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Abstract: This paper reports the findings of an investigation into the relationship between usability
fun and learning in educational software designed for children. Twenty five children from an
English primary school aged between 7 and 8 participated in the evaluation. A 3x3 Latin square
experimental design methodology was adopted incorporating pre and post tests to measure the
learning effect, observations to assess usability and fun along with a fun sorter to gauge the
children’s perception. The conclusions highlight the importance of fun in educational software, the
difficulties in designing experiments with children and the relationship between usability and fun.

I ntroduction

Globally governments have set national goals and polices that identify a significant role for information and
communication technology in improving educational systems and reforming curricula (Kozma & Anderson, 2002).
In England targets were established for school leavers to be accredited in ICT, and all schools were to be connected
to the Internet by 2002 (DFEE, 1997). Children from the age of 5 are developing basic ICT skills as a consequence
of these policies, and a wide range of study material in digital format has emerged to support their learning in all
subject domains. Digital content, in the form of multimedia applications, can offer greater opportunities to engage
the children in learning environments, through interactive games, targeted immediate feedback and utilising sensory
modalities in presenting the content. However, multimedia content may be used inappropriately, and parents and
teachers are then faced with the dilemma of determining the appropriateness of the software in terms of educational
content and its ability to provide afun learning environment.

One area in which multimedia software has emerged in England is supporting children in the preparation for the
SAT (Standard Attainment Task) tests at all levels of the curriculum. In England SAT tests are used at the end of
Key Stages 1 (age 7), 2 (age 11) and 3 (age 14) as a means of measuring the progression and attainment of children
in the national curriculum and these are seen by parents to be an important indicator of achievement. This paper
examines three software packages designed to assist children in their preparation for key stage 1 SAT tests,
exploring issuesrelating to usability, fun and learning.

Lennon and Maurer (2004) suggest that any software for children to play and learn should be an extension of the
real world, media-rich, challenging, controllable, and leave room for creative activity. The software used in this
study contained a diverse array of multimedia and presented the children with varied test environments but little in



the way of supplementary educational material. However, a design principle relating to assessment activities with
children indicates that the questions should be embedded within the instruction itself and not presented as a separate
test (Nugent, 2003). The rationale for thisis that tying the assessments to the instruction reflects the premise that
educational assessment does not exist in isolation, it must be aligned with curriculum and instruction if it is to
support learning (Pellegrino et al. 2001). Based on these assumptions the educational benefit of the software is
questionable because it fails to provide sufficient supplementary teaching material and the crucial element that may
lead to learning would appear to be the feedback. Gadanidis (2004) suggests that feedback is often the weakest link
in educational software offering nothing besides whether it is right or wrong. It is more effective to explain why the
response is incorrect and provide them with the correct answer. This is evident from research studies into formative
computer assisted assessment which has shown an increase in their understanding and learning with effective
feedback (Charman & Elmes, 1998; Peat & Franklin, 2002). Therefore appropriately designed software
incorporating formative feedback may have the potential to enhance the learning of children in preparation for their
SAT tests. However, one unforeseen danger of adopting computer technology into education is that learning is seen
as fun and entertainment (Okan, 2003).

In the traditional sense, paper based tests are deemed to be engaging but not fun (Dix, 2003). However by
presenting a test in a different medium incorporating multimedia stimuli the sense of fun may be achieved. (Draper,
1999) suggests that fun is associated with playing for pleasure, and that activities should be done for there own sake
through freedom of choice. By developing educational software incorporating a gaming genre this is seen as a
motivational factor for children enticing them to use the software (Alessi & Trollip, 2001).

The concept of usability is an important factor in establishing whether the software will facilitate the acquisition of
knowledge in educational software. 1SO 9241-11(1SO, 1998) defines usability as the extent to which a product can
be used by specific users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use. Carroll (2004) has suggested that the concept of usability should be extended to include fun, but we
prefer to stick with the SO definition of usability, and to regard fun as a completely separate construct. (Laurillard,
2002) examines usability from a pedagogical perspective focusing on the user interface, design of the learning
activities and checking whether learning objectives have been met. In educational software the interface should be
intuitive and not distract the user from achieving their objective (Sim et al. 2004). The objective of educational
software for children is to provide an engaging learning environment and thisisusually achieved through games.

Two of the software applications in this study disguised the assessment activities within a gaming context (Fig 1. S1
& S3) whilst the other presented the material in amore formal and linear structure (S2).
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Figure 1: Screenshots of the three pieces of software used in this evaluation (from Ieft toright: S1, S2, S3)

This paper aims to evaluate the three pieces of software to investigate the relationships between usability, fun and
learning in educational software for children.

It should be noted that there are two approaches to measuring usability or fun as part of a user study; one is to
observe what happens, noting evidence of usability or fun asthey occur during the interaction, and the other isto ask
the users for their own assessments of the usability or fun in the interaction. The first of theseis analogous to a
doctor diagnosing patients medical conditions by observing signs that indicate particular medical conditions, the
second is analogous to the doctor diagnosing by asking the patients to describe their symptoms. Signs and
symptoms are not always measures of the same things; consequently, in medicine, the best diagnosis is obtained by
considering both signs and symptoms. In the same way, in a user study, measures of usability or fun taken from



observations are likely to be measuring different things to measures taken from users’ own reports of usability and
fun. Itisunclear which of thesemeasures best represents the aspects of fun and usability that are related to learning.

In this study we assessed ‘observed usability’ and ‘reported usability’ separately, and similarly, ‘observed fun’ and
‘reported fun’ were both assessed.

Hypotheses

A number of hypotheses were drawn up prior to the research study concerning the relationship between usability,
fun and learning. It was hypothesised that fun and usability would be correlated, as any usability problems may
hinder the children’s ability to use the software affecting their level of fun. Further hypotheses were that learning
would be correlated with both fun and usability. Within the concept of edutainment there is an implied relationship
between fun and learning, and any usability problens may impede the learning process. The relationship between
fun and learning may be more complicated; it is likely that increased fun could lead to more learning (this is the
theoretical basis for edutainment), but it is also possible that too much fun could interfere with the learning process,
and also that the amount of |earning being achieved by the user might affect their enjoyment of the process.

We were interested in both ‘observed’ and ‘reported’ usability and fun, and hypothesised that ‘ observed usability’
might be correlated with ‘reported usability’ and that ‘ observed fun’ might be correlated with ‘reported fun’. Also
we were interested to establish which of these measures were correlated with learning.

Method

Sample

The sample consisted of 25 children of both genders, aged between 7 years 4 months and 8 years 3 months, from a
Primary School (age range 4-11 years) in Lancashire, England. The whole age group from the school participated in
the experiment. The sample covered the normal range of ability. Some of the children needed help with reading the
guestions and instructions. Not all of the children had English as their first language, but al spoke English fluently.
All of the children had studied the National Curriculum for at least one year. They had completed the tests for these
topics a few months earlier, so the subject matter of the software was largely familiar to them. They were about one
year older than the age range for which the products were intended.

Procedure

The experimental design was piloted with asmall sample from another local primary school, and as a consequence a
number of questions in the pre and post tests were redesigned. The three software applications were identified as
S1, S2 and S3. The design was within-subjects single factor with three conditions: S1, S2 and S3. To determine the
order in which children used the three applications a 3 x 3 Latin Square was used. Product S2 presented a mixture
of topics, but S1 and S3 both allowed users to choose the science topic. The experimental design ensured that each
child saw different topics - ‘Life Processes’ on one, and ‘The Solar System’ on the other — in order to minimise
learning effects across the software products. These particular topics were chosen because, firstly, they were treated
similarly on the two products, and, secondly, they are presented in the National Curriculum as the simplest and the
hardest science topicsin the Key Stage 1 curriculum.

The experimental work was carried out at the school, in a room close to the children’s classroom. Three similar
laptops were used to conduct the experiments; they were arranged in the corners of the room to minimise
distractions. One researcher sat by each laptop, and explained the tasks to the children. Each researcher was
accompanied by an assistant, whose job was to note the children’s reactions and engagement with the tasks. The
children were withdrawn from their classroom in groups of two or three and were directed to the software. Each
child came to the test as a volunteer and was given the opportunity to leave the research activity both before and
during the work; none of them did so. They were all keen to take part and seemed to enjoy the experience.



Prior to using the software each child was shown its box and first screen, and was asked to indicate on a
Smileyometer (Fig. 2) (Read et al. 2002) how good they thought the application was going to be. The rationale for
this was that this gave a measure of expectation that could indicate whether or not the child was subsequently let
down by the activity, or pleasantly surprised.

Awdul Mat very good Really gaod Brilliant
Figure2: Smileyometer used to record children's opinions

Each child was then given a paper based pre-test based on questions found within the software to establish their
prior knowledge of the subject domain. Following this the children were given instruction by one of the two

researchers outlining the tasks to be performed, in each case the task was to complete a revision exercise using the
software. Where children finished the task quickly, they were allowed to try some other parts of the software. The
tasks were chosen to be as comparabl e as possible across the three products. The children were given approximately
10 minutes to use the software, after which a post-test was administered to establish any learning affect. They were
then asked to rate the software for user satisfaction using a second Snileyometer to give a rating for ‘actual’

experience. For each of the activities the researchers and assistants recorded usability problems, facial gestures and
comments to establish the level of fun. These behavioural signs are usually much more reliable than children’s
responses to direct questions about whether they liked something (Hanna et a. 1997). Over the course of three days
every child used each of the three applications once.

A week later, the researchers returned to the school to ask the children to assess their experiences with the three
pieces of software. A ‘fun sorter’ methodology (Read et al. 2002) was used for this final evaluation. The fun sorter
required the children to rank the three products in order of preference on three separate criteria, fun, ease of use, and
how good they were for learning. The method used here was to give each child a form with three spaces for each
guestion, and some ‘stickers' with pictures of the products. They were asked to rank the three products by sticking
the three stickersinto the spaces on the form in the appropriate order. All of the children did this successfully after a
brief explanation. Most of them ranked the products differently for each criterion, indicating that they were able to
distinguish between the criteria. Also they were asked to specify which of the three products they would choose
and which one they thought the class teacher would choose.

Results
Learning

Content validity was sought between the pre and post test, this is defined as the extent to which atest item actually
represents the domain being measured (Salvia & Y sseldyke, 2003). For example, a questions on the pre and post
test which was deemed to offer content validity is displayed in (Fig. 3), they were both assessing the same cognitive
level within the subject domain. The UK National Qurriculum (www.nc.uk.net) states that that children should be
taught that animals, including humans, move, feed, grow, use their senses and reproduce, therefore the question was
deemed appropriately aligned with the curriculum.
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Figure 3: Question on the left used in the pre test and the right on the post test

However for S2 ensuring content validity and reliability for the pre and post test proved problematic as it was not
possible to choose a specific area within the subject domain. The software produced 10 random questions relating to
key stage 1 science curriculumincorporating aspects such as electricity, life processes, and forces and mation.
Therefore during the experimental period it is probable that the children would encounter questions not related to the
pre and post test. Consequently it was decided that measuring the learning effect was unfeasible for this software
product in the time that we had with each child.

For S1 and S3 the children were assigned to either life process or the solar system, according to the experimental
design, and the learning effect was calculated based on the difference between the pre and post test scores. A
univariate analysis of variance was conducted to determine whether the learning effect was different between
software S1 and S3. A significant difference was found between the two software products for life processes F(1,
24)=6.742 P=0.01. Based on the difference between the pre and post test scores the mean learning effect for S1 was
1.44 whilst S3 was 0.41 indicating that |earning effect for S1 was greater than S3. This could have been attributed to
the difference between the software, S3 included games that had no relationship to the curriculum whilst with S1 the
activities werefocussed on the curriculum.

There was no significant learning effect between S1 and S3 when analysing the results of the tests on the solar
system. It is apparent that the children’s knowledge regarding the solar system was limited compared to life
processes, as the mean post test scores were S1 1.68 out of 6, and S3 1.88 out of 6. The difference between the pre
and post test scoreswas to low for any conclusions to be drawn regarding any learning effect.

Observations

During the experiments each child was observed by two observers, the researcher, who concentrated on noting
usability issues, and an assistant, who concentrated on observing the child, and noting indicators of enjoyment and
engagement, such as comments, smiles, laughter, or positive body language, and also signs of lack of enjoyment and
frustration, including, for example, sighs, and looking around the room. We considered using checklists for the
observers, but decided to use free form note-taking, since pilot testing indicated that there would be a wide range of
responses and issues. Scoring was done simply by counting positive issues noted for usability, and subtracting the
number of negative issues; a similar algorithm was used to get a fun score for each child on each product. Itisclear
that these scores are very approximate; there was variability between the observers in what they wrote down, and
interpreting the notes and deciding which of them were issues was a subjective process. It should be noted that the
researchers and assistants were rotated throughout the experiments in order to reduce observer effects as far as
possible.

Sometimes, the researchers wrote comments about fun, or the assistants wrote about usability; issues were counted
up in the same way, whoever had noted them. Duplicated comments made by both observers were counted only
once.



It is clear that there is a complex relationship between observed fun and usability; we had hypothesised that
observed fun and observed usability would be correlated, and they were. The correlation is not strong (Spearman’s
rho = 0.269) but it is statistically significant (p=0.020). However, nether observed fun nor observed usability were
correlated significantly with learning.

Specific usability issueswith the software

By analysing the qualitative data that had been recorded, all three piece of software were found to have usability
problems. Here are some specific issues that were problems for anumber of children independently.

In S1 a question was displayed at the bottom of the screen, with four answers positioned to the right (Fig. 1 - Ieft).
Each answer had a coloured box around it and there was a corresponding coloured alien for each answer. These
aliens popped in and out of craters in random locations and the object of the game was to feed a burger to the correct
coloured aien. The aliens were the same colour as the boxes around the answers. The burger acted as atimer and
appeared to be gradually eaten over a period of time, when the burger disappeared alife would be lost. Once a child
had lost three lives their game was over. The game could be paused which would allow them additional timeto read
the question, however, none of the children appeared to notice the message informing them how to pause the game,
and none of them actually paused it. Another observation recorded was that 13 of the 25 children appeared to be
randomly clicking the screen in their early attempts to play this game, and 16 of the children needed an explanation
on how to play the game. Following the explanation they seemed to grasp the concept of the game. The game play
itself was too difficult for 10 of the children, as the aliens moved to quickly, not allowing enough time to answer the
guestion. The game did incorporate a certain level of feedback; for example when they answered incorrectly the
correct answer would be highlighted, however, only 8 of the children noticed this. In summary, the major usability
issues with this game were that the procedure of answering the questions was too complex, and that answering the
questions required levels of hand-eye coordination and mouse dexterity that not al of the children had. It should be
remembered that the subjects here were older than the target audience for the software.

In S2 the children were given audio instruction to enter their name and then press enter (Fig. 4). They encountered
difficulties from the start as 15 of them needed assistance after typing their name, as they did not know which was
the enter key. Our laptops did not have a key marked ‘enter’; the designers ought to have anticipated such problems
and given more generally applicable instructions.

Figure 4: S2 first screen

The children were then given verbal instruction to select the revise section. Once in this section the software
provided audio instructions informing them to answer the question and press the tick button which was located at the
bottom right hand corner of the screen. An audio and visual representation of the question was provided by the
software and all questions appeared individually on the screen. Despite the audio instructionsit was noted that 10 of
the children needed further assistance as they did not press the tick button after answering the question. The
software allowed them to progress to the next question without comment, even though they had not recorded their
answer to the previous one.

In the final software product (S3) the children had to select the appropriate topic from the list available, and then
choose the revise option. They were then required to enter their name and age before beginning the questions.



Similar problems with the vocabulary used were encountered in this software aswith S2, in the fact that the children
did not know where the ‘enter’ key was located; this caused difficulty for 18 of the children. The questions
appeared at the top of the screen with the four possible answers in boxes underneath (Fig. 1). A timer limited the
amount of time the children could play the software, and they were allowed only to get two questions wrong before
they were returned to the main menu. Three “question busters” (mechanisms to make the questions easier, such as a
hint) were provided as animated icons in the top left hand corner of the screen. If the child answered a question
incorrectly they would receive audio instruction to use one of the three question busters; however none of the
children actually used this feature, they would just select another answer. It was apparent that the question buster
feature had not been explained in a way that the users could understand. After answering a few questions the
children were rewarded with a brief game. It was noted that 14 of the children found the games too difficult and
failed within afew seconds, often returning a score of zero.

Evaluation by children

After all of the testing was finished, the children recorded their preferences for fun, learning, easy to use, which one
the teacher would choose and the one they would choose. This was done using the ‘fun sorter’ method, described in
the ‘Method’ section above.

The children’s own reports of how much fun the products were to use, and of how usable they were, were correlated,
with the correlation being at a very similar level to that found for observations of fun and usability. Again the
correlation is not strong (Spearman’s rho = 0.280) but the link is significant (p= 0.015).

The children were asked which software they would choose for themselves, and 13 of the children chose S3, 10 S1
and 2 S3. There was a very strong correlation between the software that the children thought was the most fun and
the one that they would choose (rho = 0.658, p<0.0005). This shows that fun is a major criterion in the children’s
assessment of whether they want to use a product; this is no surprise. There was a negative correlation (rho = -
0.312, p=0.006) between the software they perceived to be the most fun and the one that they thought their teacher
would choose. There was no correlation between the children’s assessment of how good a product was for learning,
and whether they thought that a teacher would select it. A possible explanation of these results is that children do
not see a product that isfun as being suitable for classroomuse.

Conclusions

This paper has highlighted the difficulties of measuring the learning effect of educational software designed for
children. The short duration of each experiment means that only asmall element of the subject domain can be
evaluated and it is difficult tocompare different productsin thisway. It would be complexto replicate the
experiments over alonger period of time as there are numerous variabl es that could not be controlled that may
contribute to the children’ slearning, such as reading books and other supplementary teaching material. However, in
two of the software, S1 and S3, there was a significant improvement in learning based on the difference between the
pre and post test scores suggesting there is educational benefit inusing the software.

All three software products eval uated had significant usability problemsthat were obvious evenin abrief study such
asthis. Our observations showed that the children appeared to have less fun when their interactions had more
usability problems. Also, their own assessments of the products for fun and usability were similarly correlated. The
conclusion isthat usability does matter to children, so getting it right should be a priority for designers and
manufacturers.

Theresults also highlight the fact that the children’s preferenceis for fun in software, which is no surprise They
clearly identified the software which presented the questionsin a more formal linear manner, and which had no
games, as the least fun.

A fina finding wasthat children as young as 7-8 were able to distinguish between concepts such as usability, fun,
and potential for learning. We asked them to rank the products separately on each of these criteria; they were able to



do this after avery brief explanation, and their answers showed that they were differentiating between the concepts
in aconsistent way.

Further Resear ch

A series of heuristic evaluations of these pieces of software has begun, using heuristics for usability, for fun, and for
educational design. These evaluations are being conducted by independent evaluators. It will beinteresting to find
out whether there is again a correlation between the findings for fun and for usability.

The authors are aso planning arange of further investigations of evaluation methods for children’ sinteractive
products, for both usability and fun. These will include investigations of the components of the usability and fun
constructs that are particularly critical for children’s products, and experiments involving children as evaluators,
rather than as eval uation subjects.
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