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Abstract

Children need education about digital literacy issues appro-
priate for their age. We conducted a user study to evaluate

the usability and effectiveness of a digital literacy game for

11-13 year old children. Results showed that children’s dig-
ital literacy knowledge and intended behavior improved sig-
nificantly immediately after playing the game and one week
later.
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Introduction

Digital literacy is an important educational topic for children,
given that many are online at a young age [3, 5]. Digital
literacy represents the skills children need to create and
consume media in the 21st century [6]. These include find-
ing and verifying information, ethics and empathy, privacy
and security, digital health, and consumer awareness [7].
Given the importance of digital literacy, many schools have
incorporated it in their curriculum [9, 10]. Persuasive games
can be an effective medium for educating children about
digital literacy, given their use in other domains such as
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math, health, and the environment [1, 2, 11]. These games
either improve player’s knowledge of a domain or change
their behavior. While the effectiveness of knowledge based
games can be easily evaluated by administering a knowl-
edge questionnaire before and after playing the game, it is
more difficult to evaluate the effectiveness of behavior or
attitude change games. That is because in most cases, we
cannot measure a change in user’s behavior shortly after
playing the game, because we need to wait until they take
part in the target behavior. In some cases, such as games
that teach children how to behave safely in dangerous sit-
uations, it is impossible to measure behavior change be-
cause we do not want users to encounter these situations in
real life.

Because of these challenges, many persuasive games lack
evidence of their effectiveness, which can hinder adoption,
especially in formal education environments, which use
games for assessing student performance. Given this, we
suggest that instead of measuring behavior change, per-
suasive games should measure the behavioral intent. This
paper provides an application of this approach on a digital
literacy game for children. We conducted a two-part study
to evaluate the usability and effectiveness of the game with
11-13 year old children. In our study, behavioral intent was
users’ self-reported adherence to digital literacy advice.
Results from our study show that children’s digital literacy
knowledge and behavioral intent improved significantly, im-
mediately after playing game and one week later. Our work
can be used by designers to evaluate the effectiveness of
persuasive behavior change games that have the same
measurement challenges as digital literacy games.

Background

Digital Literacy Game

A Day in the Life of the Jos is a web-based game designed
to improve 11-13 year old children’s digital literacy knowl-
edge and skills [8]. The game is meant to be used in a
classroom setting with assistance from teachers, and will
be licensed to schools across Canada. In the game, players
follow the main characters of Jo and Josie through a series
of events in their daily life and help them make smart deci-
sions online. By playing the game, children are able to see
the consequences of their choices in a simulation before
making them in the real world.

Figure 1 shows the opening screen of the game, where the
calendar represents a typical school month for the player.
The game consists of 25 scenarios organized into five days
(5 scenarios per day), where each day addresses a differ-
ent literacy topic including cyberbullying, online tracking,
privacy, sharing online, and authentication. To begin, play-
ers select a day from the calendar which directs them to
the main screen of the day, providing access to five related
scenarios. Each scenario shows Jo or Josie going through
a situation where they require the player’s help in deciding
how to behave safely. At the end of each scenario, players
are provided with three choices and have to pick the choice
that Jo/Josie should make in that scenario. Options reflect
the choices children make in the real world, which have
many grey areas between correct and incorrect behavior,
sometimes with unexpected consequences. Each choice
has different consequences on Jo/Josie’s life, and players
can see the consequences of their choices in the news feed
component (Figure 4), which acts as an aggregator of the
characters’ digital media platforms. Figures 2- 4 show part
of a scenario.



Methodology

The study had two parts. The first session took about an
hour, and the second lasted about 15 minutes. The sec-
ond session took place one week after the first, and as-
sessed whether children retained the knowledge learned
in the game. In the first session, participants completed

a pre-test questionnaire and a short interview. Next, they
played the game and completed a post-test questionnaire
and interview. To keep the session length manageable,
children played three of the five days in the game. In the
second session, children completed a questionnaire and
an interview. Participants were recruited through social
media parenting groups and snowballing. Children were
compensated with $20, and their parents were reimbursed
for parking costs when applicable. Sessions took place in
our research lab or at other quiet, mutually convenient loca-
tions.

The pre-test questionnaire included demographic questions
and 15 digital literacy knowledge questions (three ques-
tions per day of the game). An example knowledge ques-
tion was: When using your mobile device, how often would
you respond to someone who posted mean comments on
your photo?. For each question, participants responded by
choosing an option from always, often, sometimes, rarely,
and never. The post-test questionnaire collected children’s
opinion of the game and repeated the 15 digital literacy
knowledge questions. These questions were also repeated
in the one-week questionnaire to see if children improved
and retained knowledge from the game. The interviews
evaluated whether children could apply their knowledge

to new situations. They were provided with five situation-
based questions (one per day of the game), regardless

of which days they played. For each, we asked what they
would do, how it would affect their privacy, and how it would
affect the privacy of others. For example, a situation-based

pre-test question was: All your friends are playing a pop-
ular online game so you decide to sign-up for the game

as well. When you sign-up the game asks you to provide
your full name (first and last name) and your home address,
so that other players can contact you. What would you do
in this situation? How might this affect your privacy? How
might this affect others privacy?. We created three sets

of the situation-based questions and used a Latin square

to decide which set to use in the pre-test, post-test, and
one-week interviews. The sets were similar in structure

and evaluated the same topics, but had a different context
to avoid children from simply repeating their previous an-
swers. Each interview took about 10 minutes and was audio
recorded. The game was instrumented and recorded user
choices, time to complete tasks, and the number of points
earned. We also used an eyetracker to track children’s gaze
as they played the game. Participants were encouraged to
think aloud while playing, and the researcher took notes.

Participants

Thirteen children (6 girls and 7 boys) participated in the
study. Seven were 11 and six were 12 years old. They
spent an average of 1 hour and 40 minutes online each
day. Most used social media platforms several times a day
(71%), some used it once a day (14%), and others used it
once a month (14%). Most children (85%) reported having
some knowledge of how to protect their privacy online and
how to behave on social media websites, and they learned
it from school (77%), parents (85%), and friends (23%).

Results

Digital Literacy Knowledge

Children’s digital literacy knowledge was computed by
adding their scores for the fifteen knowledge questions,
and giving them a total score out of 75 (5 points per ques-
tion). Table 1 shows a summary of the knowledge scores



Measure Pre-test Post-test One-week-test
M (SD) M (SD) M (SD)
Knowledge 54 (4) 59 (6) 60 (5)
Behavioral 29 (5) 34 (5) 36 (5)
Intent

Table 1: Children’s digital literacy knowledge (out of 75) and
behavioral intent (out of 45) scores at three time points. We note
that these scores are generally lower than expected because
children did not play the entire game but answered all the
knowledge and behavior questions.

at different time points. We conducted a one-way repeated
measures ANOVA to determine whether children’s digi-

tal literacy knowledge scores changed over time. Using a
Greenhouse-Geisser correction, we found statistically sig-
nificant differences in children’s digital literacy knowledge
scores over the three time points (F(1.65, 19.79) = 11.82,
p < 0.001, 77;% =.50). Post-hoc analysis using the Bonfer-
roni correction revealed that children’s knowledge scores
improved significantly from pre-test to post-test (p < .016)
and from pre-test to one-week test (p < .003). No significant
differences were found between post-test and one-week
scores (p < 1.00), indicating that children had retained the
knowledge learned from the game.

Digital Literacy Behavioral Intent

Children’s digital literacy behavioral intent scores were de-
rived from the interview data. The interviews were tran-
scribed from audio recordings and the responses were or-
ganized in Excel according to the 15 interview questions

(3 questions x 5 scenarios). A researcher coded each re-
sponse on a 3-point scale (3 = very good, 2 = marginal, 1

= poor) for a total score out of 45 points. Because of high
variability, the responses to one question could not be accu-

rately coded, so we assigned it the middle score of 2 for ev-
ery participant. A second researcher independently coded
all of the responses. A Cohen’s Kappa (k) test showed
moderate agreement between the two researchers’ anal-
ysis of the pre-test (k = 0.65, 95% Cl: .6 to .7, p < .000),
post-test (k = 0.62, 95% CI: 0.5 t0 0.7, p < .000), and one-
week-test scores (k = 0.57, 95% Cl: 0.5t0 0.7, p < .000). In
cases of disagreement, the two researchers discussed and
consolidated the scores to be used in the final analysis. Ta-
ble 1 shows a summary of children’s digital literacy behav-
ioral intent scores. We conducted a one-way repeated mea-
sures ANOVA on these scores to see if they improved over
time. The analysis found that the scores significantly im-
proved over the three time points (F(1.81,21.71) =24.51, p
< 0.000, 773 = .67). Post-hoc analysis conducted using the
Bonferroni correction revealed that children’s behavioral in-
tent scores improved significantly from pre-test to post-test
(p < .001) and from pre-test to one-week test (p < .000), but
no significant differences were found between post-test and
one-week scores (p < .074).

Usability

The usability of the game was evaluated using a post-test
questionnaire and interview. Six Likert scale (5-point) ques-
tions in the questionnaire measured ease of using naviga-
tion controls, ease of finding navigation controls, enjoyability
of the storyline, interest in the storyline, fun, and challenge.
Questions in the interview evaluated children’s perception
of the game characters, what they liked in the game, and
what can be improved. Figure 5 shows that participants
were very positive in their responses to the questionnaire.
Most were able to find and use the navigation controls eas-
ily, and found the game content easy to understand. Most
found the storyline interesting and enjoyable, because they
learned new concepts (e.g., how to use the rumor busting
website Snopes), liked the overall design and artwork, liked



the characters, and found it realistic and relatable.

The interviews were transcribed and a thematic analysis
was performed on the responses. Most children had pos-
itive things to say about the characters. 62% thought that
the characters were nice, interesting, and likeable. Some
(23%) thought they were relatable, logical, independent
characters who made good choices. One participant stated
They like to search up things and always know if it was real
or not. And they always cheered up their friends and asked
them if they wanted to post something or not. These results
show that participants were clearly engaged with the char-
acters and had formed opinions of them. The aspects of
the game that children liked the most were the scenarios
(23%), the ability to make choices (31%), and the review
screen (31%) which allowed them reflect on their choices.
Children liked the scenarios because they were realistic
and represented situations that they would encounter in
their lives. One child stated / liked that the scenarios were
realistic. They could mentally prepare you if you encounter
them in the future, so you would know how to deal with
them.

Discussion and Conclusion

Evaluating the effectiveness of persuasive games for be-
havior change is a challenge, because we are unable to
measure a change in users’ future behavior. An approach
is to measure a change in user’s behavioral intent instead
of their actual behavior. Behavioral intent represents play-
ers’ self reported adherence to the advice provided by the
game. It has been successfully used to evaluate improve-
ments in attitudes from using educational security and pri-
vacy tools [4]. In this paper, we evaluated the usability and
effectiveness of a children’s digital literacy game for behav-
ior change by conducting a two-part user study with chil-
dren. We measured improvements in children’s behavioral
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Figure 5: Children’s usability evaluation of the game (1 = most
negative, 5 = most positive)

intent by asking them scenario based questions that require
them to use the information learned from the game. Re-
sults showed that children’s digital literacy knowledge and
behavioral intent both improved, immediately after playing
the game and one week later. Children also found the game
usable, fun, and formed positive associations with the game
characters.

We based the questions in our behavioral intent interview
on common questions used to measure the behavioral in-
tent in security and privacy tools. Thus, we recommend
that game designers create questions in their behavioral in-
tent interview by consulting subject matter experts in their
domain or using empirically validated questions. This will
ensure the reliability of the questions. Typical user studies
evaluating the usability of games with children, often involve
the child playing the game and then completing a post-test
questionnaire. In our study, we observed that by administer-



ing additional questionnaires/interviews to measure behav-
ioral intent increased the time it took to complete our study,
which can potentially fatigue participants. This can be prob-
lematic, especially for child participants. Thus, to prevent
participant fatigue we suggest that designers evaluating a
game with children, should evaluate the game usability in

a separate session than effectiveness, reduce the time it
takes to complete other tasks in the study. The digital liter-
acy game evaluated in this paper will be licensed to schools
across Canada later this year, so results from this study will
give confidence to teachers using the game in their class-
rooms. Our next step is to evaluate the game with teachers
to ensure that it meets their needs.
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