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Abstract This paper presents the design, implementation,

use and evaluation of a tangible data souvenir for an

interactive museum exhibition. We define a data souvenir

as the materialisation of the personal visiting experience: a

data souvenir is dynamically created on the basis of data

recorded throughout the visit and therefore captures and

represents the experience as lived. The souvenir provides

visitors with a memento of their visit and acts as a gateway

to further online content. A step further is to enable visitors

to contribute, in other words the data souvenir can become

a means to collect visitor-generated content. We discuss

the rationale behind the use of a data souvenir, the design

process and resulting artefacts, and the implementation of

both the data souvenir and online content system. Finally,

we examine the installation of the data souvenirs as part of

a long-lasting exhibition: the use of this souvenir by visi-

tors has been logged over 7 months and issues around the

gathering of user-generated content in such a way are

discussed.

Keywords Tangible interaction � Data souvenir �
Museums � User-generated content

1 Introduction

Museums have begun to focus on the visitor experience as

a process that is not limited to the time spent in the

museum itself. Indeed, as Falk and Dierking state: ‘‘The

museum experience begins long before the visitor arrives

and continues long after the visit’’ [10, page 284]. While

the pre-visit is focussed on providing information, e.g.

about both the collection and practical issues around the

visit, the post-visit aims at establishing a long-lasting

relationship that can foster additional visits and word-of-

mouth promotion [6]. To keep visitors engaged, museums

have started to experiment with new media channels to

encourage visitor participation, such as the use of social

media as a means for visitors’ active contribution

[7, 11, 16, 29]. The intent of sustaining a long-term con-

nection with visitors via digital media is, however, dis-

connected from the physical experience of visiting an

exhibition or an historical place. Examples of online

experiences include creating a personal collection of art-

works from the museum digital collection (‘‘Make your

own imagined museum’’ by the Tate1), engaging in a cre-

ative activity and sharing the result (‘‘Design your wig’’ by

the V&A2) or contributing personal digital items to an

online exhibition (‘‘VanGoYourself’’, which reuses content

from the Europeana repository3). As a matter of fact, the
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material collection and the online presence are often

managed by different departments with the result of

offering two distinct and separate experiences to visitors.

By combining principles from ubiquitous computing and

tangible interaction, it is possible to close the gap currently

existing between the exhibition floor and the online ser-

vices and design visitor experiences that take both aspects

into account [26]. The digital and the material can become

components for the design of a holistic visitor experience

that crosses the digital–material boundary. The challenge is

in weaving the digital and the material to create seamless

immersive and novel visitors’ experiences.

In this paper, we explore the value of personalised tangible

data souvenirs as a bridge between the physical, personal

experience of the visit and the digital online experience of

staying engaged with the museum. We define personalised

tangible data souvenirs in the context of amuseumexperience

as specific material representations of individual visiting

paths: the visit is dynamically recorded by logging informa-

tion such aswhere the visitor is at particular points in time and

what exhibit he/she is attending to. These data are then pro-

cessed to create a tangible embodiment of this personal

experience. The data are the digital shadow of the physical

experience, and the tangible data souvenir can be used to

access a personalised online space that displays the visit

against the whole exhibition and enables visitor contribution.

By creating a personalised data souvenir, it becomes possible

for museums to present visitors with a physical memento of

their visitwhile offering them the possibility to further interact

with the museum and its content, revisit their experience or

contribute their stories. Such interaction can also provide a

useful opportunity for the museum to gather visitor-generated

content and thus continuously enrich the physical exhibition

through novel digital material.

This paper is organised as follows: the next section discusses

research relevant to the topic of this paper. This is followed by the

description of the Atlantic Wall exhibition and the visitor experi-

ence.We then describe the system architecture and how it connects

the interaction onsite and online. Next is the design process of the

data souvenir and the challenges of proposing a solution viable for

museums that have very lowmaintenance and high impact, such as

the printing of a personalised postcard. Following this, we discuss

the personalised website (created by processing the data collected

during the visit) that enables visitor contributions. Finally, we pre-

sent the results of 7 months of the data souvenir being used in an

exhibition. We conclude the paper with reflections and guidelines.

2 Related work

This research lies at the intersection between museum

studies, new forms of digital fabrication, personalisation

and ubiquitous computing. Although much research has

been carried out in each area in recent years, e.g. the many

forms of digital fabrication, this work has been going on

independently and their combination in a novel and unique

museum experience has not yet been pursued. In an attempt

to bring together the different strands, here we discuss how

the different components can contribute to the creation of

personal tangible data souvenirs as part of the museum

visit.

Museums are nowadays considered an example of lei-

sure activity pursued not necessarily for educational goals:

they offer a peaceful environment for those in need of

recharging and often are a must-see destination in the

tourist’s agenda [9]. Visitors have different needs and even

the same person can look at the same exhibit many times,

each time in a different way and with different expectations

[9]. A number of scholars in museum studies (e.g.

[8, 24, 32, 35]) see value in revisiting the information-

centric approach of cultural heritage in favour of one that

enables visitors to be in direct contact with objects and

places. Making visitors feel emotions, challenging their

beliefs with difficult questions and enabling personal

meaning making are new goals for curators. Instead of

offering visitors a definitive pre-packed curator-led inter-

pretation to absorb and learn, more forward-looking

museums offer multiple, possibly conflicting, voices and

leave the act of interpretation to the visitors, while

acknowledging that their different personal backgrounds,

expectations and needs change the way they engage with

heritage holdings [9]. The premise that information is not

the only or most important factor impacts on the way in

which designers should think about digital interaction with

heritage. Factors such as physical engagement and sup-

porting the social setting are principles that interaction

designers should consider [27].

Issues with technology in museums were noted as early

as 1992: visitors enjoyed interactive multimedia, but they

did not have the time or patience for the kind and amount

of details provided [28]. The focus should be on how the

information is received rather than how it is delivered [28].

Twenty years later, we see the story repeated: a study of

tabletop interaction in a museum showed 50% of visitors

did not touch the table, only 17% had more than one-touch

interaction and only a few conversations around the

table focussed on the topic of the exhibition [15]. The

situation is not that different with mobile guides (PDAs

initially, smartphones now): mobile devices extend the

time visitors devote to interaction with technology, but

time might be spent in understanding how the device itself

works and not in visiting and interacting with the heritage

[14]. Mobile guides focus the visitor’s attention on the

screen in their hand to the point, in some cases, of ignoring

the exhibits [34] or choosing what to look at on the basis of

what is on the screen [31] instead of what is of personal

282 Pers Ubiquit Comput (2017) 21:281–295

123



interest. Enabling and supporting visitors’ choice is key for

actual engagement and enjoyment. Advancements in

ubiquitous computing have the potential to mitigate some

of the issues with mobile technology, for example by

reducing the number of items accessible through the phone

at each point in time during the visit to those exhibits that

are in the immediate vicinity [4, 5]. However, radically

different solutions are possible. As in the case of the

Atlantic Wall exhibition discussed in this paper, ubiquitous

computing can be implemented in a completely transparent

way: by concealing technology within the environment, the

experience is not affected by possible issues with the

device.

An exhibition or a museum can make a lasting

impression on the visitor and buying souvenirs is a com-

mon way to mark and remember a special experience. A

large body of evidence supports this, particularly in relation

to tourism [2, 12, 13, 21]. While the most common expe-

rience is to buy a souvenir after the visit, there is evidence

to suggest that the souvenir should instead be an integral

part of the visit itself, it should be constructed during the

visit in such a way that it becomes the embodiment of the

personal experience [19]. Digital manufacturing has

opened new opportunities for creating artefacts as part of a

visit. For instance, [23] experimented with the digital

making of self-designed/self-assembled souvenirs in the

context of an extended experience of a single art installa-

tion. Their findings show different attitudes to the making

and the souvenir depending on how intensely the visitor

experiences the exhibit: the making could be the focus of

the experience, a way of reflecting and making sense of the

artwork, or a way of capturing the experience into a

memento [23]. This interesting experiment, however,

cannot be applied to a real museum setting, as it is

impossible to have personnel available for a one-to-one

making session. In addition, the reflective activity was

designed around a single art piece everyone experienced; in

a museum each visitor follows a personal path and expe-

riences different things with the result that no two visits are

the same, even for people visiting together.

To be able to automatically create a personal souvenir of

a museum visit, it is necessary to collect data about the visit

itself, via sensor logs, and to give meaningful form to that

personal data set. A unique example is a summary of the

visit just concluded, which is automatically generated on

the basis of the visit logs [30]. A personalised summary is a

reminder of the actual visit, but does not have the physical

qualities of a souvenir, that of being a beautiful, physical

object kept as a memento of an experience.

Experiments with the materialisation of personal data

into beautiful objects have so far looked into data from

sport [17] or craft [22] activities or the monitoring of email

use [1]. These materialisations are an abstraction of the

activity, and they need to be explained to be properly

interpreted; they are a secret code into personal perfor-

mance over time. For example in [17], the record of a

single physical activity is engraved with a specific line

pattern that captures the frequency of a specific motion;

multiple activities over time create different lines and

contribute to the unique aesthetic of the personal bracelet.

The use of digital technology to fabricate personalised

objects does not change the passive nature of objects cre-

ated exclusively to be looked at and function as reflective

[23] or motivational [17] pieces. Digital technology can

take the fabrication much further and make the physical

object an entry point for a further personalised digital

service that makes use of the onsite visit log to extend the

experience online in the form of a post-visit environment

offered by the museum to visitors. Museums have long

acknowledged the importance of a long-term connection

and communication with visitors, but the focus so far has

been on specific activities for school visits and informal

learning [20, 33]. We see much potential in extending this

approach to all visitors and enabling museums to start a

long-term relationship with visitors, many of whom are

returning visitors [9, 25].

To summarise, from a visitor’s point of view a souvenir

of a museum visit should hold a clear connection to the

exhibition or collection and should represent somehow the

personal journey. From a museum point of view, the cre-

ation of a souvenir should be low cost and maintenance-

free. So far research has not tackled any of these issues.

Furthermore, a souvenir is seen as a passive object, a

reminder of the past. A personalised souvenir can extend

the interaction into the future by offering new ways for

museums to connect with visitors, e.g. by matching the

visit with additional curated online content or by enabling

visitors to contribute to a growing collection of visitor-

generated content. In other words, the personalised tangible

souvenir becomes the means for a long-term visitor–mu-

seum interaction that connects the physical and the digital.

3 The Hague and the Atlantic Wall

The tangible personalised data souvenir in this paper was

part of the design of the exhibition ‘‘The Hague and the

Atlantic Wall: War in the City of Peace’’ which ran from

April to October 2015 at MUSEON in the city of The

Hague, in The Netherlands. The exhibition was conceived

as a stand-alone setting to which the technology was added

as an enrichment. In other words, it was the intention of the

exhibition curators that visitors would be able to enjoy and

appreciate the exhibition without using any technology at

all. The topic was expected to appeal a large range of

visitors; in particular, the museum expected a higher
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number of elderly than usual and it was therefore key to

care for all attitudes and abilities.

The Atlantic Wall was a set of defensive lines and

placements that were built by the German forces during

WWII along the coast of the Atlantic Ocean and North Sea,

from the French/Spanish border to Norway. The wall

consisted of a 5000 km long chain of bunkers, anti-tank

walls, cliffs and other barriers and was aimed at preventing

an Allied attack on the Reich’s Western frontiers. The

presence of these fortifications affected several countries

and cities and their residents.

The exhibition focused specifically on the Atlantic Wall

in The Hague. In this coastal city, the construction of the

Atlantic Wall was rather different from the rest of the

defensive line, both because The Hague was the seat of the

administration of the occupied Netherlands and because of

the presence of a fishing port, meaning it needed additional

protection. As the Allied forces could break through the

coastal defence lines and reach The Hague from inland, a

second defence line was created through the city itself.

Thousands of buildings were demolished to give way to an

anti-tank ditch and an anti-tank wall. Tens of thousands of

people had to leave their homes and be relocated to other

parts of the Netherlands. Some parts of the city were no

longer accessible to the inhabitants without special permits

or were completely closed off to civilians.

The exhibition dealt with the impact of the construction

of the wall on the city and its inhabitants. Subjects such as

evacuation and daily life in an occupied city that had

become a military fortress were important in the exhibi-

tion’s storyline. The story was told by means of museum

objects, documents, maps, models, photographs and videos

all displayed in an evocative environment (Fig. 1). The

exhibition space was arranged to correspond to a physical

map of The Hague, and showcases were marked as loca-

tions within the city. Ten interactive display cases were

spread across a single open-plan space, along with an

introductory video projection. Here below we summarise

the interactive experience, interested readers can refer to a

more extended description and discussion in [18]. While

the interaction at the cases was essential in order to collect

the logs, in this paper we focus on bridging the physical

and the digital and therefore the conclusion of the onsite

experience and the continuation online.

To enrich the visit experience, a set of personal stories

were prepared by the curators and recorded using actors in

order to provide affective content to complement the fac-

tual, more traditional textual descriptions. The intention

was to offer a richer variety of personal accounts than

generally available, going beyond the presentation of facts

and more into the personal and affective recounting of

dramatic events. Playback of the personal stories was

triggered by smart replicas; reproductions of original

exhibition objects augmented with digital technology (in

this case, NFC tags). Each replica represented a single

perspective on the story of the Atlantic Wall: that of a

Civilian displaced from their home, a Civil Servant (Offi-

cial) unwilling to be the instrument of the implementation

of the occupiers’ plan, or an occupying German soldier

who felt himself a protector of the Dutch population

against potential invaders.

The exhibition had textual information in two lan-

guages, Dutch and English, and therefore, 2 sets of 3 smart

replicas were created. Each replica represents one of 3

perspectives in one of 2 languages. The replicas and their

collection point within the exhibition are shown in Fig. 2.

When entering the exhibition, the visitor chooses one of

these replicas and carries it around the exhibition to

interact with the display cases. If, for example, the visitor

chooses the dictionary for their visit, they will choosing the

German soldier perspective in English (top left in Fig. 2).

Table 1 shows the mapping of objects to perspectives

and languages.

Each replica contained an NFC tag that allows the

physical item and its user to interact with the display cases.

Next to each display case was a pulsing orange circle,

under which was placed an NFC reader. When a replica

was placed on the circle, the colour changes to a solid

green, indicating that the case has been activated (Fig. 3)

and audio played through the earpiece, while images were

projected on the case front glass. The use of the replica was

monitored and information logged: when the replica was

placed on an NFC reader, the showcase number, the per-

spective represented by the replica and a timestamp were

logged; similar information was recorded when the replica

was removed thus enabling the system to fully track the

visit.

The visitor was free to move around the exhibition

visiting cases in any order they wished. When they decided

to end their visit, they would go to the souvenir printingFig. 1 Visitors interacting with the Atlantic Wall exhibition
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station. Here, the replica ended the visit session, triggering

the system to process the log data and generate a data

souvenir: a personalised card on which the visit is repre-

sented. Beside the souvenir station was an interactive

tabletop displaying the online map to invite visitors to

explore the stories contributed by other visitors. In this

way, the online visitor contributions were part of the

exhibition itself. It was also expected that, by seeing other

visitors’ content, visitors were encouraged to consider

contributing. The possibility of allowing visitors to con-

tribute while still at the museum was considered at the

design phase. Given the sensitive topic, the curators deci-

ded to moderate the content before its publication on the

map; therefore, a dynamic upload of personal stories was

not appropriate and the tabletop enables viewing but not

uploading. The personalised souvenir, a postcard, printed at

the end of the visit, contained all the necessary information

to go online, revisit the experience, get further material

available in the exhibition and contribute content in the

form of personal and family memories, as described below.

As with the other cases, at the souvenir station the vis-

itor placed their replica on the pulsing orange circle (Fig. 4,

top left). A video then played containing instructions and

the postcard-like data souvenir was printed (Fig. 4). The

front of the postcard was personalised with the language

and perspective of the visit, along with the three cases at

which the visitor spent the most time. This information was

extracted from the log recorded during the visit. The three

most seen cases were printed as stamps as a reminder

Fig. 2 The smart replicas at the pick-up point. The top row is for the

English language, from left to right: a German-Dutch pocket

dictionary for the German perspective; an armband that granted

permission to cross the lines for the Official (Civil Servant)

perspective; a box of sugar surrogate for the Dutch civilian

perspective; The bottom row is for the Dutch language, from left to

right: a beer mug given as Christmas present to the German soldiers

for the German perspective; a printed pass that allowed crossing the

lines for the Official (Civil Servant) perspective; and a surrogate tea

bag for the Dutch civilian perspective

Fig. 3 The use of a replica (the German-Dutch dictionary for the Soldier perspective) at a showcase point

Table 1 The list of replica objects and their corresponding per-

spective and language

Replica Language Perspective

Tea bag Dutch Civilian

Sugar English Civilian

Travel Pass Dutch Civil Servant

Armband English Civil Servant

Drinking mug Dutch German soldier

Dictionary English German soldier
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passes that needs to be stamped to be allowed through

(Fig. 8). The card also included a unique passcode and

prompted the user to visit the post-visit website. The back

of the postcard shows a map of the city together with a

reference to the corresponding locations in the city (Fig. 8).

In this way, a relationship between the exhibition and the

city outside the museum’s walls is established. This con-

nection between the experience of The Hague during the

war and The Hague today was reinforced by a large

interactive map positioned next to the personalised card

printing station. The interactive tabletop displayed user-

generated content relevant to the Atlantic Wall and located

on a map of the city today. The curators were willing to

collect personal memories and stories, photographs from

personal archives or any form of visitors’ contribution, e.g.

selfies on relevant spots. A few contributions from friends

of the museum were used to provide some initial content

for the map. The next section describes the design process

of the card as a souvenir of the personal visit and its use as

an element of the Atlantic Wall exhibition.

The postcard has a unique code printed on the top right

corner (Fig. 9). Using this passcode and the website

address provided on the data souvenir, the visitor could

elect to go online to continue the interaction with the

exhibition and to add their own content to this map. The

online post-visit experience was designed around an

interactive map of the city of The Hague; places in the

exhibition were marked on the map, and colour was used to

show whether the place had been visited in the exhibition

or whether instead it was new content to the visitor.

Standard map place markers were used to show visitors’

contributions; clicking on the place marker would display

the content.

4 System architecture

While the visitor may not be aware digital technology

enables their experience as it is completely concealed in

the replicas and the cases, a bespoke software system

paired with ubiquitous computing (NFC tags in the replicas

and NFC reader in the interactive rings) is what makes the

Atlantic Wall exhibition interactive. Figure 5 shows the

different layers and components: the Application Layer

controls the interaction with the visitors both onsite and

online; the Service Layer provides the backend function-

alities; and the Data Layer manages the content (i.e. the

videos) and the logs (i.e. the recordings of how each replica

has been used).

The Application Layer contains the modules that

directly interact with the visitors both onsite and online.

The Onsite Network subsystem manages all the interactive

cases: when a replica is placed on a Case, it requests to the

Event Processor the corresponding video to the Content

Fig. 4 Key frames from the instructional video on how to use the postcard as displayed at the souvenir station
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Management System (in the Data Layer); the video is then

passed to the Content Delivery Service (in the Service

Layer) to the Onsite Network to be displayed on a Case.

When the replica is removed from the ring, the Onsite

Network requests the Event Processor (in the Service

Layer) to record for how long the replica was used at that

specific Case; this information is stored by the Log System

in the Data Layer and later used for printing the souvenir

and in the online visualisation. While the visitor progresses

in their visit, the Onsite Network is repeatedly called and

the same process of content request, display, and log

storage is repeated. When the visitor concludes the visit

and approaches the printing station, the Event Processor

activates (via the Log System and the Personalisation

Service) the Data Souvenir Printer to generate the postcard.

Finally, when the visitor uses the code on the postcard to

enter the website via the Online System, the Personalisa-

tion Service uses the log in the Log System to visualise the

content as ‘‘seen’’ or ‘‘new’’ depending on the record of the

visit associated to that specific code. Figure 6 shows how

the components in the system architecture are activated at

different phases of the visit; it follows a hypothetical visitor

within the exhibition and later online.

5 Tangible data souvenir

The design brief was to create a souvenir that fit with the

theme of the exhibition, while being easily produced in the

thousands with minimal maintenance and also offering lay-

ers of information to the visitor. This included a represen-

tation of some aspects of their visit, the connection between

the displays within the exhibition and the city of The Hague

and access to an online post-visit experience where the vis-

itors could find curated content as well as visitor-generated

content, such as personal and family memories.

A number of concepts for the data souvenir were created

(Fig. 7) in order to explore the design space and to look at

issues such as ease of production, cost and customisation.

These concepts included generative postcards, an overlay

for a street map, and a set of travel or identification papers.

Each of these connected in some way to the exhibition,

whether through the use of place (the street map), the type

of object (the travel papers), or the content used to create

them (the postcard).

The postcard concept was selected based on considerations

such as the number of expected visitors (about 20,000), pro-

duction process and cost. Industrial printers and paper used to

print tickets for events were considered; such a technology is

very fast and reliably prints thousands of cards before any

maintenance for ink or paper is needed. In addition, the card

background can be pre-printed on both sides with a high-

quality customised image in colour (Fig. 8), while patterns in

black can be generated and printed dynamically so as to

implement the personalisation component (Fig. 9).

The background graphics use the visual metaphor of

crossing lines representing the Atlantic Wall (in orange)

and the lives of the people around it (in blue), as they

connect with or intersect with the wall. The design draws

some aesthetic influences from aerial images from the

archive of the city to give cohesion as the exhibition fea-

tures much content based around maps and aerial pho-

tographs. The colours, orange and blue, also feature

prominently in the exhibition design (Fig. 1).

Fig. 5 The system architecture

over three layers. The

Application Layer manages the

visitor interaction online and

onsite; the Service Layer

enables the system

functionalities; and the Data

Layer manages both the videos

displayed as each case (Content)

as well as the log collected for

each smart replica used in the

exhibition
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The ‘Start’ point has instructions, a map 
of The Hague, the replicas, and the 
original objects in the glass case. 

Visitors choose the storyline they want to 
follow: the German soldier, the Dutch 
civilian or the Officer, and take the 
corresponding replica. 

With their replica in their hands, the 
visitors start their visit looking at 
objects on display, reading panels and 
interacting with the case. 

Replica on Case1  Onsite Network 
                                 Event Processor 
                                 Content Man. Sys. 
                                 Content Deliv. Ser. 
Video plays on Case1

Replica off Case1  Onsite Network 
                                 Event Processor 
                                 Log System 

They progress in their visit looking at 
objects on display, panels and listening 
to personal stories via the interactive 
cases. 

Replica on CaseN  Onsite Network 
                                 Event Processor 
                                 Content Man. Sys. 
                                 Content Deliv. Ser. 
Video play on CaseN

Replica off CaseN  Onsite Network 
                                 Event Processor 
                                 Log System 

When they decide to leave they approach 
the printing station and place the replica 
they used on the interactive spot.  

Replica on CaseP  Onsite Network 
                                 Event Processor 
                                 Log System 
                                 Data Souvenir Print. 
Postcard printed 

The visitor takes the personalised 
postcard and leaves the replica in the 
collection box. 

When at home the visitor uses the code 
on the postcard to enter the personalised 
area. 

Login online  Log System 
                          Personalisation Service 
                          Online System 
Display personalised map

The symbol shows content in the 
exhibition that was not seen. The visitor 
clicks on to complete the visit online. 

Then the visitor decides to look at what 
others have contributed by clicking on 

the symbol . 
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When the visit (described in the previous section) is

concluded, the visitor approaches the souvenir point to

print their personalised card. As the augmented replica is

placed on the last interactive spot, the data log recorded

bFig. 6 A storyboard of a visitor interacting in the exhibition and later

online and how their action triggered some components in the

architecture. The storyboard follows the visitor; some steps do not

trigger any action in the system

Fig. 7 Different concepts explore at the creative phase: a set of foldable tickets (top left); a written postcard with a personalised stamp (top

right); different personalised stamps (bottom left); and a layered and annotated city map (bottom right)

Fig. 8 The standard pre-printed postcard front and back. The front

has predisposed areas for the printing that is done dynamically after

the analysis of the logs (Fig. 9); the back shows a stylised map of The

Hague with the locations represented in the exhibition indicated. The

numbers on this map also match the ones on the stamps
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during the visit is processed to create the personalised print

for the front of the card (Fig. 9). Aspects of the visit are

extracted, such as the preferred language and the per-

spective (the personal story) that the visitor chose. The log

data (the order of the interactive cases visited together with

the start and stop time of content playback) are processed

to determine the three interactive cases with which the

visitor interacted for the longest period of time. These are

then printed as ‘‘stamps’’ similar to those on travel docu-

ments during WWII. As each display case represents a

specific location in The Hague, each case is represented by

a unique stamp as though the visitor had been granted

access to that location. The text on the stamp gives the

name of the location within the city, while the image

represents the object on display in the corresponding case.

Figure 10 shows the ten stamps created for the exhibition.

The personalised postcard is a materialisation of the visit

experience captured in the data log. A 6-digit personal

access code printed on the top right of the postcard (see

Fig. 9) gives access to the online post-visit experience

website. This website is based on The Hague city map

annotated with curated content from the exhibition and

enriched by visitors’ contribution (Fig. 11). In setting up

the website, the curators aimed at collecting personal

memories of The Hague in relation to the Atlantic Wall.

Entering their personal code enabled the visitor to add

content. At a glance, the online visitor can see which

content corresponds to the curated Atlantic Wall exhibition

(marked with ) and which content was contributed by

visitors (marked with ). The content from the exhibition

is further distinguished in what has been seen when at the

exhibition (the logo is displayed in colour) versus content

that has not been seen (the logo in grey) (Fig. 11). Simi-

larly, the different colour in the marker for the visitor-

contributed content distinguishes that of other visitors (in

red) from that contributed by the visitor him/herself to the

website (in green) (Fig. 11). The different markers, and

their associated content, are designed to both show infor-

mation at a glance and to stimulate the visitor to interact

with the system and add their own stories or memories. By

showing the visitor the information regarding the cases in

the exhibition we remind them of what they have seen or

offer the opportunity to look at what has been missed

during the visit. By showing them other visitors’ content,

we aim to encourage them to submit content of their own.

Finally, it is important to notice that the card gives

access to visit information held by the museum without the

need to leave any personal data such as name or email

Fig. 9 The personalised souvenir summarises the highlights of the

visit. The postcard on the left shows the visitor received the English

narratives, followed the story of the German and spent the most time

at locations 1, 3 and 9; the postcard on the right shows the language

was Dutch, the perspective chosen was that of the German soldier and

only two locations were visited, 6 and 7

Fig. 10 The ten different

stamps one for each station in

the exhibition. Each one

represents an object on display

and a location in the city (that

fits the map on reverse, see

Fig. 8)
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address. Visit logs are anonymous and linked only to the

unique passcode on the postcard. If you have your post-

card, then your visit and the extra content is accessible to

you. Both curators and visitors who are becoming more

aware of the concerns around properly managing sensitive

personal data appreciated this design feature.

6 Deployment within the exhibition

The Atlantic Wall exhibition was opened to visitors from

April to October 2015. During this time, we held a number

of different evaluations to assess different aspects of the

visitor experience [18]. Relevant to this paper are a set of

naturalistic observations and the analysis of the logs

recorded through the use of the replicas within the exhi-

bition and the online access via the postcard.

The naturalistic observations enabled us to gain a good

understanding of how the visitor experience evolved. The

exhibition flow was open plan, meaning that there was no

prescribed flow through the exhibition: visitors entered at

any point, moved freely and left at any point. The lack of

signage for the start (where the replicas are picked up) and

the souvenir printing station meant visitors did not know

there was an interactive activity on offer in addition to the

traditional exhibition of objects and panels. As a result, the

interactive cases were used only by a minority of visitors

who entered the exhibition from where the replicas were

displayed. We observed visitors without replicas

approaching visitors with the replicas asking where they

could collect their replica too, so as to have the same

enriched experience. A few weeks after the opening the

museum introduced signage to clearly indicate there was a

start and an end point (Fig. 6 shows the start point where

the replicas are picked up, and Fig. 12 shows the end point

where the postcard is printed and the replicas returned); it

also added further information on how to use the replicas

and additional information about the souvenir was also

placed at the start point as to invite visitors to complete the

experience with the printing and collecting of their per-

sonalised postcard. The signage substantially increased the

number of visitors using the replicas during the visit and

we recorded an increase in printing the souvenirs at the

end, although we observed that many continued to over-

look it as they returned their replicas at the start, where

they had picked it up. Indeed, this is an understandable

behaviour and in hindsight we should have designed the

start and stop as part of the same interactive station, so as to

make sure visitors would not miss it unintentionally.

Indeed, some visitors did not show any particular interest in

the souvenir: we observed a few visitors looking at the

souvenir station but not going through the process of

actually printing. Conversely, we observed pairs and small

groups of people visiting together selecting different

replicas, going through the exhibition and then printing

postcards: as the postcards were different (as the

Fig. 11 The view of the Atlantic Wall online. The small window shows the specific content for a point
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experiences were different), this provoked discussions in

the group on what was most liked and the invitation from a

partner to listen to another story they particularly liked.

These observations derive from a naturalistic approach and

visitors were therefore observed but not approached. For a

period of time, museum staff were present on the exhibition

floor to offer explanations and support: when visitors were

shown the printing station and it was explained how the post-

card could be used, the feedback collected was very positive.

Visitors appreciated the gift of a souvenir as amemento of their

visit. The fact that the card was personalised was not always

automatically understood, but visitors in a groupwho followed

different paths were observed comparing cards, indicating that

a personalised souvenir can be a good way to invite visitors to

reflect on their visit, an important step in the trajectory of

experience [3]. This observation brings the question ofwhether

the personalisation mechanisms of the system should be

explained or made more evident. For example, should we

include some explanation on the card itself or, better yet, at the

printing point. Also, should the stamps on the card be shown at

the cases that they correspond to, so as to make the connection

more obvious? What we can state is that the card was appre-

ciated for the very high quality of the print and the interesting

design. There have been no reports frommuseum staff of cards

being left behind in the museum, indicating a high interest by

the visitors in taking the souvenirs away with them.

Another source of feedback was the analysis of the logs

automatically recorded by the system during the visit and

then the online access and use. In the 7 months, the exhi-

bition was open a total of 14,853 visitors used the replicas

in the interactive parts of the Atlantic Wall exhibition. Of

these visitors, 1557 (*10%) printed their data souvenir.

The fact that not every visitor that used the replicas printed

the souvenir can be explained by the observations: many

returned the replica at the start so overlooked the printing

station, many did not go through all the exhibition so

missed to walk by the printer, and many noted the printing

but decided not to use it. This last behaviour is somewhat

surprising given the positive feedback collected by the

museum staff when the postcard was specifically discussed;

we can therefore only speculate that possibly this is due to

the very unfamiliar situation of print-your-own-souvenir

that could be completely removed if a different dynamic

was implemented, e.g. a member of staff collecting the

replica, printing the postcard and handing it out to the

visitors.

As the souvenir was also intended to enable access to the

online system for gathering personal contributions, we also

monitored the use of the passcodes. It should be noted that,

while the needed information to access the content online

was printed on the postcard, the instructions on how to

proceed were not. This information was given in the form

of an animation (Fig. 4) displayed at the printing station.

We believe this had a negative impact on the use of the

online system as many visitors may not have paid attention

to the video or may have forgotten what the code on the

Fig. 12 The printing station after a sign was added to direct the

visitors towards the start point to collect the replicas. The print station

has a large touch screen to explore the map of The Hague with the

visitors’ contribution (bottom right in the left image); a smaller screen

for the instruction video next to a slit where the postcard comes out

(right column, top), and a box for hand-written suggestions (right

column, bottom)
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postcard was for. Indeed, although the information on how

to go online was on the postcard (see Figs. 4, 9), it was in a

small print and not fully explained and therefore difficult to

decode or remember.

Of the 1557 visitors who printed the card, only 39

(*2.5%) logged into the online post-visit exhibition,

contributing overall 62 content points to the map (Fig. 4,

last frame). The majority of the user content points added

were created towards the centre of The Hague and were

textual with only a few supported by old photographs. The

location of the user content points does not particularly

map to the locations in the exhibition. However, one area,

the Statenkwartier, which was almost completely demol-

ished in order to build additional Atlantic Wall defences,

showed a high concentration of visitor contributions. As

the visitor contribution was minimal with respect to the

curators’ expectations, time was spent in understanding

why people were not willing to contribute. Staff from

Museon have reported that visitors were very happy to

share stories and memories with them on the exhibition

floor, but were reluctant to go online, even if museum staff

offered to help. The reason why willingness to share stories

did not translate into active contribution could be explained

in many ways: (1) the visitors who had personal and family

memories to share were elderly or ageing and may not feel

familiar enough with technology to go online and con-

tribute; (2) poignant memories need a listening human

being; (3) instructions on how to get online were given in

the video when the card was printed (Fig. 4), key infor-

mation was on the card but perhaps was not clear enough

so people did not know/remember how to do it; and (4)

when a visitor has left the exhibition, the interest has

passed and the effort to contribute when at home is too

high. The last two points can be addressed: a new card with

a new background and clearer instructions could be

designed. To enable visitors to add content while at the

exhibition itself (the option to contribute content at the

interactive tabletop was discarded at design time by the

curators as they wanted to check each visitor contribution

before it was displayed at the exhibition), the museum

added cards and a box for people to write and leave their

contributions in paper form (Fig. 12 bottom right); the

museum personnel would then upload the contents of the

cards on the system on behalf of the visitors.

7 Guidelines and conclusion

The research reported in this paper is the first example of

the automatic generation of a personalised tangible data

souvenir that acts as a memento of a museum visit and

bridges the gap between the physical and the online

experience. Our work showed that the uptake of the

souvenir was affected by factors outside our control, i.e. the

exhibition layout and signage on the exhibit floor. How-

ever, even for those visitors who did print the card, its

meaning and the relationship with their personal visit was

not clear. More research is needed to understand whether

this information is actually desired by the visitor or whe-

ther, instead, the gift of a beautiful object as a memento of

the visit is enough and the additional explanation on how

the card was made could be available online. The crucial

point is to find ways to increase the number of visitors

accessing the online experience. A clear guideline is to

make sure the information on the souvenir is not only

present, but that it is completely obvious how to use it. This

can be a challenge, as blunt instructions can clash with

aesthetics: designers may need to choose one or the other.

A souvenir that has clear instructions on how to get online

is essential. We also need to determine if the underuse of

the website is due to lack of know-how or lack of interest.

Museums are devoting much effort to provide post-visit

experiences that, in the second case, may not be worth

pursuing. An alternative approach is to provide tools that

enable the museum to offer a post-visit experience at a

limited cost: as the digital content for the exhibition has

been created and the log of the visit collected, the two can

be used to automatically create online personalised pages

(Fig. 13). These pages could include views of what has

been missed in the exhibition as well as content from

public online resources recommended on the bases of the

visit; the museum can also use these pages to publish

newsletters or advertise new exhibitions.

A positive finding from this deployment is that visitors

who generate their own data souvenir take time to look at

them and keep them. They do not seem to leave them

behind or dump them at the museum. This is inline with

our expectations based on the research into souvenirs and

memories. The feedback collected on the exhibition floor

also shows that the postcards are seen as being something

worth keeping. A second guideline then is that high quality

printing and beautiful design can add value and encourage

visitors to keep the gift.

A further guideline is to design for reliability. Discus-

sions with curators and technical staff from Museon

highlighted the importance of a reliable, low maintenance

system. Previous experiences with printers and other such

systems on the museum floor had been quite negative, so

that they were seen as more trouble than they were worth.

Much work was put into producing a system that was

reliable enough for deployment in the wild. This included

the use of commercial grade thermal printers, capable of

producing 5000 postcards before needing to be loaded with

more card stock and that did not need to be loaded with any

other media such as ink or toner. Reliability is also a key

issue for visitors, an unreliable system, will provide a poor
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experience for the visitor and can lead to frustration.

Finally, the printing was almost instantaneous, so there was

no delay between depositing the replicas and collecting the

postcard.

To conclude, our exploration of the automatic genera-

tion of a tangible personalised souvenir created on the basis

of logged data was very positive and opened a range of

possible further research actions. Curators were keen for

visitors to take away a memento of the exhibition. Visitors

were fond of the cards and took them home with them. The

logging of the visit enabled dynamic content creation and

many more visualisations could be designed for both the

souvenir and the online experience. The key issue is how to

increase the number of people that go online, although this

point needs much more field research as it is not at all clear

if the under use is due to lack of information on how-to or

lack of interest by visitors.
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