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Abstract
Serious games can help traditional evaluation methods by creating an objective system. There are
computerised tests that measure user performance through reaction time, hits, and misses but they are
focused on discrete variables. A virtual reality game has been developed where the user must maintain
attention to get a target fish among non-target fishes. The game has been divided into sequences where
speeds and interstimulus times vary uniformly. Distractors have been included in some sequences.
The game through the device records variables related to the user’s movement, eyes movement, and
performance. The variables are recorded continuously. Random forest regressor was used to infer the
Attention Control Scale Test with the variables recorded. Although the sample is small, it has been
found that errors made with and without distractors, together with reaction time are predictors related
to the score obtained in the test. Other variables like eye gaze also suggest a correlation with the
attention control scale score. Virtual reality applications and new devices can help in the assessment of
psychological variables.
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1. Introduction

According to a recent review by Francés et al. [1], the most common psychiatric disorder in
children and adolescents, with an estimated prevalence between 5% and 11%, is Attention-
deficit/hyperactivity disorder (ADHD). The main symptoms are difficulty in maintaining at-
tention and impulsive behaviour [2]. These symptoms are related to impairments in executive 
functions, which are the mental activities that define a person’s behaviour [3]

The psychological diagnosis of this disorder is based on caregivers filling out questionnaires
together a clinical interview with a psychiatrist. However, this method is criticised for its lack 
of precision[4], the subjectivity of clinicians and caregivers[5], the lack of precision of the scales
[6], and the possibility of faking [7]. There are computerised tests that try not to rely on human 
judgement for diagnosis. The most commonly used is Conners’ Continuous Performance Test
(CPT) [4]. Most computerized tests are based on the go/no-go paradigm. Participants must be
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attentive to perform an action when certain stimulus appear on the screen and control their
impulses on the stimuli to be inhibited. These tests usually record the number of hits, omissions,
commissions and reaction times as predictors of inattention and hyperactivity [8]. In addition,
some alternatives incorporate tracking devices to capture the participant’s motion. For example,
Reh et al. [9] registered the movements with an infrared camera following a reflective marker
attached to a headband while performing the QbTest. O’Mahony et al. [10] measured the
subject’s wrist and ankle motion with inertial measurement units (IMUs) while performing the
TOVA test. Delgado-Gomez et al. [11] developed an adapted Continuous Performance Test,
using Microsoft Kinect.

Furthermore, serious games are applications designed as commercial video games but with
a non-playful purpose. Traditionally, serious games have been aimed at acquiring new skills,
either in education or in training [12]. In recent years, new research has studied the use of video
games in the health environment, as a treatment tool [13], rehabilitation environment[14], or
evaluation and assessment [15]. The use of serious games is intended to facilitate assessment
through a stimulating activity [16] in an objective way[17]. The GroundsKeeper [18] is a
game based on the well-known "Whac-a-Mole" but using Sifteo Cubes®. In order to play, users
must take the mallet cube to hit the mole when it appears in one of the three cubes over
the table. Faraone et al. [18] found that their game has similar diagnostic accuracy to CPT.
Closer to our proposal, the Virtual Classroom [19] is a virtual reality (VR) solution where users
perform a CPT on the blackboard of a virtual classroom. Through the measurement of head
movement (motor activity), Muhlberger et al. [20] found that motor activity correlated with the
hyperactivity questionnaire scores (𝑟 = .32, 𝑝 < .01). These results have been replicated by
the AULA software team [21], registering omissions, commissions, response times, and motor
activity, concluding that these data help to discriminate the different ADHD subtypes [22].
More examples can be found in a recent systematic review [23].

In this article, we present a prototype to evaluate the attention capacity of users. A game has
been created in which the user has to maintain attention during the execution of a task. This
task is based on thee go/no go paradigm in which users should respond or inhibit depending on
the appearance of target/non-target fish. While the user plays the game, the device collects a set
of variables. Through a regression analysis, the aim is to find out which are the most significant
variables that can predict the user’s attentional capacity.

2. Method

2.1. Participants

A group (N = 34) composed of students from the Carlos III and IES Jose Hierro High School ,
Spain, (age: Mean = 19, SD = 3, 35% women) participated in the study. Participants had ages
between 14 and 26. Four participants stated that they were diagnosed with ADHD. Students were
informed that their participation was voluntary and was under no circumstances considered in
their academic evaluation. Subjects had the possibility to withdraw from the test at any time
if they felt some kind of sickness derived from virtual reality. An identification number was
given to each participant to anonymize the data. All participants were informed of the study
and signed the required informed consent form.



2.2. Fish Attention Game

Before starting, a previous tutorial where the VR headset and sensors were calibrated along
with a short explanation about how to use the controllers was provided before starting the fish
game.

(a) Introduction to the game (b) A fish as a stimulus (c) Distractors of the game

(d) Models of fishes

Figure 1: Images of the game

The experiment consisted of a virtual reality game in which participants, facing the sea,
should press the button when they see a fish. They should inhibit when the target fish appears
(See Figure 1a). Before starting, the target fish will be shown to the user among the 5 possible
ones (Fig. 1d). To start, the player needs to press a button within the virtual environment. Once
the test is started, the fish will come out one by one in sequence (Fig. 1b). This sequence is
common for all the participants in order to measure the same way all the results.

The complete game was formed by 16 sequences some with distractors and some without
them with also different speeds and numbers of fish (See Table 1). The total duration of the
whole test was around 10 minutes. However, the sequences are not identical to each other,
instead, variations are introduced in order to make the users pay attention. Also, the number
of stimuli varies, as well as the fish velocity. The speed is measured in Unity units per second
which is equivalent to meters per second. In addition, the interstimulus time, i.e. the time
between one fish and the next, is also varied. If the participant does not answer within this time,
it is recorded as an error. Furthermore, in some sequences there will appear some distractors
such as moving crabs, seagulls and a boat (See Figure 1c), also the same pattern for all the
people. The objective of these distractors is to measure if people with attention problems get
more distracted than others.

The first sequence was used as a tutorial to get comfortable with the objective of the game
and was discarded once analysing the variables. All variables gathered by the game can be
observed in Table 2.

The game has been designed to be played in virtual reality, but we have selected the HP



Table 1
Game Sequences

Sequence Nº of fishes Nº of Target Fishes Speed Interstimulus time (Seconds) Has distractors

1 10 2 5 2 No
2 10 2 8 2 No
3 10 2 8 4 Yes
4 15 3 10 1 Yes
5 5 1 10 4 No
6 10 2 12 1 No
7 20 4 12 Mix of (1,2 and 4) Yes
8 20 4 12 Mix of (1,2 and 4) No
9 10 2 8 2 Yes
10 10 2 8 4 No
11 15 3 10 1 No
12 5 1 10 4 Yes
13 10 2 12 1 Yes
14 20 4 12 Mix of (1,2 and 4) No
15 20 4 12 Mix of (1,2 and 4) Yes
16 10 2 10 2 Yes

Table 2
Variables gather by the game

Variable Name Type Range

Percentage looking seagull float [0-1]
Percentage looking crab float [0-1]
Percentage looking boat float [0-1]
Percentage looking fish float [0-1]

Cognitive load[24] float [0-1]
Errors with distractions int positive

Errors without distractions int positive
Reaction time average float (0,10)

Average blinks int positive
Eye dilation normalized variance float positive

Gaze variance in x axis float positive
Gaze variance in y axis float positive
Gaze variance in z axis float positive

Eye vergence mean float positive
Hands velocity total energy float positive

Reverb G2 Omnicept Edition goggles, because it has eye tracking built-in and pupillometry. It
also includes heart rate measurement and face cam that is not registered in this experiment.



2.3. Attention Control Scale questionnaire

After the game is completed, the users are invited to fill out the Attention Control Scale (ATTC)
questionnaire [25]. It is designed to measure two main components of attention (focusing
of attention and shifting of attention). The ATTC consists of 20 items that are assessed on a
four-point Likert scale from 1 (rarely) to 4 (always). The test produces a total scale and two
subscales, each of which measures one of the two main components of attention. Scales scores
are calculated as the sum of the respective items with some items having reverse scoring.

Also, participants fill out a demographic questionnaire. The main variables gathered by this
questionnaire can be found in table 3. Both questionnaires were presented to the subjects via
Google Forms.

2.4. Statistics

Table 3
Variables gather by the test

Variable Name Type Range

Age int positive
Gender bool male/female

Wearing glasses bool true/false
Has tried VR bool true/false

Habitual VR player bool true/false
Habitual videogames player bool true/false

Color blind bool true/false
Vision problems bool true/false
ADHD diagnosis bool true/false
ATTC total mark int positive

This paper aims to estimate the relationship between the variables collected by the device
and the target variable (ATTC score). We have chosen a regression analysis using Random
Forest techniques due to its interpretability. We can obtain the feature importance of the model
variables, and also it is a reliable model for this many variables. Using classification for that
many values will not be a good idea. We have too many classes for this problem and there are
no classes as such.

The random forest regressor was used to infer the ATTC questionnaire mark. The procedure
was the following: split the N=34 set into 20% test 80% train, make five-fold cross-validation in
order to get the best parameters of the random forest. Get the feature importance along with
the train and test scores with the trained model, and repeat this process 1000 times in order to
get all the possible test/train splits. The model was trained by minimising the 𝑅2 score (Eq. 1).
Other scores used to assess the performance of the model were the RMSE (Eq. 2) and the MAPE
(Eq. 3). All the final scores are the mean of the 1000 iterations giving a more complete view of
this small sample as all the combinations should have been performed.

𝑅2 =

∑︀𝑛
𝑖=1(𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑖 −𝑀𝑒𝑎𝑛(𝑅𝑒𝑎𝑙))2∑︀𝑛

𝑖=1(𝑅𝑒𝑎𝑙𝑖 −𝑀𝑒𝑎𝑛(𝑅𝑒𝑎𝑙))2
(1)



Figure 2: Covariance between variables including the target variable ATTC Score
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The correlation between variables can be seen in Figure 2 and it tells that there are some
variables the target variable.

3. Results

The covariance table (Fig. 2) is very illustrative. We can check the correlation of the ATTC score
with some of the variables. The highest correlation is found with the errors in the sections that
have distractors, that is, the higher the score in the test, the more errors they make when there



are distractors present. However, the next variable that has a high correlation is the errors made,
but this time without distractors. This makes sense, as those with a lower attention span will be
less attentive to the target fish. This is also consistent with the correlations of time looking at
distractors (seagulls (0.19), crab(0.17) and boat(0.15)). These distractions seem to affect also the
reaction time which has a correlation of 0.21 with a high test score. Another interesting variable
is the time spent looking at fishes. This variable has an inverse correlation to a high test score
(-0.28). This may mean that more attentive people look more at fishes than at distractors.

On the other hand, the correlations of eye movement are also interesting. Users with higher
ATTC scores are those who move their eyes more (Variance of x(0.33), y(0.32), z(0.13)). Finally,
it is worth pointing out the negative correlation of hand speed (-0.17). This may be due to the
fact that the more attentive users were able to choose the fish faster, while the inattentive users
may hesitate.

On the Figure 3 can be seen the variable importances. We see for example that the model has
decided that the variable that represents the most important is the errors made in the presence
of distractors. In second place are eye movement and hand speed. And finally, response time,
time looking at the fish, or distractors also are important.

In order to verify how good our regressor is, we are going to compare the training and test
performance against a baseline. To do this, we have run the model by assigning the value of
the ATTC test variable to the mean obtained from the whole sample, which was 47 points. The
baseline RMSE and MAPE can give us an idea about the performance of the regressor. Although
we have a small sample the correlation of the test is clearly positive which means that it has
predictive potential.

Table 4
Experiment results

Partition RMSE MAPE Correlation

Baseline 9.06 0.1556 N/A
Train 3.82 0.0698 0.9306
Test 9.05 0.1761 0.2509

4. Conclusion

In this paper, a prototype of a game to measure a player’s attention is presented. As well as
solutions such as Virtual Classroom [19] or Aula Nesplora [21], statistical analysis shows that
the model has a positive correlation with the attention test (ATTC). However, this claim should
be tested with a larger sample, since the sample size is not enough. The variables selected as
important by the model (see Figure 3) are quite significant, and the most important variables
are in line with what multiple studies previously suggested as important regressors in order
to assess inattention [8]. For example, the variable that measures the errors made is more
significant when distractors are present. This is relevant since incorporating environmental
distractors improved the test’s utility [26]. In the same way, the response time can also be
a predictor of the user’s attention. The hand’s total velocity energy, i.e., the amount of user



Figure 3: Variable mean importance of the random forest models after 1000 iterations of different
random partitions

movement in the hands, has also been tested in previous work [10, 11]. However, we differ from
the aforementioned work in that we collect all the variables on a continuous basis and that the
regression technique can tell us which variables are more important than others.

Other variables identified as important are the gaze variance in the y and z axis, the pupil
dilation variance, and the cognitive load. This has also been tested according to the advances
in eye tracking technology. Some studies are basing the diagnosis of ADHD on eye analysis.
For example, pupil size has been shown to be a predictor of ADHD [27], or Varela Casal et al.
[28] developed a go/no-go test where users must discriminate cartoon images of a tadpole from
a fish. They found that attention-related eye vergence is different between healthy controls,
clinical controls, and children with ADHD.

However, limitations in sample size reduce the power of the conclusions. Future work
should expand the sample, and include a healthy control group and another group with ADHD-
diagnosed participants. This will allow the regressor to be trained on a larger sample. In addition,
other psychological tests should be administered and could even be compared against the CPT.



It is important to mention that the test lasts more than 10 minutes. This may cause sickness
in users who are not used to using VR on a regular basis. Future studies should check if it is
possible to reduce the total play time while obtaining the same results.

Finally, future work could be to make other games to assess other psychological areas.
Hyperactivity is another symptom of ADHD, but other game mechanics must be designed. Also,
plannification, working memory and other executive functions could be considered. Although
the VR goggles used in this experiment are expensive and could be heavy, maybe some years
from now this technology will become lighter and available to the common user.
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