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      Abstract 

 

Introduction. School readiness predicts both school and life success, so measuring it effectively 

is extremely important. Current school readiness tests focus on pre-academic skills; however, 

mastery motivation (MM: persistent, focus on trying to do a task) and executive functions (EF: 

planful self-control) are also crucial. 

 

Method. The purpose of the paper is to give an overview of a new, computer-based assessment 

of MM and EF. 

 

Results. We have developed a game-like, computer-based assessment for 3 to 8 year-old chil-

dren, of MM, EF, and recognition of numbers and letters. The new measures are appropriate for 

both Hungarian and American cultures. They were engaging for children of this age, and prelimi-

nary evidence suggests that they are reliable and valid. 

 

Conclusion. The new tasks can be part of assessments of school readiness, and would be useful 

for school practice as well as researchers. The tasks ascertain the extent to which observed defi-

cits in pre-academic domains are due to MM or EF difficulties. The results will contribute to the 

development of individualized intervention. 

 

Keywords: mastery motivation, executive functions, school readiness, computer-based tasks 
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     Resumen 

 

Introducción. La preparación para la escuela predice el éxito tanto en la escuela como en la vida, 

por lo que medirlo de manera efectiva es extremadamente importante. Las pruebas de prepara-

ción escolar actuales se enfocan en las habilidades preacadémicas. Sin embargo, la motivación de 

dominio (MM: persistente, concentrarse en intentar hacer una tarea) y las funciones ejecutivas 

(EF: autocontrol planificado) también son cruciales. 

Método. El objetivo de este informe es ofrecer una visión general de una nueva evaluación basa-

da en computadora de MM y EF. 

Resultados. Hemos desarrollado una evaluación basada en computadora, similar a un juego para 

niños de 3 a 8 años, de MM, EF y reconocimiento de números y letras. Las nuevas medidas son 

apropiadas para las culturas húngara y estadounidense. Estaban comprometidos con niños de esta 

edad, y la evidencia preliminar sugiere que son confiables y válidos. 

Conclusión. Las nuevas tareas pueden ser parte de las evaluaciones de la preparación para la 

escuela, y serían útiles tanto para la práctica escolar como para los investigadores. Las tareas de-

terminan hasta qué punto los déficits observados en los dominios preacadémicos se deben a difi-

cultades de MM o EF. Los resultados contribuirán al desarrollo de la intervención individualiza-

da. 

Palabras clave: motivación de maestría, funciones ejecutivas, preparación para la escuela, tareas 

basadas en computadora 
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     Introduction 

 

In this paper, we describe a new tablet app aimed at addressing a crucial need in early ed-

ucation - for a reliable and valid, child-friendly, individualized school-readiness assessment that 

is efficient and easy for educators in authentic educational settings to administer and interpret. 

There is an abundance of research highlighting the critical importance of school readiness (e.g., 

Guernsey, Bornfreund, McCann, & Williams, 2014) and of early childhood education as a means 

of improving school readiness, particularly for children from low SES backgrounds (e.g., Akers 

et al., 2015; Rathbun & Zhang, 2016). Csapó, Molnár and Nagy (2014) have developed comput-

erized school readiness tests for pre-academic skills, based on evidence that these skills are good 

predictors of success in 1st and 2nd grades. However, an essential school readiness domain that is 

rarely adequately assessed currently is Approaches to Learning (ATL). 

 

ATL is an over-arching term for interrelated attributes that help children learn, such as en-

thusiasm, focus, persistence, flexibility, and mastery/competence motivation (e.g., Hyson, 2008; 

McDermott, Rikoon, Waterman, & Fantuzzo, 2012). The National Education Goals Panel called 

ATL “perhaps the most important dimension of school readiness” (Kagan, Moore, & Bredekamp, 

1995), and “From Neurons to Neighborhoods” specifically highlighted mastery motivation as a 

key domain (Shonkoff & Phillips, 2000). Yet, even though ATL is a key domain in 48 of 50 U. S. 

States’ Early Learning Guidelines, it usually is assessed only by teacher report in current school 

readiness assessments. Our new app is unique in assessing two key aspects of ATL, namely mas-

tery motivation (MM) and executive functions (EF), directly from children through a set of fun, 

game-like tasks. This enables us to distinguish related domains of ATL, making appropriate, in-

dividualized intervention possible. It also briefly screens for two areas of academic readiness 

(letter and number recognition). 

 

It is clear that MM and EF are important for school success (e.g., Berhenke, Miller, 

Brown, Seifer, & Dickstein, 2011; Józsa & Barrett, 2016). In fact, there is evidence that MM and 

EF are even better predictors of later school performance than IQ (Diamond, 2016; Józsa & 

Molnár, 2013). Despite their importance, there are no standardized behavioral tests of the mastery 

motivation of children during this critical transition from pre-school to elementary school, and 
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few computer- or tablet-based assessments of either MM or EF. Before providing more infor-

mation about the app and how it measures crucial but neglected aspects of school readiness, it is 

important to define MM and EF.  

 

Mastery Motivation 

We define MM as a multifaceted psychological force that stimulates individuals to at-

tempt to master a skill or task that is at least somewhat challenging (Barrett & Morgan, 1995). 

“Multifaceted” refers to the fact that mastery motivation occurs in and may differ across various 

contexts and domains (e.g., cognitive, social: Barrett & Morgan, 1995; Józsa, 2014b; Józsa & 

Molnár, 2013; Wang & Barrett, 2013). In addition, multifaceted refers to the idea that mastery 

motivation includes both expressive/affective aspects and instrumental aspects (Barrett & Mor-

gan, 1995; Wang & Barrett, 2013). Affective aspects include positive emotions while mastering 

challenging tasks, as well as negative emotions at less successful and/or anticipated unsuccessful 

mastery. Instrumental aspects include goal-directed persistence and inclination to control and/or 

have impact on the environment. Thus, focused persistence and enthusiasm during challenging 

tasks are central, definitional measures of both MM and ATL. Moreover, measured MM shares 

important characteristics with another ATL, EF. 

 

Executive Functions 

EF is another broad term subsuming children’s abilities to control their goal-directed at-

tention, thoughts, and behavior. EF includes the ability to purposefully inhibit a well-learned or 

highly motivated but counter-productive response (inhibitory control), ability to hold thoughts in 

mind while solving problems (working memory), and ability to adjust strategies to changing con-

textual demands (cognitive flexibility). Executive functions provide an important foundation for 

learning in education settings (Zelazo, Blair, & Willoughby, 2016). EF are required for the high-

level regulation and control of action, thought, and emotions, and seem to be based in the pre-

frontal cortex (Diamond, 2013; Müller & Kerns, 2015; Zelazo & Müller, 2010). Many research-

ers agree that the three core EF components are essential for both behavioral and physical health 

as well as success in school and in life (Blair & Raver, 2015; Diamond, 2013; McClelland et al., 

2007; Zelazo et al., 2016). They seem important, in particular, for successful transition to kinder-

garten, the focus of school readiness assessments (Blair & Razza, 2007). Unfortunately, the role 
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of motivation in EF has been neglected by most research (Peterson & Welsh, 2014). Zelazo and 

Müller (2002) proposed that EF varies according to the motivational significance of a situation, 

classifying situations as emotionally charged (“hot” EF) or not (“cool” EF); however, more re-

search is needed on the relation between motivation, and this distinction. Moreover, existing 

measures of EF do not take into account the role of MM, in particular, in EF performance. 

 

Differences between MM & EF 

Both MM and EF are key, malleable ATLs manifested in goal-directed behavior despite 

challenge; yet, they also are different in important ways. MM involves children’s atti-

tudes/approach toward challenge, learning, and performance; and feelings of autonomy, de-

sire/enthusiasm for mastery, and low/moderate negative emotion during mastery attempts (e.g., 

Barrett & Morgan, 1995; Ratelle, Guay, Larose, & Senécal, 2004). In contrast, EF seems to be 

more of a skill than an attitude, with rapid normative growth during early childhood. There is 

evidence that early interventions can increase MM (e.g., Hashmi, Seok, & Halik, 2017; 

Vansteenkiste, Simons, Lens, Sheldon, & Deci, 2004). Moreover, there also is evidence that EF 

can be improved through interventions (e.g., Bryck & Fisher, 2012; Diamond & Lee, 2011; 

Greenberg & Harris, 2012). However, the types of contextual interventions that affect attitude 

and beliefs central to MM are quite different from those that enhance skills central to EF. Inter-

ventions to enhance MM typically involve affective- and autonomy-supportive teaching and fos-

tering of emphasis on the learning process rather than performance (e.g., Sakiz, 2017; Schiefele 

& Schaffner, 2015). In contrast, EF interventions typically involve practicing inhibitory control, 

cognitive switching, and working memory skills (e.g., Bierman & Torres, 2016). Moreover, there 

is evidence that ATLs such as motivation and enthusiasm can mediate the role of preschool EFs 

in later reading skills and socioemotional competence (Sasser, Bierman, & Heinrichs, 2015). It is 

therefore crucial to distinguish these two ATLs and measure both MM and EF. 

 

Children’s persistence, enthusiasm for learning and EF skills during challenging tasks are 

critical for school success, given that challenge is essential to academic progress (e.g., Berhenke, 

et al., 2011; Józsa & Barrett, submitted; McDermott et al., 2011; McWayne, Cheung, Wright, & 

Hahs-Vaughn, 2012; Willoughby et al., 2012). A recent longitudinal study found that the types of 

ATL that are measured by our app (attentional control, persistence, cognitive flexibility) predict-
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ed both academic and social competence in primarily low income, minority American children at 

age 9 (Martin, Razza, & Brooks-Gunn, 2015). Some studies indicate that mastery motivation may 

be a better predictor of cognitive development than intelligence, playing a crucial role in school 

achievement (Józsa, 2007; Józsa & Barrett, submitted; Józsa & Molnár, 2013; Yarrow, Klein, 

Lomanaco, & Morgan, 1975). MM and EF are the primary focus of the assessment we have de-

veloped. 

 

We have developed an internet-based tablet assessment for 3 to 8 year-old children (see 

also Barrett, Józsa, & Morgan, 2017; Józsa, Barrett, Józsa, Kis, & Morgan, 2017; Józsa, Barrett, 

& Morgan, 2016), and we are in the process of evaluating an android version. Characteristics 

assessed include (a) mastery motivation (i.e., persistence in searching for letters and numbers in 

an increasingly challenging array); (b) executive functions (working memory, measured by abil-

ity to remember locations of pictures; inhibitory control and mental set shifting, measured by 

increasingly challenging card sorting tasks), and (c) recognition of numbers and letters. The as-

sessment has two versions, one in English and one in Hungarian, and preliminary pilot data have 

been collected in Hungary and the U.S. using it. We have succeeded in creating tasks that are 

engaging for children of this age and preliminary data indicate that they are reliable and appropri-

ately related to other measures (Józsa et al., 2017). The assessment does not require children to 

read, but the computer narrator, Little Bear, speaks in either English or Hungarian based the ex-

aminer’s selection. The tasks were developed to be appropriate for both Hungarian and American 

cultures, and involve pictures of everyday objects and school-related symbols, including letters, 

numbers, animals, vehicles (boats, cars, and airplanes) and fruit. Children of both countries were 

readily able to do the easy level of all of the tasks.  

 

Our tablet-based child-friendly tasks will be an important complement to existing school 

readiness tests, such as DIFER, the widely used Hungarian assessment. DIFER (A diagnostic 

system of assessment and criterion-referenced development) is a standardized Hungarian school 

readiness test battery (Nagy, Józsa, Vidákovich, & Fazekasné, 2004a). It includes diagnostic as-

sessment of the developmental level of seven pre-academic skills, each of which can be seen as a 

critical academic precondition to elementary school learning. DIFER provides information on 

what a child needs to know in each of these skill domains, helping teachers intervene to teach 
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students appropriately (Nagy, Józsa, Vidákovich, & Fazekasné, 2004b). The DIFER skills as-

sessment is appropriate for determining pre-academic school readiness and also for predicting 

academic success at the beginning of schooling (Józsa, 2014b, 2016). However, DIFER does not 

include motivational or executive function variables, so it does not ascertain the extent to which 

observed deficits in the pre-academic domains are due to motivational or self-control (EF) diffi-

culties. This has important implications for intervention to promote school success. If the under-

lying cause of the child’s delayed pre-academic skills is low motivation and/or inability to main-

tain attention and inhibit impulsive responses, it is likely that including intervention to promote 

MM and/or EF would be more effective in promoting school success than tutoring on the pre-

academic skills alone. 

 

Our Previous Research 

Morgan and Barrett have been studying MM for more than 30 years (e.g., Morgan, Har-

mon, & Maslin-Cole, 1990, Barrett and Morgan, 1995). Józsa began studying mastery motivation 

in 1998, and published his PhD thesis in this field (Józsa, 2003). As a result of Józsa’s Dimen-

sions of Mastery Questionnaire (DMQ) studies, more than 20,000 ratings of MM are available in 

Hungarian. Józsa pointed out that MM is strongly related to skill development in pre-school and 

early school years (Józsa, 2001, 2007). Mastery motivation also was found to predict school 

achievement more accurately than IQ (Józsa & Molnár, 2013). With American and Chinese col-

leagues, Józsa investigated age changes in MM during the school years, using cross-sectional 

(Józsa, 2014a; Józsa, Wang, Barrett, & Morgan, 2014), and longitudinal data-collection (Józsa & 

Barrett, submitted; Józsa & Morgan, 2014). Barrett, Morgan, and Józsa have also collaborated on 

a recent handbook on self-regulatory processes in development, including EF (Wang & Barrett, 

2013; Józsa & Molnár, 2013; Morgan, Wang, Liao, & Xu, 2013). 

 

The development of our current game-like computer tasks is based on strong international 

cooperation between Józsa in Hungary and American colleagues Morgan, Barrett, and, more re-

cently, Stevenson and Lewis. We are especially interested in how focused, planful, and persistent 

children are at mastering challenging tasks. Thus, we recently have developed the computer 

based assessment of mastery motivation and executive functions described in this article. We are 

using an individualized approach first developed by Morgan, Busch-Rossnagel, Maslin-Cole, & 
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Harmon (1992). These individualized moderately difficult tasks facilitate the separation of abili-

ties from motivation, and this work has led to an increasied understanding of executive finctions 

and mastery motivation in children developing typically and also atypically (Berhenke, et al., 

2011; Busch-Rossnagel and Morgan, 2013; Cuskelly, Gilmore, & Carroll, 2013; Hauser-Cram 

Warfield, Shonkoff, & Krauss, 2001; Wang, Morgan, Hwang, & Liao, 2013; Wang, Morgan, 

Liao, Chen, Hwang, & Lu, 2016).  

 

Research Goal 

The goal of this paper is to provide information about the tasks used in our new, tablet as-

sessment of MM and EF. We provide examples of the screenshots included in the assessment, as 

well as the instructions that the computer narrator, Little Bear, gives children to guide them 

through the tasks. We also include tables showing a complete summary of the levels of each task, 

including the levels for which screen shots are not included. 

 

Overview of the New Computer-Based Tasks 

 

Seven computer-tablet, game-like tasks comprise this school readiness assessment. Num-

ber Recognition and Letter Recognition tasks serve as brief assessments of pre-academic abili-

ties. Not only do these tasks provide some information on pre-academic skills; they may also help 

us distinguish the child’s pre-academic knowledge from their motivation and executive functions.  

 

Three additional tasks, Letter Search and Number Search, are primarily used to measure 

two important aspects of the child’s Mastery Motivation: persistence and pleasure while trying to 

solve a challenging problem. These tasks vary in difficulty, and children are given tasks that are 

easy, moderate, and hard for most children their age. These tasks are used to assess the child’s 

persistent focus on the task while they try to find all matches. By considering both persistence on 

these search tasks and children’s competence on the EF tasks, we can assess the relative role of 

these two measures of approaches to learning in school readiness and success.  

 

Two additional tasks are designed to assess aspects of Executive Functions. The Picture 

Memory task assesses working memory, children’s ability to hold information in mind and to op-

http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=22976444
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=22976444
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=22976444
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=22976444
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erate on it to solve a problem. The Size-Shape-Color Game (which is based on the Dimensional 

Change Card Sort task; Zelazo, 2006), requires two other EFs: self-regulated inhibition and men-

tal set shifting. Self-regulated inhibition enables children to inhibit attention to irrelevant infor-

mation and to prevent themselves from exhibiting undesired but dominant responses. It therefore 

helps children regulate impulses so a goal can be achieved. Mental set shifting allows the child to 

follow changing or conflicting rules during problem solving. Like the Dimensional Change Card 

Sort (DCCS) task, the Size-Shape-Color Game requires the child to not only remember (or figure 

out) the sorting rules but to respond to multiple rule changes on multiple sorting dimensions, and 

to inhibit responses consistent with previous rules. Our version has been modified to increase 

difficulty level at the higher levels, so that difficulty will not be defined by reaction time, as it is 

on some other versions of the DCCS. 

 

Each of the tasks ranges in difficulty from easy for 3-year-olds to difficult for 8-year-olds. 

We break the administration of the seven tasks into two sessions, which may be held on the same 

day (separated by other activities) or on two different days. Each session lasts approximately 15–

20 minutes. One session includes the pre-academic tasks, which are counter-balanced in presenta-

tion order, and also the mastery motivation tasks, which are also counterbalanced with each other. 

The other session includes the two EF tasks (again counterbalanced).  

 

This paper provides selected examples of the 103 screenshots and accompanying instruc-

tions that the computer narrator, Little Bear, gives children, which will help the reader understand 

the tasks from children’s perspective. The paper also includes tables showing the levels of each 

task, including the levels for which screen shots are not included here. A summary of the seven 

tasks and appropriate time needed for each is presented in Table 1.  

 

The session begins when the test administrator (who does not need to have had formal 

training in assessment) introduces him/herself to the children and explains that they are going to 

play some games on a computer tablet. The test administrator fills in the login screen with the 

experimenter’s user identification number and password. 
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Table 1.  

Overview of the Seven Tasks 
Sequence 

number 
Task Duration 

First Session: Pre-Academic Skills and Mastery Motivation 

1 or 2  Number recognition up to 1 ½ minutes 

2 or 1  Alphabet recognition up to 1 ½ minutes 

3 or 4  Number search up to about 8 minutes  

4 or 3  Letter search part 1  
2-8 minutes depending on the child’s 

age 

5 Letter search part 2  
2-6 minutes depending on the child’s 

age 

Second Session: Executive Functions Tasks 

6 or 7 Picture memory up to about 8 minutes 

7 or 6 Dimensional change card sort up to about 10 minutes 

 

 

Session One of the Tasks 

 

The test administrator uses the login screen to enter the child’s name (optional), ID num-

ber, and birth year and month (used to calculate age in months). Note, what the computer says is 

in quotations (if short) or indented (if longer) and italicized.  

 

Figure 1 appears, and touching the bear starts the narration. Little Bear moves its mouth 

as a pre-recorded voice says, “Hello! My name is Little Bear. I am going to play with you today.” 

 
Figure 1. Touching Little Bear starts the narration. 
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Pre-Academic Abilities 

Training: Before each task there are training slides to help the child understand the type 

of task and provide help if the child does not initially know what to do; the ones for pre-academic 

skills are pictures of five animals (fish, bird, bunny, cat, and mouse). 

 

Task 1 or 2. Number Recognition (tasks 1 and 2 are counterbalanced). The task is to  

visually identify numbers the child hears. After training, “Little Bear” says:  

Now we will play a number game. First, I will say a number. Then, you will touch that 

number on the screen. For example, if I say ‘2’, you will find and touch ‘2’ on the screen. 

Only touch one number. When you touch it, a new screen will appear and I will tell you a 

new number. 

 

Little Bear then says a number and the child needs to select and touch the correct numeral 

in an array of numbers. After the child touches a number (whether it is correct or incorrect), the 

array disappears, that trial ends, and a new array appears. The numbers get progressively more 

difficult with each trial. Our pilot testing suggests that 15 trials or fewer and a maximum of 90 

seconds is sufficient to obtain a good measure of 3–8 year-old children’s level of number recog-

nition. When the child misses two Number Recognition trials in a row, the task ends and the 

computer goes to the next task. Table 2 shows the 15 levels of the Number Recognition task. 

 

Table 2.  

Difficulty Levels of the Number Recognition Task 
Trial Target number Total cards Array of number 

1 1 5 5  3  1  2  4  

2  3 5 4  5  2  3  1  

3 5 5 1  2  4  5  3  

4 7 5 1  7  2  3  5  

5 0 5 5  6  8  0  3  

6 10 7 0  1  3  5  10  11  9  

7 11 7 9  11  8  10  7  1  3  

8 25 7 22  15 12  2  25  55 7  

9 41 7 42  14  41  44  1  21  4  

10 63 7 66  68  36  63  3  9  99  

11 109 7 901 190 106 991 109 903 119 

12 326 7 346 726 234  246 274  326 646 

13 746 7 744  746 724  247  274  472  646 

14 6983 7 6839  6389  3689  9983  6983  6938 8693 

15 9639 7 9369  3699  9936  9963  6939  9639  6993 
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Task 2 or 1. Letter Recognition. The task is to visually identify letters that the child hears. 

Before Trial 1, “Little Bear” says: 

Now we are going to play a game with letters. For this game, I will tell you the name of a 

letter. On the screen, touch the letter that you hear. For example, if I say ‘A’, find and 

touch ‘A’. Only touch one letter. When you touch it, a new screen will appear and I will 

tell you a new letter to find. 

 

Little Bear then says a letter and the child finds and touches it in an array of letters. As 

with number recognition, after the child touches one letter in an array (correct or not), all of the 

letters disappear, and “Little Bear” says a new letter. Again, tasks get progressively more difficult 

as trials progress. Pilot work again indicates that 15 trials, lasting 90 seconds, provide a good 

measure of the child’s knowledge of letters. Table 3 presents the levels. The task ends when the 

child misses two consecutive letters. 

 

Table 3.  

Difficulty Levels of the Letter Recognition Task 
Trial Target letter Total cards Array of letters 

1 A 5 B  C  A  D  E  

2 B 5 D  B  A  E  C   

3  C 5 A  E  B  C  D  

4  Z 5 H  S  T  B  Z  

5 S 5 Z  S  B  A  R  

6 G 5 Q  C  B  A  G  

7 a 5 b  c  a  d  e  

8 b 5 d  b  o  p  h   

9 c 5 a  e  b  c  d   

10 z 5 q  v  y  n  z  

11 s 5 z  s  a  b  c  

12 D 7 A  b  E  D  S  t  Z   

13 j 7 a  j  D  g  C  Z  S  

14 e 7 x  E  h  F  L  l  y  

15 H 7 k  U  a  h  Q  G  r  

 

Mastery Motivation (MM) Search Tasks 

The Letter Search and Number Search tasks are primarily used to obtain measures of fo-

cused persistence on moderately challenging and challenging tasks (MM), but they also provide 

measures of competence on the tasks. As Table 4 shows, each child attempts one easy, two mod-

erately difficult, and one hard level of each task, for up to two minutes each. Note that the figures 
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and narratives presented here do not show all levels of each task. The easier levels of the letter 

search tasks have different rules and directions than the more difficult levels (6–8). 

 

Table 4.  

Levels of the Search Tasks Used at Different Ages 

Age Easy 
Moderately  

challenging 1 

Moderately  

challenging 2 
Hard 

Less than 4 1 2 3 5 

4-5 1 3 4 6 

5-6 2 4 5 7 

6-7 3 5 6 8 

7 or more 4 6 7 8 

 

Training. The screen shows a target object in the upper left. The middle of the screen dis-

plays a 2x4 matrix of 8 pictures, two each of identical pictures of four familiar objects: boat, 

house, banana, and car. Little Bear says:  

Now we are going to play a different game. Over here is a boat (it flashes). Over here 

there are eight pictures (they flash). Touch all the pictures of the boat.  

 

If children touch both of the boats, Little Bear says, “That’s right.” If children make a 

mistake, Little Bear corrects them, saying, “That is a _____, not a boat.” This serves as the train-

ing for both search tasks. It occurs before the first search task, whether it is number search or 

letter search. If the child touches both boats and no other objects, level 1 of the number or letter 

search starts; if not, another example trial is given. For all other trials, the child is not told wheth-

er or not the response is correct. 

 

  Task 3 or 4. Number Search (Tasks 3 and 4 are counterbalanced). Little Bear says: 

This is the Number Search game. In this game you will find the numbers. Over here, you 

see a number (number flashes) that is in a red box. The other numbers are in blue boxes. 

You will need to touch all of the blue numbers that are exactly the same as the red num-

ber. During these games we will not tell you if you have found them all. 

Little Bear appears on the screen.  

When you think you are done with this level and want to move on to the next, just click on 

me! I’ll be right here! 

Figure 2 and Table 5 show level 3 and all 8 levels of the number search task. 



Game-like Tablet Assessment of Approaches to Learning  

Electronic Journal of Research in Educational Psychology, 15(3, 665- 695. ISSN: 1696-2095. 2017.  no. 43 - 679 - 

                  http://dx.doi.org/10.14204/ejrep.43.17026 
 

 
Figure 2. Level 3 of the number search task, a moderately challenging level for 4-year-olds. 

 

Table 5. 

Levels of the Number Search Task 

Level 
N of target 

Digits 

Numbers in 

blue boxes 

Numbers in 

order? 

N of matching 

numbers 

Non-matching 

numbers 

1 1 (2) 8 (4*2) NA 2 6 

2 1 (3) 12 (4*3) NA 3 9 

3  2 (10) 24 (6*4) yes 6 18 

4 2 (25) 30 (6*5) yes 9 21 

5 3 (746) 30 (6*5) yes 9 21 

6 3 (109) 30 (6*5) yes 9 21 

7 4 (6283) 30 (6*5) yes 9 21 

8  4 (9639) 30 (6*5) yes 9 21 

 

Figure 3 shows the easiest level of the letter search tasks, which is appropriate for children 

less than 5 years of age.  

 
Figure 3. Level 1 of the letter search task, an easy task for 3 year-olds. 
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Task 4 or 3. Letter Search Part 1 (Levels 1–5). Little Bear says,  

Now we are going to play a game where you find letters. Over here, you will see a letter 

(letter flashes) that is in a red box. The other letters are in blue boxes. You will need to 

touch all of the blue letters that are the same as the red letter. 

I’m still right here, so when you want to go to the next level, just touch me. 

 

Then the tablet presents the easy level for that child’s age group (see Table 4), followed 

by all moderate levels for that child’s age group that are no higher than level 5. It does not pre-

sent levels 6–8 until additional training is provided for these highest levels, which have different 

rules. Figure 4 shows level 5 of the letter search tasks, which is moderately challenging for a 5–7 

year old child. 

 

 
Figure 4. Level 5 of the letter search task, which is moderately challenging for 5–7 year-olds. 

 

The five levels of Part 1 of the letter search task are described in Table 6.  

 

Table 6.  

Levels 1–5 of the Letter Search Task 

Level 
N of target 

letters 

Letters in blue 

boxes 

Letters in or-

der? 

N of matching 

letters 

Non-matching 

letters 

1 1 (T) 8 (4*2) NA 2 6 

2 1 (A) 12 (4*3) NA 3 9 

3 2 (CO) 24 (6*4) yes 6 18 

4 2 (GAM) 30 (6*5) yes 9 21 

5 3 (KCB) 30 (6*5) yes 9 21 

 

The three levels of Part 2 of the letter search are described in Table 7. 
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Table 7.  

Levels 6–8 of the Letter Search Task 

Level 
N of target 

letters 

Letters in blue 

boxes 

Letters 

in order? 

N of matching letters (matches 

in parenthesis) 

Non-matching 

letters 

6 2 (JK) 30 (6*5) no 4(JK), 5(KJ) 21 

7 2 (VW) 30 (6*5) no 4(VW), 5(WV) 21 

8 3 (JKG) 30 (6*5) no 3(JKG), 3(KGJ), 3(GJK) 21 

 

Task 5: Letter Search Part 2 (Levels 6–8). Levels 6–8 require that the child find the same 

letters, regardless of the order in which they are pictured. Because the letters do not form words, 

the order is unimportant. (In contrast, because ordering numbers differently always changes the 

numerical value represented, there is no comparable task for number search.) After additional 

training (with pictures of flowers and boats) to teach children to ignore order in finding matches, 

these more difficult levels of the letter search are presented. See, for example, Figure 5. The child 

is given these instructions by Little Bear: 

Now you get to play the new letter game, which has the same rule as the flower and boat 

game you just tried. In this game you will find several letters in a red box over here (box 

flashes). The other letters are in blue boxes. You will need to touch all of the groups of 

blue letters that are the same letters as the red letters. The blue letters can be in any order 

as long as they are the same as the red letters. Find JK and also KJ. 

 

 
Figure 5. Level 6 of the letter search task: letters are found in either order. This is a hard task for 

4-year-olds and moderately challenging task for 6 and 7-year-olds. 
 

When the child finishes the last level of Session 1, Little Bear says, “It was good to play 

with you! Let’s play again soon!”  
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Session Two of the Tasks 

 

Executive Functions Tasks 

Each child receives one task that is typically easy at the child’s age, one moderate task, 

and one hard task, as shown on Table 8. 

 

Table 8.  

Task Levels Used at Different Ages for Both EF Tasks 
Age Easy Moderately challenging Hard 

Less than 4 1 2 4 

4-5 1 3 5 

5-6 2 4 6 

6-7 3 5 7 

7 or more 4 6 8 

 

Task 6 or 7. Picture Memory (Tasks 6 and 7 are counterbalanced). In this task the child 

sees a rectangular array of blank cards, which have pictures on the other side. When the child 

touches the blank card, the computer turns it over so that the picture is visible. Little Bear ex-

plains it as follows: 

This is the picture memory game. In this game, you will find pictures that are the same. 

Touch a card to see what picture it is and then touch another card to try to find the same 

picture. For example, if you touch a card that is a fish, touch another card to see if it is 

the other fish. If the other card is also a fish you have found what you are looking for. If 

you find a picture that isn’t the same, then keep playing.  

 

If children do not find the match, they are expected to keep trying by touching one card at 

a time until they find the match. For levels 1–5, when the child touches a matching card, both 

cards disappear, but when a non-matching card is touched, it flips back (see Figure 6). However, 

in the more difficult levels 6–8, all cards flip back over and remain in the same place on the 

screen after they are touched. 

 

“Let’s start. Find all the cards that are the same as each other.” 
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Figure 6. Level 1 of picture memory task, an easy level for 3 and 4-year-olds. Note the children 

will not see any of the pictures on the screen until they touch one at-a-time. 

 

Children aged 5 years and older receive at least one task from levels 6–8. The tablet gives 

them instructions about the “new,” harder game where the cards don’t disappear when they are 

matched (see Figure 7). 

 
Figure 7. Level 6 for the picture memory task, with somewhat fewer pictures than level 4 and 5 

but where the cards do not disappear when matched. This task is considered hard for 5-year-olds 

and moderately challenging for 7-year-olds. 

 

Table 9 shows all eight levels of the Picture Memory task, including: (a) the number of 

pairs of pictures, (b) the total number of pictures in the array, and (c) whether both cards disap-

pear when they are matched or the cards turn back over when matched rather than disappearing. 
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Table 9.  

Levels of the Picture Memory Task 

Level N of pairs N on screen Matched cards disappear 

1 3 6 yes 

2 4 8 yes 

3 6 12 yes 

4 8 16 yes 

5 12 24 yes 

6 6 12 no 

7 8 16 no 

8 12 24 no 

 

Task 7 or 6. Size-Shape-Color Game. Figure 8 shows the general layout on the screen for 

the Size-Shape-Color tasks. The red sailboat on the bottom of the screen is the one that changes 

for each trial, and which the child can drag into one or the other of two baskets depending on the 

sorting dimension specified (the game being played). Instructions vary with the specific task. 

 

 
 

Figure 8. The general design of the screen for the dimensional change card sort tasks. For levels 

1–6, there are two baskets and one test object or card on the screen at any one time. 

 

Sometimes, children “play the shape game”, in which the child drags the test card into the 

basket with the same shape, ignoring color. For example, blue rabbits go in the basket with the 

red rabbit on it, and red boats go in the basket with the blue boat on it, even though the colors 

don’t match. In the “color game,” red boats go in the basket with the red bunny, and blue bunnies 

go in the basket with blue boat. In the “size game,” all of the big objects go in the basket with the 

big picture on it and all the little objects go in the basket with the little picture on it. Importantly, 

the cards that are sorted never exactly match the pictures on the baskets. Children are told wheth-
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er the sorting is correct on training trials but not on the test trials. After the training, Little Bear 

starts the actual task by saying,  

We’re going to play a game with colors and shapes. You will sort ‘pictures’ into two bas-

kets. During each game, we will tell you the rule you will use to sort pictures. 

 

Level 1: Pre-Switch  

Now we are going to play the color game. In the color game, you put all of the red ones in 

this basket (it flashes) and all of the blue ones in this basket (it flashes). Each time you see 

a new card, put it in the red basket if it is red and the blue basket if it is blue.  

 

Level 1: Post Switch 

Now we are going to play the shape game. Put the flower cards in the flower basket and 

the airplane in the airplanes basket. 

 

Level 7 Pre Switch (7a): Size sorting is demonstrated but the child is not told to sort by size 

 

Levels 7a and b are the hard card sort tasks for 6-year-olds (see Figure 9).  

Now you are going need to figure out what game we are playing by how I sort the 

cards. First watch me to find out what game we are playing. See this one goes in 

this basket.”  

 

The computer puts the large orange bunny in the basket with the large orange boat. 

This is the same card, so I need to see if there is another basket that it goes in. 

There it is! It goes in this one.  

The computer puts the large orange bunny in the basket with the two large green bunnies.  

“This one goes in this basket AND this one.” The small green boat goes in the basket with the 

small green bunny and also in the basket with the two small boats. So the computer has demon-

strated size sorting again.  

Now you do it. Make sure that you put all of the same card in ALL of the baskets it 

belongs in. If it belongs in more than one basket, don’t put it in the same basket 

twice, put it in the other correct one. 
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Figure 9. Levels 7a and 8a of the card sort task. Size sorting is demonstrated but the computer 

does not give verbal instructions to the child on how to sort. Level 7a and b are intended to be 

difficult for 6-year-olds. 

 

Level 7b Post Switch: Color sorting is demonstrated but the child is not told to sort by color  

The same four baskets and nine test cards are used for 7b Post switch color sorting.  

“OK, now we’re playing a different game. Watch how I sort it this time. Now you do it.” 

  

 

Level 8a and b are the hard card sort tasks for children aged 7 or older. See Table 10 for more 

information. 

 

Level 8b Post Switch (see Figure 10):  

“OK, now we’re playing a different game, watch how I sort it again. Now you do it. 

 

 
Figure 10. Level 8b: Number sorting is demonstrated but the child is not told to sort by number 
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Table 10.  

Levels for the Modified Dimensional Change Card Sort Task 
Level N of 

baskets 
 

N of 
cards 

Pictures sorted Pictures on 
baskets 

Pre-switch 
dimension 

Post-Switch 
dimension 

2nd post-switch 
dimension 

1 2 6 Red airplane 
Blue flower 

 

Red flower; 
Blue airplane; 

Color 
 
 

Shape 
 
 

NA 

5 2 9 Orange big bun-
ny 

Green little boat 
Orange little 

bunny 
Green big boat 

 

Green little 
bunny; 

Orange big 
boat 

Size 
 
 
 
 
 

Opposite size 
 
 
 
 

Mixed, with 6 
opposite 

size and 3 size 
 
 

8 4 9 Orange big bun-
ny 

Dark green little 
boat 

Light orange 
little bunnies 

Light green big 
boats 

Light orange big 
bunny 

Light green little 
boats 

Dark green big 
bunnies 

Dark green big 
boat 

Orange little 
boats 

1 Little dark 
green 
bunny 

1 Big dark 
orange 

boat 
2 Little light 

orange 
boats 

2 Big light 
green 

bunnies 

8a Size 
 
 

8b Number 
 
 

 
 

 

When the child finishes the last executive functions task, Little Bear says “goodbye”. 

 

Conclusions and implications 

 

Our current pilot work with over 250 Hungarian children supports the reliability and va-

lidity of our internet-based version (see Józsa et al., 2017); we are now piloting the android ver-

sion with U.S. and Hungarian children. Eventually, we hope to make the assessment available to 

school systems, so that they can use it to assess school readiness and school success. We also 

plan to make it available to researchers interested in MM, EF, and school readiness. We plan to 

use Item Response Theory and parent, teacher, and observer report methods to assess difficulty 

level, reliability, and validity across the full range of abilities and motivation levels that are ob-
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servable from age 3 to age 8. We believe that the tasks will be most useful in schools as one part 

of a larger assessment of school readiness using additional measures such as DIFER. The data 

collected by the app will provide individualized information, enabling the development of indi-

vidualized intervention/remediation plans. Future data collection will enable standardization of 

the assessment, based on a larger, more diverse set of participants from Hungary, the US, and 

other countries and languages.  

 

There is a strong need for well-designed, reliable and valid tests of approaches to learning, 

especially MM and EF, for children in preschool and the early school grades. Currently, there are 

many tests of IQ and basic achievement skills, and there are questionnaire assessments of con-

cepts such as intrinsic motivation, mastery motivation, and executive functions. However, to our 

knowledge there are no standardized behavioral tests including both children’s mastery motiva-

tion and executive functions, and no computer tablet app assessments of these skills. Thus, such a 

test will fill a void in a very large Hungarian, US, and international market. The android app will 

enable children to do the tasks even when internet access is inconsistent or unavailable. Because 

the computer tablet essentially administers the tasks and collects the data needed for the analyses, 

data collection will not require much teacher time or training. Therefore, we believe that, using 

our new android app, we will soon have sufficient data to demonstrate feasibility, reliability, and 

validity of these computer tablet-based tasks. After this pilot data collection is completed, we also 

plan to create an iOS app. A longer-term plan is to create tablet-based individualized interven-

tions based on the assessment.  

 

High quality early childhood education has an extraordinarily high return on investment, 

given its association with improved school performance and with decreases in later school drop-

out, delinquent and other risky behaviors (e.g., Akers et al., 2015; Rathbun & Zhang, 2016). In 

Hungary, in the US, and, indeed, throughout Europe and Asia, early childhood education and 

school readiness set the stage for all future education, and the importance of individualized as-

sessments of school readiness and individualized curriculum to remediate any deficiencies are 

increasingly acknowledged. Our tablet-based assessment thus will fill an important need, ena-

bling schools to assess each individual child’s level of development on each task, and to develop 
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high quality, individualized remediation and enrichment efforts to improve the performance of 

our next generation of learners. 
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