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ABSTRACT 

This paper first presents a critical analysis of an existing 

game (APEX), designed by researchers in psychoacoustics 

only, to measure psychoacoustic thresholds in preschoolers. 

Next it presents another game (DIESEL-X), designed by 

dyslexia researchers and game designers, to remediate the 

shortcomings of the former game. Via a repeated measures 

experiment (n = 95), the game experience, attention, and 

psychoacoustic thresholds are compared. It is shown that the 

children prefer the game experience of DIESEL-X over 

APEX. Moreover, the former game was able to measure 

lower frequency-modulation thresholds than APEX. These 

results demonstrate that when it comes down to game-based 

assessment of children’s perceptual capabilities, the quality 

of game design not only has an effect on game experience, 

but equally on the scientific measurements obtained via such 

a game-based assessment. 
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INTRODUCTION 

Psychoacoustics and Games 

Psychoacoustics is a sub-discipline of psychophysics where 

the relation between acoustic stimuli and subjective 

responses are investigated.  Experiments typically require 

participants to listen to one or more sounds and to make a 

judgment based on a certain perceptual quality of those 

sounds, such as loudness, pitch or any other alteration of 

sounds. In order to come to valid conclusions, many 

judgments have to be made, resulting in lengthy tests that 

might be perceived as tiresome or boring. In case the 

participants are young children, the challenge for the 

researcher supervising the experiments accrues. In order to 

hold the attention of the child throughout the tests, the 

experimenter needs to take special actions to motivate the 

child: praising continuously, giving extra rewards such as 

sweets and stickers, telling jokes, etc.  

In this paper we investigate whether games can offer a 

reliable method to perform psychoacoustic measurements 

with young children. More specifically, we discuss two 

games that were designed to measure the threshold of 

frequency-modulated tones in preschoolers (5 years old). 

One game (APEX) was designed by psychoacoustic 

researchers, i.e. non-experts in game design. The other game 

(DIESEL-X) was designed and developed by a 

multidisciplinary team including domain experts and game 

experts. Three aspects were investigated and compared: the 

children’s subjective preference for one of the games, the 

attention span for both games and the psychoacoustic 

thresholds. Based on these psychoacoustic thresholds, the 

games aimed to find measures to predict whether a 

preschooler has a high risk for developing dyslexia.  

In the next section we explain the link between dyslexia and 

basic psychoacoustic measurements. Afterwards, more 

detailed information on the specific procedures of the 

psychoacoustic experiment is given. Then, both the APEX 

game and DIESEL-X game are presented and analyzed 

according to principles of ‘good’ game design. Next, we 

present an experimental evaluation of both games with 95 

preschoolers, where the game experience, attention, and 

psychoacoustic thresholds are compared. These results 

demonstrate that when it comes down to game-based 

assessment of children’s perceptual capabilities, not all 

games are equal. Finally, these results are discussed and 

future work is suggested. 
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Dyslexia and Psychoacoustics 

Dyslexia is a developmental reading disorder that is defined 

by “persistent difficulties in reading and writing fluently, 

despite normal or above-average intelligence and despite 

active remediation” [19,43]. As with many developmental 

disorders, it should be detected as soon as possible. The 

younger the age at the start of a treatment, the larger the 

effect that can be attained [17,22,27,30]. Hence, ideally, the 

risk for dyslexia is assessed before formal reading and 

writing instruction take place.  

In the past decade, there has been a growing consensus 

among dyslexia researchers that a phonological deficit is 

causal to these specific reading and spelling errors. The 

phonological deficit theory postulates that problems 

originate from a deficit that is specific to the phonological 

representation and processing of speech sounds [1,45]. 

Children with dyslexia seem to be less sensitive for the sound 

structure of language – which is for example needed to 

recognize rhyming words, or words starting or ending with 

the same sound [10]. In turn this phonological deficit is 

assumed to be caused by underlying neurological 

dysfunctioning, in particular by difficulties in low-level 

auditory temporal processing. Children with dyslexia tend to 

have difficulties processing linguistic and nonlinguistic 

stimuli that are short and enter the nervous system in rapid 

succession [1,16,32]. Children with dyslexia show an 

impaired perception of dynamic aspects in the auditory 

signal itself, like amplitude and frequency modulations 

[34,46,47,50]. This implies that psychoacoustic tests, that do 

not require reading or writing, do allow for the detection of 

high risk for dyslexia, even at preschool age [5–9]. 

In a series of experiments, Boets and colleagues assessed 

phonological ability, speech perception and low-level 

auditory processing in both a group of 5-year-old pre-school 

children at high risk for dyslexia1, compared to a group of 

well-matched 5-year-old children at low risk for dyslexia [5–

9]. The performance on these tests yielded a good predictor 

for the development of dyslexia; the high risk dyslexia group 

scored significantly worse on the test than the low risk 

dyslexia group. However, it was not possible to make 

predictions at the individual level. The test results showed a 

lot of variability for threshold values where the ‘best 

performance’ of the child was to be measured. The involved 

researchers remarked that although these experiments were 

incorporated in a game (APEX, detailed further in the paper) 

[6,25], it was still difficult to keep the child’s attention at a 

high level throughout the test.  

The researchers concluded that better measurements were 

needed to allow for risk detection at the individual level. 

Consequently, a new project was devised that aimed to 

design and develop a game for preschoolers, that allows to 

predict at an individual level whether the child has a high risk 

                                                           
1 Dyslexia is a hereditary disorder. Between twenty three and fifty 

six percent of children with dyslexia have a parent with the disorder. 

Hence, high-risk groups consist of children of parents with dyslexia, 

for developing dyslexia. The resulting game is DIESEL-X. 

It consists of three mini-games that are described in [12,20]. 

One mini-game specifically intends to measure the threshold 

for frequency-modulation detection and is the focus of this 

paper.  

Adaptive procedures in Psychoacoustics 

Typically, threshold measurements in psychoacoustics are 

done via adaptive procedures. An adaptive procedure is  one 

in which the stimulus level in one trial is determined by the 

preceding stimuli and responses [28]. Most typical is the 

method of up and down, or the staircase-method (Figure 1), 

as the curve takes the shape of a staircase. More specifically, 

a 2-up, 1-down method is used in our experiments, meaning 

that the difficulty level is increased after two correct 

responses, and decreased after one incorrect response. The 

task is to pick out the odd stimulus in a series of three 

consecutive tones. Two tones are unmodulated, pure 

sinusoidal tones, and one tone is frequency modulated, with 

the depth varying from trial to trial. At the start of the 

experiment, this depth is very large and thus easily 

discernable. Figure 1 illustrates a typical evolution of the 

“difficulty level” (vertical axis) when the experiment 

progresses (trial number on horizontal axis). Around the 

threshold value, so called “reversals” take place, when a 

series of correct responses is followed by an incorrect 

response (negative reversal, indicated with a minus sign), or 

vice versa (positive reversal, indicated with a plus sign). The 

average value of the stimulus levels at the reversal is then 

taken as the estimate of the threshold value. In case of a 2-up 

1-down method, this threshold level corresponds to a 

stimulus that can be detected correctly in 70.7% of the cases 

[28]. 

whereas low-risk groups consist of children with parents without 

dyslexia. 

Figure 1 Example evolution of the stimulus levels throughout 

an adaptive experiment. A higher value on the vertical axis 

corresponds to a stimulus that is more difficult to detect. 

Reversals are indicated with plus and minus signs. 
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TWO GAMES FOR PSYCHOACOUSTIC TESTING 

APEX: the first attempt 

The aforementioned tests of Boets and colleagues were 

conducted with APEX (Application for PsychoElectrical 

eXperiments), a software program for psychoacoustic 

experiments. While in origin APEX was not specifically 

designed for testing children, for these experiments the 

classical test software had been gamified to allow testing of 

very young children [7,25]. It was hypothesized that better 

measurements can be achieved by finding better ways to 

engage and motivate the child to take part in the test and 

consequently to better grab attention [37] and hold attention 

[15,18,40,41]. APEX is considered to be an interactive video 

game by the dyslexia researchers, in that 1) APEX contains 

sets of intro movies and animated cartoons, 2) during tests 

every interval is visually represented on the screen by a 

funny character, that is animated synchronously with the 

presentation of the corresponding sound interval, 3) a correct 

response is reinforced with a spectacular movement of the 

selected character, 4) APEX rewards children by adding 

smiley faces to a rising ladder structure for every correct 

response. Every incorrect response is punished by removing 

a smiley from the ladder structure.  

More concrete, APEX starts with a brief animation of a 

mother dragon looking at three eggs. In one of the eggs the 

mother’s baby dragon is hidden. That egg sounds a bit 

different (modulated tone) from the two others (pure tones). 

One of the eggs shakes when the corresponding tone is 

played, so the preschooler knows which tone corresponds to 

which egg. When the right egg is selected, the baby dragon 

appears. In the other case, an empty egg is shown. Upon 

correctly identifying the baby dragon, players receive a 

smiley. When pointing to an incorrect egg, a smiley is 

removed.  

The stars (after every ten smileys) on the ladders have no 

consequence, they are simply used as a graphical marker. To 

round off the experiment and as a final reward for the child’s 

achievement, an animated closing movie is shown. 

Is APEX a (good) game? 

APEX was created by dyslexia researchers without formal 

training in game design. It has been argued before that all too 

often ‘serious games’ lack depth and are essentially sugar 

coating or ‘chocolate covered broccoli’ [11]. Hence, it can 

be interesting to analyze APEX through the lens of 

(instructional) game design, and through the lens of intrinsic 

motivation [21].  

Endogenous vs exogenous fantasy  

Most games incorporate make-belief and evoke mental 

imagery.  Embedding content in fantasy contexts leads to 

greater player interest and increased learning [13,36].  As 

aforementioned, APEX presents the fantasy of a mother 

dragon looking for her child. The narrative is introduced via 

the illustrations (see Figure 2) and via the following 

sentences: “Mama dragon is sitting on the lawn. She is 

wondering where her little dragons are, because she only 

sees three eggs. Can you tell which egg sounds different?”  

In this context, the notion of intrinsic fantasy vs. extrinsic 

fantasy moves to the fore, also termed endogenous vs 

exogenous fantasy [4,18]. An exogenous or extrinsic fantasy 

is simply overlaid on the game content. An endogenous or 

intrinsic fantasy is related to the skill required of the player. 

An example of an extrinsic fantasy is doing tables of 

multiplication, in order to be able to shoot at a zombie. There 

is no link between the skill of being good in the tables of 

multiplication, and being able to shoot zombies. An example 

of an intrinsic fantasy is a detective that needs to decipher a 

numeric code by doing performing calculations. In this last 

example, there is an essential relationship between the 

learned skill and the fantasy context; there is a link between 

deciphering a numeric code and the skill of performing 

multiplications. In the APEX game, the fantasy provides no 

direct link between the skill (detecting frequency 

modulation) and the discovery of the baby dragon.  

Challenges, adaptivity and perceived competence 

Setting challenges at the right level is important for 

perceived competence and the self-esteem of a player. 

Success in a game makes players feel better of themselves. 

Self-esteem is essential to motivation to perform a behavior 

[2,15]. The opposite principle of this implies that failure in a 

game may lower a person’s self-esteem. Because of the 2-up, 

1-down staircase procedure, the APEX game is bound to 

progress to and oscillate around the  threshold level at which 

the child can detect the correct stimulus, at a chance level of 

70.7% [28]. Such an adaptive and progressive difficulty that 

typifies the staircase method aligns with the core concept of 

flow; for an optimal game experience, the challenges should 

match the skills of the player [14]. This is also reflected in 

the notion of hard fun [26] or Bushnell’s theorem that a game 

should be easy to learn but hard to master [51].  

Figure 2 Four screenshots from the APEX game. a) Mother 

dragon is looking for her children. b) one of the three eggs 

contains the baby dragon, the other are empty, c) the child has 

correctly identified the baby dragon, d) the egg simply shows a 

crack, the child selected the wrong egg. 
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However, note that with psychometric testing, there is little 

that can be learned or ‘mastered’ by the player over the 

course of a game. In fact, psychometric tests are based on the 

assumption that  “the psychometric functions are stationary 

with time,” [28], i.e., there can be no change in the 

functioning of the player during the course of a test. Hence, 

if learning or mastery would occur, this would violate the 

above assumption and render the psychometric test invalid. 

This points to a crucial difference between games for 

assessment and games for learning/training, and unveils a 

fundamental problem that all games that aim at assessment 

have to deal with. The APEX game as all assessment games 

is measuring a skill that is (or should be) beyond the control 

of the player.   

Hence, while APEX is adaptive, one can question the amount 

of learner control, i.e. the capacity of a player to influence or 

exert power over certain elements of the game [18]. Learner 

control is essential to a sense of mastery or perceived 

competence but also for a sense of autonomy, both 

ingredients of self-determination and intrinsic motivation 

[15].  

Rewards, self-efficacy and autonomy  

Moreover, APEX has a direct one-on-one mapping between 

the positive response (the correct identification of the baby 

dragon) and the reward/punishment. APEX provides 

children a smiley when having successfully identified the 

egg with the baby dragon. When pointing at the wrong egg, 

the smiley is removed. As the child success rate converges 

on 70.7%, in roughly one out of three attempts, a smiley is 

removed. In any game there is a thin line between “the need 

to provide clear performance feedback to enhance the 

challenge, and the need to not reduce self-esteem to the point 

where the challenge becomes discouraging rather than 

inviting”[31].  While there are no clear guidelines on where 

that line should be (i.e. what the success rate should be), the 

removal of smileys should be questioned, because of the 

negativity bias [42]. People, and children in particular, are 

more sensitive to punishment than rewards [3], and this may 

further undermine feelings of self-efficacy [2] and control or 

autonomy [15].  

Goals, performance feedback and meaningful play 

Essential for any game is a clear and attainable goal [29].  

Clear, specific goals allow the player to perceive goal-

feedback discrepancies, which are crucial in triggering 

greater attention and motivation [18]. In APEX the goal is 

identifying the baby dragon, with a direct visual feedback of 

the baby dragon appearing out of the egg. However, not all 

goals are equal. Important is to structure multiple levels of 

goals, and to offer a meta-goal [31]. Salen & Zimmerman 

(2004) talk about the importance of discernibility and 

integrated play for meaning play: “Meaningful play occurs 

when the relation between actions and outcomes are 

discernable and integrated into the larger context of the 

game.” Whereas discernibility emphasizes the relation 

between the small actions and the feedback on every little 

action (pointing at the egg, and the resulting appearance of 

the baby dragon), integration emphasizes that it should be 

clear how every action contributes to the larger goal of the 

game. Such a meta-goal is not implemented in APEX and 

may influence the overall significance that the player 

attributes to the game. 

Curiosity, interest and exploration 

Curiosity is a final characteristic that is stressed when 

designing for intrinsic motivation [35] and game experiences 

[48]; games should be novel and surprising. Garris et al. talk 

about the need for mystery as the gap between existing 

information and unknown information [18]. Malone 

distinguishes between cognitive curiosity (the desire to bring 

better form to one’s knowledge structures), and sensory 

curiosity implies to the use of audio and visual effects to 

enhance feelings of novelty and exploration. Sensory 

curiosity in the shape of audio and visual effects increases 

the sense of fantasy, and increase the salience of performance 

feedback (i.e. it strengthens the reward). APEX is limited in 

curiosity and mystery. After the initial introductory movie, 

every trial is identical to the one before, the animations and 

sounds are identical for every trial, when being reward the 

same smiley is given. After every ten trials, the smileys on 

the ladder reach a star, but no extra animation is given. No 

extra rewards can be gained, no extra levels unlocked. Only 

after eight reversals, the game suddenly ends and shows a 

final animation.  

Conclusion 

APEX was designed as an interactive video game to find 

better ways to engage and motivate the child to take part in 

the psychoacoustic test and consequently to attain a longer 

attention span. However, researchers, when using APEX, 

noted that preschoolers still lacked motivation and had 

trouble maintaining attention throughout the test. Upon 

analyzing APEX through the lens of game design and 

intrinsic motivation, we noted that has its shortcomings with 

respect to meaningful play (lack of a meta-goal), learner 

control (lack of control over the outcome), endogenous 

fantasy (lack of an essential relationship between skill and in 

game action) and mystery (a lack of cognitive and sensory 

curiosity). Perhaps, the aforementioned shortcomings 

explain why in testing procedures, much responsibility was 

still given to the researcher, who prompted the child to be 

ready, verbally and by pointing at the screen. In addition, 

researchers lauded the child for its effort, and provided real 

life stickers in addition to the smileys on the ladder structure.  

DIESEL-X: a better game? 

The APEX researchers turned to our research group with the 

question to design a ‘better’ game: a game that motivates 

preschoolers and hold their attention for a longer time, and 

as a result can more reliably measure psychoacoustic 

thresholds. In addition, the researchers also hoped that this 

game would no longer require the active presence of a 

researcher. Ideally, such a game could be played from start 

to end, without any intervention of an adult. 
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Over the course of 18 months (October 2011 – March 2013) 

and via a player-centered design process [49], we developed 

such an ‘enhanced’ computer game.  We observed and 

interviewed preschoolers with respect to their most preferred 

games [20] by means of a diary study. We conducted a 

laddering study to unveil the gameplay preferences of 

preschoolers [12] on reward structures, input mechanisms, 

character creation... We involved preschoolers in the 

selection of the theme and narrative via focus groups. We 

tested game prototypes iteratively and incrementally during 

the development process. The full player-centered design 

and development of the game is beyond the scope of this 

paper but is discussed at length in [12,20]. In the following 

paragraphs, we provide the details of the game as deemed 

relevant for this paper. 

The DIESEL-X game starts with an animated story of a gang 

of bad cats stealing money and diamonds from the bank. The 

main character Alex is introduced, who has the help of a 

robot police dog, called Diesel (Fig. 3). An intro animation 

shows how the cats rob a bank, and how the local town 

sheriff expresses his helplessness. The child’s task is to help 

Diesel to retrieve all the money and the three diamonds, by 

catching the cats. Luckily, being a robot police dog, Diesel 

has a police scanner. Before each trial, Diesel is chasing three 

cats through the city streets (Fig. 4): One cat carries a bag 

with money or diamonds (modulated tone), the two others 

are carrying stones (pure tones) in order to mislead Diesel. 

Diesel has a police scanner that when aimed at the cats can 

makes a specific sound in case the bag contains money. After 

the sounds are played, the child answers by pointing at the 

cat on the tablet’s touch screen. When catching a cat, there is 

a moment of surprise where the child is not sure whether the 

bag will contain bricks (incorrect choice) or money (correct 

response). When the child identifies the correct bag, the cat 

has to return the money, to his dismay (Fig. 5). After two 

reversals, the child is rewarded in an extra manner. The bag 

not only contains money but a diamond as well. Upon having 

caught a diamond, the child is now able to give Diesel a new 

color, or to select extra gear for Diesel, such as a jet pack or 

propellers (Fig. 6). The game ends when all the money has 

been retrieved and the cats are caught. They are then send off 

to the moon in a rocket, never to return (Fig. 7). Piece and 

calm return in the city, and Alex and Diesel are praised by 

the sheriff for their courage. 

Analysis of DIESEL-X 

Goals, performance feedback and meaningful play 

The team chose the theme and meta-goal in collaboration 

with preschoolers, and this meta-goal is clearly integrated in 

Figure 5. When the child identifies the correct bag, the cat has 

to return the money, much to his dismay. 

Figure 6. After two reversals, the child is allowed to choose 

an extra color for Diesel, or to select extra gear such as a 

jet pack or propellers. 

Figure 3. The main character of the game is Diesel, a police 

robot dog that helps Alex, a tomboy, to chase nasty cats that are 

causing havoc in the town.  

Figure 4. Screen shot of the FM detection task. Diesel is chasing 

three cats carrying bags. One of the bags contains stolen money 

or diamonds. When the trial starts, a sound is played for each 

cat. An FM tone is played for the ‘bad’ cat (correct response), 

and a pure tone is played for the other two cats (incorrect 

response). 
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the overall game. The meta-goal is also introduced in the 

beginning of the game, namely chasing cats, and restoring 

piece in the city. Upon every action (identifying the bag with 

the stolen money), the content of the bag is shown (bricks or 

money/diamonds) and the reaction of the cat. Moreover, after 

run 2, 4, and 6 (because of the structure of the game every 

second reversal is triggered when the child performs two 

consecutive good actions) the child receives not only money 

but a diamond as well. After finding a diamond the child 

unlocks a new color or gear for Diesel.  

When three diamonds are found, the game is over (all the 

stolen money and diamonds are found). Hence the game is 

comprised of multiple structured goals. The goals vary from 

retrieving money, to retrieving diamonds and finally sending 

the cats off in space. There are no punishments, no money or 

diamonds are taken away from the child.  In this way we aim 

to foster attachment of the player to the outcome of the game, 

in other words meaningful play. 

Challenges, adaptivity and learner control 

As aforementioned, the scientific procedure of the staircase 

method does not allow to tinker with difficulties nor the 

chance level of positive responses. Moreover, the game 

measures a psychometric function, hence no real learning or 

mastery can take place. This poses a challenge with respect 

to mastery. To provide a way to increase learner control and 

autonomy, we added an extra scene where the child is 

rewarded for having collected a diamond by unlocking an 

extra color or extra gear for Diesel. The child can try out this 

new color or gear, but can choose equally from other 

colors/gear. While this has no influence on the actual 

performance on the tests, this does give the child freedom of 

choice, and perhaps a feeling of control and autonomy. In the 

game scenes after the child has made his choice, Diesel is 

wearing this newly selected color or gear. Hence, the child is 

given power over Diesel.  

Endogenous vs exogenous fantasy  

The DIESEL-X game aimed at offering a more immersive 

game world. The narrative introduces both Alex and Diesel 

at length, in the setting of the town. The narrative also shows 

the sheriff asking for help. The aim is that the child can more 

easily identify with Alex and Diesel. Moreover, by linking 

the skill of detecting frequency modulation to the skill of 

using a police scanner, we aimed for endogenous fantasy. 

Curiosity and exploration 

Finally, the game fosters sensory curiosity by funny 

responses of cats when caught, and offers clear visualizations 

of rewards. The extra level where children can choose novel 

colors and/or gears not only aims to increase a feeling of 

control, but equally of curiosity, as the child does not know 

what the new color will look like or which gear will become 

unlocked. 

Conclusion 

When analyzing DIESEL-X through the lens of game design, 

we aimed at meaningful play by adding a narrative and a 

layered goal-structure, we aimed at learner control by giving 

the child control over the creation of the main character. We 

equally aimed at providing mystery and surprise by letting 

the child unlock extra gear and colors for the main character. 

Finally, we aimed at providing an endogenous fantasy by 

giving the robot-police dog a police scanner, necessary for 

the FM modulation.  

Research questions 

Our hypothesis was that DIESEL-X would be able to 

remediate the shortcomings of the earlier game. In particular, 

we had the following hypotheses:  

 H1. Preschoolers will have a ‘better’ game 

experience’ when playing the DIESEL-X game 

than when playing the APEX game. 

 

 H2. Preschoolers will show greater attention in the 

DIESEL-X game than the APEX game. 

 

 H3. The DIESEL-X game will measure lower FM-

thresholds than the APEX game.  

To test these hypotheses, we compared the newly developed 

DIESEL-X game to the APEX game through an intra-subject 

analysis in a preschool population. Both the preschoolers’ 

preferences and attention were investigated, as well as their 

performance on an FM detection task. 

 
METHODS AND MATERIALS 

Participants 

95 children from the final year in preschool participated in 

this study (female: 43, male: 52, average age: 5 years and 10 

months). The APEX-software [25] was run on a laptop, the 

DIESEL-X game was played on a Samsung tablet. A 

calibrated headset was used to play the sounds, to ensure a 

proper and controlled sound level on both games.  

Experimental design and procedure 

Upon entering the test room (situated at the school premise) 

and before the actual test took place, first the right ear’s 

sensitivity to sounds was measured. In both games the 

sounds were presented to this ear. Measuring the ear’s 

sensitivity is necessary to prevent that judgmental errors 

could be due to hearing loss, leading to an incorrect 

interpretation of the test results. The hearing threshold was 

measured at 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz 

Figure 7 The cats are sent off to the moon, never to return. 
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according to the Hughson-Westlake method. The criterion 

for participation was that hearing loss did not exceed 30 dB 

HL. This criterion was met for all participants. 

A repeated measures design was carried out with two 

conditions, playing the APEX game and playing the 

DIESEL-X game. The order of conditions was 

counterbalanced to rule out order effects. After having 

played both games, the child was asked for his preferred 

game. One experimental session lasted between 45 and 60 

minutes per child. 

Measurements 

Measurement of game experience. 

It would have been ideal to measure game experience [23] or 

intrinsic motivation [33] as multi-dimensional constructs, 

and by means of existing, validated surveys. However, these 

surveys are designed for adults and demand that test 

participants can read. Adapted scales for children do exit,  

such as the smiley-o-meter [38] and the fun-toolkit [39], but 

they have shown to become unreliable when used at ages of 

younger than eight [44,54]. At young ages, it is advisable to 

treat a game experience as a uni-dimensional construct [55], 

and to use preference evaluation methods, i.e. asking the 

child to compare two conditions and to indicate which one is 

preferred [52].  Hence, for the evaluation of the child’s game 

experience, the This-or-That method was used, since this 

method has been validated with preschoolers [55]. 

Table 1. The set of questions for the This-or-That method. 

Item 1  Which game did you like the most? 

Item 2 Which game did you find a bit stupid? 

Item 3  Which game would you like to get as a present? 

Item 4 Which game did you find a bit boring? 

Item 5  Which game would you like to play again? 

Check Sorry, I forgot. Which game did you like the most? 

 

This method is comprised of 5 simple preference questions 

(see Table 1), upon which the preschooler chooses his or her 

preferred product among two alternatives (in our case APEX 

or DIESEL-X). The child can choose, simply by pointing, 

and thus without having to verbalize the answer. Children are 

also allowed to be indecisive in case they have no clear 

preference. 

Normally, This-or-That includes a free play option (i.e. after 

the questions, the researcher tells the child that they have five 

minutes left, and that the child can spend the remaining time 

playing one out of the two alternatives), which is used as a 

validity check. In this case, there was no time for a free play 

option. Instead, we repeated the first question, namely 

“Which game do you like the most?” 

A preference for DIESEL-X was scored as 1 for DIESEL-X 

and 0 for APEX, and vice versa (reversing item 2 and item 

4). Hence, the maximum score a game can receive from one 

child is 5. A score of 0.5 for both games was given in case of 

indecisive answers. The last question in the set is similar to 

the first one, and was included the check the consistency in 

the child’s answer. The reliability of the scale was assessed. 

Cronbach’s alpha was .879 and could not be increased by 

dropping any of the items. Hence all items were retained. The 

correlation between the average score on all five items and 

the check item was found to be at .906 (p <0.01). 

Measurement of attention 

Attention cannot reliably be measured post-hoc by asking 

preschoolers to fill out a self-report. It is recommended to 

base measurements of attention on behaviors that can be 

observed: behaviors such as activity and concentration on the 

task, or the absence of daydreaming, looking around, 

fidgeting, staring blankly [24].  

Based on these recommendations, a scoring table for the 

level of attention was drafted (see Table 2). A score of 1 

accords with no attention, a level of 5 accords with full 

attention. A score of 3 points to an alternation of periods of 

attention and inattention in equal amounts. Two researchers 

observed the child independently of each other, afterward the 

score was discussed and agreed upon. As the consensus was 

reached immediately, no intercoder reliability was 

computed. 

Table 2. Scoring table for the level of attention 

Scoring of 
attention 

Description of behaviors that can be observed 

1 The child has no attention for the task. The child 
performs no activity related to the task.  The child is 
looking around, fidgeting or staring blankly. The child is 
fully distracted. 

2 The child has almost no attention for the task. The child 
performs little activities related to the task. The child is 
mostly looking around, fidgeting, daydreaming or 
staring. Moments of concentration or activity are less 
than 20% of the time of the test period. Periods of 
distraction clearly dominate. 

3 The child alternates periods of attention with periods 
without attention for the task, in more or less equal 
amounts.  Moments of concentration and activity on the 
task alternate with moments of distraction. 

4  The child has clear attention for the task. Only 
occasionally does the child show moments of distraction 
(less than 20%) by looking around, fidgeting, 
daydreaming or staring. Moments of concentration 
clearly dominate moments of distraction. 

5 The child has full attention for the task, and is full y 
concentrated on the task. There are no moments of 
distraction where the child is looking around, fidgeting 
or staring blankly. 
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Performance on FM detection. 

The procedure of the FM detection task was identical for 

APEX and DIESEL-X. A 2-up, 1-down, three-alternative 

forced-choice (3AFC) task was used to detect the threshold 

for frequency modulation. This threshold is defined as the 

minimum modulation depth a tone should have in order to 

distinguish it from non-modulated tones. The length of the 

stimuli was always 1000 ms, with a carrier frequency of 1 

kHz and a modulation frequency of 2 Hz. The first trial 

started with a very large modulation depth (40 Hz) that was 

easily detectable. Step sizes between trials were initially 

large, and set to a minimum value after four reversals (see 

Figure 1). As the modulation depth decreases, it becomes 

harder and harder to distinguish the FM tone from the 

unmodulated tones. After eight reversals, the experiment 

ended, and the average value of the modulation depth at the 

last four reversals was taken as the detection threshold. 

RESULTS 

Game experience 

The first hypothesis posited that DIESEL-X would provide a 

better game experience than APEX. Hence, preschoolers 

should show a preference for the DIESEL-X game.  

This-or-That give an average score of 4.17 (SD = 1.51) for 

DIESEL-X on the maximum score of 5. Logically, the score 

for APEX was 0.83 (5 – 4.17). Ninety out of 95 preschoolers 

preferred DIESEL-X over APEX (i.e. they gave DIESEL-X 

a score of 3 on 5 or more). A one-sampled t-test confirmed 

that this preference was highly significant, t(94) =26.87, p 

<.001. No order effect was found. 

Measurement of attention 

The second hypothesis posited that preschoolers would show 

greater attention when playing the DIESEL-X game, as 

compared to when playing the APEX game. Attention was 

scored based on a scoring table [24], see Table 2. 

Preschoolers that showed maximum attention received a 

score of 5, minimum attention was a score of 1.  

For both games, attention was high. The average attention 

score for DIESEL-X was 4.69 (SD = .566), the attention 

score for APEX was 4.73 (SD = .591). However, we did not 

find a significant difference with respect to attention. No 

order effect was found. 

Performance on FM detection 

The third hypothesis posited that the DIESEL-X game would 

measure lower FM-thresholds than the APEX game. As 

aforementioned, the average value of the modulation depth 

at the last two reversals was taken as the detection threshold. 

The average modulation depth across all participants was 

9.49 Hz (SD 5.08) for DIESEL-X, while it was 10.79 Hz (SD 

= 5.24) for APEX. Although this difference is relatively 

small, it is significant; t(94) = 2.77; (p=0.007). No interaction 

with the order in which the games were played was found.  

DISCUSSION 

Our results confirm the hypothesis that children preferred the 

game experience provided by the DIESEL-X game over the 

APEX game. Moreover, the results also confirm the 

hypothesis that the DIESEL-X game was able to measure 

smaller FM thresholds than the APEX game.  

While the observed differences in thresholds may seem 

small, note that psychoacoustics thresholds reflect the 

capabilities of very basic processes in the ear and in the brain, 

and are considered as stable and hence non-trainable. This 

makes the results that can be obtained from the DIESEL-X 

game very different from games that aim at obtaining 

training or learning effects. If large differences would have 

been found, that would imply that the results of previous 

studies with APEX are invalid. The fact this study was 

actually able to obtain lower thresholds, is a significant result 

on its own, and a challenging finding for the domain of 

psychoacoustics.  

Scientific merit of good game design 

It is equally an important finding for the domain of game-

based assessment. This study demonstrates that the quality 

of game design has a significant effect on the quality of the 

scientific measurement of psychometrics. Hence, serious 

games developed by researchers without formal training and 

insight in game design, risk to miss scientific effects.  

We remark that research projects in the domain of serious 

games often stress the importance of the scientific quality of 

evidence-based studies. In such projects, there needs to be a 

balance between the resources spent on game design and 

development, and the resources spent on the clinical study to 

show effects. We like to stress that sufficient resources 

should still be reserved for serious game design, or the power 

that might be gained with a larger sample of respondents is 

wasted on poor design choices. 

Unfortunately, our study does not reveal which aspect of 

DIESEL-X mainly contributes to the better performance, 

since many variables were changed between the APEX game 

and the DIESEL-X game. Future work should further 

concentrate on dissecting which game attributes are causal.  

However, given the fact that thresholds are considered stable, 

it might be hard to find ‘significant’ effects when isolating 

each design element by itself. 

We also could not confirm our second hypothesis (i.e. 

preschoolers will pay greater attention to the DIESEL-X 

game than to the APEX game). Most likely, the scoring table 

was not the right measurement instrument for picking up 

differences in attention. There may have been a ceiling 

effect, as average scores of 4.69 (DIESEL-X), and 4.73 

(APEX) were close to the maximum score of 5.  

This ceiling effect may come across as surprising, given that 

in earlier studies, the researchers noted that it was hard to 

keep the child concentrated on the task with the APEX game 

[6, 16]. One possible explanation may be that in the current 

study only one characteristic (frequency modulation) was 

assessed for a duration of about 15 minutes, while typically 

in a classical experiment with APEX three or more 

assessments are carried out (e.g. amplitude modulation, gap 
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in noise detection, etc.), making the experiment last over 45 

minutes. A second explanation is that researchers still 

actively encouraged children during the APEX test. They 

verbally and visually prompted the child, and they lauded the 

child in case of success. With respect to assessing attention, 

this may have skewed the results. In contrast, with DIESEL-

X no researcher intervention was necessary during the entire 

test. The researchers in their report wrote: “Because 

DIESEL-X was played without intervention of the 

researcher, and the child was playing with a headphone, as 

researchers we could only monitor the game play from a 

distance.” This quote does suggest that DIESEL-X enabled 

sustained attention without extra researcher intervention.  

A caveat for game-based assessments 

Our analysis also unearthed a fundamental problem that all 

game-based assessments need to overcome. Assessment 

games are measuring player characteristics or skills that are 

assumed to be stationary over the course of the game 

assessment. Hence, the core skill or player characteristic that 

the game assesses is by definition beyond the control of the 

player.  This is potentially detrimental to feelings of learner 

control [18], i.e. the capacity of a player to influence or exert 

power over certain elements of the game. Learner control is 

essential to a sense of mastery or perceived competence but 

also for a sense of autonomy, both important ingredients of a 

game experience and of intrinsic motivation [15,23]. 

In the DIESEL-X game, to address the above problem, the 

choice was made to let players unlock new colors and gears. 

Players could then choose which color or gear pack the main 

character could take on in the remainder of the game. In this 

way, players were perhaps given a sense of control and 

freedom of choice. Observations confirmed that preschoolers 

particularly like this option. However, the suggestion that 

unlocking achievements and gear packs contributed to 

learner control, and hence positively influenced scientific 

measurements remains speculative. When questioned, 

preschoolers evaluate game experience in a one-dimensional 

way [53,55].  Consequently, in this study, we could nor 

isolate neither evaluate the separate effects of the different 

game attributes that might be responsible for the 

improvement in game experience and the resulting scientific 

measurement.  

FUTURE WORK AND CONCLUSION 

The presented work illustrates the feasibility of incorporating 

rather boring psychoacoustic assessments in a game 

environment that is highly valued by children. This game-

based assessment also enabled to measure smaller FM 

thresholds. Moreover, our study demonstrates that not all 

games are equal when it comes down to the assessment of 

psycho-acoustic thresholds. The quality of game design has 

an effect on the quality of the scientific assessment of 

psychometrics. Serious games developed by researchers 

without formal training and insight in game design, risk to 

miss scientific effects. Better game experiences lead to 

longer sustained attention, in turn leading to more accurate 

measurements of the test participant’s capabilities, in sum 

resulting in a better screening tool. 

In the near future, further longitudinal studies are planned in 

which the performance on DIESEL-X is compared between 

children diagnosed with dyslexia (which cannot happen 

before the age of 8 years) and children with normal reading 

and writing skills. The ultimate goal is to obtain a tool that 

can detect a high risk for developing dyslexia, at preschool 

age. Therefore, the game will be tested with children at 

different ages, including dyslectic children, in order to find 

predictive measures that can be obtained by playing the 

game. 
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