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Abstract. Considering placement and content design as key factors determining 

attention and engagement with interactive public displays, this paper reports on 

an empirical study investigating attention and engagement with social object la-

bels as a particular instance of that display class in a museum context. It describes 

a field trial in a live gallery environment evaluating a range of display placements 

and designs. The study suggests that (i) placement has a major impact on atten-

tion and engagement; (ii) the attention potential of display placements can be 

quantified to predict attention and engagement rates; (iii) interaction- and infor-

mation design only have a minor impact on some engagement metrics. The find-

ings help to better understand how placement and design influence attention and 

engagement with public displays and underline the need for further research ex-

ploring these aspects in other contexts. 
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displays; social object labels; interpretation; participation; museum. 

1 Introduction 

Interactive public displays have been researched extensively over the past two decades, 

having their own series of international symposia since 2012 [22]. One of their many 

promising application areas is visitor engagement in museums. Besides providing guid-

ance in concourse areas and curated information in galleries, interactive public displays 

also support participation, with display content created by visitors themselves rather 

than the institution. Social interpretation, where visitors share their own thoughts about 

exhibits and exhibition themes, is a particularly interesting application in this context, 

promising to contextualize and democratize museum interpretation [36, 48], enrich ex-

hibitions and make them more inclusive [31], and support museums' higher-level edu-

cational goals by facilitating their transition from transfer learning to social-construc-

tivist learning approaches [14, 19]. One research effort aiming to support social inter-

pretation in museums are social object labels (SOLs) [51, 52], small interactive e-ink 

displays enabling visitors to add their own thoughts and interpretations to exhibits (Fig. 

1). They give visitors a voice and a platform to relate exhibition themes to their own 

personal experiences and complement the museum's official interpretation on tradi-

tional object labels with socially constructed interpretations on SOLs.  
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Fig. 1. SOL (circled) and related mobile application at the Booth Museum in Brighton, asking 

visitors to contribute their ideas on why narwhals have their particular tusk.  

As curated spaces with an educational agenda and their own rules and social norms, 

museums are complex environments with specific requirements and constraints for 

technology deployed in the gallery space. Of particular concern in this context is to 

carefully manage an economy of attention [45] by ensuring that technology is used "in 

ways that do not distract from the exhibition themes" [30:601) and "preserve the pri-

macy of the object and aesthetic encounter" [46:3]. A critical design tension for SOLs 

is therefore to be inconspicuous enough to not divert visitors' attention from exhibits 

while being conspicuous enough to be noticed and to encourage engagement. 

With placement and design identified as key factors in the HCI literature discussing 

attention and engagement with public displays, this paper reports on a field study as-

sessing the impact of these two aspects on visitors' attention and engagement with SOLs 

in a live gallery environment. Its key contributions are to provide empirical evidence 

showing with high ecological validity that (i) display placement has a significant impact 

on attention and engagement; (ii) the attention potential of placements can be quanti-

fied to predict attention and engagement rates; (iii) variations in the interaction- and 

information design of SOLs only had a minor influence on some engagement metrics. 

The findings underline the need to better understand how placement-related factors im-

pact on attention and engagement and advance the development of methods to quantify 

the attention potential of placements, which can help to inform the design, deployment 

and evaluation of interactive public displays.  

The following sections review related work on attention and engagement with public 

displays, describe a field trial of SOLs at Science Gallery Dublin and discuss its find-

ings with regard to the impact of display placement and design on visitors' attention and 

engagement. The paper concludes by discussing limitations of the study and sketching 
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out future work towards a better understanding of effective placement and design of 

interactive public displays.           

2 Related work 

Attention as "the process that brings a stimulus into consciousness" (25:25) is typically 

seen as a pre-condition for engagement, described as both the act of making initial con-

tact and the state of being occupied with the object of attention [35]. The terms are 

widely discussed in the HCI literature, in particular in ubiquitous computing contexts 

where attention is often fragmented as multiple activities and stimuli vie for users' finite 

cognitive resources. 

With regard to SOLs and their particular design tensions in museum environments, 

two of the most relevant research areas are ambient displays and interactive public dis-

plays. While the former is strongly influenced by the vision of calm computing [50] 

and seeks to minimize users' cognitive load of taking in information by blending into 

the environment and targeting their peripheral attention [27, 28], the latter is not con-

strained by such concerns. Important questions in public display research are simply 

how to attract the attention of audiences and, for interactive displays, how to communi-

cate interactivity and encourage engagement.  

In addition to these HCI perspectives, the field of museum studies offers highly rel-

evant insights into attention and engagement in gallery environments. Besides provid-

ing detailed guidelines on label design, which can inform the information design of 

SOLs, this field also offers deep insights how visitors experience museums and how 

their attention and engagement is influenced by a wide range of factors. 

2.1 Attention and ambient displays  

Research into ambient information systems offers various models to conceptualize and 

structure attention into different states or realms. These include among others periph-

eral and focused attention [29]; primary, secondary and tertiary realms of attention [18]; 

pre-attention, in-attention, divided attention and focused attention [27]. Common to all 

these notions is that attention can be voluntary or involuntary [25], and that displays 

should address multiple forms of attention and support transitions between them. The 

latter typically involves targeting peripheral attention by default and escalating to fo-

cused attention and interaction when an exception occurs.  

2.2 Attention and engagement models for public displays 

Engagement models for public displays can be broadly classified into ad-hoc models, 

describing how displays react to users, and observational models, describing how users 

engage with displays [32]. Ad-hoc models typically employ proxemic interaction con-

cepts [16, 47] to support specific stages in observational engagement models such as 

attracting attention and communicating interactivity. 
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Perhaps the best known observational model of engagement with interactive public 

displays is the audience funnel [32], which identifies six stages including passing by; 

viewing  and reacting; subtle interaction; direct interaction; multiple interaction; and 

follow-up action. An earlier observational model [9] describes three levels of engage-

ment, including peripheral awareness; focal awareness; and direct interaction. That 

work also discusses how displays can encourage users to transition between stages and 

increase their engagement. A model focusing in particular on engagement with public 

display games [15] defines seven interaction states including enter; glance; decode; ob-

serve; input; feedback; and result. The authors also discuss relevant design aspects to 

support users in each of these states. Finally, a model for engagement with public access 

systems [23] identifies four stages including attraction; learning; engagement; and dis-

engagement. Guidelines how displays can support users in each of these stages are dis-

cussed in [24].  

The majority of recommendations around attention and engagement with public dis-

plays relate to design aspects such as content type and representation [3, 8, 44], infor-

mation design [3, 26, 44], calls to action [24], and learnability and usability [24, 26, 

34]. However, some recommendations refer to placement aspects such as the height at 

which displays are installed [11, 20], the available space around them for interaction to 

take place [9, 24], the direction of people’s movement within a space [20],  the vicinity 

of other eye-catching objects [20] and, for multi-display settings, their spatial configu-

ration [43]. All of these recommendations are helpful, however, there seems little dis-

cussion of their importance relative to each other or any interplay between them.    

2.3 Attention and engagement in museums 

Outside the HCI literature, the field of museum studies has a considerable body of work 

on attention and engagement in museums [e.g. 4-7, 39-41], which includes detailed 

guidelines on both the design and placement of interpretive resources to support visi-

tors' engagement and learning. While these guidelines typically refer to static print la-

bels and tangible information displays, some explicitly refer to "all type of media [in-

cluding] print, audio and graphics" and presentation formats including "interactivity, 

sound, graphics, video, computers" [40:1].  

Some placement-related heuristics in this domain have clear equivalents in public 

display research. For instance, the recommendation to place labels "within line of sight 

so that visitors do not have to turn, look up high, or down low" [4:120]  can be related 

to the heuristic that public displays installed at eye-height and in the direction of peo-

ple's movement receive more attention [20:241]. Others demonstrate a more holistic 

perspective that takes into account people's overall visiting experience. Examples of the 

latter are the consideration of satiation and fatigue when visitors progress through a 

exhibition as critical factors affecting their attention and engagement [6, 7].  

2.4 Summary 

The HCI literature on ambient displays and interactive public displays, as well as do-

main-specific literature on attention and engagement with interpretive resources in the 
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context of museum studies, offer useful models and heuristics that can inform both the 

design and placement of interactive displays such as SOLs. However, they typically 

focus on single characteristic rather than taking into account multiple characteristics 

and their interplay, and they give no indication as to the relative importance of design- 

and placement-related factors. To address these aspects, we developed a method to 

quantify the attention potential of display placements based on multiple criteria, de-

scribed in detail in [55], and in the present paper investigate how placement and design 

influence the levels of attention and engagement SOLs attract. 

3 Social Object Labels 

SOLs are an in-gallery commenting system designed to support visitor interpretation 

directly at the exhibit, when the experience is most immediate and most likely to prompt 

a response. The system consists of small (inch-scale [49]) interactive e-ink displays 

mounted next to exhibits, a related mobile application for visitors to add, browse, rate 

and flag comments, and an admin dashboard for museum staff to configure SOL dis-

plays, monitor their status and content, and moderate content flagged by visitors. 

 

Fig. 2.      SOL interaction models including direct touch screen interaction (a) without content 

browsing and (b) with content browsing, and (c) mobile interaction to browse, add, rate and flag 

comments after connecting a mobile device via QR code, NFC or URL.    
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SOL designs evolved over several iterations, informed by research into visitors' per-

spectives on commenting in museums [53], museum professionals' requirements for in-

gallery commenting platforms [54], a previous field trial at Science Gallery Dublin 

[56], as well as a theoretical design space analysis, technical prototyping, lab-based 

user testing and co-design sessions with users [52]. While a first evaluation [56] in-

volved a version of SOLs limited to mobile interaction and a single design for all ex-

hibits, the present field trial involves a version supporting both mobile and direct inter-

action on the SOL touch screen and a range of design variations that can be customized 

for specific exhibits. 

Two models of direct interaction on the SOL touch screen were evaluated, one where 

the idle screen directly transitions to a help screen when touched (Fig 2a) and one where 

the idle screen transitions to a browse screen when touched, enabling visitors to browse 

submitted comments, which then transitions to a help screen when visitors touch the 

call to action or the connection information on the browse screen (Fig 2b). Both browse 

and help screens automatically revert to the idle screen when no interaction occurs for 

a certain time. In addition to touch screen interaction, SOLs also support mobile inter-

action, where visitors can browse, add, rate and flag comments (Fig 2c). 

4 Methodology 

In order to evaluate SOLs in a realistic gallery environment, a field trial was carried out 

at Science Gallery Dublin, involving the deployment of four SOL displays in an exhi-

bition called Home\Sick [38] for a duration of two weeks. As the field trial was part of 

a wider research effort exploring the design space for SOLs in museums, it was de-

signed to evaluate a range of aspects relating to visitors' attention, engagement, inter-

action and mental models of SOLs, as well as their attitudes to technology use and 

visitor interpretation in museums. This paper focuses in particular on how display 

placement and design impact on visitors' attention and engagement with SOLs. Re-

search questions include: 

1. To what extent does display placement affect attention and engagement with SOLs? 

We hypothesize that placement is a critical factor in how much attention and engage-

ment SOLs attract. 

2. Can the impact of placement on attention and engagement with SOLs be predicted? 

We hypothesize that individual ratings for placement-related factors known to im-

pact attention and engagement can be combined to quantify the overall attention po-

tential of placements, which in turn can be used to predict attention and engagement 

with SOLs.        

3. To what extent does the information and interaction design affect attention and en-

gagement with SOLs? We hypothesize that support for direct interaction increases 

overall engagement and that designs supporting content browsing on the SOL touch 

screen, posing a questions to prompt and guide responses, or showing an image that 

relates the SOL to the exhibit and traditional object label, attract more attention and 

engagement than alternatives without these features.      
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The following sections discuss the deployment of SOLs in the gallery, describe the 

evaluated designs and data collection, and present the findings of the field trial with 

respect to these questions. 

4.1   Placement in the gallery 

Four SOLs were installed in the gallery space, with the selection of exhibits guided by 

the idea of social objects, which provoke a reaction from visitors and stimulate debate 

[13, 42]. Besides common considerations for interactive public displays, such as having 

a sustained flow of people and sufficient space for interaction around them [24] and 

installing them at a suitable height [17], the placement of SOLs was also influenced by 

available mounting options, fit with the local ensemble, agreement of artists for SOLs 

to be installed at their exhibit and conformance with health and safety regulations. Fig. 

3 shows the four SOL installations in the order in which visitors would typically en-

counter them when making their way through the exhibition: 

 SOL No.1 was integrated with an exhibit called Parasite Farm, which explores how 

agricultural practices can become part of urban living. The SOL was placed on an 

empty shelf in a book case holding plant boxes, occupying a central position and 

affording convenient access for direct interaction (Fig. 3a). 

  

 a      b 

 c  d 

Fig. 3.   SOLs (circled red) installed at four exhibits in the Home\Sick exhibition at Science 

Gallery Dublin. (Images used with permission, originally published in [55]). 
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 SOL No.2 was installed next to an exhibit called LillyBot 2.0, a personal microalgae 

farm that produces oxygen and Chlorella algae while binding carbon dioxide in the 

air. The SOL was placed to the right of the installation, requiring visitors to slightly 

bend down for direct interaction (Fig. 3b). 

 SOL No.3 was integrated with an exhibit called Ritual Machines, which explores 

how technology can help to connect with family members away from home for ex-

tended periods. The SOL was placed next to a flip-dot matrix that can be controlled 

by visitors via two connected iPod touch devices, slightly set back but within easy 

reach of visitors operating the iPod on the left of the exhibit (Fig. 3c). 

 SOL No.4 was installed next to an exhibit called Dust Matter(s), which conceptual-

izes domestic dust in the home as an indicator of the occupants' outdoor activities. 

The SOL was placed in a prominent position below a large video screen within easy 

reach for direct interaction (Fig. 3d).  

In order to better understand how placement might affect attention and engagement 

with SOLs, a method described in [55] was used to quantify the attention potential of 

placement options. The method uses a subset of factors known to affect the level of 

attention exhibits and interpretation materials receive during a museum visit [6, 7] and 

provides a simple rating scale to quantify them for specific placements. 

Table 1.    Quantified attention potential of display placements based on individual ratings on a 

scale of 1 (low) to 4 (high) for aspects known to affect attention and engagement in museums. 

 Parasite Farm LillyBot 2.0 Ritual Machines Dust Matter(s) 

Distraction 

 

Little distraction 

apart from pot-

plant above.  

1 2 3 4 
 

Sensor-driven 

exhibit dominates 

the scene. 

1 2 3 4 
 

Flip-dot display is 

extremely eye-

catching. 

1 2 3 4 
 

Large video 

screen dominates 

the scene.  

1 2 3 4 
 

Competition 

 

Little spatula to 

dig in plant box 

on shelf below. 

1 2 3 4 
 

Control a blender 

by voice at exhibit 

close by.  

1 2 3 4 
 

Two iPods to 

control the flip-

dot display.  

1 2 3 4 
 

No interaction 

possibilities close 

to the exhibit.  

1 2 3 4 
 

Satiation 

 

First SOL 

encountered in a 

typical visit. 

1 2 3 4 
 

Second SOL 

encountered in a 

typical visit. 

1 2 3 4 
 

Third SOL 

encountered in a 

typical visit. 

1 2 3 4 
 

Fourth SOL 

encountered in a 

typical visit. 

1 2 3 4 
 

Fatigue 

 

Third exhibit  

encountered in a 

typical visit. 

1 2 3 4 
 

Fourth exhibit 

encountered in a 

typical visit. 

1 2 3 4 
 

Sixth exhibit 

encountered in a 

typical visit. 

1 2 3 4 
 

Tenth exhibit 

encountered in a 

typical visit. 

1 2 3 4 
 

Attention 

potential 
16 - 5 

= 92% 
16 - 4 

 

16 - 10 
= 50% 

16 - 4 
 

16 - 14 
= 17% 

16 - 4 
 

16 - 12 
= 33% 

16 - 4 
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 All four factors relate to placement either in a local (exhibit) or global (gallery) context: 

 Distraction: how many other stimuli are close by 

 Competition: how much competition there is from other interaction opportunities 

 Satiation: how often visitors have encountered a SOL in the gallery before 

 Fatigue: at what stage during a visit they encounter the SOL 

SOL installations were rated along each of these criteria before individual scores were 

combined to quantify the attention potential of each placement (Table 1).  

 

4.2 Evaluated designs 

 

Fig. 4.   Evaluated design variations A-G grouped into designs with/without content browsing on 

the SOL touch screen, with/without a question and with/without an exhibit-specific image.  
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Evaluated design variations for the idle screen visitors encounter by default include 

versions with or without content browsing on the SOL touch screen, with or without a 

topical question to prompt visitor contributions, and with or without an image linking 

the SOL to the exhibit and traditional object label (Fig 4). 

The field trial deliberately includes designs that vary in more than one parameter 

(e.g. designs with both image and question) and designs that implement features differ-

ently (e.g. designs with and without content browsing display the question in different 

ways). By exploring design variations in different combinations, the study embraces 

the multi-variant character of the naturalistic environment, where many of the contex-

tual factors influencing visitors' attention and engagement with SOLs are beyond the 

researcher’s control, and looks for findings that can be generalized beyond specific im-

plementations and configurations. 

In order for each design to have the same exposure with respect to exhibit, time of 

day and day of week, the installed SOLs automatically switched between designs fol-

lowing a fixed schedule. Layout switches took place at the midpoint of the daily gallery 

opening times for each day, resulting in two designs being active each day. Switches 

were synchronized to ensure that all SOLs in the gallery used the same design at any 

given time to leverage recognition and prior learning when visitors encounter them at 

different exhibits.  

4.3 Data collection and analysis 

Four data sets were used to assess attention and engagement with SOLs in the gallery. 

They include observations in the gallery, analytics data generated by SOL displays and 

the related mobile application, comments submitted to SOLs and in-house visitor num-

bers during the evaluation period collected via automatic visitor counters installed at 

Science Gallery Dublin.  

 Observations in the gallery. Observations were carried out without explicit con-

sent by visitors in order not to disturb their natural behavior and focused specifically 

on attention and engagement with SOLs. The researcher's conduct during observation 

sessions was informed by the British Psychological Society's code of ethics, which re-

stricts observations "... to those situations in which persons being studied would rea-

sonably expect to be observed by strangers, with reference to local cultural values and 

to the privacy of persons who, even while in a public space, may believe they are un-

observed." [10:13]. 

Observation notes were recorded in a coding template and then transferred into a 

spreadsheet for analysis. Quantitative data was summarized, segmented and analyzed 

using standard statistical methods for user research discussed in [37]. Qualitative ob-

servations were analyzed using a two-step emergent coding scheme described in [33] 

and then quantified where required. 

Observations were carried out over six days with a combined observation time of 28 

hours and 56 minutes, during which a total of 812 encounters were observed. Encoun-

ters are conceptualized as situations where visitors have a clear chance to notice and 



11 

engage with a SOL. As a minimum, this involves a visitor stopping at an exhibit. Visi-

tors might then look at the exhibit, read the object label, look at and engage with the 

SOL in various ways.  

The recorded observations are not evenly distributed among exhibits, SOL designs 

and SOL states. The data was therefore segmented and analyzed for each exhibit and 

design variation, with attention and engagement rates expressed as percentage values 

of observed encounters for each condition. 

Analytics data. Analytics data recording visitors' interaction with SOLs and the re-

lated mobile interaction was collected via an online API and related instrumentation of 

the client software. For direct interaction on the SOL touchscreen, interaction logs are 

structured into sessions. A session starts with a visitor touching the SOL idle screen, 

last as long as there is touch interaction on the browse or help screens and end when 

displays time out and return to the idle screen. For mobile interactions, logs are gener-

ated for individual events, which can then be grouped into sessions via an anonymous 

but unique device ID. Mobile interaction sessions start with visitors connecting their 

device to a SOL and last as long as they browse, add, edit, rate or flag comments.  

A total of 2,421 interaction logs were collected during the evaluation period. The 

data was prepared for analysis by excluding direct interaction logs involving admin 

tasks (e.g. display configuration, initial screen activation) and mobile interaction logs 

from demonstrations (e.g. to show how NFC works). The latter were identified through 

device IDs relating to the researcher and gallery staff. The resulting set of 1,921 visitor 

interaction logs used to analyze engagement and interaction with SOLs include 1,612 

direct interaction logs and 309 mobile interaction logs.  

 

Fig. 5. Histogram of time intervals between interactions on SOL touch screen (logarithmic scale) 

A key difference between mobile and direct interaction logs is that the former relate 

to specific users, identified by their device, while the latter are anonymous and can 

involve multiple visitors, e.g. when one visitor abandons the SOL and another engages 

before the screen times out. In order to approximate the number of visitors engaging 

via the SOL touch screen, it is therefore necessary to determine the number of user 

journeys in direct interaction session logs. For this purpose, a disengagement threshold 

was identified as the minimum time of inactivity after which it can be assumed that 

following interactions belong to a different user. This involved first classifying timing 

data into whole-second bins to analyze the distribution of time intervals between inter-

actions (Fig. 5), and then using Jenks' natural breaks classification [21] to segment the 
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time intervals into two clusters, representing touches during and between user journeys. 

The break point between these two clusters (55s for designs with content browsing, 37s 

for designs without content browsing) represents the disengagement threshold, which 

was used to determine the number of individual user journeys from direct interaction 

logs. Mobile interaction user journeys were determined simply by grouping mobile in-

teraction logs by device ID and time. Total numbers based on 1,612 direct interaction 

logs and 309 mobile interaction logs include 2,031 direct interaction user journeys and 

109 mobile interaction user journeys. 

Submitted comments. Visitor comments submitted to SOLs refer to a specific ex-

hibit (placement) and can be attributed to specific designs via their time of submission 

and related analytics data. While contribution rates are an obvious measure of engage-

ment, the small number of contributions during the evaluation period (n=21, excluding 

seed comments) limits the reliability of any results based on this data set. It is included 

here nonetheless as it can give an indication of possible trends.  

SGD visitor numbers. In order to establish a baseline of possible encounters with 

individual SOLs and design variations during the evaluation period, Science Gallery 

Dublin's in-house visitor numbers were consulted. The visitor numbers are based on 

automatic counters installed in the gallery and break down visits per day and time of 

day.  

Table 2.   Estimates of possible encounters with SOLs 

Possible encounters per placement Possible encounters per design 

 All screens  All screens Idle screen 

Parasite Farm 2,822 Design A     2,602 1938 

LillyBot 2.0 4,208 Design B  2,065 1538 

Ritual Machines 4,208 Design C  2,223 1656 

Dust Matter(s) 4,208 Design D 2,582 1923 

Total 15,446 Design E  1,878 1667 

  Design F  2,169 1925 

  Design G  1,927 1710 

  Total 15,446 12,357 

 

Estimates of possible encounters per SOL and design are shown in Table 2. They 

take into account total visitor numbers for the evaluation period (4,208), daily visitor 

numbers, typical daily distribution of visitors over time, scheduled display times for 

specific SOL designs, down-times for SOL1 (Parasite Farm) due to a flat battery and 

the ratio between idle screen encounters and browse or help screen encounters from 

interaction logs. The estimates for possible encounters were used as a baseline to cal-

culate engagement rates for SOL placements and designs from analytics data, allowing 

for triangulation with engagement rates from observations, which are based on actual 

rather than possible encounters. 
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5 Findings 

5.1 Attention and engagement per exhibit (placement) 

 

Fig. 6.     Attention and engagement per exhibit: (a) observed attention, as number of people 

observed to look at SOL divided by number of encounters for that exhibit; (b) observed engage-

ment, as number of people observed to engage with SOL divided by number of encounters for 

that exhibit; (c) engagement on SOL touch screen from analytics data, as number of user journeys 

on a SOL divided by number of potential encounters for that exhibit; (d) mobile engagement 

from analytics data, as number of mobile interaction sessions with a SOL divided by number of 

potential encounters for that exhibit; (e) contribution rates, as number of comments submitted to 

a SOL divided by number of potential encounters for that exhibit; and (f) the quantified attention 

potential for each SOL placement for reference.    

The data shows marked differences in attention and engagement rates between exhibits, 

despite all SOLs using the same design at any given time. Attention and engagement 

per exhibit (and by extension per SOL placement) follow a similar pattern, suggesting 

that they are influenced by similar factors:  
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 Observed attention to SOLs (Fig. 6a) is highest at Parasite Farm (86.6%), decreases 

at Lillybot 2.0 (60.8%), reaches its lowest point at Ritual Machines (47.0%) and 

picks up again for Dust Matter(s) (61.7%).  

 Observed direct engagement with SOLs (Fig. 6b) is highest at Parasite Farm 

(31.4%), decreases at Lillybot 2.0 (10.5%), reaches its lowest point at Ritual Ma-

chines (4.3%) and picks up again for Dust Matter(s) (10.9%).  

 Direct engagement with SOLs from analytics data (Fig. 6c) is highest at Parasite 

Farm (23.7%), decreases at Lillybot 2.0 (10.0%), reaches its lowest point at Ritual 

Machines (5.4%) and picks up again for Dust Matter(s) (7.9%).  

 Mobile engagement with SOLs from analytics data (Fig. 6d) is highest at Parasite 

Farm (1.28%), decreases at LillyBot 2.0 (0.97%), reaches its lowest point at Ritual 

Machines (0.38%) and stays at this level for Dust Matter(s). 

 The contribution rate for SOLs (Fig. 6e) is highest at Parasite Farm (0.25%), de-

creases at LillyBot 2.0 (0.17%), reaches its lowest point at Ritual Machines (0.05%) 

and increases again for Dust Matter(s) (0.12%).  

 For reference, Fig. 6f shows the quantified attention potential for each SOL place-

ment as discussed above, which is highest at Parasite Farm (92%), decreases at Lil-

lyBot 2.0 (50%), reaches its lowest point at Ritual Machines (17%) and increases 

again for Dust Matter(s) (33%).  

The data reflects visitors' qualified progression from attention to engagement to contri-

bution, with large numbers failing to progress at each stage. Regardless of absolute 

numbers, the different data sets reveal a consistent pattern, suggesting they are influ-

enced by similar factors. There are strong and significant correlations between observed 

attention and observed direct engagement (r = 0.99, t = 8.69, p < 0.01), engagement 

rates from analytics data (r = 0.97, t = 5.52, p < 0.01) and contribution rates (r = 0.96, t 

= 4.56, p < 0.01). The only data set not strongly and significantly correlating to ob-

served attention is mobile engagement (r = 0.83, t = 2.08, p = 0.08), which remains flat 

between Ritual Machines and Dust Matter(s). While this might be attributed to the small 

number of people who engaged in mobile interaction, an alternative interpretation is 

that the additional physical and cognitive effort associated with connecting a mobile 

device to the display becomes more relevant in the later stages of a visit when museum 

fatigue [6, 7, 12] sets in.  

5.2 Predicted vs measured attention and engagement 

Regarding the predictive power of the quantified attention potential for each SOL place-

ment, the data shows strong and significant correlations (Table 3) not only between 

attention potential and observed attention rates but also between attention potential and 

observed direct engagement, direct engagement from analytics data, mobile engage-

ment and contribution rates (Fig. 7). While these correlations do not imply causality, 

they suggests that placement-related factors are a good indicator of how much attention 

and engagement a display receives. 
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Table 3.   Correlation between attention potential and measured attention and engagement. (Ta-

ble used with permission, originally published in [55]). 

  Attention 

potential 

Attention 

(observed) 

Direct Eng. 

(observed) 

Direct Eng. 

(analytics) 

Mobile Eng. 

(analytics) 

Contrib. 

(comments) 

Parasite Farm 91.7% 86.6% 31.4% 23.7% 1.28% 0.25% 

LillyBot 2.0 50.0% 60.8% 10.5% 10.0% 0.97% 0.17% 

Ritual Machines 16.7% 47.0% 4.3% 5.4% 0.38% 0.05% 

Dust Matter(s) 33.3% 61.7% 10.9% 7.9% 0.38% 0.12% 

Correlation r - 0.972 0.967 0.978 0.936 0.982 

t-value - 5.802 5.387 6.675 3.755 7.315 

p-value - 0.0011 0.0017 0.0005 0.0094 0.0003 

 

Fig. 7.   Correlation between attention potential and measured attention and engagement. The 

diagram shows values proportionally rebased to the attention potential of Parasite Farm. (Dia-

gram used with permission, originally published in [55]). 

While the correlation is based on only four data points per series and the predicted 

attention potential on only four placement-related criteria, the results are promising and 

warrant future research into validating this method and adapting in for other environ-

ments. Potential benefits include using quantified attention potential as an additional 

vector to inform object selection and local display placement, as a baseline to scope 

expectations about attention and engagement with displays, and to inform mitigating 

design choices, e.g. using a more luminous display or a more conspicuous casing to 

compensate for the low attention potential of a placement.  

5.3 Attention and engagement per design 

Reflecting the fact that design variations pertain primarily to the idle screen (Fig. 4) 

rather than browse or help screens, the measured attention and engagement rates per 

design are based on interaction sessions, which always start with the idle screen, rather 

than user journeys, which can equally start with browse or help screens encountered by 
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visitors when a SOL was abandoned by a previous user and has not yet timed out and 

reverted to the idle screen. Accordingly, the baseline for engagement rates per design 

are potential encounters with SOL idle screens rather than potential encounters with 

SOLs in general (Table 2).   

The results provide a mixed picture regarding visitors' attention and engagement 

with the evaluated SOL designs, not always supporting reliable conclusions about the 

effectiveness of related design parameters. Table 4 shows that in many cases the differ-

ences in attention and engagement rates between these designs did not reach a level of 

statistical significance. This applies in particular to observed attention, mobile engage-

ment and contribution rates, the latter two mainly due to the small numbers involved. 

The following paragraphs focus on the four design variations where differences in en-

gagement rates did reach a significant level: 

Fig. 8b shows that direct engagement rates were higher for designs with browsing 

(13.7%) than for designs without browsing (12.2%). While the difference is small 

(1.5%), it is statistically significant (p = 0.014) and suggests that designs with browsing 

are overall a better choice in terms of encouraging visitor engagement. However, given 

that these engagement rates reflect engagement with the idle screen, it can be assumed 

that it is not the browsing functionality itself causing higher engagement rates but re-

lated differences in the idle screen design, which shows a question or call to action for 

designs with browsing, as opposed to information on how to connect a mobile phone 

for designs without browsing (Fig. 4). This assumption is supported by numbers in-

cluding encounters with browse and help screens and using all possible encounters as 

baseline, which results in engagement rates of 11.8% for designs with browsing and 

11.1% for designs without browsing, not reaching statistical significance (p = 0.153). 

The results suggest that a question or call to action is more effective in encouraging 

direct interaction on the SOL touch screen than information explaining how to connect 

a mobile phone to browse and add comments.   

Fig. 8f shows that direct engagement rates were lower for designs with a question 

(12.1%) than for designs without a question (13.7%). The difference of 1.6% is statis-

tically significant (p = 0.009) and suggests that designs asking a question to prompt and 

focus visitor responses are less effective in encouraging visitor engagement on the SOL 

touch screen than designs showing a call to action.   

Fig. 8j shows that direct engagement rates were lower for designs with an image 

(11.6%) than for designs without an image (14.1%). The difference of 2.5% is statisti-

cally significant (p < 0.001) and suggests that designs showing an image linking the 

SOL to the exhibit are less effective in encouraging visitor engagement on the touch 

screen than designs showing a generic icon visually communicating support for touch 

screen interaction.   

Fig. 8h shows that contribution rates were higher for designs with a question (0.22%) 

than for designs without a question (0.07%). The difference of 0.15% is statistically 

significant (p = 0.025) and suggests that designs asking a question to prompt and focus 

visitor responses are more effective in encouraging visitors to submit a comment than 

designs showing a generic call to action. However, due to the overall low number of 

comments submitted during the evaluation period (n = 21) more data is required to 

confirm this interpretation. 
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Table 4.    Attention, direct engagement, mobile engagement and contribution rates for SOL 

designs with or without browsing, with or without question and with or without image; p values 

indicate significance of the differences between these conditions. 

 Attention  

(observed) 

Direct Eng.  

(analytics) 

Mobile Eng.  

(analytics) 

Contrib. rate 

(comments) 

With browsing 

(A,B,C,D) 
63.7% 

p = 

0.113 

13.7% 
p = 

0.014 

0.79% 
p = 

0.226 

0.17% 
p = 

0.996 Without browsing 

(E,F,G) 
57.7% 12.2% 1.00% 0.17% 

With question 

(B,D,F) 
60.7% 

p = 

0.895 

12.1% 
p = 

0.009 

0.89% 
p = 

0.924 

0.22% 
p = 

0.025 Without question 

(A,C,E,G) 
61.2% 13.7% 0.88% 0.07% 

With image 

(C,D,G) 
63.3% 

p = 

0.220 

11.6% 
p < 

0.001 

0.76% 
p = 

0.196 

0.15% 
p = 

0.951 Without image 

(A,B,E,F) 
58.6% 14.1% 0.98% 0.16% 

 

Fig. 8.   Attention, direct engagement, mobile engagement and contribution rates for SOL designs 

(a-d) with or without browsing, (e-h) with or without question and (i-l) with or without image. 
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5.4 Discussion 

The results provide clear answers to some of the research questions in this study while 

not supporting any firm conclusions for others.  

Regarding the question to what extent the placement of SOLs affects visitors' atten-

tion and engagement with them, the results show significant differences in attention and 

engagement rates between individual SOL installations, which far outweigh the small 

and at times insignificant differences between design variations. They confirm that 

placement is a critical factor in how much attention and engagement SOLs attract, and 

are in line with reports in the literature emphasizing the importance of placement-re-

lated factors on attention and engagement with public displays [9, 11, 20, 24, 43] and 

with exhibits and interpretation materials in museums [4-7].      

Regarding the question whether the impact of placement on visitors' attention and 

engagement with SOLs can be predicted, we applied a method to quantify the attention 

potential of display placements described in [55] to each of the four SOL installations 

in the gallery. The results show strong and significant correlations between the pre-

dicted attention potential and measured attention and engagement. While the correla-

tion is based on only four data points per series and does not imply causality, it seems 

to support the hypothesis that ratings of individual placement-related factors can be 

combined to quantify an attention potential that can predict the level of attention and 

engagement SOLs receive. If these predictive qualities can be confirmed in further stud-

ies, the attention potential of placements can become an additional vector informing 

object selection and local positioning, and help to evaluate the effectiveness of SOL 

deployments by providing a baseline for attention and engagement.       

Regarding the question how information and interaction design affect attention and 

engagement with SOLs, the results provide qualified support for some hypotheses while 

rejecting others. The results show no significant differences in attention rates between 

design variations, however, they do show significant differences in direct engagement 

rates:  

 The results confirm the hypothesis that designs supporting direct interaction attract 

more engagement than designs without content browsing. While the data does not 

support any conclusions about the effectiveness of interaction models per se in en-

couraging engagement, it clearly shows that designs displaying questions or calls to 

action on the idle screen have significantly higher direct engagement rates than de-

signs displaying information how to connect a mobile device via a QR code, NFC 

and URL. This is in line with earlier findings of some museum visitors having neg-

ative attitude towards QR codes, leading them to ignore interaction opportunities, 

and the need to de-emphasize technical aspects in the user interface [56].  

 The results reject the hypothesis that designs posing a question to prompt visitors 

and focus their responses attract more engagement than designs showing a generic 

call to action. Instead, the data shows that designs with a generic call to action have 

significantly higher direct engagement rates than designs posing a question, even 

though some of the underlying reasoning for posing a question is vindicated by de-

signs with a question having higher contribution rates than designs with a generic 

prompt. Together, these findings support claims in the literature that questions can 
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encourage visitor interpretation by directing and scaffolding responses [42], how-

ever, they also show that generic calls to action are a more effective way to encour-

age engagement with SOLs in first place. 

 The results reject the hypothesis that designs showing an image relating the SOL to 

the exhibit and object label attract more engagement than designs showing a generic 

touch screen icon. Instead, the data shows that designs with a generic touch screen 

icon have significantly higher direct engagement rates than designs showing an ex-

hibit-specific image. While not denying that the image helped to integrate SOLs with 

the local information environment [8] of exhibits, it clearly shows that this does not 

necessarily translate to increased engagement. 

Overall, the findings support some of our assumptions how placement and design affect 

attention and engagement with SOLs, while they qualify and reject others. Placement 

clearly has a strong impact on attention and various engagement measures, outweighing 

any effects of interaction and information design. The results also suggest that attention 

and engagement can be predicted, at least in a gallery context, by assessing the attention 

potential of placements using the method proposed in [55]. By comparison, the effects 

of design variations are less pronounced, only producing significant differences for 

some engagement measures while being inconclusive for others.  

6 Limitations 

In line with calls in the literature that ubiquitous computing technologies should be 

evaluated in realistic environments [1, 2, 18], the emphasis of this study was on eco-

logical validity, as reflected in the live gallery deployment and non-obtrusive data col-

lection. As a consequence, however, the research is subject to the museum's constraints, 

practices and natural visitor flow, limiting control over important parameters. In addi-

tion, the limited timeframe in which the study was carried out further constrained the 

research design. Limitations relating to one or more of these factors include: 

 The study does not involve clear A/B testing as the evaluated designs vary in more 

than one parameter as well as their exact implementation. While this decreases in-

ternal validity, it increases external validity by exploring design variations in differ-

ent combinations, making it more likely that findings can be generalized beyond 

specific configurations.  

 The study involves a large number of observations, however, it can be difficult to 

reliably judge from observations whether someone looks at and actually notices a 

SOL, which introduces an error margin for observed attention rates.    

 Engagement rates are based on user journeys and potential encounters, both of which 

are approximations. In order to avoid overstating engagement rates, minimum values 

for user journeys and maximum values for potential encounters were used.   

 The low levels of mobile engagement and content contribution against the large 

number of potential encounters makes conventional thresholds for statistical signif-

icance problematic, reducing the validity of results relating to these data sets.  
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 The attention potential of SOL installations is based on a subset of placement-related 

factors identified in [6, 7] to affect visitors’ attention in museums, but is likely to be 

influenced by many other factors. The strong and significant correlation with actual 

attention and engagement rates is based on only four installations and does not imply 

causality. More research is needed to integrate additional factors influencing atten-

tion potential and to assess the validity and utility of the method.  

With regard to transferability, many findings of this evaluation are general enough to 

be applicable to other contexts and environments. While emerging from a study inves-

tigating attention and engagement with SOLs in particular, it is hoped that they are 

useful to researchers exploring other interactive public display concepts. 

7 Conclusions 

Drawing on heuristics and guidelines in the literature describing how placement- and 

design-related factors impact on people's attention and engagement with public displays 

on the one hand, and with interpretation resources in museums on the other hand, this 

paper reports findings from an empirical study evaluating the effects of placement and 

design in a field trial of SOLs at Science Gallery Dublin.  

It confirms placement as a key factor in how much attention and engagement dis-

plays receive and suggests that attention and engagement rates can be predicted by 

quantifying the attention potential of placements. The proposed method to quantify the 

attention potential of placements [55] combines ratings along four aspects known to 

affect attention and engagement in a museum context, however, the principle of com-

bining ratings for several factors to quantify an attention potential easily transfers to 

other contexts, warranting further research into adapting the method to incorporate 

other placement-related factors described in the literature and evaluating it with more 

deployments and in different environments.         

Putting into perspective the importance of design-related heuristics discussed in the 

literature, the field trial found that variations in the interaction- and information-design 

of SOLs had no significant effect on attention rates and only minor effects reaching 

significance on some engagement metrics. Specifically, they indicate that designs 

showing a generic call to action, displaying a touch screen icon and not presenting tech-

nical information on the idle screen attract more direct engagement on the SOL touch 

screen than designs posing a question, displaying an exhibit-specific image or present-

ing technical information how to connect a mobile device. They also indicate that de-

signs posing a questions attract more contributions, vindicating recommendations in 

the literature in this respect [42], but otherwise found no significant differences between 

designs for other engagement measures.    

Despite the limitations discussed above, this paper makes important contributions 

by showing with high ecological validity that display placement has an overriding ef-

fect on attention and engagement, and that this effect can be predicted to some degree 

by quantifying the attention potential of display placements. This can help to scope 
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expectations about attention and engagement for specific deployments and support pub-

lic display evaluations by putting into context design-related factors that might impact 

on specific engagement metrics. 

While the study involved SOLs as a specific instance of interactive displays, de-

ployed in a gallery environment as a specific instance of a public use environment, 

many of is findings are general enough to be relevant to other display types and envi-

ronments. They warrant future research developing more general methods to quantify 

the attention potential of display placements, advancing our understanding how place-

ment and design influence attention and engagement, and helping towards increasing 

the effectiveness and impact of public display applications. 
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