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Abstract:  

The child, even when very young, has ideas about physical concepts and phenomena, 

and these ideas play a role in the learning experience. For the physicist, light is an 

entity that propagates in space from a source that interacts with objects it encounters 

in its path and then produces various perceptible effects. Data from relevant research 

shows that 4 to 12-year-old children have ideas that do not correspond to the school 

scientific models. In this research, we study the ideas of 9-to 10-year-old children 

about the concept of light. 134 primary school children (69 female and 65 male) 

participated in this study. The directive individual interview was the technique we 

used in our research. Results show that 9-10 years old children used different 

categories of light ideas. 
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1. Introduction 

 

In the context of Science Education, the question of the construction of ideas of the 

physical world in the child's mind constitutes a sufficiently explored field of research. A 

large part of contemporary research focuses on the study of spontaneous ideas of 

students of different ages for various concepts and phenomena (Kontili et al., 2025; 

Nertivich, 2013; Ravanis, 2013; Rodriguez et al., 2014; Tin, 2022). In the last decades, in 

several studies we can see that, from birth, children approach the physical world, 

formulate and reformulate certain ideas, solve problems and gradually acquire 

knowledge of physical phenomena. Starting from the hypothesis that everyone in each 

situation mobilizes personal explanatory systems, it is often found that their own idea 

can be an obstacle to the appropriation of scientific concepts (Arun, 2023; Ravanis, 2020, 

2021; Sotirova, 2024; Tin, 2016). 

 Students’ ideas, being the product of the child's individual and social history, are 

in continuous interaction with the socio-cultural and educational environment and 
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therefore, have a dynamic, developmental and evolutionary character. Thus, if the ideas 

that the child uses to approach the phenomena of the natural world are distant or in 

contradiction with certain elements of scientific models, the dominant ideas of current 

research in Science Education field, aim at the construction of pedagogical interventions 

and didactic situations likely to promote the transition to conceptions and mental forms 

explanatory of naive, implicit, local and unconscious ideas of notions or phenomena 

(Baldy, 2023; Charalampopoulou et al., 2023; Fragkiadaki et al., 2016; Rodriguez, 2018; 

Sotirova 2017, 2020). 

 As has often been demonstrated by descriptive research focused on the ideas of 

light and various optical phenomena that children aged 4 to 12 have, among a series of 

difficulties regarding the propagation and interaction of this physical entity with 

different objects, the main obstacle concerns the recognition of light as a particular-

autonomous entity, produced in light sources and causing phenomena as it propagates 

through space. According to the authors who have studied this subject, this difficulty 

stems from the tendency of subjects to associate light exclusively with its source or the 

visible effects it causes (Castro, 2013, 2019; Grigorovitch, 2014; Guesne, 1984, 1985; 

Ravanis et al., 2002; Rodriguez & Castro, 2020). This kind of reasoning, apart from the 

approach to light itself, results in difficulties and obstacles in understanding phenomena 

that are approached by Geometric Optics, such as, for example, the formation of 

shadows, reflection, refraction, lenses, vision (Castro, 2018; Grigorovitch, 2015, 2020; 

Esgalhado et al., 1987; Fawaz, 1985; Keles et al., 2010; Kokologiannaki et al., 2013; Kottara 

et al., 2024; Ravanis et al., 2005, 2010; Voutsinos, 2013; Yurumezoglu, 2009). 

 The research presented in this article is based on an approach that aims to capture 

children's ideas about light in order to identify their difficulties that should be taken into 

account in the following educational and teaching process. Several psychological and 

epistemological theories clearly show that systematic guidance can transform children's 

reasoning and cognitive patterns. The proper didactic question that arises then is to know 

how the teacher can contribute, through guidance, to the access by children to new 

explanatory models; in other words, how the teacher, knowing in detail the spectrum of 

possible obstacles, can help the student to reorganize and modify his spontaneous ideas 

of the physical world (Arun, 2019; Draganoudi et al., 2023;  Hoang, 2019; Mabejane et al., 

2018; Petrovici, 2008). 

 Our research focuses on the study and categorization of ideas of 9-10-year-old 

children on the concept of light and the examination of possible differences between the 

ideas of boys and girls. From the results obtained, we attempt to develop and schematize 

the main axes of a model of didactic intervention aimed at overcoming the cognitive 

obstacles created by the students' own ideas. 

 

2. Methodology 

 

This research involved 134 subjects (65 boys, 69 girls) aged 9-10 years old, with an average 

age of 9.41. The participants came from 9 primary school classes, and the sample selection 

was convenient (Cohen et al., 2018; Fraenkel et al., 2019). The children in this sample had 
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no prior organized educational intervention at school on the concept of light or other 

optical phenomena. Their academic performance was average, and their parents had no 

education or scientific expertise in science or technology. 

 The identification of children's ideas was carried out through individual semi-

structured interviews, which took place in the schools' laboratories, with the permission 

of the school, the written consent of the parents and the voluntary participation of the 

students. Each interview lasted approximately 15 minutes and was carried out by a 

researcher who was not a teacher in any of these classes (Creswell et al., 2018).  

 Five tasks were proposed to each student. The questions asked concerned the 

recognition of light as a distinct entity in space. The interview took place in a room lit by 

sunlight and lamps and specially arranged for this purpose inside the school. Next, we 

will present the tasks, the devices and some characteristic excerpts of children's 

responses. We also present the frequencies of the subjects' responses, and we propose a 

categorization of the children's ideas. For the comparison of possible differences between 

the ideas of boys and girls, the X2 test was carried out. 

 

3. Results 

 

To gather various types of information about children's ideas of light, different types of 

tasks were used:  

a) “Open-ended question tasks” (1 and 2): These allow us to identify the aspects that 

children can verbally express when asked about light. 

b) “Experimental situation tasks” (3, 4, and 5): These are presented as open-ended 

problems and provide information not strictly related to children's verbal 

expression. 

 

Task 1 

Each child was asked the question: “What light is to you?”. With this question, we seek 

to know if children spontaneously distinguish light as an entity separate from light 

sources and visible effects. From this first question, we obtained answers that we 

classified into four categories: 

a) Responses that recognize the existence of light as an entity in space. For example, 

“It is like….. train tracks coming from the sun”, “......they are the rays that cross 

the room....”, “.....are rays that can and do pass through the windows …..”. 

b) Responses centered on the visible effects produced by light. For example, “.....is 

that white thing on the desk, the chair, the wall.....”, “Light .... illuminates the room 

and objects”. 

c) Responses centered on light sources. For example, “It's a lamp that lights us....”, 

“It's the lamps… and another kind.... the sun”. 

d) No response or responses in which the formulation of ideas is not clear. 
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Task 2 

Each child was asked the question: “What does light do?”. With this question, we want 

to know if children focus on light sources, their operating characteristics, and some 

directly perceptible phenomena such as heating and lighting, or if they recognize other 

more general phenomena such as life, plant growth, etc. The answers obtained from this 

question were classified into four categories: 

a) Responses that recognize more general effects caused by light as an entity. For 

example, “.... (light) illuminates the whole planet”, “....it makes day”. 

b) Responses centered on the perceptible effects produced by light. For example, “It 

illuminates the blackboard and the table”, “We see the light of the sun in different 

things....”. 

c) Responses centered on the presence and function of light sources. For example, 

“.... it is we who turn it on (the lamp) and it lights the room ....”, “Light is in in the 

lights and…. in the sun….. that illuminates us”. 

d) No response or responses in which the formulation of ideas is not clear. 

 Table 1 presents the distribution of subjects' responses to the two open-ended 

question tasks proposed. 

 
Table 1: Frequencies of boys' and girls' responses to the two open-ended question tasks 

 
Task 1 Task 2 

Boys Girls Boys Girls 

General effects 5 7 8 9 

Perceptible effects 12 14 41 39 

Light sources 37 35 16 21 

No response 11 13   

 

Task 3 

We ask the children to show us some places in the room, “where there is light?”. When 

the children exclusively show us the functioning light sources and/or the well-lit or 

strongly lit surfaces, we ask them to show us other places to check if they can evoke light 

in space. The children's responses were categorized as follows: 

 

a) Recognition of light as an autonomous entity in space or on weakly lit surfaces. 

For example, “Light is everywhere all-around and... fills the air...”, “It’s below…. 

above, to the left and to the right... everywhere”, “...it's everywhere.... everywhere 

you look it's light….”. 

b) Focus on strongly lit surfaces and/or light sources. For example, “I see light on the 

curtains, on the table, and there on the floor...”, “It’s in the lamp... and in places 

where we can see it...”, “It’s everywhere... on the floor... on the table... (There, on 

the ceiling?)… no... I don’t see light there”, “It’s the sun and electric lamps in the 

room”, “When we turn on this electric lamp... it has light (touches the lamp) ... it’s 

not on... it’s hiding its light now...”. 

c) No response or responses where the formulation of ideas is unclear. 
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Task 4 

By turning on a flashlight, we produce a light spot on the wall, and we ask each child: 

“Where is there light coming from the flashlight?”. If the children recognize the existence 

of light in the flashlight and on the wall, we ask them, pointing somewhere between the 

flashlight and the wall: “Is there light between the flashlight and the wall?”. This situation 

gives children the opportunity to recognize light outside of sources, on a light spot or in 

space, within a familiar situation. The answers obtained were classified into four 

categories: 

 

a) Recognition of light in space. For example, “It is everywhere in the air .... up to the 

wall ...... we cannot always see it”. 

b) Focus on the light spot on the wall and/or on light sources. For example, “There is 

on the white wall ... here it is ... the illuminated round spot ....”, “There .... on the 

wall”, “The light is in the bulb and on the wall’, ‘It's the flashlight that you are 

holding”. 

 

Task 5 

Place two rectangular pieces of cardboard vertically on a horizontal table, so that the 

pieces of cardboard are a few centimeters apart. A short distance away, we place a light 

source (figure 1). The piece of cardboard opposite the lamp has a hole in it at the same 

height as the lamp. When the lamp is on, the beam formed between the two cardboard 

boxes is not visible due to the diffuse lighting of the room. So, children will be asked to 

think about an entity that is not perceived. 

 

 
Figure 1: The experimental setup 

 

 We turn on the lamp and ask the children if there is light in the space between the 

two vertical pieces of cardboard. With this task, we seek to know if the children recognize 

light as an entity in space, this time within the context of an unfamiliar situation. The 

children's responses were classified into two categories: 

a) Light is recognized in the space before and between the two pieces of cardboard. 

For example, “.... it goes to the hole .... it passes through there, it continues between 

the two pieces of cardboard .... and it arrives at the cardboard”, “…. it passes 

through the hole and it is located there (between the two pieces of cardboard)”. 
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b) Light is not recognized in space. For example, “The lamp .... it illuminates the 

cardboard… (And the light?) …. The light…. is on the cardboard ….”, “On the 

cardboard .... there is light”. 

 Table 2 shows the distribution of the subjects' responses to the three experimental 

task-situations proposed. 

 
Table 2: Frequencies of boys' and girls' responses to the three experimental tasks 

 
Task 3 Task 4 Task 5 

Boys Girls Boys Girls Boys Girls 

Space 12 13 18 21 16 19 

Surfaces/sources 52 56 47 46 49 50 

No response 1   2   

 

4. Discussion, Pedagogical Implications and Conclusions 

 

From an analysis of the responses, we can observe the difficulties of 9-10-year-old 

children and formulate categories of ideas of the subjects on the concept of light. The 

results obtained from the first two open-ended question tasks indicate that, for the 

majority of children, light is associated with light sources. This corresponds to a common 

social interpretation centered on perceptual aspects. The focus on light sources and/or on 

the effects produced constitutes an obstacle to a conception of light as an entity in the 

space between a source and a reflecting surface. The results obtained from the three 

experimental situation tasks confirm the results obtained from the first two open-ended 

question tasks. It is obvious that children firmly associate light with light sources. They 

also associate it with the strong light imprints on the various everyday objects in their 

space, as in the case where we used a flashlight. These data are consistent with the results 

of the relevant literature (Castro, 2013; Grigorovitch, 2014; Rodriguez & Castro, 2020). 

 Regarding the ideas of boys and girls, no distinctions could be observed between 

the two samples, given that the X2 test does not give any statistically significant 

differences. The problems and difficulties found are common to both groups of children. 

 From a didactic and pedagogical point of view, these results lead us to consider 

that the essential obstacle at the age of 9-10 is not simply that of recognizing the existence 

of light in space. The essential obstacle relates to the difficulty of considering that light 

and light sources are entities that do not have the same status. This difficulty obviously 

has implications at the didactic level, given that the change of primitive conceptions of 

the student cannot occur spontaneously. Nevertheless, the clear knowledge of the 

different types of ideas allows the construction of didactic procedures likely to favor the 

transition to new ideas, compatible with the school scientific model of Geometric Optics 

(Castro et al., 2014; Rodriguez et al., 2016). 

 If light is attached strictly to light sources, it is impossible to understand any 

problem relating to phenomena involving the rectilinear propagation of light in all 

directions, such as, for example, the formation of shadows, diffusion phenomena, the 

formation of images by mirrors or lenses. Therefore, the recognition of light as an entity 
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distinct from the source is a prerequisite for any didactic activity relating to teaching on 

the concept of light. 

 This research was carried out as part of the development of the main axes of a 

didactic model for the cognitive construction of the concept of light. We hope to have 

given some indications that the planning of activities on light for children of 9-10 years 

of age should mainly aim at overcoming the obstacle concerning the assimilation of light 

to its source. The data of this research are of interest for the formulation of teaching 

practices and for the development of teaching and teacher training programmes (Arun, 

2017, 2018; France, 2008; Hoang, 2019; National Research Council, 2011, 2012). Indeed, 

the particular significance of the important obstacle that children encounter in 

understanding light affects the set of possible teaching objectives in the context of 

Geometric Optics and therefore, measures need to be taken across the whole spectrum of 

the preparation and implementation of teaching. 
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