CO-VIEWING AND THE EDUCATIONAL
POTENTIAL OF TOUCH SCREEN
TECHNOLOGY
A Cognitive and Brain Science undergraduate thesis
Tufts University, 2012–2013

Written by

GABRIEL M. NICHOLAS

Advisors

Pr. Julie Dobrow
Pr. Brian Gravel

Contents
1 Introduction

2

2 Literature Review

3

2.1

The Evolution of Co-Viewing Theory . . . . . . . . . . . . . . . . . . . . . . . . . . .

3

2.2

A Vygotskian View of Co-Viewing . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5

2.3

Passive Co-Viewing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6

2.4

Co-Viewing and Mathematics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8

2.5

Role of the Computer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9

2.6

Shortcomings of Vygotsky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10

3 Methods

12

3.1

Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

12

3.2

Apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

12

3.3

Study Approval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

17

3.4

Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

17

3.5

Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

18

4 Development of the Tool: “Yarg! Math Pirates”

19

4.1

Collecting iTunes App Store Data

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

19

4.2

Game Design Choices in “Yarg! Math Pirates” . . . . . . . . . . . . . . . . . . . . .

20

4.3

Game Development Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

22

5 Results

23

5.1

Quantitative Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

24

5.2

Qualitative Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

27

6 Discussion

31

6.1

Parent’s Effect on Gameplay Strategies . . . . . . . . . . . . . . . . . . . . . . . . . .

31

6.2

Parent’s Effect on Children’s Interactions with Technology . . . . . . . . . . . . . . .

32

6.3

Implications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

33

7 Limitations and Future Directions

35

7.1

Methodological Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

35

7.2

Game Limitations and Design Recommendations . . . . . . . . . . . . . . . . . . . .

36

7.3

Future Directions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

37

Acknowledgements
There are so many people who helped me out with this project who I’d like to thank. It
would have been impossible to build “Yarg! Math Pirates” without Michele Smolensky’s fantastic
graphics and my long time friend Eli Dreyfus’ amazing score (which I have now heard a thousand
times). I would also like to thank Tufts Summer Scholars for providing me with the funds to spend a
summer learning more than I have in most classes. Thanks also to the Tisch Digital Media Center for
giving me access to the technology that made this project possible. I also have to thank the WGBH
Interactive Department for giving imparting me with invaluable game knowledge. Also, thanks to
the dozen plus coffee shops I loitered in during the year and a half I worked on this project. Of
course, none of this would have been possible without my two insightful advisors, Pr. Julie Dobrow
and Pr. Brian Gravel. Some day, I hope to be as intelligent as either of them.

Calvin and Hobbes, c 1995 Bill Watterson and Universal Press Syndicate

1

1

Introduction
We live in an era when touch screen technology feels omnipresent. “Phone” is slowly becoming

synonymous with “smart phone” and tablets are creeping into everyday use. Touch screens are the
first digital, interactive medium accessible to young children. They offer a new group the processing
power and responsiveness of computers without the need for fine motor skills, literacy, or the ability
to make abstractions using external devices like keyboards and mouses. With this new paradigm
comes a myriad of questions. How much time on touch screens is too much? What can children
learn learn from them? What can they not learn? Academia has had decades to ask these questions
about computers and television but far less time to ask them about touch screens. Our knowledge
of what children can learn from new technology is growing at a slower rate than technology itself.
In its wake, the app boom has left a huge market filled with untested games and unclear
strategies for teaching children using apps. In 2011, 58% of the top selling educational apps were
aimed at children under five. That represented a three-quarters increase from the 35% of apps
geared towards preschoolers in 2009 (Shuler, 2012). A study on media usage by the Common Sense
Media group found that in 2011, 38% of 2 – 4 year olds had at some point used a touch screen
device. Additionally, more than a quarter of all parents have downloaded apps for their children to
use. While the amount of time preschoolers spend playing on touch screen devices (seven minutes
per day) is still far outweighed by how much they watch television (one hour and forty-four minutes
per day), usage of this new medium is still steadily increasing (Common Sense Media, 2011). Unlike
with television though, independent developers can put out games and call them educational with
little to no oversight. While this massive market may have some gems, there is no clear way for
parents to sort out which games good and which are not.
The boom in apps has also left a new environment for learning. Today, parents often hand
children their smart phones to keep them engaged or distracted. This leaves children playing alone
on a small screen instead of engaging with media in the presence of a parent. Children may be losing
out by not having the opportunity for co-viewing. As a result of this rapid change in the media
landscape, academia has yet again fallen behind with research about how children interact with
touch screen technology, not even to mention how children should ideally interact with it. Parents
are left with no central location to get information on how to optimize a child’s learning if for no
other reason than that information does not exist.
This study attempts to fill in some of these gaps of knowledge. Specifically, it asks whether
children learn more from touch screen technology when a caregiver is present than they do when
they are on their own. To do this, I first built an educational game for iPhone aimed at teaching four
and five year olds about mathematics. Then, I had some children play the game alone and some play
2

with a paren. I then compared the game performance and strategies used in both groups. Before
devling into the logistics of the study itself, this upcoming section will look at how and why children
may learn more when they play with an adult than when they play alone. To do this, I first look
at a variety of co-viewing studies and suggest that the underlying principles of co-viewing extend
to the touch screen medium. Then I address the argument that computer responses can replace
the parental responses by saying that computers do not yet have the capacity to individualize their
assistance. Finally, I look into the cognitive processing of different mathematical skills and discuss
how parents can help it.
It should be noted that this study looks specifically at learning math as opposed to other
topics. STEM apps make up about 80% of the early learning apps (Shuler, 2012) and the two
most popular subcategories of educational apps are Early-Learning and Mathematics. Additionally,
there have been a lot of efforts by the US to promote STEM learning—Project Lead the Way, the
America COMPETES Act, and the STEM Jobs Act have all come through the Senate in the past
five years. These come as a response to the US’s slipping position amongst the world’s foremost
math and science leaders. The World Economic Forum ranked the United States 52nd in the quality
of mathematics and science education, and 5th (and declining) in overall global competitiveness
(Sala-i-Martin, 2012). While this study will only tell us about one specific early learning math app,
I believe that these results will be applicable to early learning apps in general.

2
2.1

Literature Review
The Evolution of Co-Viewing Theory
To contextualize the significance of this study, we must look at how it fits into the history of

co-viewing research. Co-viewing is when a child eng &ages in media use with a caregiver (Paavonen et al., 2009). Many co-viewing studies center on television, although the concept predates the
medium (see Hochmuth’s 1947 paper “Children’s radio diet”). Co-viewing did not enter popular
discourse until television sets became widespread after World War II. Even then, people mostly
ignored the benefits of co-viewing until the educational potential of television was realized. This
realization was catalyzed by the work of Joan Ganz Cooney, Lloyd Morrisett, and Gerald Lesser who
engaged in some of the first empirical research on co-viewing (Gessler, 1974). Their research found
that “among disadvantaged children who watched at home, those who gained most had mothers
who often watched Sesame Street with them and talked with them about it” (Gessler, 1974, p. 77).
Once co-viewing came to the attention of academia, researchers tried to flesh out the strategies
3

behind it. Barcus (1969), for example divided co-viewing into different levels of involvement a parent
could have with the child and the medium. Those levels included selection (pointing things out), explanation, and discussion. Barcus’ research found that as the parent’s level of engagement increased,
the child’s engagement with the program also increased. Banks and Gupta (1980) found that coviewing encouraged children to spend more time watching television in general, which they believe
was an adverse side effect. Others claimed that co-viewing was not inherently helpful and rather
was only useful when parents gave substantial amounts of constructive feedback (Dorr, Kovaric, &
Doubleday, 1989). Still other researchers disagree with this point and claim that joint-attention in
itself is enough to focus a child on the problem at hand Barron (2000).
Even with all of the research that has been done on co-viewing, 21st century media encourages solo consumption more than ever. With 70% of children having televisions in their rooms, it
is easier than ever for them to watch television alone (this trend goes against the recommendation
of the American Academy of Pediatrics for children not to have televisions in their room.) Other
personal platforms like laptops and handheld games are also becoming more commonplace. In some
cases it is the hardware of these media, like the keyboard on a computer or the small buttons on
a handheld device, that make joint play difficult. Whats more, some children’s television shows
discourage co-viewing by simply by making content unwatchable for adults. This role was once filled
by Teletubbies and Barney and is now filled by a variety of shows such as Ni Hao, Kai-Lan and Dora
the Explorer. With the rise of solo play as well as advances in computer power, there is a prevalent
fear that children are willing to replace real relationships with virtual ones. One study said that
children playing computer games by themselves may lead to “passivity and alienation from oneself
and others, and that the most fruitful relationships with people will be as passive and impersonal as
the solitary interaction with the computer” (Kreuger, Karger, & Barwick 1989, p. 113). Although
touch screen games are on average not as complex as computer games, this passivity and alienation
may arise from the pass-back effect mentioned earlier.
While there is a plethora of research documenting co-viewing’s relationship with television,
there is very little research on its relationship with interactive media. Most of the literature on
interactive media, especially games, focuses on their potential negative effects. They look into the
violence, obesity, and disconnectedness from reality associated with games (Kreuger, Karger, & Barwick. 1989; Banks & Gupta, 1980), Those researchers that look beyond the negative effects rarely
collect quantitative or even qualitative data. Rather, they make conclusions based on the tenets
of widely accept theoretical frameworks. With a dearth of evidence-based research on interactive
technology, we are forced to do the same. The upcoming section will review the theoretical basis of
co-viewing, namely Vygotsky’s sociocultural theory, and attempt to extend those principles to inter-
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active media. These principles will form the hypothesis of this study. However, unlike other papers,
this one will go beyond this speculative waxing and corroborate our hypothesis with qualitative and
quantitative data.

2.2

A Vygotskian View of Co-Viewing
Early 20th century developmental psychologist Lev Vygotsky introduced the world to a view

of intellectual development that focused on how the individual interacted with people and their
environment. Ahead of his time by decades, he laid the foundations for an astounding amount of
educational and developmental psychology research. The driving concept behind his theories is that
children are inextricably linked to their culture and their social environment (Vygotsky, 1978). For
our intents and purposes, we will overlook the majority of his work, which is on language and culture, and turn to the work he focused on later in his life; the importance of the relationship between
parent and child.
Amongst many terms he coined, Vygotsky came up with the now commonplace concept of
the zone of proximal development (Vygotsky, 1978). Tasks that fall into a child’s zone of proximal
development are too difficult for the child to complete on his/her own but are possible with the help
of someone more skilled (Vygotsky, 1978). When children get assistance completing tasks in their
ZPD, they slowly learn those skills and can complete even more difficult tasks with the same level
of support. Vygotsky came up with this term to help bridge the gap between a child’s learning and
his/her development. Before the ZPD, the two main theories in social science were that development
always preceded learning or the behaviorist idea that learning and development were one and the
same (Berk, 2009). The ZPD suggests a third option, which is that learning pushes development.
Since Vygotksy’s time, researchers have fleshed out the concept of the ZPD and it has become a
target for educators to attain.
The concept of scaffolding builds on the same theories behind the zone of proximal development. When caregivers scaffold a child’s learning, they are giving a level of support in helping a child
through a problem that puts the problem at a developmentally accessible level. As the child gets
better at the task, the caregiver slowly withdraws his/her support until the child is able to perform
the task independently. The term scaffolding was coined after Vygotsky’s time, but it outlines a
strategy caregivers can use to keep pushing their children cognitively. One can easily imagine a
scenario in which this strategy would be used with a preschool aged child. A parent may be reading
a child a book and ask that child to identify a letter. If the child has no idea what the letter is but
they know they alphabet, a parent may sing the alphabet up to that letter and let them fill it in.
The task of identifying the letter is too difficult for the child, so the parent scaffolds the task so the
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child is able to complete it. Next time the parent reads the book, instead of singing the alphabet,
s/he might tell the child what sound the letter makes. If the child still struggles to figure out the
answer but the parent helps her/him along the way to get it, then the task of figuring out the letter
from its sound is within the child’s zone of proximal development. The caregiver in this scenario
can slowly pull back the scaffolding on the task until the child can recognize the letter by his/herself
(this process is also known as “fading.”)
We can also see scaffolding and the zone of proximal development with co-viewing, especially
in educational media. If a task is outside of a child’s skill set, a caregiver can scaffold it so the child
is able to complete it. If a task is in a child’s zone of proximal development, a caregiver can guide the
child through finding out the answer. This is applicable in interactive media wherein the caregiver
has time to talk out the problem with the child and move at their own pace. While co-viewing is
useful in both within and without technology, it requires a lot of variables to be exactly right: the
task cannot be too easy or too difficult, the caregiver has to be willing to engage the child visa versa,
and the medium has to give the caregiver and child the right amount of time to collaborate, among
others. Most of the time, these perfect conditions will not occur. To consider co-viewing effective,
it would have to work in less than ideal conditions as wellwith the task being anywhere within a
wide range of difficulty and the player/co-viewer team not speaking to each other. We have to think
about how much just the presence of a caregiver can help.

2.3

Passive Co-Viewing
Even without their active engagement, simply the presence of a parent may be enough to

increase a child’s learning. One reason for this may be that a parent’s presence encourages extramental functioning. Extra-mental functioning is a Vygotskian concept that refers to when a child
uses an external sign or operation to solve an internal task. Unlike scaffolding, it does not necessarily
involve another person. It includes instances when the child gives him or herself these cues (Gilles
& Ashman, 2003). A child may do this by counting on his/her fingers or engaging in private speech.
These extra-mental functions have been shown to be beneficial for children in learning mathematics,
amongst other subjects. Berk (2009) looked at a classroom of first graders and their use of private
speech. She found that children who used private speech performed significantly better on solving
first grade math problems. Furthermore, private speech predicted how well children did in math in
second grade, even though by that time most of the children had stopped using private speech.
Behrend, Rosengren, and Perlmutter (1992) looked at maternal scaffolding, private speech,
and task performance and also found that the presence of a parent encouraged private speech. Children were asked to perform a puzzle-solving task either with or without a parent. Within the parent
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group, parents were asked to give a lot, a little, or no feedback. They found that the more feedback
parents gave, the better the child did on the task and the more private speech they used. They
also found that children engaged in more private speech when they were with a parent than when
they were alone, even when the parent provided no feedback. Thus, it seems that the presence of
a parent contributes to the construction of an environment in which children feel more comfortable
talking through their problems out loud, thus benefiting their learning.
In many ways, this is in the cross-section between Vygotskian and Piagetian views of development. As said before, Vygotsky’s sociocultural theory places importance on social, interactional
factors and focuses less on the internal processes of the child. Children are pushed to reach new
heights through the help of someone more knowledgeable. Piaget’s constructivist theory, on the
other hand, suggests that children are at the center of their own development (Guber & Piaget,
1980). They make discoveries by manipulating real world objects, symbols, and other representations. Through trial, error, and self-reflection, the child constructs his or her own knowledge. Stigler,
Schweeder, and Herdt capture Piaget’s theory beautiful and succinctly:

“The world is essentially free-market and benign. All the information is available. You
may help yourself and act for yourself. The only limitations are imposed by the nature
of your own abilitiesthe extent to which your schemas or logical structures allow you to
take in information.” (1990, p. 227).

With a parent’s quiet presence, the child may be more willing to engage in this free-market learning,
even if they are not pushing a child into their zone of proximal development.
One possible explanation for this phenomenon can be found in attachment theory. In Mary
Ainsworth’s famous stranger study, infants were put into a toy-filled room either with a parent, with
a stranger, or alone (Ainsworth, 1978). Securely attached infants used the caregiver as a secure
base, which allowed them to explore the toys in their environment. Those infants were less inclined
to explore when alone or in the presence of a stranger. As children develop, they feel that they can
explore their environment more and take on larger challenges without a caregiver (Erickson, Sroufe
& Egeland, 1985). When it comes to co-viewing, a parent’s presence can supply that secure base the
child needs to more deeply explore media. While the specific relationships between co-viewing and
attachment are beyond the scope of this study, the assumption holds that the presence of a parent
may act to support a student’s explorations of educational technologies.

7

2.4

Co-Viewing and Mathematics
Children begin to substantially vary in mathematical knowledge as early as age 4, and re-

searchers attribute this variation to how parents talk about numbers around their children (Gunderson & Levine, 2011). This is even true after socio-economic status and other types of talk are
accounted for and controlled Suriykham, Levine, and Huttenlocher (2006) looked at how often parents used number words around their children by going into their homes every four months from age
14 – 42 months. The study found that parental number word input positively correlated with the
childs number word production, counting, and cardinality.
This study, however, overlooks a couple of vital distinctions. Are the number words being
used in counting or labeling objects? Are the objects physically present? Is the number large or
small? Numbers of objects between one and three (some people say between one and six) can be recognized so quickly that it feels like they are being processed instantaneously (Dehaene, 1997). This
rapid, accurate judgment of numbers for groups was defined by E.L. Kaufman in 1949 as subitizing.
While one through three (and possibly beyond) can be accessed nearly instantly, larger numbers are
accessed via counting or approximation (Gunderson & Levine, 2011). One possible explanation for
this is that low numbers and high numbers are represented differently in the brain.
Author and cognitive scientist Stanislas Dehaene had a patient named Mrs. I who had posterior cerebral infarct and had lost the ability to process visual stimuli in serial (Dehaene & Changeux,
1993). In other words, she was unable see multiple objects and enumerate them. Mrs. I often omitted details when describing pictures and could not figure out the meaning of the whole image. For
example, if she saw Grant Wood’s “American Gothic”, she may only see the man or the house in
the background. Neurologists refer to this as simultanagnosia. When she saw four, five, or six dots
flashed onto a computer screen, she forgot to count some of the numbers and made errors 75% of
the time. But when one, two, or three objects were shown, she only made errors 8% of the time.
Dehaene posited that people when people subitize, they rapidly yet unconsciously enumerate the
value of the whole. He calls this “parallel preattentive processing” (p. 55). He has shown in his
research that people recognize one, two, or three objects far more quickly than they recognize four
or more objects. In fact, with each additional object after three, the subitizing time grows at a
constant rate (Mandler & Shebo, 1982). This suggests that after three, for each object, the person
has to quickly count a number in their head.
Since large and small numbers are cognitively represented differently, this may mean that
different methods should be used to teach about them. Gunderson and Levine (2011) did an in
home study where they tracked how often parents used number words, in what contexts, and how
good the child was at math a year and a half later. They found that the amount of time parents
8

spent counting or labeling perceptually present objects of larger sets of items (4-10) predicted the
child’s later knowledge of cardinal numbers. This study controlled for socio-economic status and
primary caregiver’s years of education. While large number talk took up the minority of parent’s
number-word usage, it accounted for the largest variation in number development. The labeling of
non-perceptually present objects did not have this effect.

2.5

Role of the Computer
The library of research on co-viewing is too vast to be fully covered in this paper. However,

as the reader will note, most of these studies focus on television as opposed to computers or touch
screen devices. This is fairly representative of the state of co-viewing literaturethere is not much on
more modern, digital media. Part of this may be due to the fact that television is a far older and
established medium than either touch screens or computers. It may also be because these devices are
built for individual use. At least for computers, even if there is not literature on parental co-viewing,
there is a wealth of literature on computers in the classroom. Starting in the early 90’s, even before
computers were cheap enough to be used in schools, academia was very excited about the educational potential of computers. The body of literature that came from this excitement will serve as
the backbone for our exploration into co-viewing with interactive technology. The responsive nature
of the computer poses an uncomfortable question: can computers play the role of the parent? While
this question is far too large for the scope of this paper, I will suggest that the answer is no, or at
least not yet.
Educational HCI theory lays out a number of potential roles the computer can play in the
classroom: computer-as-tutor, computer-as-pupil, computer-as-tool, and simulation (Crook, 1994).
This study will only be looking at computer-as-teacher, which is when the computer takes over the
role of creating, leading, and scaffolding activities for the player. Computer-as-pupil refers to when
the computer provides an environment that children can manipulate freely. They are driven only by
their own creativity and the desire to explore. These are also known as sandbox games. Scaffolding
with these kinds of games works differently because parents are not helping children work towards
an objectivethey are helping them make an objective. Since computer-as-pupil games are relatively
uncommon and very different from traditional games, they will be ignored in this study. Computeras-tool programs (e.g. spreadsheet and word processors) and simulations (e.g. flight simulations)
are simply non-existent for preschoolers.
In the early days of computers, HCI theorists were abuzz about the educational potential
of computers. Hopes for artificial intelligence inspired scientists to think like science fiction writers. Stanford professor Patrick Suppes captures this optimism perfectly in a 1966 issue of Scientific
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American:

“One can predict that in a few more years, millions of school children will have access
to what Philip of Macedon’s son Alexander enjoyed as a royal prerogative: the personal
services of a tutor as well-informed and responsive as Aristotle.” (207)

Although 2013 has not seen Suppes dream realized, we may be closer than we think. Can computers
play the role of Aristotle? At the very lowest level, the computer can replace many of a co-viewer’s
roles. For example, Dillon (1985) says that computers can perform the essential initiation, response,
evaluation sequences (IRE). This is when a caregiver poses the student with a problem, the child
responds, and the caregiver evaluates the answer. “Yarg! Math Pirates” accomplishes this easily.
The game sets up a puzzle for the player, the player provides an answer, and the game responds.
This is part of even the most basic educational games.
A vital component for computers delivering successful IRE sequences is that the player trusts
the computer and in some ways treats it as if it were human (Crook, 1994). Children who have
the cognitive skills and physical ability to play touch screen games should already know that the
computer is not actually a person. But in his book Brainstorms (1978), Dennett argues that people
have an urge to ascribe intentionality and human behavior to anything that remotely exhibits it.
This is analogous to the way people can see faces in two dots and a linewe are inclined towards filling
in our own features to the external world. We see media take advantage of this all the time. Nick
Jr’s Blue’s Clues uses this to get children to interact with the program and respond to questions
asked by Steve. In the adult world, Valve Corporation’s Portal makes the player uncomfortable by
having an untrustworthy narrator (who is eventually revealed to be the antagonist). If even adults
can get captivated by the humanism of a computer, perhaps children can get involved enough in
educational games to listen to the lessons they have to give.

2.6

Shortcomings of Vygotsky
All of this brings us back to the main question of the paper: can the computer play the

role of a caregiver? Can a cartoon narrator with the right prerecorded voice, appealing graphics,
and responsive IRE sequences serve as a built-in co-viewer? To answer this, we must return to the
theories of Ainsworth (1978) and Vygotsky (1978). A child (hopefully) does not have a relationship
with their media like they do with their parents. They probably do not feel more comfortable in
novel situations when carrying a smartphone. Touch screen apps programs can only hold so many
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roles, and conflating the roles of test administrator and helpful guide may be too complex of a
relationship for a child to hold.
When we look past simply the presence of a parent and into the ideal co-viewing relationship,
we see issues concerning the computer’s ability to scaffold. Most of this arises from problems in
individualizationwhile a game can respond with canned hints, it cannot necessarily cater to the
player’s individual needs. We can see this in the “Yarg! Math Pirates” mini-game, “Fill in the
Barrel” (see Figure 1 for a screenshot.) In this game, a section of the number line is shown in the
form of numbered barrels. One of the barrels is missing a number and the player has to figure out
what number it is. There are three option barrels to choose from and the player must drag the
correct one into the empty slot. The artificial intelligence of the game could theoretically have the
ability to check a lot of the issues a player can face. It could see whether they try to tap the barrel
instead of dragging it. It could also tell whether the number they were putting in is too high or too
low. However, there are some problems it cannot detect. If the problem showed the numbers “1, 2, 3,
– , 5” and the child was dragging in the number 2 but saying aloud the number four, the app would
have no way of knowing. If a person was present, they could see that the child was having problems
with numeral identification and symbol-quantity relations. The game, however, would think that
the child were having a problem with cardinality and would tell him/her that their number was too
low. In this way, if a game tries to incorporate too much AI, it may actually mislead a player instead
of helping them.
A caregiver may also struggle to tell what a child is thinking while they do a math problem,
but they can get more information from a child than the computer can. A person can ask a child
questions, gage their emotions, and give them guidance based on that feedback. The computer also
cannot tell what is within a child’s zone of proximal development without a battery of regular tests
(which would inevitably bore the player). Without knowledge of what is within a child’s ZPD, the
game can only aim at what it hopes to be the least common denominator of problems. While the
child’s knowledge is still a subset of the computer’s knowledge (the computer knows the correct
answer whereas the child does not necessarily), the computer does not know what the child does
not know. While it can still give incremental hints, those hints may either reveal too much so the
problem isn’t constructive for the child or reveal too little so the child does not know to do.
Theoretically, there may exist algorithms that take into effect response time and track the type
of mistakes that a child makes to provide more constructive feedback. And with voice recognition and
eye tracking technology improving, we may soon see far more responsive games. But for touch screen
technology to be able to keep up with a parent, they would need to be far more communicative than
they are today. That will be impossible until the audiovisual input methods improve, smartphones
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have more hard drive space, and apps are able to become larger. Right now, the maximum app size
for iTunes is 2GB and for the Android Market is 4GB. These maximums have been slowly increasing
along with the average app sizebetween March and October of 2012, iOS saw their average mobile
game size increase by 42% and Android saw it quadruple (after significant policy changes) (Shuler,
2012). For games to be as responsive as they would need to be to match a parent, they would need
several orders of magnitude more space and access to far more multimodal information. While the
future will bring us closer Suppe’s dream of everyone having their own personalized, digital Aristotle,
for now, parents may be the best co-viewer a child can have. The only way to know this for sure
though is through empirical testing.

3
3.1

Methods
Participants
In this study, 5 four and five-year olds (3 male, 2 female) were recruited from the Eliot-Pearson

Children’s School and the Tufts Educational Day Care Center. The mean age of the children was
4.7 years (SD = 0.34). Two of the five children were accompanied in the study by their primary
caregivers and were in the co-viewing group while the other three were alone. Recruitment involved
sending letters home to parents at both schools (Appendix A) and speaking to a group of parents at
the Eliot-Pearson Children’s School. Parents had the option to sign their children up for the study
but not participate themselves although none took this option.

3.2

Apparatus
The study’s central tool is a game built and designed by the researcher specifically for the

purposes of this study. The game is intended to represent a prototypical iOS preschool math game.
It was presented to children using an iPhone 4S running iOS 6.0.1. The game is called “Yarg! Math
Pirates” and was created with XCode in Objective-C using the Cocos2D framework, v2.0. It is
available for free on the iTunes App Store. Participants listened to the game through the iPhone
speakers at a comfortable volume. “Yarg! Math Pirates” consists of six mini-games, each one testing
a different math skill. The games are as follows:

Order the Barrels Five barrels either bearing numbers 1-5, 2-6, or 3-7 are in a row on the top
of the screen. The numbers are out of numerical order. As children move barrels, Archie
the Pirate says the name of their barrel in case they struggle with numeral recognition. This
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mini-game engages children to think about number lines. The first item
Fill in the Blank On one row, there are five barrels. Each barrel has a number on it and the
numbers are in the order they appear on a number line. The first barrel can be one, two, or
three. One of the barrels on the row is missing a number. On the row below, there are three
options for what the missing number is, only one of which is correct. The player must identify
which number correctly fills in the blank barrel. Archie the Pirate reads the filled in numbers
aloud and leaves a space for the missing number. This allows children to use their knowledge
of cardinality or their number line knowledge to answer the question.
Parrot Picker Parrots fly across the screen each one with a different number on their body. The
child has to tap the parrots with a given numeral to make them change color. This gives the
child practice in rapid numeral recognition. In all, each round has twenty-seven parrots, seven
of which have correct answers.
Tap the Fish One by one, fish jump out from the bottom of the screen, bearing between one and
six dots. The player is told to tap the fish if it has a given number of dots. Since the child
only has a limited amount of time to recognize the number of dots, this is a subitizing game.
A total of six fish jump up and three of them have the correct answer.
Treasure Match On one row, there four treasure chests each with a different number between one
and six. On the platform below are corresponding quantities of gold pieces. The player’s task
is to match each gold piece to its corresponding treasure chest. Archie never says the number
for any of the quantities or numeral, thus leaving it to be a numeral recognition task.
Feed the Shark The player is presented with three dinner plates, each with a different number on
it. The player is asked to choose the plate with the largest or smallest value on it. This is a
comparison game and it depends on children recognizing numeric values.
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Figure 1
Screen Shots from “Yarg! Math Pirates”
“Order the Barrel”

“Fill in the Barrel”
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“Parrot Picker”

“Fish Tapper”
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“Treasure Match”

“Feed the Shark”
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3.3

Study Approval
The design of this study received edits and approval from a multitude of Tufts groups. I worked

closely with Lara Sloboda on several drafts of the study design and IRB approval form. The study
received permission from the Tufts University Institutional Review Board or Social, Behavioral, and
Educational Research in December of 2012 after extensive back and forth emailing. That month, it
also received permission from the Eliot-Pearson Children’s School administration. In January, the
study received permission from the Tufts Educational Day Care Center as well.

3.4

Data
For each trial, both quantitative and qualitative data were collected. Quantitative data was

collected through two means. The first was through how well children did on each game. In minigames that did not run for a set amount of time (which will be referred to from here on out as
timed games), a child’s score for that game was equal to the amount of time in seconds it took
the child to solve the problem plus five seconds for every incorrect answer they got. Not all timed
games had chances for children to get incorrect answers and in those games, the score was equal to
the amount of time it took for the child to solve the problem. In games that took a set amount of
time (aka non-timed games) children score was based on how many answers they got correct. One
point was awarded for every correct answer and one point was subtracted for every incorrect answer.
Children neither lost nor gained points from not choosing an answer. Since this data was difficult to
collect during the study itself, every trial was videotaped. Scores in non-timed games were collected
on-sight and then corroborated through the videotapes. Scores in timed games were calculated only
using the videotapes. All game score data was analyzed by taking everyone’s average scores for each
mini-game, each round, and each co-viewing condition.
The other quantitative data was collected through interviews with children after the study
(Appendix D). For every mini-game and the overall game, children were asked to rate how fun and
how difficult they found the game. Children were given a happy/sad face scale and asked to indicate
which face corresponded with how each mini-game felt. They were also asked whether they found
the game easy, medium, or hard. Children were shown screen shots of each mini-game to remind
them of what the game looked like. The interview data was analyzed by taking the average fun and
difficulty ratings for each mini-game and calculating them for the study’s two conditions.
Qualitative data was also collected through two means. The first was with a pre-study interview with parents (Appendix C). This was given to parents in the co-viewing group and questions
were answered by both parents and children. The questions asked how much exposure children had
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to touch screen technology and what that exposure was like. Children, and when available parents,
in all conditions were asked if the child had any experience with touch screen technology. Most
of the qualitative data gathered in the study was collected during the trials themselves. Data was
collected on the strategies that children in both conditions used to play “Yarg! Math Pirates” as
well as the strategies that parents used to co-view. This data collection occurred a little during
the study but for the most part happened after the study using videotapes from the session. These
observations focused on who was touching the screen when, where people were looking, and what
parents and children said aloud.

3.5

Procedure
Child participants were randomly divided into two groupsa control group (n = 3 ) and a

co-viewing group (n = 2 ). Children in the control group played the game alone while children in
the co-viewing group played with a caregiver. Although caregivers could opt out of being in the
co-viewing group on the consent form (a possible confound), none took this option (Appendix B).
All of the caregivers that participated in this study were the children’s parents so the two words will
be used interchangeably. In the co-viewing group, a pre-study interview was administered to parents
before the study asking them about their child’s home use of touch screen technology (Appendix C).
Children and when applicable their caregivers sat on a yoga mat or a bench in a quiet room while
they played the game.
All children were asked to count to ten before the study began to make sure they had basic
numeracy skills. They were then shown the iPhone 4S and asked if they had seen something like
it before. If a parent was available, the parent was also asked if the child had any experience with
touch screens. If the child did not, it was explained to them that the device responded to touch.
The researcher then navigated through the phone to find the game and press play. Children played
“Yarg! Math Pirates” until they unlocked three pieces of the map (i.e. played each mini-game three
times.) Neither children nor parents were told how many rounds of “Yarg! Math Pirates” they
would have to play, although parents knew the study would take about fifteen minutes. Parents
were not explicitly told to help their child play through the game. If a child in the non co-viewing
group seemed to not understand the mechanic of a game, the primary investigator would describe
it to them after twenty seconds. The researcher say within ten feet of the child to observe them
play the game and take notes. The camera was also within ten feet of the child and was angled to
capture both the child’s face and the screen. After the child finished playing the game, they were
administered the post-study interview that asked about how much they enjoyed the games and how
difficult they found them.
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4

Development of the Tool: “Yarg! Math Pirates”
“Yarg! Math Pirates” is meant to be both a prototypical example of a touch screen preschool

math game and an educationally beneficial tool. The development of the game was broken down
into three distinct phases: collecting iTunes App Store data, learning the necessary programming
languages, and finally applying those initial game design principles to building the game.

4.1

Collecting iTunes App Store Data
For the results to have applicability to a broad range of preschool math touch screen games,

the game used in this study must contain the prototypical features of games in this genre. To find
out these features, I played, critiqued, and analyzed twelve of the top 100 most popular math games
for preschoolers in 2012. For each game, I collected data on both game style and core math concepts
on which each game focused (Figure 2). The composite data reveals a couple of key trends. In terms
of game style, all of the games had some sort of reward system to commend the child for getting
correct answers. Most of the games (75%) explicitly offered the child a measurable reward, like an
object or points, as opposed to just giving an abstract reward, like a congratulations or a positive
ding. The majority of games also had some sort of verbal reward in which a narrator or character
commended the player for getting the right answer (67%).
Half of the games used a mini-game format of play. Instead of providing the child with one,
more complex and multifaceted challenge (e.g. traditional platform games like Super Mario 64 ),
these games provided children with several smaller tasks they had to complete, each in its own
unique environment with its own controls (e.g. the Mario Party series.) Almost all of the games
that used the mini-game format had some sort of guide helping the child with the rules and concepts
the game. Generally, all the guides were friendly looking and talkative. They also tended to be in
the bottom left hand corner of the screen. All of these guides provided the instructions for each
mini-game and some of them provided children with hints after either a certain number of incorrect
answers or a certain amount of time without getting the correct answer. Only 42% of the games
had any sort of the games increased in difficulty as the player completed levels (i.e. had any sort of
leveling.)
The mini-game style allows a game to test multiple mathematical skills. A list of the most
common math skills found in games can be found below (Figure 2). It is readily apparent that the
most common skills tested in these games have to do with numbers as opposed to more abstract
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concepts like pattern or shape recognition. Within those games on numbers, very few used numeric
operations. The most common skills tended to be more centered around properties of numbersthings
like their numerals, their places in the number line, and their values.

Figure 2
Distribution of Game Features found in Preschool Math Games in the iOS App Store

The twelve games I played and analyzed are not necessarily a representative sample of all
games on the App Store. Some apps were selected based on recommendations from blogs or reports
from parents saying they used them with their child. Still others were selected for their brand
name recognition (Sesame Workshop and Nickelodeon). Apps were selected also for their price diversity and costs ranged from free to $3.99. Overall, the games came from nine different companies
and varied in their complexity, graphics, and required skill. Although creating a truly prototypical
preschool math game is obviously impossible, I used these data to make “Yarg! Math Pirates” as
representative of the market as I could.

4.2

Game Design Choices in “Yarg! Math Pirates”
When designing “Yarg! Math Pirates,” I worked to incorporate as many of these common

game features as was reasonable. To do this, I used the mini-game style of gameplay and with each
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mini-game focused on a different skill. I used a character guide (Archie the Pirate) to explain the
rules of each game and provide hints to the player. The premise of the game is that Archimedes the
Pirate (Archie for short) needs the player’s help to complete his treasure map. Every time a player
completes all six mini-games, a piece of the treasure map is added. Once Archie has all nine pieces,
he finds his treasure. The idea of a game endpoint in these preschool games is relatively uncommon.
When games had measurable rewards, they could almost always be gained infinitely (stickers on a
board, points, etc.). The finiteness of “Yarg!” is there to make children and parents feel like they
have accomplished something during the study. With each study, the child or child/parent team
fills out one row. That means they play each mini-game three times and fill out three map pieces.
Since the game starts over every nine pieces, they cannot see just how many times the game has
been played before, unlike they would with points or a board of stickers. Out of the nine categories
of math learning I analyzed other games for, I made one mini-game for each of the six most common skills: subitizing, numeral recognition, counting, comparison, number line comprehension, and
number words. This way, educators could use the game to identify what issues their students may
be having. Additionally, this follows the approach many other mini-game style games take.
Due to the nature of the study, the game does not include levelingas the child makes progress
in the game, the game never gets more difficult. Since children only played each game three times,
it was not enough time to slowly evolve the levels and make them harder. Additionally, Archie
the Pirate provides hints to children if they do not get the answer after thirteen seconds. It was a
stylistic choice of whether children get hints after a certain number of wrong answers or a certain
amount of time. I chose the latter because that way, Archie the Pirate can simultaneously give a
hint on the mathematics of the game as well as the mechanics of the game.
When a child gets a correct answer, there are layers of rewards that they can receive. They
go as follows:

Table 1
Rewards found in “Yarg! Math Pirates”
Reason
Reward
One correct answer in a large puzzle Happy piano chord
One correct answer in a small puzzle Two happy piano chords
Puzzle correctly solved
Victory song, congratulations
and jig from Archie
Piece of the map uncovered
Long victory song and long congratulations from Archie
Nine pieces of the map uncovered
Speech from Archie, horns,
sparkling treasure chest
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This layered reward system gives children continual encouragement to keep playing the game and
prevents struggling children from being discouraged.

4.3

Game Development Process
The development of “Yarg! Math Pirates” took about seven months, from May 2012 to

November 2012. The first two months of the process were spent researching preschool math games
for iOS and acquiring the programming skills needed to make a game. The prior of these tasks not
only involved playing a multitude of games but also working for WGBH’s Next Generation Preschool
Math project. While I interned there, I participated in the design of educational iPad games with
their game development team. I also went to preschools all over Massachusetts, observed children
play these games, and saw how the researchers interacted with children and collected data. During
my time there, I played over a dozen of their alpha game prototypes and got to watch them go
from rough drafts to near-finished products. The Next Generation Preschool Math’s game testing
methodology heavily influenced the methodology of this study and discussions with their developers
helped me figure out which programming frameworks to use.
After gaining this working knowledge of how game development works and teaching myself
some programming languages, I set off to develop “Yarg! Math Pirates”. One of the earliest tasks
I had to do for this was to find an artist. The model of game development I had seen at WGBH
included a small team of professional artistsI unfortunately did not have these resources and was
only armed with a little over $200 of Tufts Summer Scholars grant money to find an artist with.
Fortunately, I was able to get a number of applicants from making a job listing at the School of the
Museum of Fine Arts. I ended up working with Michele Smolensky, a recent SMFA graduate who
illustrates children’s books. We worked together mostly over email. She would send me images and
I would respond with edits and requests. By the end, we had gone through about 400 images, 140
of which were eventually used (Appendix E).
I also collaborated with an old friend and fantastic musician Eli Dreyfus, a senior and Skidmore College, for music and sound effects. Eli and I had worked together on a number of musical
projects years ago so we had already established a good rapport. Writing music for preschoolers
instead of peers though provided a new array of challenges. Throughout August, Eli would send me
drafts of sound effects and songs along with a recording of him explaining why he made the choices
he did. I then sent him back recordings of myself explaining what I thought should be changed
and played my edits on the piano. It was difficult to write music that kept the pirate theme but
maintained a happy and major tone. This was especially true for the incorrect answer sound effect,
which went through several revisions before we settled upon one.
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Forming and working with a small team meant that I had to have in depth documentation
of every aspect of the game that I could share with both Eli and Michele. For each mini-game, I
created a spec sheet (an example can be found in Appendix F). Each spec sheet listed the rules of
the game, the mechanics, and all of the images and sound effects used including Archie the Pirate’s
dialogue. I ended up recording all of Archie’s lines using Audacity and an Alesis 8 Channel Mixer
in the Tisch Digital Design Studio. After three days of recording, mixing, and stares from other
people in the Digital Design Studio, I had all the audio cues I needed.
By October, I had a complete beta prototype of the game. I then brought it to the Next
Generation Preschool Math team who critiqued it and gave a number of helpful suggestions. I
spent the next month implementing those suggestions, handling some memory management issues,
and making it adhere to iTunes App Store standards (backwards compatibility, multiple device
compatibility, etc.). In November, I brought the game to five children between the ages of two and
six to determine what age group “Yarg! Math Pirates” was best suited for. The children three and
understood some, though not all, of the concepts, but were not able to handle the speed or mechanics
of the game even when playing with a parent. A six year old said she found the game far too easy.
The four and five-year old children who were tested said they found the game somewhat easy and
a lot of fun. While this method is imperfect, I usefd this to determine that four and five-year old
children should be eligible for the study. In the end of November, the game got approved by the
iOS App Store and today is available for iPhone 4S and 5.

5

Results
According to the results of this study, children score higher when they play with parents.

They find the game less difficult and they have more fun when there is a co-viewer present. Children
are more likely to use good problem solving strategies like private speech and are more persistent
in their efforts. They do not get caught up on problems with the technology and they pay closer
attention to the game. This section will look at both the qualitative and quantitative data behind
why this is the case. The quantitative analysis will examine game scores, game times, and the results
of the post-study interview. The qualitative analysis will focus on the pre-study parent interviews
and observations of child and parent gameplay strategies. Analysis for statistical significance will
not performed in either section simply because it would be futile in a study of five participants.
Any patterns referred to in the upcoming sections should be viewed as trends instead of statistically
significant effects. Nonetheless, these trends may lay the groundwork for future studies.

23

5.1

Quantitative Data

Game Scores
In four out of six mini-games, children playing with a parent scored better than children
playing alone (Figure 3 & Figure 4) (n = 5 ). Children who played with a parent performed slightly
worse in “Treasure Match” and equally in “Fish Tapper” to children playing alone. The most drastic difference in performance between groups was in the “Order the Barrel” where children playing
alone took on average, well over twice as long (37 seconds) to complete the puzzle as children with
parents did (14 seconds). Average scores and times for the other mini-games can be seen in Figures A and B. It should be noted that the scores in timed games“Order the Barrel”, “Fill in the
Blank”, “Treasure Match”, and “Feed the Shark”—will be referred to in seconds. The scores in the
non-timed games“Fish Tapper” and “Parrot Picker”—will be referred to in points. This may lead
to some confusion since in the prior category, a lower value is good, while in the latter category, a
higher value is. For this reason, the two categories of games are put into separate figures.

Figure 3
Time to Complete Games in Co-Viewing and Non-Co-Viewing Conditions
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Figure 4
Game Scores in Co-Viewing and Non-Co-Viewing Conditions

Improvement between rounds of the game varied widely in both the co-viewing and non-coviewing groups (Figure 5 & Figure 6). In general, children playing with a parent performed better
in first round than children playing alone but they improved less over subsequent rounds. In the
third round, children who played with parents still out performed children who played alone in
nearly every mini-game, but by a much smaller margin than the first round. The most drastic
improvement between rounds can be seen in the alone group’s average “Order the Barrel” time.
Their first round average completion time was 55 seconds, and in subsequent rounds this decreased
to 36 and finally 19 seconds. The least improvement between rounds occurred in “Feed the Shark”
wherein most children in both groups were able to get the answer immediately starting from the first
round. Children’s average scores improved for every mini-game in every group after each subsequent
round except for with the non-co-viewing group playing “Fill in the Barrel.” The average time to
complete the puzzle for those children started at 6 seconds and in subsequent rounds increased to
12 and then 20 seconds.
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Figure 5
Game Times over Three Rounds in Co-Viewing and Non-Co-Viewing Conditions

Figure 6
Game Scores over Three Rounds in Co-Viewing and Non-Co-Viewing Conditions

Game Reviews
In general, children playing “Yarg! Math Pirates” with a parent rated the game as more
fun than those who played alone (Table 2). “Treasure Match” was the only game that the alone
group rated as more fun than the co-viewing group. On a 0-4 scale (0 being not at all fun, 4 being
very fun), no child playing with a parent rated any individual mini-game or the overall app lower
than a three. The average fun rating for all mini-games was 3.8 in the co-viewing group and 3.0 in
the non-co-viewing group. Similarly, the fun rating for the app overall was on average 4.0 for the
co-viewing group and 3.7 for the non-co-viewing group. The least popular mini-games were “Parrot
Picker” and “Feed the Shark.” Even though the average co-viewing rating of “Parrot Picker” was
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a 4, children who played it alone gave it by far the lowest rating of any game, averaging a 2.7.
The highest rated games were “Order the Barrel,” who everyone gave a four on for fun, and “Fish
Tapper,” which almost also received a perfect score.

Alone
Parent

Table 2
Difficulty Ratings of Mini-Games Alone versus with a Parent
Order the Fill in the Parrot
Feed the Treasure
Fish TapBarrel
Barrel
Picker
Shark
Match
per
4.0
3.7
2.7
3.0
3.7
3.7
4.0
4.0
4.0
3.5
3.5
4.0

Overall
App
3.3
4.0

Children who played with parents also generally found “Yarg! Math Pirates” to be easier than did
children who played alone (Table 3). Alone children gave each mini-game on average a difficulty
rating of 1.5 and an overall app difficulty rating of 1. In both categories, children who played with
a parent rated the game as less difficult (1.2 average mini-game difficulty rating, 1 for the overall
app). The two exceptions to this trend are “Feed the Shark” (co-viewing: 1.5, non-co-viewing: 1.0)
and “Treasure Match” (co-viewing: 1.5, non-co-viewing: 1.3). The largest difference in difficulty
ratings between the co-viewing and non-co-viewing groups can be found in “Parrot Picker”: children
in the non-co-viewing group gave the game an average difficulty rating of 2.3 while children in the
co-viewing group gave it a 1.0.

Alone
Parent

5.2

Table 3
Fun Ratings of Mini-Games Alone versus with a Parent
Order the Fill in the Parrot
Feed the Treasure
Fish TapBarrel
Barrel
Picker
Shark
Match
per
1.0
1.7
2.3
1.0
1.3
1.7
1.0
1.5
1.0
1.5
1.5
1.0

Overall
App
1.3
1.0

Qualitative Data

Non-Co-Viewing Group Strategies
For children who played alone, playing “Yarg! Math Pirates” was an exercise in trial and
error. Surprisingly, history of using touch screen devices seemed to play little into how well children
performed on the tasks. One parent said that their child had never used a touch screen device before,
and he ended up playing alone and scoring the best out of any child in the whole study. Another
parent said that their child played with their iPhone regularly and he was bewildered by a lot of the
gameplay mechanisms (especially dragging). The difficulty of the mathematics in the mini-games
seemed to be at either an appropriate or too low level for all of the children in the experiment.
There are three main issues that children ran into while playing “Yarg! Math Pirates”, none of
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which directly had to do with the math behind the game. They are as follows:

Trouble with Dragging: The mini-games that focused on dragging, “Order the Barrel”, “Fill in
the Barrel”, and “Treasure Match”, saw particular difficulty from children, especially “Order
the Barrel”. Two out of the three children in the non-co-viewing group spent over a minute
trying to figure out how to solve this puzzle and eventually need help from the experimenter.
Every child at first tried tapping the barrel cardinal order, and since Archie the Pirate said
each number aloud after it was touched, children thought the game was to touch the barrels
in the correct order. After this initial attempt, children branched off in their strategies. One
child started touching barrels in random order. Another child tried to drag the barrel along
the y-axis. Two of the children at some point gave up and just stared at the screen, not even
looking to the researcher for help. After thirty seconds, the researcher interfered by telling
children that they could drag the barrels. Even this hint was not enough for all the children
to understand the dragging though. One child continued to stare at the screen for another
several seconds before trying to drag the barrels even after the hint. That same child needed
yet another explanation of the game in the second round. Some of the children in the first
round also thought that the barrels had to be moved to their correct position in cardinal
order (i.e. dragging the one barrel, then the two barrel, etc.) Some children who were not
accustomed to playing with touch screen technology pressed too hard on the screen during
the dragging games, which would interfere with the responsiveness of the app. Other children
dragged objects into incorrect spaces or tried to move them off screen. They often had the
right answer, but put an object too far to the left or too far to the right of the answer box,
making Archie the Pirate shaking his head no. This happened particularly often in “Treasure
Match” and “Fill in the Barrel.” Children then thought that they had gotten an incorrect
answer and thus tried all the other possible answers before returning to the one they originally
thought was correct. They more often tried new incorrect answers instead of the old correct
answer, which may suggest that they trusted the technology more than themselves.
Handling Game Speed: A lot of children also had initial difficulty playing “Parrot Picker.” In
the first round, children could not simultaneously figure out the rules of the game and handle
the speed of the parrots. As children practiced the game, they were able to catch them more
easily and they improved their scores with each subsequent round. The same thing occurred
to a lesser extent with “Fish Tapper”children initially struggled to handle both the mechanic
of the game and the math behind it but after multiple rounds they became accustomed to
it. All of the children who played alone were able to solve “Fill in the Barrel” and “Feed the
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Shark” easily on the first try. They were primed to try the dragging mechanic in “Fill in the
Barrel” from “Order the Barrel” which occurred right before. “Treasure Match” also saw little
difficulty, although children occasionally got incorrect answers.
Distraction and Disengagement: Children who played alone also got distracted more easily.
They sometimes started selecting answers in games rapidly and without a clear direction,
something children playing with parents never did. One child tried to touch all the parrots
she could in “Parrot Picker” without regard for whether they bore the correct number. Her
goal seemed to be to get the parrot to make any sound as opposed to getting the right answer.
This is a prime example of alternative goal setting she seemed to engage with the activity as
just a game as opposed to a math game. Another child just watched the parrots fly by, not
touching any of them. Due to the design of the game, the children received the same reward as
they would have for getting all right answers in the game. The same amount of parrots would
fly by and Archie the Pirate would perform the same congratulatory jig whether the child got
the answers all correct or all incorrect. This feature of the reward not corresponding to the
performance also occurred in “Fish Tapper.” However, children took advantage of this less,
possibly because due to the slower and less involved nature of the game, it could be harder for
them to make alternative goals for themselves.
Co-Viewing Group Strategies
Children playing with parents differed in strategies from their unaccompanied counter-parts.
However, the same mini-games proved challenging for this group as with the unaccompanied group;
they had trouble grasping the dragging of “Order the Barrel” and were at first overwhelmed by the
speed of the parrots in “Parrot Picker”. With co-viewers present, they coped with these difficulties
differently from the co-viewing group. Within seconds of the child expressing difficulty with “Order
the Barrel,” the parents tended to step in and help out. They did not touch the screen to do sothey
just rested what Archie the Pirate just said. Every time, this was enough for the child to understand
how to play the game and none of the children playing with parents needed another explanation.
Similarly, parents often intervened in “Parrot Picker” and again restated the rules that Archie the
Pirate had just explained without touching the screen. “Parrot Picker” sometimes took multiple
explanations to get across, possibly because the game moved so quickly.
Children who played with parents also tended not to stare blankly at the screen or to try
random answers. They did not even wander into this behavior and have parents stop themthey just
gave their attention to the game. In fact, children rarely looked back to the caregiver at all, not
averting their eyes from the screen. Children were, however, generally more talkative while playing
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than children who played on their own. All children in the co-viewing group used more private
speech and said aloud the logic they were using to solve problems. This seemed to happen even
more when the child was having difficulty with a game and in games that had no time limit. When
children bumped into hardware and software issues, they more often tried their initial answer again
as opposed to trying the other, incorrect answers.
Parents rarely provided their child with information that Archie the Pirate had not already
given them. They often repeated the explanation of the rules and praised the child for doing a good
job and children responded positively to the encouragement by smiling and laughing. Parents tended
to give extra praise when a child struggled with a gamefor example, all parents involved in the study
praised their children “Parrot Picker”, one of the most difficult rated mini-games. Parents also
sometimes tried to encourage children to keep playing through the game by asking them questions
about it. One father asked his son, “What do you think happens when you fill in the whole map?”
Another parent challenged his daughter to see how many parrots she could catch. Parents also
occasionally gave their children encouragement when they did struggled in a game, but this was not
nearly as frequent as the praise for doing well in a game.
The parents tended to be supportive but quiet throughout the game playing process. In
general, they never demonstrated how to play a game, especially not by touching the screen. More
often, they served as cheerleaders or re-explainers as opposed to teachers. In all the co-viewing
trials, the parent held the device while the child played with it. The child also sat on the parents
lap during gameplay (without being told to). In most mini-games, parents did not say much, and
by the third round of each trial, they tended to say nothing at all. Parents looked at the researcher
far more often than children did, especially when the child was doing particularly well in the game.
In interviews, all parents reported owning iPhones and all parents who were in the co-viewing
group had downloaded apps for their children to play on their phone. Both parents and children
reported the child being able to fluently navigate the phone and one child had been able to navigate
the phone since she was two. One parent had not downloaded educational games for the childonly
apps for entertainment (e.g. Netflix). Despite childrens familiarity with the devices and apps/games,
no parents said that they regularly played touch screen games with their child and one parent
reported never having done it. All parents in the co-viewing group said that they gave their children
their phones sometimes. Some parents also openly admitted that they gave their children their
phones for the purpose of distracting them.
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6

Discussion
Did children do better when they played with a parent or when they played alone? The

question is more nuanced than it first appears. Yes, children generally performed better when they
played with a parent than with they played alone. But this is not the most important datum of
this study. After all, if a four-year old is accompanied by an adult, they should have an easier time
answering math questions. On the flip side, children who played alone improved more than children
in the co-viewing group. This also is to be expected because children in the non-co-viewing group
had more room to improve from the first round since they performed worse in it. What is not less
predictable is that children who played with parents rated the game as more fun than those who
did not. This could mean that children would be willing to play the game for more time and be
more engaged with it while in the company of a co-viewer. In this study, parents only played “Yarg!
Math Pirates” with children for about fifteen minutes. If they played for longer, this effect could
diminish over time.

6.1

Parent’s Effect on Gameplay Strategies
There is also something to be said for children learning to play “Yarg! Math Pirates” them-

selves. Oddly enough, all of the children who played alone gave “Order the Barrel,” the game that
all of them struggled with, the highest possible fun score. This could mean that children actually
enjoyed struggling with the games. It could also mean that children who had to spend longer on each
game figuring out the rules and mechanics encoded their lessons more deeply than those who played
with a parent. Unfortunately, this pattern breaks down with “Parrot Picker,” which children in the
non-co-viewing group rated as both the most difficult and the least fun. Children in the co-viewing
group conversely rated “Parrot Picker” with the highest fun score and the lowest difficulty score.
Something that could account for this difference are the different types of difficulty children faced in
these two games. In “Order the Barrel,” children struggled to figure out the dragging mechanic. In
“Parrot Picker,” the challenge was recognizing and responding to the numerals fast enough. Overcoming the educational challenge could have been less rewarding than overcoming the mechanical
one. At the same time, it is impossible to know what the children in the non-co-viewing group
playing “Order the Barrel” would have done without the researcher there to eventually explain to
them the mechanic of the game. Perhaps they would have given up on it all together. Since there
was a researcher present, there was no purely non-co-viewing condition. This potential confound
will be discussed more in the limitations section.
We also see that the presence of a parent helped keep children on task. Children who played
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alone sometimes stared blankly at the screen or started selecting random answers. Children in the
non-co-viewing group stayed on task and at least attempted to play every game. This could be because children knew that their parents would have focused them if they had gone off task. It could
also be because the parent’s encouragement helped children stay on task better. Surprisingly, it was
the parents that more often had difficulty staying focused They looked around the room seemingly
out of boredom. In non-laboratory conditions, parents may not have had the patience to sit with
their children as they played the game, especially for three rounds. By the third round, parents said
almost nothing during gameplay.
It is also important to look at the effect that the presence of a parent had on children’s private speech. All children in the co-viewing group used some sort of private speech while only one
child in the non-co-viewing group did. As mentioned earlier, children who talk aloud to themselves
while solving problems performed better academically than those who did not (Berk, 2009). It feels
counterintuitive that children talk to themselves when someone else is around, but whatever the
reason is, children in the co-viewing group regularly used private speech while playing the harder
games (e.g. “Parrot Picker”). One child in the non-co-viewing group talked to himself through
every mini-game. In his trial, he sat very close to the researcher and engaged the researcher in
conversation throughout the study. In this way, the researcher essentially became the co-viewer
even though the researcher said nothing to the child and did not respond to his talking. This is yet
another example of a positive child’s behavior in the co-viewing group that had little to do with the
co-viewer’s strategies and more to do with the co-viewer’s presence.

6.2

Parent’s Effect on Children’s Interactions with Technology
Surprisingly, one of the most important roles of the parent was helping the child overcome the

idiosyncrasies and limitations of the technology. There were multiple times in the non-co-viewing
group when the child struggled to use the iPhone, whether it was because they were unfamiliar
with touch screen devices or because the game did not respond to a large enough area for touching
and dragging. When children got incorrect answers due to issues with the technology, they thought
that they got the incorrect answer instead of assuming the technology was not working properly.
With a parent present, the child had enough confidence in their answer to try it again, even without
the parent telling them anything. This is a unique level of knowledge that interactive technology
forces children to grapple with. On the one hand, the child is able to figure out the answer for his
or herself without the help of a parent. The problem does not require scaffolding and it is safely
below their zone of proximal development. At the same time, they do not have enough confidence
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in their answer to assume that they are correct and the technology made a mistake. The knowledge
is therefore not completely cemented in their mind as strongly as it could be and the co-viewer’s
presence still helps the child get the right answer. This level of knowledge only occurs with through
an imprecise, interactive medium and may reveal a lot about a child’s knowledge or even a child’s
security in his or her self.
Almost everything that parents said to their children were restated from Archie the Pirate
had already said, either approximately or verbatim. This is related to Crook’s theory from eariler
that said that computers were good at imitating initiation-response-evaluation sequences (1994).
“Yarg! Math Pirates” was designed with this in mind and the instructions for each game is centered
around this sequence. It was also suggested that in many cases, IRE sequences are not sufficient to
help a child through a problem. However, the fact that most of what parents said to their children
were paraphrases or quotes from Archie the Pirate suggests that this may not always be the case.
At least for problems at a level below the child’s ZPD, these sequences may be enough. With this
logic then, it should be the case that since Archie and parents are giving children the same message,
the two groups should perform equally well. However, since children with parents generally outperformed children playing alone, the results show, this is not the case. This then leads us to a notable
conclusionthat children, when given the same instructions by media and a parent, are more likely to
be able to follow those instructions. We cannot attribute this to the repetition because Archie the
Pirate also repeats the instructions for children as well. This here is potentially the limitation on
the ideal digital teacherno matter how responsive they get, children may just not listen to them as
much as a human. Over time, this attitude may change as technology becomes more integrated into
our daily lives. As children are more and more raised by technology, they may ascribe more human
aspects to it. It would be interesting to see how the role of technology in children’s lives changes as
they get older and as media experiences becomes more immersive.

6.3

Implications
This study itself does not statistically significant implications due to its small sample size and

some design flaws in its methodology. All that can be said is what the results of the study appear
to indicate and suggestions for further testing. This section will do the latter of these tasks while
the future directions section will do the prior.
As explained in the results, children who played “Yarg! Math Pirates” with a parent performed
better on the mathematical tasks, enjoyed themselves more, and used good problem solving strategies
like private speech. This does not necessarily mean that children should always play with a co-viewer
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or that co-viewing is even always positive. The effects of co-viewing diminished as the child gained
mastery of the game. The parents became bored fairly quickly, and over time, this could lead to
child disengagement. Co-viewing on a three and a half inch screen was a difficulty for parents and
children since there is not room for both parents and children to engage with the game comfortably.
Most of the help children got from parents was in the first round. That is where we see the
largest difference in scores between children in the co-viewing and non-co-viewing groups. Also,
most of what parents said were explanations of a mini-game to a child. Upon repeated play, the
child did not need the parent explaining the rules again, especially with games that are static and
do not have leveling. What more, there is something to be said for children working through the
game’s problems themselves. Children that played alone improved significantly between their first
and last rounds and almost reached the level of children who played with parents. Children who
played with a parent rated almost every mini-game as easy while children who played alone rated
the game closer to the middle difficulty. For educational purposes, a child may learn more if the
game challenges them.
Therefore, it seems that a productive level of co-viewing for a young child playing with touch
screen media is for the parent to be present in the beginning while the child figures out the rules of
the game and gets a feel for the technology. When the child has a basic understanding, the co-viewer
hands over the reigns to the child. This way, the child does not get discouraged at the beginning
of the game and choose random answers or no answers at all. They also get the chance to develop
confidence in their answers and learn when it is a problem with the technology versus a problem
with their answer. When they hear instructions from the parents, those instructions can be encoded
more deeply than they would be if just Archie the Pirate said them. With the initial distractions
and complications out of the way, the child can focused on the math learning aspects of the game.
Once the child has this understanding, the parent can remove their self from the equation, allowing
the child to explore facets of the game they would not have tried with a parent present. The support
given by the guiding character could be enough to remind the children of the rules or at least give
them enough information to try to figure them out.
This method of co-viewing also fits in with how technology is used in real life. Often times,
we see the pass-back effect, wherein parents give their child a touch screen device to play with to
distract them. This leads to solo play, which, as this study has shown, has its downsides. However,
it is unrealistic to ask parents to be with their child every time they play the game, especially when
the parent does very little. It is not unrealistic though to ask parents to play every new game they
download for their child on their first play through. That by itself may be enough to help the child
overcome obstacles that could initially infuriate and turn them off the game.
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7
7.1

Limitations and Future Directions
Methodological Limitations
Perhaps the greatest limitation of this study is its small sample size. Only six parent/children

pairs said they were willing to participate in this study and of them only five were eligible. Parents may have been disinclined to sign their children up for this study because it asked for their
involvement or because it was only for an undergraduate thesis. After talking with parents and
school administrators, it also seems that people were wary about exposing their children to new
technology. In pre-study interviews and conversations with teachers and parents, many caregivers
expressed distrust in technology, believing that it could “dumb down” their children. This notion
made it difficult to get permission to work in schools and to work with parents within those schools.
It also may have led to a skewed sampleonly children whose parents believed in the educational
potential of technology would sign up for this study. This also could explain how all but one child in
the study reported extensive experience using touch screen technology (this may also be due to the
modern prevalence of smartphones though.) Additionally, both schools in which testing occurred
were lab schools, so it is possible that parents were regularly pestered to be involved in studies and
so were less inclined to do this one.
The sample size of five is above and beyond the greatest limitation to the significance of this
study. However, there are a number of methodological issues that would skew the data even if there
had been enough participants. The most important of these is that the researcher was in the room
with the child while they were playing the game. Whats more, the researcher had to sit very close
to the child to see what was happening on the small screen to take notes. The non-co-viewing group
was thus not strictly non-co-viewing. The researcher remained almost entirely silent during the
study to minimize this effect (except to explain a game to a child if they got stuck, which is again,
co-viewing), but the research and the results of this study suggest, simply the presence of another
person is enough manifest the effects of co-viewing. The fact that parents also said very little even
in the co-viewing group makes the two conditions even more similar.
The post-study interview with children also came with its own host of issues. The answers
children gave in the post-study interview often times did not reflect their performance or their behavior during the study. For example, the child that had the best average score of all participants in
three out of the six mini games also gave highest difficulty score to five out of the six games. Even
though children were shown images of each mini-game, it could have been difficult for children to
remember how they felt about each one since there were so many. It also could have been the case
that parents consciously or unconsciously encouraged their children to rate the game as fun since
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they knew from the forms that the researcher also built the game. In general, a lot of issues come
from self-reported data from four-year olds is difficult to trust.

7.2

Game Limitations and Design Recommendations
“Yarg! Math Pirates” provided its own set of limitations and confounds to the study. First

and foremost, the difficulty of the game was below the zone of proximal development for all of the
children, making it not the ideal medium for co-viewing. The non-timed mini-games mostly tested
the children’ s knowledge of the number line and all of them provided multimodal input. In other
words, they provided both the numeral and the word for each number referred to. “Fill in the
Barrel” for example has Archie the Pirate read aloud the value of each barrel and played a sound
effect at the spot of the missing barrel. All the player had to know was how to count to ten (which all
did) and know what the numeral for the missing barrel looked like. They did not have to recognize
the other numerals on the barrel at all. Four and five year-olds can fall anywhere in a wide range
of math skills though, so “Yarg! Math Pirates” was aimed at the lowest common denominator (i.e.
young four year-olds who struggled with math). If the game had leveling, then maybe this problem
could have been accounted for.
Additionally, the game had some issues with its scoring system. Each mini-game has its own
individual system of measuring performance. Some used time while others used scores, and within
those two groups, the ranges of data varied widely. The two non-timed games varied widely from
each other in possible scores. The highest possible score in “Parrot Picker” is 9 and it can be
achieved by tapping all the parrots bearing the numeral and none that do not. The lowest possible
score involves the inverse of this and -24. “Fish Tapper” is scored in the same way and the range of
possible scores is between -2 and 3. The scoring system of “Fish Tapper” does not account for nearly
as much nuance as “Parrot Picker” does. We see the same difference between “Treasure Match” and
“Fill in the Barrel.” Although the theoretical range of scores in any of these games is infinitely low
or high, the range of actual scores is much smaller for the latter game than the prior. Whats more,
the +5 seconds given for incorrect answers combines problem solving time with ability to answer
the question. A child who takes a long time to get the answer but gets the answer correct can easily
score worse than a child that makes every possible guess very quickly.
Children also had more problems with the mechanics of some of the games than would have
been ideal. While figuring out the mechanics of each mini-game is a very real part of touch screen
technology, “Yarg! Math Pirates” led to a little too much confusion. This was especially in the case
with “Order the Barrel,” which combined an unclear dragging mechanism with saying the numbers
aloud to make a very unintuitive game. In general, children greatly struggled with games that used
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the dragging mechanic. Children tried tapping in dragging games first and in general, found the
tapping games much more intuitive. That being said, two of the tapping games, “Feed the Fish”
and “Parrot Picker,” had their own flaws. Both of these games feature animals bearing numbers
moving across the screen. Whether the child plays the game, ignores it, or waits for it to finish,
Archie the Pirate ends the game after the same amount of time. Children receive no particular
reward for participating and doing well versus doing nothing at all. This feature encourages passive,
uninvested game play and is a faux pas in the educational gaming world. Other tapping games had
the issue of having too small areas of response. In other words, the area that a child could touch to
drag an object and the area into which an object had to be dragged to be considered an answer were
too small. Furthermore, the game responded the same to an incorrect answer as it did to an answer
in which the object was just moved to the wrong place. At times, this made children think that
their correct answers were actually incorrect and therefore encouraged them to try other, incorrect
answers.

7.3

Future Directions
The present study could serve as the basis for a wide variety of future studies on the role of co-

viewing in touch screen technology. This study only looked at one game on one device. Co-viewing
could affect reading games very differently and could maybe even turn some non-educational games
into learning experiences. It would also be interesting to look at sandbox games (computer-as-pupil)
and see how co-viewers could help children manage larger educational environments. The effects of
co-viewing could also change with different age groups or with different technological experience.
This implications of this study could become more representative of all touch screen devices if it
were repeated if other devices. Tablets give children and parents to share an educational space on a
plane large enough for both of them to touch and it would be interesting to have a two way study
that compared children on different devices and children playing alone or with a parent.
Obviously, it would be good to have this study run again with a larger sample size. However,
if it were run again, there are some key changes that could make it a lot more effective. First of all,
it would be good to have a space in which participants could be alone and away from the researcher.
This could be a room with multiple cameras or a one way mirror. That way, the confound of the
researcher as an accidental co-viewer would be eliminated. It would also be good to have a game
that has leveling so each participant could be run over multiple trials. With multiple trials, there
could also be a test at the beginning of the study and at the end of the study used to see which
group learned more from the game. It would also be good to test the conclusion of this study
more specifically, that is, have a condition in which the parent plays for the first round and not the
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subsequent rounds.
There are also a lot of directions that “Yarg! Math Pirates” could be taken in with future
updates. To do this would involve a massive code reorganization. Currently, “Yarg! Math Pirates”
is tens of thousands of lines of code spread out across dozens of files. In general, the code is rather
inefficientlarge chunks of it are copied and pasted, it’s poorly commented, its not very reusable.
However, if it were possible, the game would benefit greatly if all of its dragging games were changed
to be tapping games. Also, hints could be customized more closely to the user’s input. If they touch
an object out of bounds, Archie the Pirate could indicate that as opposed to just telling the player
they got a wrong answer. If a player takes a long time to answer a question, there could be cascaded
hints that provide more and more information as the player waits longer. Hints might not have to
be limited to auditory ones as wellhints could move around the objects on the screen to demonstrate
to players what they can do. It would also be interesting to see if vibration could be used as a
deterrent or a reward as well. In an ideal world, it would also be interesting to collect data from
people who download the game. The game could be connected to Google Analytics and push data
about the scores of children who downloaded the game on the iTunes App Store to a remote server.
The game could see how quickly the child was getting the answer and adjust the difficulty of the
game accordingly. Hopefully, in the future, some of these changes and features can be added to the
game.
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Appendix A
Letter Home to Parents
Dear Families,
As you are aware, children today are growing up in a media-saturated environment—smart
phones, tablets, and many other devices are all at their fingertips. Some of the technology available
to young children is marketed as “educational,” but not a lot of research has documented just how
much learning can really occur from using technological tools or in what circumstances.
This semester, you and your child have the opportunity to participate in research conducted
for a Senior Honors Thesis entitled “Co-Viewing and Smartphone Technology.” This research looks
to see whether children learn more from educational games on smartphones if they play them with
a parent or caregiver as opposed to playing them by themselves. Neither children nor parents need
smartphones to be involved in this studyall materials will be provided.
This experiment involves participation from both children and their caregivers. Children will
spend fifteen minutes playing a game on an iPhone. Sessions will occur either before, during, or after
school (to be determined in a phone call with the parents) and they will all be videotaped. Videos
of the sessions allow the researchers to carefully examine the uses of the game and the patterns of
interactions between parents and children. The videos will only be used by the researchers involved
in this study and will not be shown to anyone else. All data including videos will be destroyed by
June 1st, 2013. If you wish for your child to be involved in this study but do not want to participate
yourself for any reason, you can indicate so on the consent form.
The game your child will be playing is called ““YYarg! Math Pirates”. I developed it and it is
available for free on the iTunes App Store even if you dont participate (iPhone 4S and 5 only.) The
game features a friendly pirate that asks the player to solve math puzzles about number identication
and number ordering. There is no violence or conflict present in this game. After the study, I would
interview you to see what your views are on touch screen technology and playing in the digital age.
This study has been reviewed by and received permission from the Eliot-Pearson Childrens
School and from the Tufts Institutional Review Board. Although there is minimal risk associated
with this study, you or your child can withdraw from the study at any time and for any reason. Any
information collected from this study will be treated condentially. No features including but not
limited to name, gender, or age, will be shared with anyone outside of the study or used to identify
your child in video.
If you are interested in having you and/or your child participate in this study,
please fill out and return the attached consent form to the Children’s School Front
Desk. If you have any questions about this project, feel free to contact the following:
Gabriel Nicholas – Principal Investigator – (617) 894 9071, gabriel.nicholas@tufts.edu
Julie Dobrow – Thesis Advisor – (617) 627 4744, julie.dobrow@tufts.edu
Lara Sloboda – Tufts Institutional Review Board Administrator – (617) 627 3417, sber@tufts.edu
Many thanks,
Gabriel Nicholas
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Appendix B
Parental Consent Form
Please read the attached research information and give permission by signing this
form and returning it to the front desk at the Eliot-Pearson Children’s School.
Study Title: “Co-Viewing and Smartphone Technology”
Researchers:
Gabriel Nicholas, Tufts University, (617) 894-9071, gabriel.nicholas@tufts.edu
Dr. Julie Dobrow, Tufts University, (617) 627-4744, julie.dobrow@tufts.edu
I have read the previous description informing me of the purpose of this project. I understand I
may discontinue my child’s participation at any time for any reason and that all children in this
study will be videotaped. With that understanding, I give permission for my child to participate.
Please check one box to state whether or not you would like your child to participate in this study.
Yes [

]

No [

]

Please check one box to state whether or not you, the caregiver, would like to participate in this
study and the confidential parent interview(if you select this box, you will not necessarily be asked
to participate.)
Yes [

]

No [

]

Phone Number
(If you checked “Yes” on the above question, you may be contacted to schedule this study.)

Student’s Name (please print clearly)

Student’s Class

Student’s DOB:

Signature of Legally Authorized Representative
(Parent, Guardian, or Conservator)

Date

Representative’s Authority to Act for Subject
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Appendix C
Parent Pre-Study Interview Questions
1. Do you own a smart phone, tablet, or other touch screen device? (If not, skip to Question 6.)
2. Does your child use this device? What does s/he do on the device?
3. Do you ever let your child play [games with that device/those devices? If so, which games?
(If not, skip to Question 6.)
4. Do you ever play those games with your child? If so, how often? Once a day? A few times a
week? Once a week? A few times a month? Once a month?
5. Does your child ever play touch screen games alone? What are some of his/her favorites?
6. Do you ever give your touch screen device to your child to keep him or her occupied? If so,
how often? A couple times a day? A couple times a week? A couple times a month?
7. Would you say your child can easily navigate a touch screen device?
8. Do you think children can learn from touch screen technology? If so, what do you think it’s
good for teaching about?
9. Do you think touch screen technology can be used to help teach children math?
10. Do you think children learn better when an adult is present to reinforce a lesson?
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Appendix D
Post-Study Child Interview Form
1. Overall, how did this game make you feel? Use the smiley faces to show how you feel. (Note:
every time a child is asked how a game makes them feel, they will be referred to this scale.)
1

2

3

4

5

2. Overall how hard was the game? Easy, medium, or hard?
Easy

Medium

Hard

3. How did you like the game where you put the barrels in order?
1

2

3

4

5

4. How hard was the game where you put the barrels in order? Easy, medium, or hard?
Easy

Medium

Hard

5. How did you like the game where you filled in the blank barrel?
1

2

3

4

5

6. How hard was the game where you filled in the blank barrel? Easy, medium, or hard?
Easy

Medium

Hard

7. How did you like the game with the parrots?
1

2

3

4

5

8. How hard was the game with the parrots? Easy, medium, or hard?
Easy

Medium

Hard

9. How did you like the game with the fish?
1

2

3

4

5

10. How hard was the game with the fish? Easy, medium, or hard?
Easy

Medium

Hard

11. How did you like the game with the treasure chests?
1

2

3

46

4

5

12. How hard was the game with the treasure chests? Easy, medium, or hard?
Easy

Medium

Hard

13. How did you like the game with the shark and the plates?
1

2

3

4

5

14. How hard as the game with the shark and the plates? Easy, medium, or hard?
Easy

Medium
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Hard

Appendix E
Sprite Sheet
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Appendix F
Spec Sheet for Parrot Picker
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