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ABSTRACT 
In this paper we present TaraScope, a multimodal 
installation that enables student groups, participating in 
workshops at a Space Observatory in Ireland, to remotely 
manipulate and capture images from a robotic telescope 
situated in San Francisco, California. This project is 
developed as part of an international initiative between 
Blackrock Castle Observatory (BCO), Ireland and Chabot 
Space & Science Center, California, with the aim of 
connecting the two locations while also stimulating interest 
in astronomy, science, technology, engineering and math. 
We describe the design rationale and implementation of the 
installation, which is based on creating an inviting, 
apprehendable, inexpensive and engaging system that 
supports inquiry-led learning and group interactions. 
Furthermore, we present several initial observations on the 
user experience of the system that we gathered through a 
series of evaluations that we conducted at the Observatory. 
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INTRODUCTION 
Gazing at celestial objects in the night sky has been a 
fascination for humans for many millennia. Regarded as 
one of the oldest sciences, there is evidence to show that the 
practice of Astronomy was embedded in many cultures, 
from the pre-historic Mesopotamian, Egyptian, Babylonian 
and Chinese civilizations, through the middle-ages and the 
Renaissance, right up until modern times when the 
invention and further refinement of the telescope enabled 
casual astronomers to peer beyond what is visible to the 
naked eye and back into time [1]. 

Although the availability of consumer refracting telescopes 
is relatively widespread today, and most of which are far 
more powerful than the earliest working models, which 

appeared in early seventeenth century Netherlands, there is 
an attraction, especially in children, attached to being able 
to look further and deeper into space at objects such as 
stars, galaxies, planets, and nebulae that are beyond the 
reach of these telescopes. In this paper we present 
TaraScope, a project situated in a public Observatory in 
Cork, Ireland, that can used by school children during 
workshops conducted to stimulate their interest in and learn 
about astronomy. TaraScope comprises of a tangible 
interface, digital displays and analogue output, which 
connects to and harnesses the power of a live robotic 
telescope located in California. In the following, we 
describe the background to this project, the design concept, 
development process and our initial observations gathered 
during a series of evaluations that were conducted to test 
the use of TaraScope.  

BACKGROUND AND RELATED WORK 
The research described in this paper was conducted within 
the context of the Tara Project1, which is an initiative that 
was set up following a workshop facilitated by Blackrock 
Castle Observatory (BCO), Ireland and Chabot Space & 
Science Center, California. This workshop taught students 
(11-16 year olds) how to explore the night sky and make 
astronomy images from data captured by a telescope 
located at Ormondale Elementary School (OES), California. 
The aims of the initiative were twofold, (1) to connect these 
remote locations by enabling visitors to BCO to control and 
take images in real time using the telescope located in OES; 
and (2) to stimulate interest in science, technology, 
engineering and math (STEM) and learn about astronomy.  

                                                             
1 For more details about the Tara Project see 
http://www.projecttara.com/ 
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Figure 1. (Left) The telescope interface of TaraScope, (Right) 
TaraScope in use at Blackrock Castle Observatory during the 

evaluation study.   



  

Organized school trips to cultural, heritage and science 
museums (including space observatories and planetariums) 
are a common occurrence for many schools. However, only 
recently have these institutes received proper recognition 
for their role in formal education [2]. Research has 
suggested that these environments facilitate an exposure to 
the subject matter in a way that is difficult to achieve in a 
classroom environment, and it allows the student to 
integrate their experience and knowledge gained in the 
museum into the curriculum delivered in school [8]. It has 
also been noted that these centres extend learning beyond 
cognition toward aspects such as attitudinal change, 
affective responses and social understanding [11]. Unlike 
the learning environment facilitated within the classroom, 
where the priority is placed upon formal learning based on 
an agreed standard curriculum, museums today are 
challenged with attracting and engaging children in a 
manner that stimulates them to absorb information and 
learn in new and unique ways [4]. An approach that has 
been utilized by many museums to achieve this goal is the 
integration of digital technology and offering novel forms 
of interaction to access information in the museum space. It 
is a commonly accepted belief that interactivity is a key 
factor to provide children with an environment where they 
can enjoy learning. In their mission to engage, inspire, and 
open minds, science museums have been at the forefront of 
innovative interaction design for children [5].  

In our review of existing cases that use digital technology to 
enhance the visitor experience and facilitate learning within 
cultural, heritage and science museums we observed three 
main categories. We should note that this was not an 
exhaustive review, instead we present it here to help 
contextualize our work in the broad field of research aimed 
at enhancing science museums through digital technology 
and novel interfaces. The first category that we classified 
includes projects that use mobile technology or personal 
handsets to access and deliver information to the visitor. 
These applications aim to enhance the learning process by 
providing a dynamic and personal experience for each 
visitor or groups of visitors to the museum. One such 
example [9], utilizes both mobile and wearable technology 
to enhance the students’ and teacher’s experience when 
visiting a science museum. Students activities, before and 
after the visit are supported and the system enables them to 
visualize invisible phenomena during the visit. 

The second category includes applications that augment the 
physical space with virtual objects, mainly to transpose the 
visitor to the time and place where the artifacts was found 
or alternatively to let the visitor engage with objects that 
may not exist anymore or may be too fragile to hold. In the 
context of a science museum [10] created an augmented 
reality system with a laser projection device as a hands-on 
that provides virtual information, which learners can control 
for a visual explanation about an exhibited item. 

The third category, in which we situate our research, 
includes exhibitions that allow the visitor to physically 
interact with objects to reveal information and to enrich the 
interaction between the visitor and the exhibits. In their 
evaluation of a digitally-augmented exhibition, Hornecker 
& Stifter [6] show evidence of the usefulness and 
appropriateness of this type of interface within the context 
of museum. They also state that haptic input devices with 
computational augmentation are effective in arousing 
interest in unfamiliar topics and attracting children and are 
the most popular installations in terms of overall usage 
during runtime. An example of such a mode of interaction 
is [5]. Situated in Boston Museum of Science, this system 
introduces children to the basic logic of computer 
programming through a tangible interface consisting of 
wooden blocks shaped like jigsaw puzzle pieces that 
represent actions for the robot to perform. 

DESIGN CONCEPT 
The basic functionality of the system described here allows 
students to remotely connect to a robotic telescope, located 
in California, from a workstation in BCO, Ireland. Once 
connected, students can send a request to the telescope to 
point at a particular spot in the sky. Once the telescope has 
reached this heading, it captures an image and sends it back 
to BCO for the students to view. This system infrastructure, 
which was initially controlled and viewed through one 
desktop computer and LCD display, was in place prior to 
our team joining the project. Upon joining the project we 
were challenged with enhancing the interaction and 
facilitating an intuitive, engaging and playful learning 
experience. Our team, which comprises of an interaction 
designer, user-experience designer and a user-interface 
designer, commenced the design process by analyzing the 
present setup and discussing its use with students who had 
already operated it. Based on this analysis, the team 
completely redesigned the front-end while also adding extra 
functionality into the system. 

When formulating the design criteria for the new setup we 
decided to follow those developed by Horn et al. as 
described in [5]. Here they suggest that to increase the 
potential for a Tangible User Interface to be successful for 
children in a museum setting the design artifact should be 
inviting, apprehendable and engaging. It should support 
group interactions while being inexpensive and reliable. 
Alongside these considerations we also envisaged that the 
system should support inquiry-led learning, where the 
students inquire about a set of phenomena through 
investigatory activity and draw conclusions based of these 
activities [7]. Alongside these criteria, a key conceptual 
theme that influenced the design of the interface was multi-
modality. We sought to facilitate learning by supporting 
different sensory modalities that could engage multiple 
senses - tactile, auditory, and visual - by means of tangible 
inputs, audiovisual content and tactile output. 



  

TaraScope 
Taking into consideration the design criteria discussed 
above, a multi-station installation was created that would 
facilitate group interaction and would involve multimodal 
input and outputs. The space was divided into two main 
sections. Firstly, students are directed to an area where they 
can choose which celestial object they would like the 
remote telescope to capture an image of. The old system 
required the students to input a numerical heading, which 
we observed to be difficult to understand and control. This 
also meant that the student could aim the telescope at any 
point in the sky, which regularly resulted in images of 
empty space. During a series of design exercises we 
explored various ways of selecting points in the sky by 
using physical objects, these included: mobile handsets, 
slingshots, bow and arrows and an assortment of wooden 
implements. We finally decided to use a small consumer 
telescope that we augmented with a laser pointer and an 
inertial measurement unit (IMU). The rationale for 
choosing this as the input devise was to mimic, as close as 
possible, the actual interaction that would occur if the 
remote telescope were situated on-site. However, instead of 
allowing the students to choose any point in the sky, we 
offered a selection of six predefined objects that could be 
selected by pointing the telescope at a projected image in 
the exhibition space (see Fig. 1.(left)). Once they have 
selected an object, a display within the space presents the 
students with audiovisual information about their chosen 
object. The rationale for including this presentation was not 
only to facilitate learning about their selected celestial 
object; we also wanted to keep the students engaged while 
the remote robotic telescope adjusts its heading, captures 
the image and transmits this image back to BCO. This 
process usually took between 3 and 4 minutes to complete.  

When this is complete the students are directed to move to 
another workstation where they can view the image. This 
image is displayed on a touch screen device where the 
students are allowed to draw over the image and tag it with 
their names and a short text message. When they submit 
their edits, they can choose to send their message to space. 
A 1-meter radio telescope, located in BCO, which is fitted 
with a 4.7MHz transponder, adjusts to the heading that they 

have previously selected and transmits this message back 
towards the object that they have just viewed. This content 
is also archived on a public website. The final part of the 
installation includes a thermal printer, which outputs the 
student’s name, their message and the URL of their 
submission. We incorporated this to provide the students 
with a memento of their time as well as encouraging them 
to log on to the website to view their message alongside 
submissions completed by other student groups.    

USER EVALUATION 
Throughout the design and development of TaraScope we 
employed various methods to evaluate the use and 
functionality of the system. In the early stages, the tests 
were typically conducted within the lab, testing each of the 
interfaces and workspaces separately and we mostly 
focused on addressing issues related to the usability of the 
system. Once we were satisfied that of the separate 
elements of the system were working and communicating to 
one another we decided to deploy TaraScope in Blackrock 
Castle Observatory to evaluate the system in use by groups 
of students and members of the public. The objective for 
carrying out this series of evaluations was to explore 
whether or not the system met the criteria that was set out 
during the design phase.  

Procedure 
TaraScope was deployed in BCO over the course of two 
weekends. During this period we carried out two evaluation 
sessions, firstly a group evaluation, which was followed by 
a public evaluation. The first session involved three groups 
of five children, fifteen in total (11-16 years old), who were 
invited to use the system. Following a short introduction by 
a researcher - where the group were shown how to use the 
system – each group were allowed to use the system for as 
long as they wanted to (average: 24-minutes). A researcher 
facilitated each of these sessions, but they only engaged 
with the participants if they needed assistance or questions 
answered. The main role of the researcher was to observe 
the children’s interaction with the system as well as 
observing the dynamics within the group while they were 
using TaraScope, for example turn taking. After they had 
used the system we carried out a brief informal interview 

 
Figure 2. The system design of TaraScope: (1) The user selects a celestial object by pointing the telescope at an image onscreen 
and pressing a button. (2) While the system is retrieving the image from the Californian telescope (typical duration 4 minutes) 
the users are presented with audio/visual information. (3) The image captured by the telescope is presented on a touch-screen, 
the users can now edit this image by drawing over it. They can also compile a message to be sent into Space. (4) Users can view 
past images created by other people, they can also choose to send their message to Space and they receive a printed receipt that 

includes this message. 

 

 

 

 



  

with the group. These sessions were also recorded using 
video and audio equipment for future analysis. The 
following weekend we conducted a study that was open to 
public visitors to the observatory. During this period, 
approximately one hundred visitors used the system, their 
ages ranged from 5 to 70 years old. A researcher was in 
place at all times to assist the participants and interactions 
were captured using a video camera and digital audio 
recorders. Although the analysis of both studies is not fully 
complete, below we collate and present some initial 
observations from both studies.  

Observations 
During the group evaluation we focused our inquiry on 
whether TaraScope supported group interaction and 
whether or not it was apprehendable to the participants, 
while the purpose of the open session was to focus on 
whether the installation was inviting and engaging. During 
the group session we observed all members of the group 
actively engaging with the system throughout the process, 
while at times different members would take charge. We 
noticed that a different member would lead the team at the 
various stations and that this would change when the group 
moved to the next part of the installation. We found that the 
majority of participants demonstrated a clear understanding 
as to what they have completed and were able to articulate 
the complexity of the operation with the aid of the receipt 
that they had printed out. The responses we gathered during 
the public evaluation were very positive. While in use at 
BCO TaraScope was the most popular installation that was 
open to the public, we also observed numerous visitors 
returning to use the system again once they had visited the 
other installations in the Observatory. The part of the 
installation that proved to be most popular was the 
interaction with the telescope, children spent most of the 
time looking through the view-finder to select an object for 
the telescope to capture. One participant remarked: “I 
really like the way you have to use the telescope to pick, 
because it’s like you’re actually using a real one to look 
into space, but this one looks into space in America”. We 
also observed that some continued to look through the 
telescope to view the audio-visual presentation. Equally 
popular was the tool to send a message to space, referring to 
this one child enthusiastically said: “I’m so excited, I’m 
actually sending a message to space!” Although the general 
consensus was that this aspect was exciting, some 
questioned how they would know if it was received by 
someone or even whether the message would be sent at all.       

CONCLUSION 
In this paper we presented TaraScope, a multimodal 
installation based in Cork, Ireland that captures real-time 
images from Space using a remote telescope situated in San 
Francisco, California. The installation allows visitors to the 
observatory to control what the remote telescope captures 
through a tangible interface, while also displaying 
information about the captured objects and providing them 
with a token to remember the experience. Over the course 

of two weekends we observed and interviewed groups of 
children and members of the public while they engaged 
with the system. Our initial observations indicate that the 
installation meets the criteria laid out in the early stages of 
the design process: inviting, apprehendable, engaging and 
supportive of group interactions. Following completion of 
the analysis of these studies, our future work will focus on 
extending the tangible interface to include a natural form of 
interaction for sending messages to Space, early prototypes 
include a slingshot, a message in a bottle and throwing an 
object into the air. We are also investigating more engaging 
ways to present information to the users as they wait for the 
images to be returned from the telescope. We envisage that 
these amendments will enhance the overall experience of 
TaraScope. 
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