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The Effect on Computational Thinking Using
SRA-Programming: Anticipating Changes

in a Dynamic Problem Environment
Nardie Fanchamps , Lou Slangen, Marcus Specht , and Paul Hennissen

Abstract—This article illustrates that the task design and problem
selection are of characteristic influence to evoke sense-reason-act
programming (SRA) among primary school pupils when
programming robots. Research shows that the task design influences
the development of computational thinking (CT). The literature
provides evidence that the context, the problem space, and the
representation of the problem to apply SRA-programming require
the programming task to be embedded in a dynamic context in which
a programmable robot must use sensory information to anticipate
changes in the environment. In order to ascertain whether the
problem space and the task design influence the evocation of SRA-
thinking, this article uses a research design comparing the differences
between two programming conditions (static/dynamic). In these
conditions, pupils use Lego EV-3 robots and Mindstorms software to
solve programming problems. As a post-measurement, a Lego
challenge is applied. In this article, it is shown that the integration of a
dynamic task design to solve a programming problem is essential for a
deeper understanding of CT skills. Furthermore, when pupils can
immediately test the consequences of their program in a dynamic
environment and, thus, the learning environment provides an
appropriate problem, they gain a deeper understanding of the added
value of sensors and will be better able to reason about complex
problems. It is found that programming in a dynamic problem
environment almost naturally evokes SRA-thinking, as opposed to
programming in a static environment. The influence of SRA-
programming as demonstrated identifies characteristics of CT.

Index Terms—Computational thinking (CT), dynamic environ-
ments, robotics, sense-reason-act (SRA)-thinking, tangible output.

I. INTRODUCTION

LEARNING to program is becoming increasingly promi-

nent in primary education [1]. Primary education is the

designated place to teach pupils at an early stage about pro-

gramming and to teach them about its functionality and appli-

cability [2]. Programming can be considered as a basic skill

that should be integrated into the curriculum of primary schools

to equip pupils with the necessary competences [3], [4].

Programming appears to make an important contribution for

pupils to learn computational thinking (CT) [5], [6]. CT is the

ability to describe complex problems using the basic concepts

of computer algorithms [7].

Programmable robots offer an excellent opportunity to

develop CT skills, because on the basis of a visually perceptible

output, the result of the programming intervention is concrete

and tangible [8]–[10]. If pupils can directly test the effect of

their programming actions in reality, they will be better able to

critically examine and assess their programming actions [11].

Because programmable robots can be used for gaining instant

feedback on the consequences of code, they function as Direct

Manipulation Environments (DME’s) [12], [13].

DME’s involve pupils in constructing mental models of phe-

nomena. Pupils are challenged to directly manipulate parameters

and variables in the environment. Many DME’s strengthen the

feeling of working with concrete objects. DME’s make pupils

through active participation reason, predict and hypothesize, ana-

lyze and test [11], [12]. Robots are concrete and physical DME’s

and can be controlled by programming making use of actuators

and sensors [12], [13]. DME’s have the capacity to provoke a

learning dialog and higher order thinking skills (e.g., analyzing,

synthesizing, evaluating, and causal reasoning), can provide a rich

context for practicing and learning programming, and for devel-

oping (general) problem-solving skills (CT) in the context of robot

programming [11].

Robots can be programmed to interact with their physical

environment. To make this interaction possible, sense-reason-

act (SRA) programming is applied. Previous research has pro-

vided indications that primary school pupils are able to reach

a certain level of SRA-programming, but that pupils do not

apply SRA as a matter of course [10], [14]. This is despite the

fact that they have experienced the benefits of applying an

SRA-approach in solving programming problems previously.

Robots operating in an unchanging environment can often rely

on linear, sequential programming depending on the task at

hand. Robots that can anticipate changing conditions need

sensor input and, as a consequence, results in programming

based on principles of conditional reasoning. It is by using

SRA-programming that a programmable robot can anticipate
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changes in its surroundings [10]. SRA-programming activates

the application of problem-solving solution strategies, which

benefits the development of CT [14].

For further clarification, it seems necessary to make a specific

distinction between SRA-thinking and SRA-programming. SRA-

thinking refers to the logical reasoning process in which thinking

in parallel structures and operating principles is the underlying

rationale. It includes logical, causal, conditional, and iterative rea-

soning and the ability to make cause-and-effect relationships

when specifically applying sensor input to anticipate changes in

task design. SRA-thinking involves thinking in parameters and

variables and calls upon higher-order thinking skills in reasoning,

analyzing, synthesizing, and judging. SRA-thinking can be seen

as a mental disposition [15] that leads to the initiation of the pro-

cess of SRA-programming, and is distinct from SRA-program-

ming which is based on the pragmatic use of coding tools. SRA-

programming refers to programming that uses sensor-based input

combined with parallel programming routines in which more

complex programming concepts such as nested loops, condition-

als if-then-else, and functions come into play. Therefore, this arti-

cle examines whether the type of programming problem and the

task design influence the evocation of SRA-thinking. It is investi-

gated whether there is a characteristic and qualitative difference

in the application of SRA-programming in a programming envi-

ronment with either a dynamic or a static task design when pri-

mary school’s pupils programLego Robotics EV-3.

II. THEORETICAL FRAMEWORK

In this article, we want to know whether a dynamic task

design elicits SRA-thinking and enhances the development of

CT. CT is a problem-solving approach in which complex,

abstract problems are translated and reformulated in such a

way that they can be solved using the fundamental concepts of

computer science [7], [16].

CT is a conceptual way of thinking and includes processes like

problem formulation, data organization, analysis, and representa-

tion to solve problems [17]. It encompasses a set of problem-solv-

ing skills, such as problem decomposition, algorithmic thinking,

pattern recognition, debugging, parallelization, and abstraction

[16], [18], [19]. CT stimulates the ability to define a distinct and

structured sequence of basic and well-specified steps to solve

complex problems [20]. The essence of CT involves dividing

complex problems into more familiar/manageable subproblems

(problem decomposition), using a sequence of steps (algorithms)

to solve problems, reviewing how the solution transfers to similar

problems (abstraction), and finally determining if a computer can

be used efficiently to solve those problems (automation) [21],

[22]. CT can be used explicitly to gain new insights into problems

outside computer science, to establish relationships toward other

fields, and can become an integrated part of education. It covers a

wide range of computing principles, approaches, knowledge, and

skills essential for solving problems that require a lot of informa-

tion, variables, and computational power [23].

CT requires the application of strategies to solve problems.

Costa [24] states that solving problems implies the appropriate

application of knowledge in a specific situation that is strongly

related to the content. The specific context in which learning

occurs determines what types of actions are suitable and what

impact those actions have [25]. Problem solving uses often an

inquiry-based approach. Since the problem space of pupils con-

tains only partial knowledge, it is necessary to initiate a general

search for information, as well as to discover a state that con-

tains a solution to the problem. This is to make pupils aware of

their learning skills, their achievements, and their ability to

reflect on what they have learned [26]. Pupils need to be aware

of how to solve problems and must learn to recognize that their

actions clearly put them in a strong position to learn from mis-

takes or successes [27]. A well-defined problem space and solu-

tion paths are usefully combined with strategies for finding

suitable possibilities to solve a problem [28]. Solving the prob-

lem is not simply a search through a predetermined problem

space. It is also a search for an appropriate representation of the

problem [29]. The type of the problem definition seems to be of

prominent importance in relation to finding a solution to the

problem. The ability to solve problems evolves when develop-

ing strategies. Moreover, higher forms of problem solving are

accomplished using the same basic routines that evolved for

that purpose [27], [30], [31]. Learning the required problem-

solving strategies and skills is what CT is associated with. In

this respect, CT can not only influence the problem-solving

skills of pupils in general, but also has an important influence

on their generic development [32].

Characteristic for effectively solving a problem is a multi-

stage process consisting of several phases to be appointed:

1) identifying a problem;

2) setting goals;

3) using solution strategies;

4) arriving at different directions of solution;

5) making reasoned decisions to arrive at the solution;

6) determining through evaluation;

7) reflection and introspection whether the problem is

solved and/or the problem solution needs to be adjusted;

8) generalizing so that applicability in other situations is

possible [31], [33].

Characteristic of a multiperspective, imaginative problem-

solving process is that it is not linear and does not include

strict, predetermined rules [34]. The solution process is usu-

ally unpredictable, iterative, or dynamic in nature and involves

several verification moments [35].

Applying complex problems as a catalyst to promote learning

of concepts and principles by learners in a learning environment

can be regarded as problem-based learning (PBL) [34]. In order

to encourage the transfer of knowledge and skills enabling pupils

to use existing knowledge and to acquire new knowledge, this

requires challenging, provocative problems that motivate to learn

[27]. The application of robotics in primary school education can

be a useful tool to relate problem-solving strategies to realisti-

cally occurring problem contexts [36]. Being able to reflect on

problem-solving strategies through programming robots is

important because the associated thought processes, decisions,

and actions can determine the final learning result [37]. Robotics

programming problems have a wide variety of solutions, but

many can be improved in efficiency when placed in meaningful
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contexts [18]. Solving problems by means of programming

robots can have a positive influence on the quality of the pro-

gramming solution itself and on the conceptual understanding

[38]. Programming problem environments that are challenging in

nature can make a greater contribution to conceptual understand-

ing than simple, more orderly problem environments [18], [37].

From research, we know that primary school pupils mainly

use linear programming structures when programming robots,

despite the fact that they have learned the advantages of paral-

lel programming through previous experiences [14]. In addi-

tion, pupils have also found it difficult to apply SRA, although

they have already explored the benefits of programming with

the SRA-approach [11]. The essence seems to be that pupils

have difficulty using complex elements of SRA-programming,

such as the “if-then-else,” “wait until,” or the “nested loop,”

which presuppose conditional reasoning [39]. From earlier

research, we know that pupils’ state of mind often tends to

choose the easiest and most obvious solution rather than the

most efficient one [14]. Comprehending SRA implies that

pupils can establish the explicit relationship between pro-

cesses in which a programmable robot:

1) registers external values of observations based on sen-

sor use (sense! referring to sensor reading;

2) then compares these values of external observations

with internal preset values which form conditionals by

which the path to follow (reason! referring to decision

making) is decided;

3) the activation of a subsequent process in which the pro-

gram “informs” the robot on how the robot should act

(act! referring to program response) [10], [39], [40].

These insights enable pupils to program a robot that, through

the use of sensors and its program, can anticipate changes in its

environment. In other words, pupils apply SRA-thinking

through understanding the interactions and interdependencies

between the program, sensors, and actuators used [11].

Using sensory input to solve robotic programming tasks can be

considered as an effectiveway of programming [41]. Aswe argued

before, SRA-programming is characterized by a first step in which

input is obtained through sensory detection (sense). In a second

step, the decision part (reason), the perception is measured against

set conditions. Therefore, the computer program to be designed

must anticipate what can be observed [11] and what the conditions

are. As long as pupils do not yet understand that SRA-program-

ming offers a more efficient and sometimes the only feasible alter-

native and can use linear programming structures to solve a

programming task, they will not enter the mental disposition of

SRA-thinking [14], [24], [42]. When the environment in which a

programmable robot has to perform its tasks can vary continu-

ously, and is therefore dynamic or unpredictable in nature and

enforces the most efficient solution, then linear programing is no

longer sufficient. This triggers a mental process in which the state

of mind will play a role [15]. In order to evoke SRA-thinking,

pupils need to call upon their disposition for ingenuity, originality,

and insightfulness (e.g., applying past knowledge to new situa-

tions, striving for accuracy, thinking flexibly, thinking about think-

ing, questioning, and posing problems) to express SRA-thinking

[43]. This requires a mindset in which the initial approach to solve

a dynamic programming task is characterized by means of proac-

tive programming, applying iterations, conditionals, and functions

to successfully solve the programming problem [44], [45].

SRA requires a certain level of abstract thinking. It means being

capable of analyzing the robotic task environment, i.e., being

capable of recognizing the prerequisites and iterative conditions

and translating them into the correct application of the program-

ming instructions to be constructed [39], [46]. For instance, the

selection for the type of sensor to apply and the range of values of

a variable. When pupils understand that the reasoning process

underlying programming is based on principles of logic, condi-

tional, causal, and iterative reasoning, including thinking in

parameters and variables, this should be recognizable as such in

the computer programs they create [47]. Programming code pro-

duced according to SRA-thinking contains such structures and

principles of programming. Analyzing pupils’ constructed code,

therefore, can provide information about pupils’ level of applica-

tion of SRA-thinking bymeans of the measured values for CT.

In order to enable problem solving through an application of

technology in an effective and easily accessible way, the use of

Lego Robotics in primary schools turns out to be an efficient

manner for problem-solving activities [47], [48]. Results from

various studies indicate that activities with programmable, tangi-

ble robots assisted pupils to reflect on the problem-solving deci-

sions they made [10], [49], [50]. These studies also highlighted

that pupils were able to relate their problem-solving strategies to

real-world contexts [51]. Also is demonstrated that program-

ming LEGO robots can be considered as useful problem-solving

tool in the classroom to enhance CT [14]. This is to ascertain

what problem-solving strategies primary school pupils use when

working with LEGO robots and whether they are able to effec-

tively relate their problem-solving strategies to real-world con-

texts [18]. Moreover, programmable robots as educational tools

engage pupils in their own learning through active construction-

ist environments, which stimulate the development of higher

order thinking and problem-solving skills, promoting pupils’

conceptualization inmeaningful authentic ways [36].

If pupils program tangible robots, two main problem orienta-

tions can be distinguished: unchanging, static conditions and

changing, dynamic conditions [44], [52]. In a static problem

space, the environmental conditions are not changing. The tasks

to be accomplished by the robot are predefined and the program

that has to provide the robot with information can be clearly

defined in advance [53]. The static task environment is character-

ized by a clear, transparent design. The assignments to be per-

formed for which a robot must be programmed are known in

advance and are predictable because the task environment does

not change. These nonchanging tasks can be solved both by linear

programming and also by using sensors [54]. However, dynamic

environments are characterized as unpredictable, the problem

space is subject to continuous change and is not clear-cut in

advance [45]. A dynamic environment includes a multitude of

factors that must be anticipated on an ad-hoc basis [55], [56].

The subsequent actions to be taken by a programmable robot

cannot be predicted in advance, the task that the robot has to

accomplish is subject to change and the program must antici-

pate such changing conditions [57].
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Building on the theoretical exploration above, we presume a

correlation between the following:

1) the task design which is expected to produce develop-

ment of CT caused by the nature of the problem (static/

dynamic);

2) the evocation of SRA-thinking, e.g., more generic the

influence on CT caused by differences in the task design;

3) the identification of CT emerged from the evocation of

SRA-thinking;

4) the influence of the evocation of SRA-thinking on pro-

gramming tasks of higher complexity;

5) the impact of CT on the construction of programming

tasks of higher complexity.

Therefore, our conceptual model in Fig. 1 gives an over-

view of supposed relationships between independent and

dependent variables that need to be further investigated.

III. RESEARCH QUESTION, SUBQUESTIONS, AND HYPOTHESIS

From previous research, we know that pupils revert to lin-

ear, sequential programming robots, despite having gained a

previous learning experience exploring the benefits of the

more efficient SRA-programming [10], [14]. The question

that emerges is why pupils do not apply SRA-programming,

while understanding and mastering fundamental principles

and advantages underneath. We assume this seems to be

attributable to a static task design with a predictable overview

in which pupils are not confronted with unforeseen, changing

events. However, if the programming environment in which a

programmable robot has to perform its tasks varies and is,

therefore, dynamic, unpredictable in nature enforcing the most

efficient solution, the use of sensors, iterations, conditionals

and functions, characteristic of SRA-programming is a neces-

sity. To investigate this claim, we used a dynamic task design

(simultaneous to static task design) that stimulates the applica-

tion of SRA-programming where there is no possibility to find

the programming solution through linear, sequential thinking.

We conjecture that the nature of the problem space and the

task design will cause pupils do or do not use SRA-program-

ming in which the application of SRA identifies characteristics

of CT. This assumption leads to the main research question:

“What is the influence of the problem environment and the

task design on evoking SRA-thinking when programming

robots?”

In addition to the main research question, the following sub-

questions have been formulated.

1) What kind of problems require SRA-thinking and is

SRA-thinking necessary to solve programming prob-

lems of higher complexity?

2) How can we design a scaffold toward more complex

tasks to guide pupils toward SRA-thinking?

3) What is the impact of the programming environment on

developing SRA-solutions?

In addition to the subquestions, three hypotheses have been

formulated.

1) Pupils who solve programming assignments in a dynamic

task design are able to activate SRA-thinking outflowing

in working solutions.

2) Pupils who solve programming assignments in a

dynamic task design apply SRA-thinking more than

pupils who solve programming assignments in a static

task design.

3) Pupils who solve programming assignments in a

dynamic task design show problem solving of a qualita-

tively higher level than pupils who solve programming

assignments in a static task design.

IV. METHOD

In order to investigate whether there is an influence of the

programming problem given and the task design to evoke

SRA-thinking, we have designed a programming environ-

ment with a two-pronged task setup. This setup was chosen

as such because we wanted to compare whether there is a

measurable difference in making use and understanding of

SRA-thinking between the group that had to solve tasks in

a static programming environment and the group that solved

tasks in a dynamic programming environment. Analysis of

the constructed programs from respondents and the infor-

mation obtained from the observations makes it possible to

find answers to our research questions, subquestions, and

hypotheses.

To investigate the research questions and hypotheses, we

have used a research design that comprises both qualitative

and quantitative aspects, as shown in Fig. 2. This includes

1) a basic instruction on how to program using Lego

Robotics EV-3;

2) a robotics intervention designed for training tasks;

3) a final programming challenge consisting of a static and

dynamic task design.

The static, predictable task environment in our research is cre-

ated to use fixed objects that need to be avoided. The dynamic

environment in our research is created by constantly randomly

moving objects, creating an unpredictable task environment.

In the final programming challenge, by means of observation

of the execution and analysis of the constructed programs, we

collected qualitative data that were then converted into quantifi-

able units to determine the frequency of the occurrence of a

value. To be able to determine whether SRA had been used in

both programming environments and to give value to the quality

of the programming solution, wemeasured the characteristics

1) if pupils are able to successfully complete the program-

ming tasks;

2) whether SRA was used;

3) we assessed the efficiency and quality level of the pro-

gram that was constructed.

Fig. 1. Schematic representation of the conceptual model.
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A. Participants

This research was conducted among pupils from grade 51

who are 10 and 11 years of age (N ¼ 29) of a primary school

in The Netherlands. Pupils are not familiar with programming,

apart from the use of basic computer programs such as Word,

PowerPoint, and Internet. The pupils were divided randomly

into 14 subgroups consisting of 13 pairs and one triplet. Fig. 3

displays the division of participating groups.

After all subgroups had followed a basic training in how to

program with Lego Mindstorms Robotics EV-3, each of the

subgroups conducted 9 weeks, 1-h sessions to solve 20 pro-

gramming tasks to demonstrate the solution devised. After

completion of the 20 programming tasks, all subgroups had to

solve five new challenging programming tasks. The group that

had to solve these five challenges in the static environment

could solve them by using linear, sequential programming,

and/or by making use of SRA. The group that had to solve these

five challenges in the dynamic environment could only success-

fully solve them by explicitly using SRA. We used this set-up

as such to compare whether the tasks design and problem envi-

ronment influence the evocation of SRA and to what level the

use of SRA did or did not occur.

B. Materials

From previous research, we found indications that primary

school pupils can use Lego EV-3 Mindstorms robots as a pro-

gramming environment in a functional way [10], [14]. These

programmable robots are controlled via a visually oriented

programming environment in which the user has to connect

definable blocks, containing programming commands, by

dragging and sequencing them in the correct order on the

worksheet [58]. Furthermore, these definable blocks consist of

controllable parameters, variables, logical operators, et cetera

which can also be influenced [9]. By manipulating the varia-

bles and sequencing the blocks in a specific order, pupils con-

struct their program. In order to determine the differences in

programming skills and the evocation of SRA-programming

after the training sessions, a Lego robotics challenge is orga-

nized in which the influence of the problem environment and

the task design occurred.

To demonstrate which programming environment and task

design evokes SRA-thinking, we set up a predefined problem

space in which pupils solved a Lego robotic programming chal-

lenge task. This problem space consists of two different playing

fields in which pupils had to execute programming tasks making

use of a predefined robot. This robot was equipped with push-

button sensors at the front and back and a bumper bracket that

allowed the robot to collide and rotate like a bumper car.

Playing field one, as shown in Fig. 4, contained fixed, static

objects that the robot had to maneuver between to move from

start to finish. More and more objects were added to increase

the difficulty and challenge of the programming tasks. The

assignments could still be solved with linear, sequential pro-

gramming where pupils could decide for themselves whether

to program with or without the more efficient use of SRA-pro-

gramming and/or by application of push-button sensors.

On playing field two, as shown in Fig. 5, a dynamic environ-

ment has been created in which a programmed robot moves

unpredictably around. The assignment was to let the self-pro-

grammed robot move on the playing field without getting stuck.

To make the programming tasks increasingly difficult, and to

provoke SRA-programming, a second comparable robot that

moves unpredictably around was brought into the playing field.

Furthermore, two other pairs of pupils were also allowed to add

their robots into the playing field (with a maximum of 3), taking

into account the fact that all five robots had to keep on moving/

not get stuck. In order to do this, pupils’ robots must be pro-

grammed making use of push-button sensors in such a way that

they could react to each other and to anticipate unforeseen situa-

tions. This challenging assignment could absolutely not be

solved by making use of linear, sequential programming, but

only bymaking use of SRA-programming.

C. Procedure

All 14 subgroups received an identical introductory instruc-

tion, which also covered the application of sensors, on how to

Fig. 2. Research design.

Fig. 3. Schematic representation of the group division.

1. In this publication, we use the UK grade level system to indicate the
research population. Grade 5 in the UK corresponds with the Dutch “group 7.”
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use the Lego programming environment. Pupils learn in this

basic training, by means of a “show-and-tell approach” and by

using simple tasks, how the robot should be programmed to

drive forward/backward, how to make a turn, how to move

from A to B between obstacles without getting stuck, and how

to apply the basic elements of SRA-programming (iterations,

responding to changes in the task environment, functions). It

was also demonstrated how to program by means of sensoric

input, how the push-button sensor is operated, how the robot

could respond by its program when using sensor activation,

and how the use of sensors, by applying SRA-programming,

can ensure a much smarter programming solution.

After the basic instruction, each of the subgroups conducted

nine 1-h sessions to practice 20 training tasks so that SRA-pro-

gramming can provide a more efficient and smarter way to solve

robotics programming assignments. These tasks are characterized

by a problem-solving approach and can be solved either using lin-

ear, sequential programming, or using SRA-programming.

In the final challenge assignments, all subgroups are ran-

domly assigned to two different robotic problem-solving con-

texts (static/dynamic). The assignments in these challenges

offer pupils a choice of whether or not to apply SRA-program-

ming. To do so, pupils have all the options available and the

robots to be operated are equipped with two push-button sen-

sors to apply SRA-programming. It is precisely in the two dif-

ferent challenge conditions that it is expected to emerge that,

although pupils understand and have learned the basic princi-

ples of the SRA-approach, they do not apply SRA-program-

ming as a matter of course but that the application of SRA-

programming is evoked by the difference (static/dynamic) in

the task design. In this final static or dynamic robot program-

ming challenge, pupils can show what they have learned from

the 20 programming tasks and what occurs by using or not

using SRA-programming. In this challenge task, five new pro-

gramming tasks of increasing difficulty had to be solved.

These are static (not changing) in nature for one group and

dynamic (changing) in nature for the other group. In both

groups, pupils could decide for themselves whether to pro-

gram with or without the fully functional and most effective

use of sensors. By observation during the programming

sessions, by analysis of the constructed programs, and by

inventory, the researcher kept track of (a) whether the pro-

gramming task had been solved correctly (yes/no) and (b)

whether SRA had been used (yes/no). From these observa-

tions, we determined how often each value occurred. Further-

more, we assessed the efficiency and quality level of the

constructed programs as a qualitative indicator. To do this, we

(c) recorded the fastest runtime out of three attempts as a pre-

dictive value to illustrate the level of quality and efficiency of

the constructed program and (d) we analyzed the efficiency of

the program that was constructed. In order to sufficiently

benchmark this qualitative interpretation, the fourth indicator

has been calibrated by a research group of eight education

experts. For the purpose of retrospective analysis, the pro-

grams constructed by pupils were stored. The researcher used

the data of the retrospective analysis to assess whether SRA

had been applied and could give a value judgment on how effi-

cient the constructed programs were.

V. RESULTS AND DATA-ANALYSIS

The main research question, “What is the influence of the pro-

gramming environment and the task design on evoking SRA-

thinking when programming robots?,” is answered by analysis of

themeans for the dichotomous variables combinedwith an analy-

sis of observed, qualitative data that are converted into quantifi-

able units through inventory. T-test analysis is used to investigate

subquestions and to confirm or reject hypotheses. Observations

have been converted into quantifiable data by means of system-

atic and structured scoring to enable quantitative analysis. The

data derived from the Lego robotics challenge were entered into

SPSS for quantitative data analysis. Other qualitative observa-

tions concerning the effect of using or not using SRA are included

in this article as a descriptive comparison and result. The effect of

the independent variables on the dependent variables is examined

(see Fig. 1). Differences in values are determined by comparing

themeans. By using cross-tabs, a shift between pre- and postmea-

surement is made visible. In all statistical analyses, a significance

level of 5% (p¼� 0.05) is assumed.

The nature of the data meets the conditions for the assumption

of normality and asserts that the distribution of sample means

Fig. 4. Static task design with fixed objects. Fig. 5. Dynamic task design with multiple randomly moving robots.
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(across independent samples) is normal. It has been testedwhether

the assumptions of homogeneity of variances have been violated

(p � 0.05). Degrees of freedom are calculated and the bootstrap-

ping procedure has been applied to re-estimate the standard error

of the mean difference. The confidence interval was studied to

assess the difference betweenmeans and to determine whether the

value “0” is in the confidence interval. The value for the extent of

the effect (Pearson’s r) has been calculated (indicating that the

effect size is low if the value of r varies around 0.1, medium if r

varies around 0.3, and large if r variesmore than 0.5). The substan-

tial effect of a standard deviation difference between two groups

(Cohen’s d) was also determined (it should be noted that d ¼ 0.2

can be considered a “small” effect size, 0.5 stands for a “medium”

effect size, and 0.8 or higher for a “large” effect size) [59].

A. Programming Task in Static or Dynamic Programming

Environment Outflowing in Working Solutions

A comparison of the correctly solved programming prob-

lems shows (see Table I) that the group that programmed in the

static environment solved 30 programming tasks correctly (M

¼ .35) and the group that programmed in the dynamic environ-

ment solved 46 programming tasks correctly (M¼ .77).

Further examination of the data using the option “cross-

tabs” showed that, comparing the two groups, a shift occurred

with regard to the correct number of solved programming

tasks. Table I shows the data for correctly solving the pro-

gramming tasks divided over the two conditions.

It can be stated that, by comparing the static group with the

dynamic group, more programming problems are solved by the

dynamic group (increase ¼ þ16 more correctly solved) due to

the robotics intervention and a different kind of task design.

From this data, it can be claimed that a dynamic program-

ming environment indeed elicits that more programming prob-

lems are solved correctly. It is striking that within the dynamic

group more complex programming problems are correctly

solved. It is also remarkable that it becomes visible that there

are several respondents from the dynamic group who have

correctly solved all five programming problems.

B. Programming Tasks SRA Applied Within Static or

Dynamic Problem Environment

An analysis of the data shows (see Table II) that the group that

programmed within the static programming environment applied

SRA 35 times (M¼ 0.60) and the group that programmed within

a dynamic programming environment applied SRA 44 times

(M¼ 0.80) when solving the programming tasks.

By means of “cross tabs” analysis, a shift is visible in the

decision whether or not to apply SRA between the group that

programmed in the static environment and the group that

worked in the dynamic environment. By comparing the appli-

cation of SRA of the static group with the dynamic group due

to the offered environment, it can be stated that the dynamic

group applied SRA more to solve programming problems

(increase ¼ þ13,5% more SRA applied).

From this data, it can be claimed that a dynamic program-

ming environment indeed elicits more use of SRA to solve

programming problems. From the observations made during

the execution, it is noticeable that the group that programmed

in the dynamic environment applied SRA in a more direct

approach to solving the programming problem in a compari-

son with the group that programmed in the static environment.

C. Analysis of the Quality of the SRA Application (Comparing

Static and Dynamic Environment)

A qualitative analysis of the Lego EV-3 programs con-

structed by pupils indicates (see Table III) that there is a sub-

stantial difference in the application of SRA when comparing

the group that programmed in the static environment with the

group that programmed in the dynamic environment.

The group that programmed in the static environment, despite

having had an introduction to the application possibilities of

the SRA-approach, tried to solve the programming problem

predominantly using a linear, sequential approach. However, it is

clearly noticeable that this static environment does not invite to

use SRA-programming. Pupils program toward the solution with-

out the use of sensors, iterations, conditionals, and functions. The

constructed Lego EV-3 programs showed that SRA is applied

incidentally, but where SRA is applied, this is often not applied

efficiently. The constructed SRA programs seem illogical, unnec-

essarily complex, and show a high level of unfocussedness in rela-

tion to the more functional and efficient use of the SRA-approach.

The group that programmed in the dynamic environment

proceeds directly, and without hesitation, to the application of

SRA. This is based on the most efficient way of using SRA,

where no superfluous SRA-programming commands are

included in the constructed program. Nowhere are unneces-

sary programming commands visible and the use of SRA has

been effective and handled as effectively as possible.

TABLE I
INFLUENCE STATIC/DYNAMIC ENVIRONMENT ON SOLVING

PROGRAMMING TASKS CORRECTLY (N ¼ 29)

Note. Static ¼ Group that programmed in static environment; Dynamic ¼
Group that programmed in dynamic environment; n ¼ number of respondents;
Total, Cumulative; M ¼ average; SD ¼ standard deviation; Range ¼ spread
in measurement; Mdn ¼ median.

TABLE II
INFLUENCE STATIC/DYNAMIC ENVIRONMENT ON SRA APPLIED (N ¼ 29)

Note. Static ¼ Group that programmed in static environment; Dynamic ¼
Group that programmed in dynamic environment; n ¼ number of respondents;
Total, Cumulative; M ¼ average; SD ¼ standard deviation; Range ¼ spread
in measurement; Mdn ¼ median.
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It can be claimed that the nature of the environment and the

task design has an impact on whether or not SRA is applied

and whether this has been done efficiently. This is visible on

the basis of a qualitative analysis of the constructed Lego EV-

3 programs when comparing the programming solutions of

both groups. It is striking that the group that programmed in a

dynamic environment applied SRA directly and constructed a

more functional and effective program than the group that pro-

grammed in a static environment that frequently relied on linear

programming. From observation and inventory, it becomes

clear that the group that programmed in the dynamic environ-

ment used SRA much sooner and more directly than the group

that programmed in the static environment.

D. Solving Programming Tasks

A comparison of the means makes visible (see Table I) that the

group that programmed in the dynamic programming environment

solved more programming problems (M ¼ 0.77, SD ¼ 0.25) than

the group who solved programming problems in a static program-

ming environment (M ¼ 0.35, SD ¼ 0.19). Analysis of the t-test

(see Table IV) shows that there is a significant difference t (20)¼
-4.76, p¼ < 0.01, d¼ 1.86. Since the value “0” is not within the

confidence interval, 95% CI [-0.60, -0.23], this strengthens the

assumption that programming in a dynamic environment ensures,

by using SRA, that more programming problems are solved.

E. SRA Applied

A comparison of the means makes visible (see Table II) that

the group that programmed within a dynamic programming

environment makes more use of the application of SRA (M ¼
1.36, SD ¼ 0.49) than the group that programmed in a static

programming environment (M ¼ 0.85, SD ¼ 0.84). Analysis

of the t-test (see Table IV) shows that there is a significant dif-

ference t (26) ¼ -2.10, p ¼ < 0.02, d ¼ 0.74. Since the value 0

is within the confidence interval, 95% CI [-1.03, -0.01], this

reinforces the assumption that programming in a dynamic

environment increases significantly the application of SRA.

F. Quality of SRA

A comparison of the means makes visible (see Table III) that

the group that programmed in the dynamic programming envi-

ronment shows a higher quality level of SRA (M ¼ 1.53, SD ¼

0.51) than the group that programmed in a static programming

environment (M ¼ 0.99, SD ¼ 84). Analysis of the t-test (see

Table IV) shows that there is a significant difference t (27) ¼
-2.01, p ¼ < 0.03, d ¼ 1.20. But since the value “0” is within

the confidence interval, 95% CI [-1.10, 0.01], we must con-

clude that programming in a dynamic programming environ-

ment does not lead to a higher quality level of SRA because the

two environments are not comparable on this characteristic.

VI. CONCLUSION

From an interpretation of the available data, we can conclude

that the influence of the problem environment and the type of

task design scaffolds have an impact on evoking SRA-thinking.

Pupils who solve programming assignments in a static task

design do not, or hardly, use SRA-programming. To the oppo-

site, it is remarkable that a dynamic task design immediately

triggers the use of SRA-programming. Moreover, to success-

fully solve dynamic programming tasks, the application of

SRA-programming is a necessity. In essence, SRA-thinking

requires using characteristics of CT (e.g., algorithms, analysis,

parallel thinking, pattern recognition, problem decomposition,

routines, etc.). Where SRA-programming in both environments

has been used, an analysis of the quality of SRA provides us

with findings that the usage of SRA in a dynamic programming

environment is of a higher quality level. From this, we conclude

that solving dynamic problem tasks has an influence on

strengthening SRA-thinking.

The hypothesis that pupils who solve programming assign-

ments in a dynamic task design are able to activate SRA-think-

ing outflowing in working solutions can be substantiated and

confirmed on the basis of the significant measurement results.

The hypothesis that pupils who solve programming assign-

ments in a dynamic task design apply SRA-thinking more

than pupils who solve programming assignments in a static

task design can be substantiated and confirmed on the basis of

the significant measurement results.

The hypothesis that pupils who solve programming tasks in

a dynamic task design show problem solving of a qualitatively

higher level than pupils who solve programming assignments

in a static task design cannot be confirmed despite the signifi-

cant measurement results. This is due to the fact that pupils in

the static programming environment did not or hardly apply

SRA, to which a comparison of this characteristic is not valid.

TABLE III
INFLUENCE STATIC/DYNAMIC ENVIRONMENT ON QUALITY

SRA APPLICATION (N ¼ 29)

Note. Static ¼ Group that programmed in static environment; Dynamic ¼
Group that programmed in dynamic environment; n ¼ number of respondents;
Total, Cumulative; M ¼ average; SD ¼ standard deviation; Range ¼ spread
in measurement; Mdn ¼ median.

TABLE IV
T-TEST ANALYSIS COMPARING STATIC/DYNAMIC

ENVIRONMENT BASED ON SRA-USAGE

Note. t ¼ t-value; df ¼ degrees of freedom; p ¼ p-value; CI ¼ confidence
interval; d ¼ effect size.
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VII. DISCUSSION

This article claims to find answers to whether the problem

environment and task design is of significant influence to

evoke SRA-programming among primary school pupils when

programming robots.

Based on indications in the data, it can be assumed that pro-

gramming using a dynamic task design evokes SRA-thinking

remarkably and more explicitly in a comparison with pro-

gramming in a static task design. This imposes specific

demands on a programming environment that incorporates the

added value of SRA-programming to enable PBL. Applying

programmable robots as an educational tool stimulates higher

order thinking and problem-solving skills, fostering pupils’

conceptualization in meaningful authentic ways [36]. This

claim is consistent with assumptions made by Slangen [10]

who states that learning how to program robots is most benefi-

cial when pupils can solve programming problems in an

inquisitive, problem-solving environment. Scientifically, it is,

however, the question which features make a programming

environment useful for fostering pupils’ conceptualization.

Our research shows that, in order to successfully and creatively

solve complex robotics issues, it is clearly necessary for pupils to

adopt a problem-solving approach inwhich they renew their previ-

ous programming experiences in solving challenging program-

ming tasks. In order to do this, pupils have to develop problem-

solving skills during programming, being able to devise a problem

approach, choose a solution strategy, and apply the correct pro-

gramming action. This is consistent with the allegations of Castle-

dine and Chalmers [36] who state that when pupils are engaged in

programming robots, making changes to repeated programming

processes with the aim of solving a specific problem through stra-

tegically and reflective programming, they increase their problem-

solving abilities and metacognitive skills. However, to develop a

structured way to cope with challenging programming problems,

the use of CT skills is inevitably [60]. CT sometimes refers to

superimposed, metacognitive skills and sometimes they are opera-

tionalized as concrete programming concepts. The scientific ques-

tion that arises is dowe need amore focused definition of CT.

As we concluded before, robotic program problem environ-

ments that are subject to dynamic change offer a more cognitive

challenging task environment than a static one. To evoke SRA-

thinking, pupils need to call upon their disposition for ingenuity,

originality, and insightfulness. It seems, therefore, important to

further investigate how applying past knowledge to new situa-

tions, striving for accuracy, thinking flexibly, thinking about

thinking, questioning, and posing problems [15] are of impor-

tance to solve a programming task, to learn to think in steps, and

to use conditional reasoning to understand SRA-thinking better.

With this in mind, a variation in the problem environment in

which a robot has to fulfill its programming tasks can be image-

forming and directional to the user, enabling a transfer from the

mental disposition to the program to be created. This is in line

with assertionsmade by Johansson andBalkenius [55] andKitano

et al. [57] who state that solving dynamic programming problems

in an robotic environment in which an reactive approach and

anticipatory programming strategies are more efficient.

VIII. LIMITATIONS AND FOLLOW-UP RESEARCH

There are some limitations and considerations as to why

our findings indicate a significance level. The limited num-

ber of respondents in this article does not yet make it possi-

ble to generalize from the results obtained. It is, therefore,

advisable to repeat this research with a larger number of

participants.

In this article, we used Lego EV-3 robots with Mindstorms

software. It would be worthwhile to investigate whether a differ-

ent kind of programming environment shows similar results. It

would also be valuable to investigate whether a programming

environment with only a visual output can generate the same

output as the currently used Lego programming environment,

which is characterized by a tangible perceptible output.

It would also be worthwhile to further investigate to what

extent the interventions of teachers have an influence, and to

what extent the quality and intensity of these interventions

lead to a further deepening of SRA-programming. Seen from

the same perspective, it would be valuable to measure the

impact of these teacher interventions on the development of

CT skills among primary school pupils.

ACKNOWLEDGMENT

The authors would like to thank Bert van de Werfhorst, Heutink

Netherlands for the donation of the required sets LegoMindstorms.

REFERENCES

[1] N. Yelland, “The future is now: A review of the literature on the use of
computers in early childhood education (1994-2004),” AACE J., vol. 13,
no. 3, pp. 201–232, 2005.

[2] S. Edwards, “Identifying the factors that influence computer use in the
early childhood classroom,” Australas. J. Educ. Technol., vol. 21, no. 2,
pp. 192–210, 2005, doi:10.14742/ajet.1334.

[3] Y. B. Kafai and Q. Burke, “Computer programming goes back to school,”
Phi Delta Kappan, vol. 95, no. 1, pp. 61–65, 2013, doi:10.1177/
003172171309500111.

[4] L. P. E. Toh, A. Causo, P.-W. Tzuo, I.-M. Chen, and S. H. Yeo, “A
review on the use of robots in education and young children,” J. Educ.
Technol. Soc., vol. 19, no. 2, pp. 148–163, 2016.

[5] Kennisnet, Computational Thinking in Het Nederlandse onderwijs.
Zoetermeer, Netherlands: Kennisnet, 2016.

[6] J. Voogt, S. Brand-Gruwel, and J. Van Strien, “Effects of programming
education on computational thinking: A review study,” Educ. Sci.,
vol. 2017, no. 1, pp. 1–33, 2017.

[7] J. M. Wing, “Computational thinking,” Commun. ACM, vol. 49, no. 3,
pp. 33–35, 2006, doi:10.1145/1118178.1118215.

[8] D. Catlin and J. Woollard, “Educational robots and computational
thinking,” in Proc. 4th Int. Conf. Robot. Educ., 2014, pp. 144–151.

[9] T. Sapounidis, S. Demetriadis, and I. Stamelos, “Evaluating children per-
formance with graphical and tangible robot programming tools,” Pers.
Ubiquitous Comput., vol. 19, no. 1, pp. 225–237, 2015, doi:10.1007/
s00779-014-0774-3.

[10] L. Slangen, Teaching Robotics in Primary School. Eindhoven, Nether-
lands: Eindhoven Univ. Technol., 2016.

[11] L. Slangen, H. V. Keulen, and K. Gravemeijer, “What pupils can learn
from working with robotic direct manipulation environments,” Int. J.
Technol. Des. Educ., vol. 21, no. 4, pp. 449–469, 2011, doi:10.1007/
s10798-010-9130-8.

[12] D. H. Jonassen, Modeling With Technology: Mindtools for Conceptual
Change. Upper Saddle River, NJ, USA: Pearson Merrill Prentice Hall,
2006.

[13] J. Rekimoto, “Multiple-computer user interfaces: Beyond the desktop
direct manipulation environments,” in Proc. Extended Abstr. Hum. Fac-
tors Comput. Syst., 2000, pp. 6–7, doi:10.1145/633292.633297.

FANCHAMPS et al.: EFFECT ON COMPUTATIONAL THINKING USING SRA-PROGRAMMING: ANTICIPATING CHANGES IN A DYNAMIC... 221

Authorized licensed use limited to: TU Delft Library. Downloaded on February 06,2023 at 10:31:23 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.14742/ajet.1334
https://dx.doi.org/10.1177/003172171309500111
https://dx.doi.org/10.1177/003172171309500111
https://dx.doi.org/10.1145/1118178.1118215
https://dx.doi.org/10.1007/s00779-014-0774-3
https://dx.doi.org/10.1007/s00779-014-0774-3
https://dx.doi.org/10.1007/s10798-010-9130-8
https://dx.doi.org/10.1007/s10798-010-9130-8
https://dx.doi.org/10.1145/633292.633297


[14] N. Fanchamps, L. Slangen, P. Hennissen, and M. Specht, “The influence
of SRA programming on algorithmic thinking and self-efficacy using
lego robotics in two types of instruction,” Int. J. Technol. Des. Educ.,
vol. 31, pp. 203–222, 2021, doi:10.1007/s10798-019-09559-9.

[15] A. Costa and B. Kallick, Habits of Mind: Activating and Engaging.
Alexandria, VA, USA: ASCD, 2000.

[16] D. Barr, J. Harrison, and L. Conery, “Computational thinking: A digital age
skill for everyone,” Learn. Lead. Technol., vol. 38, no. 6, pp. 20–23, 2011.

[17] A. Thijs, P. Fisser, and M. V. D. Hoeven, Digitale Geletterdheid En 21e
Eeuwse Vaardigheden in Het Funderend Onderwijs: Een Conceptueel
Kader. Enschede, Netherlands: SLO, 2014.

[18] E. Silk, C. Schunn, and R. Shoop, “Synchronized robot dancing: Moti-
vating efficiency & meaning in problem-solving with robotics,” Robot.
Mag. Carnegie Mellon Robot. Acad., vol. 17, pp. 74–77, 2009.

[19] SLO. Curriculum Van De Toekomst. Enschede, Netherlands: SLO, Jun.
2019. [Online]. Available: http://curriculumvandetoekomst.slo.nl/21e-
eeuwse-vaardigheden

[20] I. Lee et al., “Computational thinking for youth in practice,” ACM
Inroads, vol. 2, no. 1, pp. 32–37, 2011, doi:10.1145/1929887.1929902.

[21] M. U. Bers, L. Flannery, E. R. Kazakoff, and A. Sullivan, “Computational
thinking and tinkering: Exploration of an early childhood robotics curricu-
lum,” Comput. Educ., vol. 72, pp. 145–157, 2014, doi:10.1016/j.
compedu.2013.10.020.

[22] A. Yadav, S. Gretter, J. Good, and T. McLean, “Computational thinking in
teacher education,” in Emerging Research, Practice, and Policy on
Computational Thinking, P. Rich and C. Hodges, Eds. Berlin, Germany:
Springer-Verlag, 2017, pp. 205–220, doi:10.1007/978-3-319-52691-1_13.

[23] L. Perkovi�c, A. Settle, S. Hwang, and J. Jones, “A framework for computa-
tional thinking across the curriculum,” inProc. 15th Annu. Conf. Innov. Tech-
nol. Comp. Sci. Educ., 2010, pp. 123–127, doi:10.1145/1822090.1822126.

[24] A. Costa, Developing Minds: A resource Book For Teaching Thinking,
3rd ed. Alexandria, VA, USA: ERIC, 2001, pp. 1–592.

[25] J. D. Bransford, A. L. Brown, and R. R. Cocking, How People Learn.
Washington, DC, USA: National Academy Press, 2000.

[26] H. L. Swanson, “Influence of metacognitive knowledge and aptitude on
problem solving,” J. Educ. Psychol., vol. 82, no. 2, pp. 306–314, 1990,
doi:10.1037/0022-0663.82.2.306.

[27] Hmelo-Silver, “Problem-based learning: What and how do students learn?,”
Educ. Psychol. Rev., vol. 16, no. 3, pp. 235–266, 2004, doi:10.1023/B:
EDPR.0000034022.16470.f3.

[28] K. Appleton, “Problem solving in science lessons: How students explore
the problem space,” Res. Sci. Educ., vol. 25, no. 4, pp. 383–393, 1995,
doi:10.1007/BF02357384.

[29] R. Moreno, G. Ozogul, and M. Reisslein, “Teaching with concrete and
abstract visual representations: Effects on students’ problem solving,
problem representations, and learning perceptions,” J. Educ. Psychol.,
vol. 103, no. 1, 2011, Art. no. 32, doi:10.1037/a0021995.

[30] E. De Graaf and A. Kolmos, “Characteristics of problem-based
learning,” Int. J. Eng. Educ., vol. 19, no. 5, pp. 657–662, 2003.

[31] W. Hung, D. H. Jonassen, and R. Liu, “Problem-based learning,” Hand-
book Res. Educ. Commun. Technol., vol. 3, no. 1, pp. 485–506, 2008.

[32] A. Yadav, H. Hong, and C. Stephenson, “Computational thinking for all:
Pedagogical approaches to embedding 21st century problem solving in K-
12 classrooms,” TechTrends, vol. 60, pp. 565–568, 2016, doi:10.1007/
s11528-016-0087-7.

[33] L. Slangen, Techniek: Leren Door Doen! Didactiek en Bronnen Voor De
Pabo. Baarn, Netherlands: HB Uitgevers, 2009.

[34] J. R. Savery, Overview of Problem-Based Learning: Definition and Dis-
tinctions, the Interdisciplinary. West Lafayette, IN, USA: Purdue, 2015,
pp. 5–15.

[35] D. H. Dolmans,W. De Grave, I. H.Wolfhagen, and C. P. VanDer Vleuten,
“Problem-based learning: Future challenges for educational practice and
research,” Med. Educ., vol. 39, no. 7, pp. 732–741, 2005, doi:10.1111/
j.1365-2929.2005.02205.x.

[36] A.-R. Castledine and C. Chalmers, “LEGO robotics: An authentic problem
solving tool?,” Des. Technol. Educ., An Int. J., vol. 16, no. 3, pp. 19–27,
2011.

[37] J. Lindh and T. Holgersson, “Does lego training stimulate pupils’ ability to
solve logical problems?,” Comput. Educ., vol. 49, no. 4, pp. 1097–1111,
2007, doi:10.1016/j.compedu.2005.12.008.

[38] B. Ricca, E. Lulis, and D. Bade, “Lego mindstorms and the growth of
critical thinking,” Citeseer, vol. 2006, no. 1, pp. 1–6, 2006.

[39] R. D. Pea and D. M. Kurland, “On the cognitive effects of learning com-
puter programming,” New Ideas Psychol., vol. 2, no. 2, pp. 137–168,
1984, doi:10.1016/0732-118X(84)90018-7.

[40] P. V. Lith,Masterclass Robotica. Limbricht, Netherlands: Elektuur, 2006.
[41] C. Gregg, L. Tychonievich, J. Cohoon, and K. Hazelwood, “EcoSim: A

language and experience teaching parallel programming in elementary
school,” in Proc. 43rd ACM Tech. Symp. Comput. Sci. Educ., 2012,
pp. 51–56, doi:10.1145/2157136.2157155.

[42] P. Wyeth, M. Venz, and G. Wyeth, “Scaffolding children’s robot build-
ing and programming activities,” Lecture Notes Comput. Sci., vol. 3020,
pp. 308–319, 2004, doi:10.1007/978-3-540-25940-4_27.

[43] L. Slangen, N. Fanchamps, and P. Kommers, “A case study about sup-
porting the development of thinking by means of ICT and concretisation
tools,” Int. J. Cont. Eng. Educ. Life-Long Learn., vol. 18, no. 3,
pp. 305–322, 2008, doi:10.1504/IJCEELL.2008.018834.

[44] G. A. Demetriou, Mobile Robotics in Education and Research. Rijeka,
Croatia: IntechOpen, 2011, pp. 27–48.

[45] M. Dragone et al., “Robot soccer anywhere: Achieving persistent auton-
omous navigation, mapping, and object vision tracking in dynamic envi-
ronments,” in Proc. OPTO-Ireland, 2005, pp. 255–265, doi:10.1117/
12.608404.

[46] B. Caci and A. D’Amico, “Children’s cognitive abilities in construction and
programming robots,” in Proc. 11th IEEE Int. Workshop Robot Hum. Inter-
active Commun., 2002, pp. 189–191, doi:10.1109/ROMAN.2002.1045620.

[47] L. Slangen and E. Rohaan, “Programmeren en robotica,” in Onderzoe-
kend En Ontwerpend De Wereld Ontdekken, T. Malmberg, E. Rohaan,
S. Van Duijn, and R. Klapwijk, Eds. Groningen, Netherlands: Noordhoff
Uitgevers bv, 2018, Art. no. 18.

[48] J. Lavonen, V. Meisalo, and M. Lattu, “Collaborative problem solving in
a control technology learning environment, a pilot study,” Int. J. Tech-
nol. Des. Educ., vol. 12, no. 2, pp. 139–160, 2002, doi:10.1023/
A:1015261004362.

[49] S. C. Kong, “A curriculum framework for implementing information tech-
nology in school education to foster information literacy,” Comput. Educ.,
vol. 51, no. 1, pp. 129–141, 2008, doi:10.1016/j.compedu.2007.04.005.

[50] P. Mosley and R. Kline, “Engaging students: A framework using LEGO
robotics to teach problem solving,” Inf. Technol., Learn. Perform. J.,
vol. 24, no. 1, pp. 39–45, 2006.

[51] F. B. V. Benitti, “Exploring the educational potential of robotics in
schools: A systematic review,”Comput. Educ., vol. 58, no. 3, pp. 978–988,
2012.

[52] H. Kitano, M. Asada, Y. Kuniyoshi, I. Noda, E. Osawai, and H. Matsubara,
“Robocup: A challenge problem for AI and robotics,” in Proc. Robot Soc-
cerWorldCup, 2005, vol. 1395, pp. 1–19, doi:10.1007/3-540-64473-3_46.

[53] O. Miglino, H. H. Lund, and M. Cardaci, “Robotics as an educational
tool,” J. Interact. Learn. Res., vol. 10, no. 1, pp. 25–47, 1999.

[54] M. Asada, H. Kitano, I. Noda, and M. Veloso, “RoboCup: Today and
tomorrow—What we have learned,” Artif. Intell., vol. 110, no. 2,
pp. 193–214, 1999.

[55] B. Johansson and C. Balkenius, “An experimental study of anticipation
in simple robot navigation,” Lecture Notes Comput. Sci., vol. 4520,
pp. 365–378, 2007, doi:10.1007/978-3-540-74262-3_20.

[56] D.-H. Kim and J.-H. Kim, “A real-time limit-cycle navigation
method for fast mobile robots and its application to robot soccer,”
Robot. Auton. Syst., vol. 42, no. 1, pp. 17–30, 2003, doi:10.1016/
S0921-8890(02)00311-1.

[57] H. Kitano, M. Asada, Y. Kuniyoshi, I. Noda, and E. Osawa, “Robocup:
The robot world cup initiative,” in Proc. 1st Int. Conf. Auton. Agents,
1995. pp. 340–347, doi:10.1145/267658.267738.

[58] D. Weintrop and U. Wilensky, “To block or not to block, that is the
question: Students’ perceptions of blocks-based programming,” in Proc.
14th Int. Conf. Interact. Des. Child., 2015, pp. 199–208, doi:10.1145/
2771839.2771860.

[59] A. Field, Discovering Statistics Using IBM SPSS Statistics. Newbury
Park, CA, USA: Sage, 2013.

[60] M. G. Voskoglou and S. Buckley, “Problem solving and computational
thinking in a learning environment,” Egyptian Comput. Sci. J., vol. 36,
no. 4, pp. 28–46, 2012.

222 IEEE TRANSACTIONS ON LEARNING TECHNOLOGIES, VOL. 15, NO. 2, APRIL 2022

Authorized licensed use limited to: TU Delft Library. Downloaded on February 06,2023 at 10:31:23 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.1007/s10798-019-09559-9
https://dx.doi.org/10.1145/1929887.1929902
https://dx.doi.org/10.1016/j.compedu.2013.10.020
https://dx.doi.org/10.1016/j.compedu.2013.10.020
https://dx.doi.org/10.1007/978-3-319-52691-1_13
https://dx.doi.org/10.1145/1822090.1822126
https://dx.doi.org/10.1037/0022-0663.82.2.306
https://dx.doi.org/10.1023/B:EDPR.0000034022.16470.f3
https://dx.doi.org/10.1023/B:EDPR.0000034022.16470.f3
https://dx.doi.org/10.1007/BF02357384
https://dx.doi.org/10.1037/a0021995
https://dx.doi.org/10.1007/s11528-016-0087-7
https://dx.doi.org/10.1007/s11528-016-0087-7
https://dx.doi.org/10.1111/j.1365-2929.2005.02205.x
https://dx.doi.org/10.1111/j.1365-2929.2005.02205.x
https://dx.doi.org/10.1016/j.compedu.2005.12.008
https://dx.doi.org/10.1016/0732-118X(84)90018-7
https://dx.doi.org/10.1145/2157136.2157155
https://dx.doi.org/10.1007/978-3-540-25940-4_27
https://dx.doi.org/10.1504/IJCEELL.2008.018834
https://dx.doi.org/10.1117/12.608404
https://dx.doi.org/10.1117/12.608404
https://dx.doi.org/10.1109/ROMAN.2002.1045620
https://dx.doi.org/10.1023/A:1015261004362
https://dx.doi.org/10.1023/A:1015261004362
https://dx.doi.org/10.1016/j.compedu.2007.04.005
https://dx.doi.org/10.1007/3-540-64473-3_46
https://dx.doi.org/10.1007/978-3-540-74262-3_20
https://dx.doi.org/10.1016/S0921-8890(02)00311-1
https://dx.doi.org/10.1016/S0921-8890(02)00311-1
https://dx.doi.org/10.1145/267658.267738
https://dx.doi.org/10.1145/2771839.2771860
https://dx.doi.org/10.1145/2771839.2771860


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


