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Abstract. The aim of this research is to design a simplified and acceptable 
interface for an indoor wayfinding map for elderly users. This research 
proposes a single-tap, zooming user interface using a hierarchy-structured  
zoom that integrates the operation of re-center zoom and a non-predefined 
hierarchy-structured map. Simulated maps and interfaces were built to test user 
acceptance. 
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1 Introduction 

Wayfinding maps help people to orient themselves and navigate in physical space 
[1-3]. As information technology rapidly advances, maps are digitalized to be more 
dynamic and interactive. Indoor wayfinding maps, like “you-are-here” maps in public 
places, can utilize new technology to benefit users [4, 5]. These interactive maps can 
be displayed and operated on digital signage or public kiosks. Wayfinding tasks, such 
as studying a map or memorizing a path, are cognitive loads. Aging lowers not only 
physiological abilities, but also psychological abilities related to attention, memory, 
and learning [6, 7]. When elderly people use information tools, problems of user 
intention and acceptance may require particular solutions.  

To develop an appropriate interface for an interactive indoor wayfinding map for 
elderly people [8, 9], this research utilizes total acceptance as criteria. The Technolo-
gy Acceptance Model (TAM) was adopted to evaluate total acceptance [10-12]. Pro-
totypes of the interactive indoor wayfinding map were produced. With data collected 
from the testing tasks and TAM questionnaire, acceptance of the proposed interface 
was analyzed and discussed. 

2 Conceptual Framework of A Hierarchy-Structured Map 

For predefined districts, a hierarchy-structured map can be used for quick browsing 
through a large area (see Fig. 1); users can select an item (e.g., Kanto, the district in the 
red rectangle) among Japanese districts with the same level in the hierarchy. The result 
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is a closer and more detailed view of the selected item, which involves zooming in the 
map with one-click selection. If all districts are predefined and users are familiar with 
the hierarchy, a hierarchy-structured map can be an efficient navigation tool. In this 
research, this is referred to as a predefined hierarchy-structured map. 

  

Fig. 1. Hierarchy-structured map: (Left) Japan; (Right) Kanto region of Japan 

In general, navigating in such a map can be understood as navigating in a hie-
rarchy. A hierarchy is similar to a tree structure, not a networked structure (see Fig. 
2). A user simply selects one connected item to travel inside a district. The user can 
then travel further down the hierarchy or return to the original map scale.   

 

Fig. 2. Navigation diagram of hierarchy-structured zoom interface 

To reduce the cognitive loads experienced by elderly users, this research tests a 
simpler user interface of wayfinding maps by broadening the concept of hierarchy-
structured maps. A single tap-zoom function is proposed for application on non-
predefined hierarchy-structured maps. Users can navigate in the map in a manner 
similar to a predefined hierarchy-structured map. With the proposed zoom function, a 
single tap can easily activate a re-center zoom-in and no previous function selection is 
needed. The center of the map changes to the new position in the meantime.  
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The zoom-out function is activated by a “back” button (or area) to return to the pre-
vious scale and position of the map. Because the single-tap zoom couples a zoom-in 
as well as a pan function, the pan buttons can be eliminated. This means that with no 
horizontal links in the hierarchy-structured navigation diagram, the interface is much 
more concise and simpler to use. 

In general, the single-tap zoom can be applied to any non-predefined map; it can be 
conceptualized as navigating in a hierarchy formed by connections among user tap 
positions and map scales. According to the concept of navigation in a hierarchy, maps 
are not necessary spatially continuous or precisely correct. The hierarchical structure 
can connect places with conceptual neighbors. Representation of a node in a hierarchy 
can manifest as any type of image or object, not only a map-like image. 

3 Method 

This research proposes a conceptual framework of interactive wayfinding maps and 
makes a workable prototype for testing.  From the hypotheses of TAM, perceived 
usefulness and perceived ease-of-use are key factors affecting final behavioral 
intension and determination of the acceptance of the proposed interface. The structure 
is illustrated in Fig. 3. 
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Fig. 3. Research structure 

3.1 Hypotheses and Tests 

In the research structure, hypotheses H1–H7 are as follows. H1: Perceived usefulness 
of the wayfinding map positively increases behavioral intention to use. H2: Perceived 
usefulness of the wayfinding map positively increases attitude toward use of the 
wayfinding map. H3: Attitude toward use of the wayfinding map positively increases 
behavioral intention to use. H4: Perceived ease-of-use of the wayfinding map 
positively increases attitude toward use of the wayfinding map. H5: Perceived  
ease-of-use positively increases perceived usefulness of the wayfinding map. H6: 
Single-tap zoom interface positively increases perceived usefulness of the wayfinding 
map. H7: Single-tap zoom interface positively increases perceived ease-of-use of the 
wayfinding map. 
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Tests were conducted in a laboratory setting to determine acceptance of the 
proposed single-tap interface. Thirty-six elderly participants, 18 male and 18 female, 
were given tasks to complete. The tasks included operations such as locating places 
on the interactive map and navigating in a simulated environment. 

To evaluate acceptance of the proposed interface, a TAM questionnaire was  
administered, comprising four parts: (1) Perceived ease-of-use of the wayfinding  
map, (2) Perceived usefulness of the wayfinding map, (3) Attitude toward use of  
the wayfinding map, and (4) Behavioral intention to use the wayfinding map. A  
five-point Likert scale was used in the questionnaire. 

The data collected from the TAM questionnaire were analyzed in two stages. The 
first stage verified the effectiveness of the questionnaire. The second stage tested the 
hypotheses to determine relations among total acceptance and related factors. 

3.2 Materials and Test Site 

Three connected campus buildings were used as the test site (see Fig. 4). 

 

Fig. 4. Test site: Campus Buildings A, B, and C 

The map, with interfaces of single-tap, hierarchy-structured zoom, was produced 
with Adobe Flash (see Fig. 5-7). The user interface consists of the wayfinding map 
(right) and the function panel (left). The wayfinding map displays the map of the  
test site and provides the single-tap zoom function. The function panel includes  
view-switching (plan or perspective), floor selection, and controls of the test. 
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Fig. 5. Proposed zoomable user interface: at original scale 

 

Fig. 6. Enlarged view with surrounding darker area as “back” control 

 

Fig. 7. View switching: Users can select plan or perspective view 
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The simulated environment was built using Unity Technologies Unity3D (see  
Fig. 8). Operation of movement in the simulated environment was controlled by the 
researcher. Participants merely had to point out the direction in which they wanted to 
move. 

 

Fig. 8. Simulated environment 

3.3 Procedure 

The test procedure was as follows: 

1. Explanation: Only one participant was given tasks at the same time. The research 
objective and test contents were described to the participant. 

2. Learning the wayfinding map: The research introduced the use of the wayfinding 
map and meanings of symbols. 

3. Wayfinding tasks test: Three tasks were given to each participant. Each task 
consisted of two stages. The first stage is map use, including browsing, target 
locating, and path finding. The second stage is simulated wayfinding, i.e., locating 
the target in the simulated environment through memory of previous path finding.  

4. Questionnaire: The first part of the questionnaire gathers participant demograph-
ic data. The second part consists of the TAM questionnaire on the proposed  
single-tap zoom function. 

4 Results and Discussion 

A Cronbach α test was used to verify effectiveness of the TAM questionnaire by test-
ing the consistency of questions in the same dimension (see Table 1). The Cronbach  
α of every dimension was above 0.7, i.e., the consistency of the questions in every  
dimension was high [13]. 
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Table 1. Cronbach α of the TAM questionaire 

Dimension Mean Cronbach α 
Perceived usefulness (U) 3.962 .881 
Perceived ease-of-use (E) 3.857 .931 
Attitude (A) 4.029 .844 
Behavior Intention (BI) 4.057 .888 
User Interface (UI) 4.150 .934 

 
To test the hypotheses, which determine the relations among total acceptance  

and related factors in TAM, this research used SPSS AMOS (Analysis of Moment 
Structure) software to construct the SEM (structural equation model). The TAM  
questionnaire data are analyzed in Fig. 9. 

 

Fig. 9. TAM path diagram made with AMOS 

The main factors in TAM are treated as latent variables that are not measurable 
(the larger circles in Fig. 9). The only variables that can be measured are the observed 
variables (the squares in Fig. 9).  The latent variables are possible reasons for 
observed variables. Other affected variables are treated as index variables. The 
standardized regression weights from the latent variables to index variables are 
calculated using AMOS (see Table 2). From the corresponding p-values, the 
acceptance of a hypothesis can be determined. 
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Table 2. Standardized regression weights of pairs of latent variables and index variables 

Index 
variables 

Latent 
variables 

Standardized 
regression 
weights 

S.E. C.R. p 
Accept 

Hypothesis 

E <--- UI .720 0.2 4.085 *** Yes 

U <--- UI .810 .234 3.515 *** Yes 

U <--- E .140 .123 1.020 .308 No 

A <--- U .371 .187 2.306 .021 Yes 

A <--- E .658 .175 3.910 *** Yes 

BI <--- A .459 .254 2.175 .030 Yes 

BI <--- U .523 .320 2.292 .022 Yes 

 
In the test with TAM, the following hypotheses are accepted. H1: Perceived 

usefulness of the wayfinding map positively increases behavioral intention to use. H2: 
Perceived usefulness of the wayfinding map positively increases attitude toward using 
the wayfinding map. H3: Attitude toward using the wayfinding map positively 
increases behavioral intention to use. H4: Perceived ease-of-use of the wayfinding 
map positively increases attitude toward using the wayfinding map. H6: Single-tap 
zoom interface positively increases perceived usefulness of the wayfinding map. H7: 
Single-tap zoom interface positively increases perceived ease-of-use of the 
wayfinding map. Only H5 is not accepted. In general, acceptance of the proposed 
single-tap zoom interface is high. 

The proposed single-tap zoom function simplifies the user interface compared to 
traditional camera-like pan-and-zoom. The single-tap zoom is capable of activating 
panning and zooming without further panning operation. This can prevent users 
adopting a misleading conceptual model.  For example, the metaphor of panning in a 
traditional camera-like, pan-and-zoom interface is not so clear. Taking the map view 
as an object or a window results in entirely different panning operation. 

5 Conclusion 

This research proposes a conceptual framework of interactive wayfinding maps, 
known as non-predefined hierarchy-structured zoom (single tap zoom), which 
combine the benefits of predefined hierarchy-structured zoom and re-center zoom. It 
utilizes more intuitive operation and a conceptual model to simplify the use and 
layout of the interface.  

In the proposed single-tap zooming function with hierarchy-structured map, all but 
one of the hypotheses of TAM are accepted. Acceptance by elderly users of the 
proposed user interface is high. The user interface may provide similar usability as 
commonly used, multi-touch pinch-to-zoom interfaces. In future study, detailed 
design of this interface, such as map perspective or interface of “back” function, can 
be revised to improve usability. 
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For elderly users, the sizes and positions of interface objects are important factors 
in usability. Creating a clear conceptual model could be a more innovative approach 
toward higher acceptance in future. The problems of aging include not only declining 
physiological and psychological abilities, but also lack of previous experience and 
proper conceptual models. Design of user interfaces should emphasize conceptual 
models that help elderly users overcome individual limitations. 
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