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 The present study focuses on the approach of the concept of light by primary 

school students. The study explores how a teaching procedure founded on 

using the metaphor that light travels as a wave reflects on the concept of light 

as a distinct natural entity. The experimental method was used for the 

research. One hundred and fifty-two children aged between 7 to 8 years old 

(average age 7.59) from 9 different primary school classes in Colorado, USA, 

participated in the research. An experimental and control group was 

delineated. Following a socio-cognitive perspective, the experimental group 

took part in a teaching procedure based on using the metaphor that light 

travels as a wave. Following an empiricist perspective, the control group took 

part in a teaching procedure based on a description of the phenomenon 

without using a metaphor. Data had been collected through pre and post-test, 

which results were analyzed using the Mann-Whitney test. The quantitative 

analysis showed an essential difference between the two groups. The 

experimental group pupils achieve higher learning outcomes as they better 

understand light as a distinct entity. It is argued that using a metaphor allows 

children to make connections with their everyday life, wonder about, and 

conceptualize light in a more efficient and meaningful way. The study informs 

everyday educational practice by providing a quality improvement element 

for learning and teaching about the primary classroom light.  
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INTRODUCTION  

A clear aspiration for children's advanced 

learning outcomes in science throughout 

school life is highlighted through 

curriculums, pedagogical handbooks, and 

policy documents anywhere in the world. 

Changes in children's learning outcomes 

require an improvement in teaching and 

learning interventions that are more efficient 

and meaningful to young children. Students' 

thinking about science concepts and 

phenomena has been widely discussed in the 

framework of Science Education research 

(Fratawi et al., 2020; Latifah et al., 2018; 

Saregar et al., 2018; Sotirova, 2017; Tin, 

2018). What is known from the longstanding 

research in the field is that also young 

children have a wide range of alternative 

conceptions, mental representations, 

misconceptions, ideas, and arguments about 

the physical and technical world that 

surrounds them (Elmali & Şimşek, 2020; 

Fragkiadaki & Ravanis, 2015; Herakleioti & 

Pantidos, 2016; Kaliampos & Ravanis, 

2019). Despite the uniqueness of young 

childrens' thinking in science, the literature 

has indicated that their thinking is not 

accordant with the scientific models used in 

early years education when children enter 

school life. Research has shown that 
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children's thinking about the phenomenon is 

not in line with the Physics model. From an 

educational perspective, this emphasizes the 

necessity for organizing appropriate teaching 

and learning interventions for achieving 

qualitative changes in young children's 

thinking (Adbo & Carulla, 2019; Fragkiadaki 

& Ravanis, 2016; Pereira et al., 2020).  

The study explores how a teaching 

procedure founded on using the metaphor of 

light traveling as a separated “object” 

positively affects students' thinking about the 

comprehension of light as a distinct natural 

entity. An experimental group (from this 

point, it will be referred to as EG) and a 

control group (referred to as CG) was 

delineated in a constructivist, socio-

cognitive, and an empiricist approach, 

respectively (Ravanis, 2017).  

Following a socio-cognitive perspective, 

the EG took part in a teaching intervention 

founded on a metaphor. We could define 

metaphor as a mental tool that uses a 

comprehensible state of the elements and the 

relationships between them to understand a 

new state (Giren, 2016; Onen Ozturk & 

Aglarci, 2017). 

Following an empiricist perspective, the 

CG participated in a teaching intervention 

based on a traditional description of the 

phenomenon without using a metaphor. 

However, traditional teaching also has some 

critical features of students' and teachers' 

practices. In a traditional classroom, the 

student awaits to transfer the new 

information from the teacher. The teacher's 

usual practices are the transfer of new 

information, the exercise of the students, and 

the standardized control of the students for 

the acquisition of the new knowledge 

(Bigozzi et al., 2018). A comparative 

qualitative analysis followed. 

The study begins with a review of what is 

known about young children’s conceptions 

about light, where specific obstacles in 

children’s thinking are identified. This is 

followed by a theoretical framing about 

compatibility between young children’s 

thinking in Physics and the scientific model 

used in Early Childhood Science Education. 

The methodology for the twofold research 

procedure is explained in detail, and the 

quantitative results are discussed. The study 

argues that using a metaphor allows children 

to make connections with their everyday life, 

wonder about, and conceptualize light in a 

more efficient and meaningful way. The 

study informs everyday educational practice 

by providing a quality improvement element 

for instruction about the concept of light in 

school settings. The study concludes by 

stressing the need for an update in Science 

Education for early years, suggesting a 

teaching-oriented model towards an 

alternative conception of learning. 

 

The Transitive thinking and the Scientific 

Concept of Light: A Constructivist 

Perspective 

Transitive reasoning is a form of logico-

mathematical thinking. For example, if we 

know that X > Y and Y > Z, then we can 

conclude without being told than X > Z., You 

can replace "greater than (>)" with any other 

transitive relation. As argued by Piaget 

(1971), transitive thinking is the recognition 

that “if X→Y and Y→Z, then X→Z." 

Transitive thinking was first identified as 

logical-mathematical knowledge. However, 

natural entities (e.g., heat, sound, or energy) 

that start from a source, propagate in space, 

and end up somewhere, can be understood as 

natural transitions of two steps. This kind of 

thinking is named "operational transitivity" 

(Piaget, 1971). This article will study the 

"operational transitivity” effect for the light 

as a distinct “object” in space. Indeed, as 

Ravanis (2012) suggested, for a student at the 

pre-operational stage of thinking, light is 

recognized on visible lighted areas (ViLiAr) 

and light sources (LiSo) or both via reasoning 

of the direct transition of the following form: 

LiSo→ViLiAr. Consequently, at this level, 

the child does not recognize the space in 

which light beams transmit, or in other 

words, the space of light’s propagation 

(SpPrLi). However, a specific form of 

logico-mathematical transitivity highlighting 
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operational thought: LiSo→SpPrLi and 

SpPrLi→ViLiAr →LiSo→ViLiAr.  

This Piagetian theoretical scheme 

functions as a general model for 

understanding the propagation of invisible 

natural entities produced in specific sources. 

On this basis, the conception of light 

constructed on transitivity imposes on 

thought the propagation in two phases. For 

each phase, the recognition of the existence 

of light in space is necessary. 

 

Young Children’s Conceptions about 

Light 

The theoretical composition of Geometric 

Optics is an appropriate framework to 

conceptualize a series of concepts and 

phenomena related to light and its 

interactions with matter. So, very often in 

research looking for the reasoning of students 

on issues such as rectilinear propagation of 

light (Castro, 2018), shadows formation 

(Grigorovitch & Nertivich, 2017; Voutsinos, 

2013), the vision (Ravanis, 2018; Sotirova, 

2018).   

In this perspective, the challenge of 

understanding light as a distinct entity 

diffused separately from the light source and 

transmitted in space has previously been 

known in several types of research focusing 

on primary and secondary school students. 

What is known from this empirical research 

is that student thinking is concentrated more 

on objects that produce light or in highly lit 

areas or spots where light ends and is easily 

"visible" due to reflection and diffusion 

(Castro & Rodriguez, 2014; Grigorovitch, 

2015).  

In that framework, specific teaching 

procedures were intended using methods of 

particular teaching exchanges. The class 

settings can assist students to construct the 

conceptions which they do not have or create 

the conditions for the construction, 

deconstruction, and reconstruction of their 

scientific thinking about the light in a way 

that is accordant with the scientific model 

(Grigorovitch, 2014; Ravanis et al., 2013; 

Rodriguez & Castro, 2016). 

In this research, the hypothesis formulated 

is that the comparison between two different 

teaching strategies makes it possible to 

highlight that a specific metaphor can 

support students transform a pre-operational 

alternative conception of light into a Physics-

accordant operational conception.  

 

METHODS  

Sample 

One hundred and fifty-two (152) students 

(74 boys and 78 girls) from 7 to 8 years old 

(average age 7.59) participated in the study. 

The students were recruited from nine (9) 

different primary school classes. In this 

study, the convenience sampling method was 

used to select schools and classrooms 

(Bryman, 2016). 

All nine classes, located in semi-urban 

areas, were in Denver, Colorado, in the 

United States of America. Student 

performance was distributed across the score 

spectrum. Students came from families of all 

social levels, and they were randomly 

separated into two (2) groups of seventy-six 

(76) children each that is the EG and the CG.  

 

The Research Procedure 

For the research we present here, the 

experimental method was used. The research 

was conducted with two groups of students 

(EG and CG) in three phases (pre-test, 

teaching interventions, post-test). 

The research design was oriented towards 

realizing a teaching procedure based on the 

use of a metaphor to support students' 

comprehension of light transmission. The 

teaching intervention's anticipated outcomes 

were to position students able to construct a 

model for understanding the concept 

accordant to the scientific one used in the 

early years of science education. In line with 

the Geometrical Optics model, the 

intervention aimed to shift students' thinking 

from a pre-operational model of thinking 

towards an operational model of thinking. A 

metaphor from children’s everyday life was 

used. According to Ravanis et al. (2013), an 

appropriate tool for understanding light is the 
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metaphor of light traveling in space. An EG 

and a CG were delineated and a comparative 

quantitative analysis followed between the 

two groups. 

 

 
 

Figure 1. The Experimental Design 

 

In line with the findings of short pilot 

research, the general design consisted of 

three phases: (1) a pre-test data collection, (2) 

teaching procedure, (3) post-test data 

collection. Both groups, the EG, and the CG 

participated in the three phases.   

 

The tasks 

During (a) and (c) phases, students 

participated in a set of three tasks. The 

description of the three tasks follows. 

• Task 1: The task took place in a room 

with light rays from the sun. Students 

were asked to indicate to three or 

more points where "there is light." 

The students were then encouraged to 

give many answers. The task aimed to 

confirm whether or not students could 

recognize light as a distinct entity 

inside the room. 

 

• Task 2: In the second task, we use an 

electric pocket lantern. We emit a 

beam of light on a wall, and a bright 

circle is formed there. When the lamp 

was on, the student was asked the 

following question: “Where is the 

light from the torch?” If the student 

indicated the lit spot and the torch's 

lamp, children were in add asked the 

following question: “In the air, is 

there any light between the torch and 

the surface of the wall?”. The task's 

aim was for the student to respond 

without using his/her vision because 

vision-based can give an answer that 

comes from merely concentrating on 

the bright circle on the wall and not 

from transitivity thinking.  

 

• Task 3: In the third task, we use the 

following experimental setup. On the 

table are two cards (A and B). On 

card A, a circular hole was cut out. 

Opposite the hole, there is a table 

lamp (L), as illustrated in the 

following figure (Figure 2). 

 

 
Figure 2. The Arrangement of the Objects in Τask 3 

 

The set was presented to the students. 

Then, the lamp was turned on. At that point, 

students were asked: “Is there any light from 

the lamplight between the two cardboards?”. 

If the student answers that "there is light," we 

ask them to explain their thoughts in detail. 

In the case the answer was negative, children 

were in add asked the following question: “In 

the air, is there any light from that lamp?”. 

The aim here was to investigate whether 

students can recognize the light not visible as 

a distinct entity in space. If this happens in an 

unusual task, it seems that children go 

beyond their concentrations, use a 

transitional schema of reasoning. Because if 

this is indeed the case, they have the 

cognitive conditions to approach the 

representation of Geometric Optics. 

 

The Experimental and the Control Group  

The teaching and learning intervention 

phases differ for the two groups. The 

fundamental difference between the two 

Experimental Group 

(EG)

Pre-test

Socio-cognitive 
teaching 

intervention

Post-test

Control Group 

(CG)

Pre-test

Empiricist 
teaching 

intervention

Post-test

B A

L
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procedures was the absence of the use of the 

metaphor. 

During the EG intervention, the metaphor 

led the communication and the interactions 

between the teachers and the students. The 

intervention in the EG aimed to create 

conditions for the students to shift their 

thinking from a pre-operational alternative 

way of thinking towards an operational 

conception of thinking about light 

transmission through the use of the metaphor. 

The intervention was held with groups of 

three (3) to five (5) children. The duration of 

the teaching intervention was the same as the 

original primary classroom settings.  

Based on Ravanis (1999), students use a 

light comprehension scheme that connects 

the light source and its receiver without 

intermediaries. That is why in the EG, we 

tried to go to a form of understanding that 

necessarily goes through the path that light 

makes. Indeed, here we have tried to lead 

students' thinking from a misconception to a 

model in which light is recognized as a 

distinct entity. With this aim, we questioned 

the EG students: a) “Where does the light 

come from?”. b) “How does the light come to 

us?” During the discussion with the students, 

we use the metaphor "trip of light from the 

source to the wall." In contrast, around this 

metaphor, we place all the elements of the 

model of Geometric Optics (sun as a source, 

a voyage in space towards other planets or 

lamp as a source, travel through space 

towards us) and the relationships that connect 

them. 

Also, to help students perceive light as a 

distinct natural "object," we talked about the 

sun's rays, their course in space, their 

approach to the Earth's atmosphere, their 

passage through the clouds, and their arrival 

on Earth's surface, using at the same time the 

terms "rays," "beams" and, "light." 

We then tried to connect the light with 

everyday life, working with students based 

on a picture and a sketch showing light beams 

accentuated. We debated with them the light 

shown in the illustrations and the idea that 

there is no light in space. This discussion 

aims to lead students to understand the 

contradiction. Then we are discussing the 

"travel of light" concept again and thus 

complete our teaching intervention. 

During the CG intervention, the children 

attended a teaching intervention where an 

empiricist procedure was accurately taking 

place. The teaching process was based on the 

phenomenon of sunlight reaching the Earth 

but without reference to the "travel" 

metaphor. The operation and role of light 

sources in light production were discussed in 

detail, and the sun was identified as an 

essential source of light. Thus, the self-lit and 

hetero-lit light sources were distinguished. 

Throughout the educational process, 

teaching materials such as photographs, 

images, three-dimensional objects (the sun 

and the planets, small light sources 

sometimes in operation, and sometimes not) 

were used systematically. 

 

Data Collection 

During the three phases, data regarding 

students' conception of light's phenomenon 

were collected through individual interviews. 

The average duration of these interviews was 

thirteen (13) minutes. The interviews with 

the students took place in the school's science 

laboratory. The interviews were recorded to 

be analyzed. During the interviews, students 

were asked to express their thinking 

regarding the concept of light transmission 

for all three tasks. The pre-test interviews 

were conducted 1.5 months before the two 

teaching procedures, and the post-test 

interviews were conducted 1.5 months after 

the teaching. 

 

Criteria of Evaluation 

Between the pre-test and the post-test, the 

students' mental representations were 

compared as they were expressed in their 

answers. So, we have answers that suggest a 

transition from a pre-operational 

misconception in the pre-test to an 

operational answer compatible with the 

model of Geometric Optics in the post-test 

(progress). We also have answers to which 
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the basis of reasoning expressed before and 

after teaching remains constant (immobility). 

 

RESULTS AND DISCUSSION 

In the research, we work with two 

independent samples of randomly selected 

students by the same population. The Mann-

Whitney test was used to compare the 

possible differences in students' reasoning 

between pre-test and post-test. This 

comparison was made at a level of statistical 

significance of 0.05. 

As we have already analyzed in the 

research, we had two groups and performed 

two tests (pre- and post-tests) for each group. 

In all the students' answers, two-level 

reasoning was identified: hose that 

recognizes the light in space and is 

compatible with Geometric Optics (category 

C), and those that recognize the light in 

sources and brightly lit spots and are 

incompatible with Geometric Optics 

(category I). The frequencies of the students' 

answers are presented in Table 1. 

The qualitative analysis of the responses 

showed the following: 

C) In this category of answers, the main 

feature of reasoning is the recognition of light 

in space, where the interaction of light with 

air does not leave any visible trace. For 

example, “We can't see it.... it's all around us 

...” (Task 1, subject 132). “It starts from the 

lamp .... it flies in the air .... and goes to the 

wall (shows the route manually)” (Task 2, 

subject 28). “The light from the lamp will go 

to the wall .... but it will be in between 

because it passes through... (the children 

show the direction of light)” (Task 2, subject 

37). “As I told you before with the torch, the 

light will start from the lamp and pass 

through the hole to reach the other cardboard. 

If the lamp is lit there will be light between 

the two cardboards...” (Task 3, subject 37). 

I) In this category of answers, students do 

not recognize the light in the air, but in light 

sources and objects in which there is a vital 

trace of light. “The light? We see it on the 

floor” (Τask 1, subject 98). “….So the light 

is on the lamp of the torch and on the wall 

opposite” (Task 2, subject 119). “The light 

when passed through the hole will fall on the 

second cardboard. Between the two there will 

be no light ...... there is air ...” (Task 3, subject 

113).  

 
Table 1. Frequencies of EG and CG Students’ 

Answers in Three Tasks 

 PRE-TEST POST-TEST 

  EG CG EG CG 

Task 

1 

Cat. C 6 5 42 10 

Cat. I 70 71 34 66 

Task 

2 

Cat. C 25 24 46 31 

Cat. I 51 52 30 45 

Task 

3 

Cat. C 14 16 47 21 

Cat. I 62 60 29 55 

 

In the pre-test, category C answers were 

for the three tasks, respectively 6, 25 and, 14 

for EG and 5, 24, and 16 for CG. In the post-

test, the respective answers' frequencies were 

42, 46, and 47 for EG and 10, 31, and 21 for 

CG. The answers given by the students of 

both groups in the pre-test were equivalent. 

In contrast to the post-test, the students' 

responses in the ΕG were much better than 

those of the students in the CG. 

Changes in the responses of the students 

of the two groups between pre- and post-tests 

are recorded in Table 2. The modifications in 

the children's estimations seem to confirm 

the hypothesis of the research. In the first 

task, the EG children showed more progress 

than those of the CG. In all three tasks, the 

differences between the two groups are 

statistically significant (task 1: U=2120, 

p<0.001, task 2: U=2632, p<0.02, task 3: 

U=2219, p<0.002)  

The results of Table 2 and their statistical 

processing show that the EG group students 

can recognize light as a distinct entity in air 

more than that of the students of the CG. 
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Table 2. Frequencies of Changes in Students' 

Responses between the Two Tests (pre- 

and post-) 

  
PRE-TEST / 

POST-TEST 

  EG CG 

Task 1 
Progress 36  5 

Immobility 40 71 

Task 2 
Progress 21 7 

Immobility 55 69 

Task 3 
Progress 33 5 

Immobility 43 71 

 

In the first task, it is evident that there is 

significant progress for the EG students, in 

that it is related to the comprehension of the 

distinct presence of light in an everyday 

situation. The post-test seems that the focus 

on brightly lit places or/and light sources 

declines. One and a half months after 

teaching, a significant proportion of EG 

children can quickly spotlight in the room air.  

In the second task, a simple electric pocket 

lantern was used, that is, a daily condition. 

Also, in this task, the students of EG have 

significant progress about the children of CG. 

Of course, as can be seen from the results, the 

children of CG also made progress with the 

pre-test. Perhaps the nature of the task, which 

directly refers to an occasion in everyday life, 

allowed the dominance in their thinking of a 

familiar image. In any case, their progress 

was significantly lower than that of EG 

students. 

In the third task, the confirmation of the 

hypothesis is of real interest. In this task, we 

used an unfamiliar condition for students' 

everyday experiences. The EG student 

achieves to recognize light in-between the 

cardboard. This reasoning is created on a 

conception of the phenomenon de-

concentrated from the need for visual 

identification of light. 

In this research, we tried to show in a 

constructivist/socio-cognitive theoretical 

framework that the initiation of students 7-8 

yers-old in some sides of the physical world 

is possible in the direction where primary 

school pupils construct a conception 

accordant with the characteristics of 

Geometrical Optics framework. The data in 

this research show that students who 

participated in a socio-cognitive teaching 

intervention transform their pre-operational 

alternative conceptions much better than 

those who participated in an empiricist 

teaching procedure since the experimental 

group students understand light much better 

as a distinct entity. This finding is consistent 

with the results of previous studies conducted 

with students up to 10 years of age 

(Grigorovitch, 2014; Ravanis et al., 2013; 

Rodriguez & Castro, 2016). 

However, these results are also closely 

linked to the socio-cognitive teaching 

strategy. This strategy is a framework 

dominated by teacher-student interactions, 

which are based on knowing children's real 

difficulties. Thus, research data is utilized in 

a specific and detailed design whose purpose 

is to destabilize the alternative conceptions 

and construct the new knowledge that is 

accordant with the scientific own. In light 

comprehension in 7-8 years, these 

alternatives conceptions correspond to pre-

operational thinking, but in other cases, they 

are operational but at a distance or in contrast 

to scientific models.  

Still, the transformation of alternative 

conceptions is closely related to using a 

metaphor, the travel of light into space. It is 

perhaps a typical case where a metaphor has 

a beneficial effect on learning a particular 

concept of the natural sciences. This 

metaphorical concept also fosters interaction 

between teachers and students as it provides 

a basis for developing dialogues, exchanging 

cognitive tools, and formulating arguments. 

 

CONCLUSION AND SUGGESTION 

This research has shown the importance of 

using a metaphor in the conceptual change 

for light, from the alternative pre-operational 

conceptions in the construction of a 

reasoning pattern that agrees with the 

framework of Geometric Optics. Indeed, it 

seems that this procedure can lead students to 

drive their cognitive tools to a higher level. 

This conceptual change that we found to be 
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achieved may have been due to the socio-

cognitive framework we worked with the 

EG. In such a context, both the use of 

metaphor and the planned and implemented 

teacher-student interactions is reasonable to 

assume that it contributes to overcoming 

student barriers and transforming their initial 

misunderstandings. 

From a pedagogical perspective, we 

cannot claim that this particular metaphor 

can make progress in children's thinking 

about all transmitted entities such as heat or 

sound. However, in a context like Early 

Childhood Science Education and Science 

Education in general, research interest is not 

just children's mental function. Also critical 

is the study of the effectiveness of specialized 

teaching situations and the analysis of the 

results of the teaching interactions (which 

was not the subject of this article). 

Consequently, since our goal is to link 

changes in children's thinking to didactic 

design systematically, it is particularly 

interesting to seek to study a socio-

cognitive/constructivist didactic strategy and 

even in comparison with a traditional 

empiricist strategy. 

As it became clear from the research's 

overall design, this study orientation for 

learning and teaching recognizes the primary 

importance of alternative conceptions in 

students' thinking. This option, which is 

usually associated with older children, seems 

to be of interest to younger children. Finally, 

considering that the experimental teaching 

intervention took place in experimental 

conditions with small groups of students, it 

would be exciting to transfer this procedure 

to real classrooms and check its width at the 

level of everyday didactics practices. 

Nevertheless, this is a question of great 

importance for future research.  
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