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ABSTRACT

1

The popularity of mobile devices for learning outside conventional
classrooms necessitates the exploration of the many challenges
which can impede the learning process for children using them.
Key among these is the possibility of disorientation, occurring when
children are faced with stimuli external to their learning task which
can redirect their attention elsewhere. This paper explores the several factors which can contribute towards disorienting children
from their learning task in an informal learning environment (ILE)
using science festivals as a context. We detail the design and deployment of a mobile leaf identification application used by attendees
at a child-focused science festival in a setting filled with distractions. Participating children used the app to watch an educational
video about leaves, and were asked to identify the leaves around
the exhibit correctly by taking a picture using the app. From our
observations, we derive the key factors which can disorient young
learners in an ILE and the ones which help them reorient towards
the learning task. We conclude by providing considerations for
designing mobile applications for children to be used in ILEs which
can promote informal learning while minimizing disorientation.

Increasing popularity of using mobile technologies for imparting
education outside traditional classroom settings puts an emphasis
on exploring the many challenges which can impede the learning
process of children in informal learning environments (ILE) [51].
Different kinds of ILEs include museums, science centers and science festivals which attract large audiences with a common desire
to learn something [6]. Among these, science festivals have been
known to provide a large variety of learning opportunities due to
their transient science experience [8, 30], making them an ideal
ILE. Much like in an indoor classroom, children in ILE are faced
with different types of distractions which can hinder their learning performance [13, 38]. These distractions lead to disorientation,
which can impede an individual’s learning performance. Distraction [17, 23, 34, 58] and disorientation [4, 14, 22, 29, 37] appear in
educational research with similar meanings, both of these notions
pointing towards the inability of attentional mechanisms to prioritize and choose relevant information for current behavioural goals
[37]. This inability causes learner’s attention to not be where it is
intended to be when completing an activity. Due to their similar
characteristics and outcomes, we use the unified term disorientation for the aforementioned phenomena from here on. Formally, we
define disorientation in the context of ILE as: any off-task behaviour
resulting in deviation from the intended learning goal(s). We detail
our educational task in section 3, while off-task behaviour for our
experiment is described in section 4.
The ability to provide timely and seamless access to learning
in different working contexts makes mobile technologies potentially useful for learning [36]. Technology has also been found to
be a facilitator in boosting visitor engagement in science festivals
[56]. We argue that minimizing disorientation can improve the
informal learning experience sought during science festivals, especially through mobile technologies. With the goal of facilitating
and improving visitors’ learning experience [3, 7], we designed an
educational mobile application with game elements by Tondello et
al. [57], which could help reorient participants to the educational
task in an ILE. Gameful design elements (explained in detail in section 3 ) incorporated in our learning app and exhibit environment
included assistance (by researchers, volunteers and other participants), immersion (by encouraging exploration and the inherent
unpredictability), incentives (in the form of model trees and stickers offered for participation), and progression (by including a 2D
progress bar) [57]. During a child-focused science festival, we asked
participants to try our mobile app crafted for performing a naturerelated learning task. The science festival hosted about 50 exhibits,
which attracted an audience of 6000 people, primarily children with
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their parents or adult caretakers, making it a suitable venue for
exposure to informal education. The science fair asked each booth
to choose an age range; ours focused on elementary school aged
children (between 5 and 10 years old), as children in this age range
could perform our intended activities which required retention of
visual cues from the video, and ability to find and capture pictures
using a camera.
This paper seeks to understand situations when disorientation
can occur in tech-centered learning activities, and how can we
leverage the knowledge of these inherent factors while designing
educational mobile applications for use in ILEs. The question guiding our research is: what factors in ILE disorient the learner while
performing an educational task using mobile technologies in ILE,
and how do they reorient towards the learning task? We consider
the role of mobile technology, people accompanying the participant, task length, and other environmental influences in a science festival, which appear to be a less explored notion with respect to imparting education in ILE. With our research, we aim to
make the following contributions: First, we use science festival as
a context to describe baseline understanding of factors constituting disorientation experienced by children in ILE, and how they
reorient towards the educational task. Second, we provide design
guidelines for educational mobile applications to be used in ILE
which can provide opportunities for learning while minimizing
disorientation.

2

RELATED WORK

Children have been observed to be more engaged in their learning
tasks while using digital technologies [32], especially mobile applications [12, 18, 32, 49]. Mobile technologies have the potential to
provide seamless learning, defined as ”ubiquitous access to mobile,
connected, personal, handhelds, creating the potential for a new
phase in the evolution of technology enhanced learning, marked
by a continuity of the learning experience across different environments." [11]. However, any kind of information which is not
specific to the task and is difficult to be ignored is disruptive to
children’s attention [5], resulting in disorientation. Children experience an increase in inhibitory control between the ages of 3 to
8 years, resulting in lesser disorientation [16, 21, 26, 50]. Research
also shows gradual improvement in sustained attention in 8-10
years of age [45]. Studies involving 5 and 8 show that even young
children perform better when instructed and reminded about meta
attention and ignoring task-irrelevant sounds [33]. Yet, there is a
limited amount of research examining the effects of distraction and
resulting disorientation on the performance of children in the elementary school age in ILE. Our research aims to describe baseline
understanding of factors constituting disorientation experienced
by children in this age group in ILE.
Science festivals are a rapidly growing venues for scientific learning worldwide [8, 30], with a primary objective of engaging nonspecialist users [6]. They embody the current science engagement
practices in informal learning settings [24, 25], making them an
ideal ILE. Their defining characteristics include heterogeneity, variable length and size with a variety of learning experiences and
delivery styles [8]. The range of activities offered by science festivals differ from science centers and museums due to their transient
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science experience [8, 30]. Learning attainments of students attending science festivals include acquisition of new information,
learning about new technology uses, and expanding their perspectives, to name a few [35]. Science fair participation is reported to
influence student attitudes and increase their understanding of science inquiry [53]. Despite their growing popularity and frequency
in the United States, research on the impact of participation in
science festivals on science inquiry learning of attendees is scant
[6, 8, 27, 30, 53]. With our study, we augment this area of research
by providing insights about the learning experience of children
attending a science festival.
Problems encountered during "learning through browsing" include wandering through a place without pausing to take in the
ideas presented, inability to recognise previously visited nodes/
locations, or not identifying the areas which have not yet been
visited or discovered. These problems have been termed as disorientation [14, 22, 37], whereby the user has to re-orient and reinstate
themselves to the task at hand to rescue the learning progress. Bhatti
et al. define disorientation as the condition of losing one’s sense of
direction or a state of mental confusion, in which one unknowingly
deviates from their assigned or intended path [4]. Similar phenomenon named distraction is described as "to be torn away from what is
worthwhile in life" [59]. Distraction is also defined as the diversion
of attention from an intended object of attention to a source of interruption [58]. Kacoroski et al. in their exploratory study note that
lengthy explanation of app features, and nature itself proves to be
element of disorientation for children while using mobile devices in
environmental education [32]. Reports also show that children have
difficulty in learning to read and speak in noisy surroundings, and
perform worse compared to quiet environments [52]. Rutcher et al.
encourage the exploration of disorientation while designing future
mobile nature guides [49]. We intend to build on this research by
exploring how disorientation affects the learning performance of
young children using technology, and how can we design learning
applications which can minimize disorientation in ILE such as a
science festival.

3

DESIGN AND DEPLOYMENT

In this section, we describe the considerations that went into the design and deployment of our educational activity, mobile application,
and exhibit environment.

3.1

Educational activity

Participants in a science festival have been reported to appreciate an element of choice and control such as a hands-on scientific
exploration [8]. Due to this fact, the goal in the design and deployment phase of this research effort was to craft a mobile application
that would encourage participants to learn about different types
of leaves with a hands-on learning activity. Picture taking activities which are aligned with the core goal of the application have
proven to be appreciated by children [10, 31]. Hence we used mobile
technology as a tool to bind children and education together by assessing their knowledge acquaintance by capturing pictures using
camera in the mobile phones. For the learning task, children would
use the app to watch an educational video about different types of
leaves, and identify them correctly from the artificial leaves around
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the exhibit by taking a picture using the app. Considering that not
all children in our chosen age range would be to read instructions
[2], we selected the identification task to be matching the leaves
based on their physical characteristics, coupled with verbal instructions about the task to be performed. Considerations that went into
the selection of educational video included having short and clear
instructions, and minimalist design for children. We integrated a
YouTube video 1 into our app due its simple design and easy-tounderstand instructions. To make the task of learning from video
easily understandable for children, we explained that they had to
focus on the shape of the leave and not the description, as they had
to identify the leaves on the exhibit which matched the leaves of
the same shape. The video described each leaf in a duration of 5
seconds by showing the leaf’s picture, name, and a short textual
description of it’s physical characteristics. Since the children had
to capture pictures of the leaves shown in the video, we shortened
the video to one-minute snippets to include instruction about 10
leaves in the interest of time. Search and identification of leaves on
the exhibit following the instructional video was supposed to act as
immersion, which is one of the gameful design elements identified
by Tondello et al. [57].

3.2

Mobile application

Appropriate feedback provided at suitable times helps in orienting
and motivating learners by informing them about their position in
the activity [1, 15]. Based on previous research, we used a progress
bar and delay between actions to understand their effect as a means
of orienting or distracting children to the learning task respectively
[15, 40]. The progress bar served as progression, by enabling participants to track their completed steps and planning their next move
to achieving their goal [57]. The app also had some delay between
actions in the application, acting as an app-specific distractor [40].
The delay ranged from 2-4 seconds, as it is reported to be the optimal amount of time before diversion of attention from the current
thought process [20, 41, 55]. As there is not yet consensus on use
of progress bars or delays together, we developed different versions
of the app for the try-outs to examine the effect of the presence,
absence or combination of progress notification and delay [15, 40].
The four versions of the app included: 1) Progress bar without delay
between actions, 2) Progress bar with delay between actions, 3) No
progress bar and no delay between actions, 3) Delay between actions
without progress bar. Figure 1 displays the progressions within the
app.
After storing a participant’s name as an identifier, a short educational video played to acquaint children with 10 different types of
leaves (figure 1, A). We provided the play, pause and next button on
the video so that the children could control their pace of learning
[8]. Using the controls, they could pause and repeat the video several times, if they wanted. Once the child indicated they were ready
to move on, they could click the next button, which brought them
to the screen where they could select their favorite leaves from the
leaves shown in the educational video (figure 1, B). This step helped
us in understanding the level of the child’s interest and thereby
their motivation to perform the activity. On the third screen, one of
the leaves from the educational video popped up on the screen with
1 https://www.youtube.com/watch?v=nrqBW1NILuA
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a take photo button (figure 1, C). When the participant clicked the
photo, the app stored image and time taken to find and capture it.
The next screen showed image of another leaf from the educational
video, along with a 2D progress bar about the activity completed
thus far (figure 1, D). The process of taking picture was repeated
4 times, and each time the progress bar was incremented by 25%
to indicate progress. The process of finding leaves was sequential,
which meant that children could only proceed after finding and
capturing the picture of a leaf shown on the screen. We did not
incorporate automatic image recognition in the app, as we intended
to observe children’s off-task behaviour while being tolerant to
incorrect captures than an image recognition algorithm.

3.3

Exhibit environment

The exhibit was set up near about 4 other displays featuring mobile outdoor-centric games, plants, animals and water. Artificial
vines were weaved around the exhibit, with printed leaves from
the instructional video weaved into them intermittently. The color
of artificial leaves was deliberately kept slightly darker than the
artificial vines for maintaining a moderate level of difficulty for children. One of the researchers and a volunteer helped the children in
acquiring one of the mobile devices and navigating the functions of
the educational app around exhibit environment to find the leaves,
enacting as assistance in gameful design elements [57]. The exhibit
also featured animated videos to attract young participants towards
our activity, but they could also be seen as distractors to the primary
leaf identification task. We also had model trees and stickers to be
given out as token of appreciation for participation, which served
as incentives [57].

4

METHOD

To uncover the characteristics which result in disorientation and
reorientation in a science festival, we employed an observational
cross-sectional study design [9] as such a study can be conducted
relatively faster and inexpensively [9, 54], making it a good fit for
studying learning in ILEs.

4.1

Operationalizing Disorientation

For our experiment, we defined on-task behaviour as actively looking for the leaves and capturing pictures of them, and off-task
behaviour to be paying attention to the animated movies, talking,
aimlessly looking around, exploring features of the phone other
than the camera, and exploring other elements on the exhibit (such
as small token placed to be given away for participation). The
aforementioned off-task and on-task behaviours were to be the
determinants of disorientation or reorientation in the learning activity.

4.2

Participants

44 participants (20 girls) came to our booth to have a hands-on
experience with our exhibit. Participants were aged between 5 to 10
years, with average age of participants at our exhibit being 8 years.
Many were joined by their siblings, friends, parents and/or adult
supervisors, each participant accompanied by 2 people on average.
The supervising adult provided verbal consent for the child’s participation. Participation was discretionary and participants could
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Figure 1: Progressions in app: (A) Educational video plays for one minute, which can be paused or repeated. When the participant is ready, they hit next (B) Participants select favoured leaves from the ones shown in the educational video, indicating
their attention and interest in the activity (C) Picture from educational video shown as cue for finding at the exhibit (D) Next
cue picture shown, with progress bar indicating current status of the activity

quit at any time. Participants could choose to take a small token
of appreciation from the exhibit with or without completing the
activity.

4.3

Procedure

One of the researchers and a volunteer were asked to assist participants at our leaf identification exhibit. For the children interested
in participating in the exhibit, a volunteer described the activity
to be performed. Participants had a choice to pick out a sheet of
stickers or model trees as a reward for participation. Participants
were first shown an educational video about 10 types of leaves,
and were then asked to identify the leaves from the video that
they already knew about. Then, they were shown one of the leaves
they were instructed about and asked to find it in/near the exhibit,
taking a picture of it once they found it. Out of the 8 phones (2
with each version of the app), participants randomly picked one
of the phones to try the app in a single session in the presence of
their parents or adult supervisors. Once the picture was taken, they
would proceed to find another leaf. The process was repeated for 4
leaves. Throughout the procedure, one researcher and volunteer
were present near children as minimally engaged assistants, and
provided guidance when asked.

4.4

Data collection and Analysis

Volunteers were briefed about the off-task and on-task behaviour
defined for this exploratory study, after which they were provided
with a pre-defined template which included sections for demographic information, and three fields about 1) possible cause of
children’s disorientation 2) what helps them concentrate on the task
after being distracted, and 3) general observations. The first author
and 2 volunteers at the exhibit then took extensive notes about
the behaviour and attitudes of participants and their surroundings
using the aforementioned data fields. Instead of helping children
refocus on the task in case of disorientation, they were asked to
observe the path along which it took the participants as minimally
engaged observers [19]. Due to the high volume of visitors on the
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exhibit, each person noted information for only one participant. No
personally identifiable information was collected other than age
and gender, with first names obtained only for communicating with
the child. After the science fair, two of the authors (one who assisted participants on the exhibit and one who inscribed participant
behaviours) gathered to compare notes and share lessons learned
from the event and identify the most common off-task behaviours
based on the three fields in the observation notes and their own
experience. The observational notes were read by the two authors
iteratively, identifying themes and categories centering around
the notion of disorientation and reorientation [44]. The resulting
themes were then grouped and titled by each author until they
reached an agreement.

5 FINDINGS
5.1 Time budget
Although most parents and adult chaperones brought the children
to the science festival for encouraging and stimulating scientific
thinking and inquiry [43, 53], experiencing the wide range of activities and learning in a time-limited context meant many were
reluctant to spend that time on one exhibit. Almost half of accompanying adults started becoming impatient after a certain period of
time and distracted the children by either asking them to hurry up,
calling them out to leave to visit other exhibits, or to have lunch
as they had to ration their time wisely when it came to visiting
different exhibits due to the set limit of time for performing tasks
on their to-do list for the day. The limitation of time versus the
duration of the activity disorientated participants fairly quickly,
because of their effort of fitting all activities they had planned to
do with their time budget.

5.2

Parents as passive participants

Family members attending science festival as a unit have known
to experience them differently, with children and parents selfdescribing themselves as active participants and onlooker respectively [27]. However, parents were passive participants instead of
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being just onlookers in our learning activity, as their level of attention, lack of purpose [28], patience and interest (or the lack thereof)
directly affected the children more than distractors in the application or the environment. Despite parents having a good motive
behind guiding and instructing their children during the learning
task, they seemed to affect their children’s performance negatively.
Some parents chose to stay back after the instructional video and
let the child do the subsequent task. But majority of parents intervened a lot during the task because they wanted to dedicate time to
the activity for their child to learn something or have a good time,
which ended up distracting children.

5.3

Peer Influence

Some participants had their curiosity have the best of them, making
them peek into other participants’ phones to see what was happening. Different participants did it for different reasons, such as trying
to know how to operate the phone, seeking help to find a particular leaf, or simply to see how well were they doing compared to
others. Few of the participants were also curious to see their score,
and looked disappointed upon finding that they could not see how
they performed. This phenomenon of self-positioning occasionally resulted in disorientation, with participants’ focus of attention
shifting from their own activity. Regardless of this disorientation,
children continued with the activity because of parental pressure
(passive participants) or being too courteous to leave abruptly.

5.4

Interactivity

About one third of the study participants found it hard to focus
while the one minute long educational video was playing, despite
their parents helping them by briefing about the leaves in the video.
The lack of interactivity with the mobile application during the
educational video urged participants to look around to find objects
of greater interest, as they found no obvious purpose of engaging
with the instructional video. Almost one third of the participants
felt disoriented during the educational video, but as soon as they
were asked to find the leaves in the exhibit and take picture of them,
the activity became their focal point. Children also stayed quiet
during the first half of the activity (watching instructional video and
checking out favourite leaves) but became immediately involved
and started asking questions from the researcher, parents or group
partners when they felt challenged or responsible for performing
an activity on their own [19].

5.5

Minimalist Controls

We used progress bars as an attentional anchor, to orient participants towards the learning task. We observed that the progress bar
did not help in orienting the participants towards the task, as young
participants did not seem to notice it or understand its purpose. As
for the delay between actions, parents and caretakers of children
used it as a way out of participation. Others who stayed despite the
delay seemed to take pictures quickly for the sake of completing
the task, successfully or not. Additionally, although the participants
could go back and play the video multiple times to understand the
leaves, none of them actually used the video controls to pause or
replay the video.
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6

DISCUSSION

In this section, we discuss some important considerations for design of educational applications for minimizing disorientation for
elementary school aged children in an ILE based on our findings.
6.0.1 Co-participation with parents: Science festivals are good
places to initiate and engage in joint activity with peers [8]. We
found in our observations that not only peers, but parents were
highly interested in interacting with the children during the learning task. This phenomenon was not observed with children who
came with other adult chaperones such as teachers, probably because of the greater level of comfort between the family members.
We expand on the findings by Canovan et al [8] by encouraging the
design for co-participation with parents, considering their supervisory role in children’s activities in ILEs such as a science festival.
Designing collaborative technologies which can engage parents
in monitoring child’s progress or aiding them through indirect
contact with the child (via parallel participation using their own
device) can pivot parent’s attention towards the task, subsequently
minimizing their child’s disorientation. It can help to take parent’s
direct attention away from the child, which is a cause of disorientation. Additional research is required to account for complex factors
such as promoting parent’s engagement with the activity, assuring
child’s learning gains in the co-participation, and safety concerns
of taking parent’s direct attention away from the child.
6.0.2 Interactive learning: Children got disoriented during longer
sessions of instruction in ILE, much as they do in classroom settings.
While the prospect of using mobile phones with an element of interactive learning excited them, they tended to be more focused once
they had an objective such as capturing the pictures, deriving their
attention to the task because of the sense of autonomy it provided.
Based on our observations, visitors of a science fair are looking
for opportunities of education as well as activities that stimulate
scientific inquiry. Educational applications which strike a balance
between incorporating elements of entertainment and learning
seem to engage and orient participants for a longer time than with
only one of them [10]. Thus, a mobile application designed for
imparting learning in ILE should be able to hit the sweet spot by
incorporating short, equally spaced instruction inter-weaved with
hands-on activity, which can not only help in orienting children
towards a task, but also make them more active learners while
making the best use of time budget.
6.0.3 Minimalism. We noticed that having minimal controls in the
app made it easy for children to navigate the task in the science
festival, hence it is important for child-oriented educational apps
to reduce navigational choices for children to help them focus on
the learning task. Incorporating intuitive yet simple and interactive
notifications such as progress bars and sounds which are apt for
a certain age group in instructional apps may be able to orient
participants towards the task in a minimalist yet meaningful way.
Additionally, considering time as a constraint while learning in an
ILE also puts emphasis on designing shorter and more engaging
instructional content. Utilizing multimedia elements such as audio
and video for imparting informal education with only essential text,
and using camera and sound recorder of mobile devices for quicker
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collection of data for assessment or sharing can enable the efficient
use of time for learning activities.
6.0.4 Feedback and reflection. Learners are on a time budget while
performing activities in ILE, and prefer getting the results of their
actions immediately. For instance, having automatic image recognition which could detect the correct attempts in our mobile application could have helped to instantly reward children accordingly.
Participants were also curious to see their score, showing disappointment for not being able to self-position themselves amongst
the others. Elements of reflection which can nurture the natural
tendency of children to see how well they do with respect to others
seemed to be a desirable element in an educational mobile application. Educational learning applications for ILE should thus provide
immediate feedback and reward to the children to help them stay
rooted to the learning task for a longer time. Our findings also
indicate participants’ interest in knowing where they are located
with respect to others. Exploiting the natural competitive nature of
children with design elements displaying progress and participants’
performance may help in orienting children towards their task.
It can also be used as a deliberate effort to support the notion of
reflection during learning.

7

CONCLUSION

Managing and redirecting attentional focus is useful for various
human-computer interaction applications. We explored the factors
which contribute towards disorienting children while performing
a learning task using mobile applications in an ILE such as science festival, and how they reorient towards their educational task.
While tech and competing tech interests (and nature-related occurrences) were found to be a big draw for attention, the biggest
distractors came from family, especially parent(s). Results from
this exploratory event provide baseline understanding of factors
causing disorientation and reorientation during learning activities,
which can inform the design of educational mobile applications
for use in ILE to provide a learning experience while minimizing
disorientation.

7.1

Study limitations and future improvements

Although we discovered valuable factors which account for disorientation in an ILE, they are not exhaustive. Elements such as
being on the go and unanticipated events are some of the things
which can cause disorientation in a different informal learning settings. Transient nature of the science festival caused a lopsided
distribution among conditions which may have affected our data
collection and observations, although it was beyond our control
in a volatile setting, as some participants held on to the mobile
devices longer than others, during which we had to continue handing out phones to the waiting participants. Our study design was
cross-sectional, which identifies a temporal relationship between
exposure and outcome, with no guarantee that the exposure caused
the outcome [9]. Hence we could not determine if a child already
had attentional disorders which caused disorientation. In future
studies, follow-up interviews with participants and children could
reveal possible reasons of disorientation, and the strategies used by
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children to cope with it. Finally, investigating the role of age appropriate, overt progress notifications including interactive progress
bars and application sounds in orienting children in the face of
distractions needs to be studied.

7.2

Beyond science festivals

Our findings are also arguably applicable to learning in semicontrolled outdoor environments such as outdoor play [39, 42],
and pervasive learning environments [46–48]. An interesting direction of research followed by our work is to survey the usage of
mobile technologies for imparting education in different types of
ILE including museums and science festivals to study if the effects
of disorientation remain consistent among different age groups,
usage and environmental context. A future study involving children taking up educational field trips using mobile technology in
the absence (but with consent) of parents can look into disorientation experienced by children while being on the go in various
ILEs.

8

SELECTION AND PARTICIPATION OF
CHILDREN

Children took part in a public exhibit as part of a regional science
festival. Children were attracted to the exhibit through the festival
program or while walking by the exhibit. If children or parents
showed interest in trying out our educational mobile application,
researchers or volunteers explained the purpose of the exhibit and
obtained verbal consent from the child and parent/supervisor before letting them try out the app. After consent, children were given
a mobile phone and told about the activity. Participation was discretionary and participants could quit at any time, and participants
could choose to take a small token of appreciation from the exhibit
with or without completing the activity.
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