information Navigatior

< : &
. a < -
Information = Performance Needs (0) I Personal Digital
Island . Exhibition Journal
E"v)’ Multimodal Interactive
Experience
Banal : !
Experience e ey I Age-Friendly Service
Mode

Figure 2. Sankey Diagram of the Transformation from User Pain Points to Kano Needs. Figure drawn by
the author (s).
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Table 1. Kano Two-Dimensional Attribute Classification Frequency Statistics. Table drawn by the author(s).

1D Functional Item A (%) 0 (%) M (%) I(%) R (%) Q (%) Classification

Automatically generates

F1 30 0 40 30 0 0 M
personalized routes

F2 Provides preset themed routes 40 0 30 30 0 0 A

F3 Dynamically adjusts routes 30 0 10 60 0 0 I
Integrates opening hours,

F4 ticketing, reservation access 10 20 0 70 0 0 I

and admission information

F5 Provides an overview map 40 0 0 60 0 0 I
Supports multilingual

F6 40 0 0 60 0 0 I
switching

F7  Al-generated visit diary 30 0 10 60 0 0 I

F8 Online AR exhibition hall 40 0 10 50 0 0 I
Multimuseum joint

F9 20 10 0 70 0 0 I
ticket/benefits

F10  One-click elderly mode* 50 0 10 40 0 0 A

Note: A = attractive; O = one-dimensional; M = must-be; I = indifferent; R = reverse; Q =

questionable. Bold numbers indicate the highest percentage of the assigned category for each item.

Table 2. Analysis of the Kano Model Calculation Results. Table drawn by the author (s).

Code Functional Item Kano Attribute Better Worse
F1 Personalized route generation Must-be 30% -40%
F2 Preset themed routes Attractive 40% -30%
F3 Dynamic route adjustment Indifferent 30% -10%
F4 Opening/ticket/reservation/admission info Indifferent 30% -20%
F5 Museum cluster overview map Indifferent 40% 0%
F6 Multilingual interface and audio guide Indifferent 40% 0%
F7 Al museum visit diary Indifferent 30% -10%
F8 Online AR exhibition hall Indifferent 40% -10%
F9 Multimuseum joint tickets/benefits Indifferent 30% -10%

F10 Elder-friendly mode* Attractive® 50% -10%

Note: F6 and F10 are interpreted as full-sample perceptions only. They should not be interpreted as verified

needs of multilingual users, elderly users or local residents without further subgroup testing.
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Figure 3. Better-Worse Quadrant Analysis of the Kano Model. Figure drawn by the author (s).

2.4.2. Better-Worse Coefficient Calculation and Analysis

As shown in the better-worse coefficient results (Table 2), the worse coefficient of
“automatic generation of personalized visiting routes” is -40%, which indicates a relatively
obvious negative impact among all functions. This means that the absence of this function
is more likely to cause dissatisfaction among users in the current sample. From the better-
worse quadrant distribution, F1 is located in the must-be area, while F2 “preset themed
routes” and F10 “one-click elder-friendly mode” are closer to the direction of satisfaction

improvement (Figure 3).

These results are consistent with the cross-museum visiting context of the Macao museum
cluster: Macao has numerous museums with different thematic types, and when visitors
complete cross-museum visits within a short period of time, they need to judge the venue
distance, opening hours, transport modes, and visiting interests simultaneously. Route
generation therefore becomes an important function for reducing decision-making costs.
F10 “one-click elder-friendly mode” has a high better coefficient, but the boundary of its
interpretation needs to be narrowed. This result is more suitable as an indication of family-
accompanied visiting scenarios and inclusive design directions and cannot be used as a
strong conclusion about the actual needs of elderly visitors. The better coefficients of
multilingual settings and overview maps are also relatively high. Although they are
classified as indifferent attributes in the Kano classification, considering Macao’s
multilingual environment and the scenario of cross-museum information integration, they
can be used as low-risk supplements to the basic information integration module but should

not be described as high-priority empirically verified needs.
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2.4.3. Insights into the Differentiated Needs of User Groups

Combining the questionnaire results with the interview feedback indicates that the current
data can somewhat fully explain the concerns of young nonlocal visitors in terms of guide
services, but it is insufficient to support definitive judgments about local residents, elderly
visitors, or foreign visitors. Nonlocal visitors pay more attention to cross-museum routes,
opening hours, transport modes, and one-stop information inquiry. Young users have some
interest in interactive experiences, visit records, and social sharing, but these are less
important than route planning and information integration are. Local residents, teenagers,
and elderly users account for a relatively low proportion of the sample; thus, the related
needs mainly come from interview observations, literature support, and inclusive design
considerations and can only serve as bases for future functional expansion and research

hypotheses.

Overall, the main problems associated with smart guide services for the Macao museum
cluster are concentrated in the cross-museum visiting process. Before visiting, visitors need
to spend a considerable amount of time searching for information about different venues;
during their visit, they are easily affected by route linkage and transport judgments; and
after their visit, they lack records and extensions of their personal visiting content.
Therefore, smart guide services need to be designed around the complete visiting process

rather than merely adding technological display to a single function.

2.4.4. Discussion of the Causes of Indifferent Attributes and Reflections
on the Sample

The relatively high proportion of indifferent attributes in this study should not be simply
understood as meaning that the related functions have no value. Instead, it should be
analyzed together with the sample structure and use scenarios. Most respondents are young
nonlocal visitors whose visiting goals focus more on completing route judgments and
obtaining basic information within a short period of time. Therefore, they lack clear
expectations for deep interactive functions such as AR exhibition halls and Al visit diaries,
making these functions more likely to fall into the indifferent category in the questionnaire.
Although multilingual services and overview maps are also classified as indifferent
attributes, they have fundamental supporting significance in Macao’s cross-museum service

context and can still be retained as low-risk and low-threshold information infrastructure.

The results indicate that in the initial stage of app development, priority should be given to
constructing basic functions such as cross-museum route generation, venue information
integration, and reminders about opening hours to reduce the use costs for young nonlocal
visitors first. As user frequency increases, participation can then be enhanced through
themed activities, visit records, community interaction, and AR displays, allowing
interactive functions to gradually transform into satisfaction-enhancing functions. Functions
such as elder-friendly design, multilingual services, and local cultural participation should
be based on prototype testing and stratified sample verification to avoid overreaching
conclusions based on the current sample. The analysis above can be further transformed
into design levels of “prioritized construction of must-be functions, experience

enhancement through attractive functions, future verification of inclusive functions, and
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basic support or later expansion of indifferent functions” (Table 3). Therefore, the
development priority in this paper is not simply ranked by the “better” coefficients. Instead,
it follows the principles of “absence risk first, satisfaction improvement second, retention
of scenario-based basic support, and exploratory verification of functions with insufficient

sample support.”

Table 3. Transformation from Kano Analysis Results to App Functional Design. Table drawn by the author(s).

Design Level

Need Rationale App Implementation

Must-be/highest priority

Attractive/experience

enhancement

Exploratory inclusive

design/future validation

Indifferent but
infrastructural/later

extension

Cross-museum route F1 has the strongest absence risk Al route generation; customized

planning (worse = -40%); reliability comes first.  route suggestions.

F2 improves satisfaction (better = 40%,
History, art, family and study tour
worse = -30%) and strengthens cultural

linkage.

Preset themed routes
routes.

Not definitive subgroup findings because
Pilot elder-friendly and
elderly, local and foreign-language users

Prototype testing; multilingual

interface/audio guide; elder-friendly
multilingual options

are underrepresented. mode as exploratory module.

Overview map; Some indifferent functions support

Cluster map; opening/reservation
integrated info; AR; information integrity; interactive features

info; visit records; AR; Al diary.
visit diary are later-stage extensions.

3. Smart Guide Service Design for the Macao
Museum Cluster Based on the Analysis
Results

Based on the Kano model need -attribute classification and the better-worse coefficient
results, the design of the Explore Macao Museums app focuses on four aspects: cross-
museum route generation, venue information integration, themed route recommendation,
and exploratory group adaptation. The platform first integrates the opening hours,
geographical locations, exhibition themes, activity information, and transport information
of the Macao museum cluster. It then generates route plans according to users’ visiting time,
interests, companion groups, and language needs. Route recommendation considers not
only geographical distance but also thematic continuity, transport accessibility, and visiting
burden, transforming the guide service from a simple information inquiry tool into a tool
for organizing cross-museum visits. The overall service system is developed around users,
the platform, museum collaborators, and the supporting ecosystem, presenting a basic

conception from need identification to service collaboration (Figure 4).
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Figure 4. Service System Map of the Smart Guide for the Macao Museum Cluster. Figure drawn by the author (s).

To strengthen the logical chain from the research results to design practice, this paper does
not mechanically equate Kano attributes with functional choices. Instead, it considers three
judgment criteria simultaneously. The first is absence risk: the higher the worse coefficient
is, the more necessary it is to prioritize functional stability. The second is satisfaction-
improvement potential: functions with higher better coefficients can serve as directions for
experience optimization. The third is scenario necessity and implementation cost: certain
functions classified as indifferent attributes may still be included in the baseline design if they
provide fundamental support for cross-museum information integration, language
accessibility, or fairness in public services, but they should not be described as strong,
empirically verified needs. Based on this logic, route generation is listed as a priority function,
themed routes serve as experience-enhancing functions, multilingual services and overview
maps are defined as information infrastructure, and the elder-friendly mode is defined as an

exploratory inclusive design direction and a focus for subsequent usability testing.

3.1. Hierarchical Service Design Based on Visitor Personas

The Kano questionnaire in this study mainly reflects the needs of young nonlocal visitors.
Therefore, the app design should take the cross-museum visiting needs of this group as the
core empirical basis and focus on responding to route planning and information integration
problems. For local residents, teenagers, elderly users, and foreign visitors, this paper
retains only exploratory design assumptions and clearly treats them as subjects for
subsequent stratified sample research and prototype testing rather than making definitive

conclusions based on the current data.

3.1.1. Empirical Response to the Core Needs of Nonlocal Visitors

The Kano analysis results reveal that the automatic generation of personalized visiting routes
is the most sensitive basic function in the current sample. Therefore, the app has two

entrances: preset themed routes and Al-customized routes. Preset themed routes are designed
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for visitors with limited time and clear goals, providing route plans for history and culture,
art exhibitions, parent—child learning tours, and other themes. Al-customized routes generate
cross-museum visiting suggestions according to users’ input about their visiting time, themes
of interest, companion groups, and walking tolerance. Although overview maps and
multilingual services are classified as indifferent attributes in the overall classification, their
better coefficients are not low, and their implementation risks are relatively low. Therefore,
they are included in the one-stop information inquiry module to display venue locations,
opening hours, transport modes, and basic introductions. These functions are more suitable
as basic information support for the app and should not be directly described as the top-
priority user preferences in the present sample. The relationship of transformation from Kano
attributes to design priorities is reflected at three levels: core construction, experience

enhancement, and subsequent verification (Figure 5).

Kano Results to Design Priority Conversion Chart (Based on Better-Worse Coefficients)

B
Personalized Route

F2
Themed Route

F10
Elder-Friendly Mode

F5
Overview Map

F6
Multilingual Support

F4
Information Integration

F8
Dynamic Adjustment

F3
AR Museum

F7
Al Journal

F9
Combined Ticket Discount

Kano Attribute

0.40
030 Must-be

0.30 -
0.40 Attractive

0.50 Attractive

0.40 Indifferent
0.40 Indifferent
0.30 Indifferent
0.30 Indifferent
0.40 Indifferent
0.30 Indifferent

Bl Better Coefficient (Satisfaction Improvement Potential)
B |Worse| Coefficient (Risk of Absence)

0.30

0.0

0.1 0:2 0.3 0.4 0.5
Coefficient Value

Figure 5. Transformation from Kano Analysis Results to Design Priorities (based on Better-Worse
coefficients). Figure drawn by the author(s).

3.1.2. Forward-Looking Assumptions for Inclusive Design for Diverse Groups

Notably, the design for diverse groups described in this section is not a strong conclusion
directly derived from the sample of this study. Since local residents, teenagers, elderly users,
and foreign visitors are underrepresented in the sample, this paper treats the related functions
only as exploratory suggestions for inclusive service design. Their basis mainly comes from
the goal of universal access to public cultural services, the literature on elder-friendly and
multilingual services in smart museums, and scattered feedback from interviews. Further

verification through stratified sampling and usability testing is still needed.

Elder-friendly functions are intended to reduce the use threshold through larger fonts, high-
contrast interfaces, voice guidance, and simplified operation paths. Youth education
functions can enhance learning through parent—child routes, task-based check-ins, and

knowledge quizzes. Local resident participation functions can strengthen the connection
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between museums and everyday urban life through themed check-ins, community activity
registration, and recommendations of local cultural topics. These functions do not form part
of the core empirical conclusions of this paper. They are only functional hypotheses for
future prototype iteration and user testing, and they complement the route planning and

information integration needs of nonlocal visitors.

3.2. Construction and Design Practice of the Smart Guide
Service System for the Macao Museum Cluster

3.2.1. Design Positioning and Core Objectives

The Explore Macao Museums app is positioned as an integrated smart guide platform for
the Macao museum cluster. Its core objective is to integrate dispersed venue information,
reduce the route-judgment cost of young nonlocal visitors during cross-museum visits, and
improve the visiting experience through themed routes, basic multilingual information,
exploratory elder-friendly modules, and interactive records. The key design focuses of the
platform include one-stop information inquiry, personalized route generation, themed

content recommendation, and verifiable multigroup use adaptation.

3.2.2. Information Architecture and Functional Framework

The app adopts a four-level information architecture consisting of Home, Map, Discussion,
and My Page. The overall logic is clear, and the hierarchy is flat, reducing users’ cognitive
and operating costs. The Home module centrally presents activity recommendations,
selected exhibits, a quick venue search, and a quick entrance to the elder-friendly mode.
The Map module provides a visualized venue overview, Al route generation, themed route
selection, and dynamic navigation guidance. The Discussion module includes auxiliary
functions such as visit diaries, community interaction, and topic sharing. The My Page
module is responsible for personal records, collection management, system settings,
switching to elder mode, and other personalized functions. The four-level architecture
integrates core route services, content recommendations, and personal records within one
functional framework, making it convenient for users to quickly switch across different

visiting stages (Figure 6).

3.2.3. Page Interaction Design: Simple and Smooth, Improving the User
Experience

The page design of the app follows the principles of simplicity, intuitiveness, and smooth
operation. It includes designs for the onboarding pages, registration and login pages, home
page, elder-friendly mode page, activity information page, exhibit information page,
museum information page, map page, community discussion page, personal center page,
and other pages. The onboarding pages use “Macao is a huge three-dimensional museum”
as the core copy, conveying the core concept of the app, improving users’ understanding
of the overall visiting method for the museum cluster, and establishing users’ initial
impression of the platform’s functions and cultural atmosphere through a series of pages
(Figure 7).
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Figure 6. App Functional Framework. Figure drawn by the author(s).
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3.3. Targeted Design of Four Core Functions and App
Implementation

3.3.1. Customized Themed Route Design: Responding to Decision
Burdens in Cross-Museum Planning

According to the Kano model calculation, the worse coefficient of F1 “automatic generation
of personalized visiting routes” is -40%, making it the only clearly identified must-be need
in the current sample feedback (Table 2). This data point indicates that young nonlocal
visitors face route selection burdens, visiting decision costs, and pressure in judging cross-
museum routes when switching among multiple nodes. Therefore, the core strategy of this
design is not simply to add a navigation tool but, rather, to set up dual functions of preset
themed routes and customized route generation. Preset routes cover historical routes,
parent—child routes, study tour routes, and art routes. They are organized in combination
with the cultural characteristics and venue distribution of the Macao museum cluster. The
key point is not merely to connect several museums into one route but, rather, to allow
visitors to understand the relationships among different venues along themes such as history,
art, parent—child learning, and study tours. This design avoids the use of geographical
distance as the only navigation logic. Instead, it uses history, art, parent—child learning,
and other themes as labels, creating multidimensional linkages with the exhibit
characteristics of the 45 venues so that Al can be transformed from a simple wayfinding

tool into an auxiliary cultural curation tool. The customized route page presents cross-
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museum visit plans through maps, route cards, and recommendation prompts, directly
responding to users’ decision burden in route selection (Figure 8). This function mainly
responds to F1 must-be needs and F2 attractive needs: F1 addresses the dissatisfaction risk

caused by the absence of route planning, while F2 improves the themed visiting experience.

3.3.2. Elder-Friendly Design: An Exploratory Assumption of Digital
Inclusion

F10 “one-click switching to the elder-friendly mode” has a relatively high better coefficient
in the current sample. However, because the number of elderly users in the sample is
insufficient, this result should not be interpreted as verification of elderly users’ actual
needs. This paper defines the elder-friendly module only as a forward-looking digital
inclusion design and a direction for subsequent prototype verification. Its design logic is
not limited to the satisfaction feedback of the current questionnaire but explores factors
such as declining vision, reduced selective attention, and the accessibility of public cultural
services. In the elder mode, the app is expected to provide functions such as larger fonts,
high-contrast interfaces, voice guidance, simplified operation paths, and enlarged key
prompts while weakening social and marketing information so that elderly users can obtain
venue introductions, route guidance, and voice interpretation more directly. The elder-
friendly page presents interface differences by comparing the normal mode with the elder
mode, emphasizing a simplified information hierarchy and enlarged key content. However,
its actual effectiveness still needs to be further evaluated after usability testing with elderly
user samples (Figure 9). Although this function appears to be an attractive need in the
overall sample, owing to the insufficient sample of elderly users, this paper treats it only

as exploratory inclusive design and does not include it in the core empirical conclusions.

3.3.3. Macao Multimuseum Linkage: One-Stop Service as Information
Infrastructure

According to the data analysis, the better coefficients of both F5 “overview map” and F6
“multilingual settings” are 40%, while their worse coefficients are 0%. These results
indicate that the current sample is not sensitive to the absence of these functions; thus, they
cannot be described as strong, empirically verified needs. However, in the cross-museum
service scenario of the Macao museum cluster, overview maps and multilingual services
have information infrastructure attributes. The former supports the integrated display of
venue locations, distances, and visiting sequences, whereas the latter responds to Macao’s
multilingual cultural tourism environment. Therefore, this paper includes them in the
baseline design, but their priority is lower than that of F1 “route generation” and F2
“themed routes” and higher than that of medium- and long-term interactive functions such
as AR exhibition halls and visit diaries. Multimuseum linkage concerns not only making
ticket purchases more convenient but also improving the utilization efficiency of cross-

museum resources and the overall capacity of cultural tourism services.

The app incorporates Macao’s main museums and characteristic small venues into one
information system, integrating opening hours, ticket prices, exhibition information,
activity information, and transport modes to facilitate one-stop inquiry for users. The map

page visualizes venue locations and links them with surrounding transport and supporting
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information, providing basic support for cross-museum visits. In the future, joint tickets,
activity reservations, and discount information can be connected on this basis to further
improve multimuseum collaborative service capabilities. This part corresponds to F5
“overview map,” F6 “multilingual support,” and F4 “venue information integration.”
Although some of these functions are classified as indifferent attributes, they support cross-

museum information organization and are therefore retained as infrastructure.

3.3.4. Al Museum Visit Diary Generation: An Interactive Function for
Subsequent Expansion

For young visitors and in-depth visitors, the app sets up visit diary and visit map functions.
After completing a visit, users can indicate the museums that they have visited, and the
system generates personal visit records based on the visiting route, venue themes, and user-
uploaded content. This function can help users review their visiting process and provide a
content basis for later sharing, revisiting, and community interaction. Considering that this
function is not a basic need in the Kano results, it should be presented as an auxiliary
function in the design to avoid affecting the use efficiency of core functions such as route
planning and information inquiry. Its role in improving satisfaction should be further

verified through real usage data in subsequent operations.

3.3.5. Technical and Operational Optimization Suggestions

At the technical level, the platform can establish a unified venue data management
mechanism to continuously update opening hours, exhibition information, activity
information, ticketing information, and transport information, ensuring that users obtain
accurate and reliable information. Al route generation should prioritize factors such as time,
distance, transport modes, venue opening status, and user interests rather than remaining
at the conceptual level of intelligent recommendation. In response to possible network
instability in some venues, the app can add offline maps and offline guide content to

improve stability in actual use.

At the service collaboration level, the platform can collaborate with Macao cultural tourism
departments, museums, surrounding commercial districts, and transport services, gradually
expanding content such as activity reservations, route recommendations, joint-ticket
information, and surrounding service recommendations. These expanded functions should
be promoted gradually based on actual feedback from different user groups to avoid

exceeding the conclusion boundary supported by the current sample.

At the operational level, the app needs to establish a continuous update mechanism that
regularly maintains venue information, themed routes, and user feedback content so that
the smart guide service can serve the overall development of the Macao museum cluster
over the long term. In the future, the effectiveness of functions should also be continuously

evaluated through back-end data and stratified user testing.
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Conclusions, Limitations, and Future
Research

Research Conclusions

This paper takes the smart guide service for the Macao museum cluster as its research
object and analyzes issues pertaining to information acquisition, route planning, and group
adaptation during cross-museum visits. Based on field visits, user interviews, and Kano
questionnaire results, the service design scheme for the Explore Macao Museums app is
proposed. The results show that Macao has rich types of museum resources; however,
existing guide services are still mainly based on single-museum information display. Cross-
museum information integration, route linkage, and thematic connection remain insufficient.
Before visiting, visitors need to separately check opening hours, exhibition content,
transport modes, and activity information, resulting in high visiting decision costs. Notably,
the empirical conclusions of this paper are mainly applicable to young nonlocal short-term
visitors, and they do not directly infer the definitive needs of elderly users, local residents,

or foreign visitors.

Overall, the optimization focus of smart guide services for the Macao museum cluster
should shift from information display for a single venue to the overall organization of the
cross-museum visiting process. This paper discusses the smart guide problem of the Macao
museum cluster in the theoretical context of culture—tourism integration and public cultural
service optimization, it extends the research object from single-museum guidance to
multimuseum collaborative services, and it uses the Kano model to transform user needs
into a specific app functional framework. The research contributions are as follows. First,
this paper identifies the core needs of young nonlocal visitors in Macao’s cross-museum
visits for route generation and information integration. Second, it proposes a “prioritized
construction of must-be functions—layered promotion of attractive functions—use of
indifferent functions as information infrastructure or for medium- and long-term expansion”
design transformation logic. Third, this paper clearly defines functions such as elder-
friendly design, multilingual services, and local cultural participation as exploratory

suggestions, providing directions for future stratified sample research and prototype testing.

Research Limitations

Although the design scheme for the Explore Macao Museums app has been developed

through field research and Kano analysis, this study has several limitations.

The sample structure is clearly imbalanced. In this sample, nonlocal visitors account for
92%, and respondents aged 18 to 30 account for 85.33%. Therefore, the Kano results
mainly reflect the visiting preferences of young nonlocal short-term visitors. On this basis,
this paper cannot make definitive judgments about local residents, elderly visitors, foreign
visitors, or long-term residents in Macao. Designs such as the elder-friendly mode,
multilingual services, and local cultural participation can only serve as exploratory

suggestions and future research directions.
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The research dimensions are not yet fully covered. Some functions of the Explore Macao
Museums app, such as multimuseum joint tickets, cross-museum discounts, foreign-
language audio guides, and activity registration for local residents, have not yet been
implemented. They need to be further verified in combination with actual operation

conditions and samples from different user groups.

No implementation effect verification has been performed. This study has completed the
design scheme for the Explore Macao Museums app, but it has not yet developed an
interactive system prototype or conducted stratified user testing. The functional stability,
practicality, accessibility, and experiential effects of the app for different user groups still

require further examination.

Future Research Prospects

Given the research limitations noted above and Macao’s development goals for smart
cultural tourism, future research can continue to advance in terms of three aspects: sample
expansion, prototype testing, and operational implementation. The Explore Macao

Museums app should also be continuously optimized.

First, future research should increase the stratified sampling of users of small characteristic
museums in Macao, foreign visitors, local residents, elderly group tour visitors, and parent—
child families while expanding the scope of offline research to improve sample
representativeness. In particular, usability tests should be conducted separately for elderly
users, multilingual users, and local residents to examine whether the elder-friendly mode,
multilingual guidance, and local cultural participation functions truly meet the use needs of
these individuals. Second, special research on Macao teenagers can be conducted to further
explore needs pertaining to local cultural education and add more localized and educational

functional content to the Explore Macao Museums app.

Finally, future work should promote the operational implementation of the app and its
integration with cultural tourism. Future work should conduct in-depth research on the
sustainable operation model of the Explore Macao Museums app. It should also improve
the operational mechanism led by the government, with the participation of enterprises and
coordination by museums, and, it should ensure the long-term stable operation of the app.
Future work should further promote the linkage between the app and Macao’s cultural
tourism ecosystem by integrating benefits such as multimuseum joint tickets and cross-
museum discounts so that the app can become an important supplement to the construction

of Macao’s smart cultural tourism services.
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