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Abstract 

Background Electricity is a central concept in science curricula at all levels of education. Nevertheless, its invisible 
nature makes the concepts associated with it very difficult for students. Moreover, students have many alternative 
conceptions about concepts related to electrical circuits. This study aims to know the effect of a STEM (Science–Tech-
nology–Engineering–Mathematics) approach on students’ cognitive structures about the topic of electrical circuits, as 
revealed through a Word Association Test (WAT). A study following a time series quasi-experimental research design 
was made to collect information about changes in students’ cognitive structures before and after a learning sequence 
about electrical circuits. A nonequivalent control group approach was used, and two matching groups of students 
were used: a control group (N = 317) and an experimental group (N = 321). Students were attending the 9th grade 
(14–15 years old). Data analysis was made by construction of frequency tables, maps of the cognitive structures, and 
examination of the sentences written by students.

Results The results are indicative that, before the STEM approach, students’ conceptions regarding electrical circuits 
are mainly related to students’ daily experiences. However, after a STEM approach, the map of students’ cognitive 
structures from the experimental group is more complex. Furthermore, the quality of the response words is different 
for each group. In the control group, most of the associations that students made were situated at a phenomenologi-
cal level. However, in the experimental group, students made many associations related to the curricular contents.

Conclusions The STEM approach had a more noticeable effect on the development of students’ cognitive structures 
on the topic of electrical circuits: based on the results, it can be concluded that this approach allowed students from 
the experimental group to achieve the learning goals, while students from the control group still retained many ideas 
that do not meet learning goals. Additionally, WAT has proven to be a suitable diagnostic method, as well as an instru-
ment that can be used to evaluate the accomplishment of students’ learning objectives.

Keywords STEM education, Word Association Test (WAT), Cognitive structures, Electric circuits, Electricity, Students’ 
conceptions

Introduction
Electricity, and the concepts associated with it, is a cen-
tral area in the curricula of Science and Physics at all 
levels of schooling, starting from elementary school. 
However, the invisible nature of electricity makes the 

concepts associated with it problematic for students 
because they are very abstract and complex, and this 
implies that their understanding depends on models, 
analogies, and metaphors (Carlton, 1999; Mulhall et  al., 
2001; Saputro et al., 2018). Moreover, although electric-
ity is a daily concept, it is a very fertile area for alternative 
conceptions across all levels of education, countries, cul-
tures, etc. (Afra et al., 2009; Turgut et al., 2011). Regard-
ing alternative conceptions, we will use this term in a 
broad sense. This means that it accommodates precon-
ceptions and misconceptions, i.e., students’ conceptions 
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that conflict with scientifically accepted ideas (Gilbert & 
Watts, 1983). According to Carlton (1999) and Chapman 
(2014), what makes the concepts related to electricity not 
easily understood by the students, is the fact that these 
phenomena occur inside the wires and, as such, it is not 
possible to directly observe what happens when the flow 
of electrons moves through the circuit.

Over the past four decades, there have been numer-
ous studies describing students’ conceptions about elec-
tricity, and related concepts, and the concept of electric 
current has been the most investigated one. Studies con-
ducted by Osborne (1983) and Shipstone (1985) allowed 
the identification of four conceptual models related to 
electric current in a simple circuit composed of a battery, 
wires, and lamp. According to Model A (non-recursive/
source–sink) the current moves from the battery to the 
lamp, via one wire, and there is no current from the lamp 
to the battery, via another wire. In the Model B (clash-
ing currents) there is a movement of the current from the 
battery to the lamp, via each wire, and it collides in the 
lamp. The Model C (consumption/attenuation) is char-
acterized by the current movement from the battery to 
the lamp and back to the battery, but there is more cur-
rent moving from the battery to the lamp. It is assumed 
that current is consumed in the lamp. Finally, the Model 
D (same current/scientific) is equal to Model C, but the 
current remains the same. In a study conducted by Çepni 
and Keleş (2006) with 250 students (11–22  years old), 
the researchers found that Model A is predominant in 
younger students (5th grade), but that about half of the 
9th graders use Model C. Also, Tsai et  al. (2007), in a 
national study with 10,000 students (8th, 9th and 11th 
grades), concluded that a considerable percentage of 
them (38% attending 8th and 9th grades, and 27% from 
11th grade) conceptualize the electric current in an elec-
trical circuit according to Model C. Similarly, Suma et al. 
(2018) detected Model B in some of the 75 students who 
participated in the study, besides other 21 additional stu-
dents’ misconceptions. Based on the results obtained, 
these investigators concluded that only 22.4% of the stu-
dents, who attended the 11th grade, had previous scien-
tifically accepted concepts about electricity and related 
concepts.

In the literature, several studies describe the stu-
dents’ indistinct use of terms such as electricity, elec-
tric current, electricity, power, voltage, charge, etc. 
(e.g., Çepni & Keleş, 2006; Shipstone, 1988; Tsai et al., 
2007; Turgut et al., 2011). According to several authors, 
these alternative conceptions originate other alterna-
tive conceptions such as the consideration of a bat-
tery as a constant current source and this is indicative 
of the confusion between electric current and voltage. 
Another alternative conception is the consumption of 

electric current by electrical equipment, which reveals 
the inability to distinguish electrical current and elec-
tricity (Shipstone, 1988; Tsai et  al., 2007). In fact, and 
from the perspective of some authors, voltage is often 
conceptualized only as a result of a mathematical rela-
tionship or as an electric current’s property (Psillos 
et al., 1988; Tsai et al., 2007).

In addition to the above-mentioned aspects, other 
alternative conceptions and difficulties of students 
related to the topic of electricity are described. For 
example, regarding electrical circuits, Afra et al. (2009) 
assessed the effect of an inquiry-based learning strat-
egy on 9th grade (14–15  years old) students’ concep-
tions of electricity. According to the pretest results, 
the occurrence of many of the alternative conceptions 
described in the literature was verified. Some of the 
identified alternative conceptions included the con-
ceptualization of electrical current and electrical cir-
cuits (component order, type, operating mode, and 
representation). Moreover, students also considered 
the battery as a constant voltage source and had diffi-
culties in understanding the concept of resistance and 
its role in a circuit (Afra et  al., 2009). However, the 
results of the posttest showed that the inquiry-based 
learning approach had positive effects in fostering con-
ceptual understanding of basic concepts in electricity. 
In a more recent study, Preston (2019) describes the 
use of diagrams in the development of the conceptual 
understanding of twenty students (aged 8–11 years old) 
concerning electrical circuits. According to the results 
obtained, and "regardless of prior knowledge, mid-
upper primary students could make at least some sense 
of electric circuits by interpreting the diagram" (Pres-
ton, 2019, p. 1453).

Based on what was described, it is possible to con-
clude that students have poor previous knowledge and 
many alternative conceptions about concepts related to 
electric current and electrical circuits. Since alterna-
tive conceptions are generally robust and persistent, it 
is essential not only to diagnose them, but also to use 
appropriate teaching strategies that allow their change 
in accordance with what is scientifically correct.

In this sense, this study aims to know the effect of a 
STEM approach on students’ conceptions about the 
topic of electrical circuits, as revealed through a Word 
Association Test (WAT). The study was oriented by the 
following research questions (RQ): RQ1-What are the 
initial conceptions, present in the students’ cognitive 
structures, regarding the topic of electrical circuits?; 
RQ2-What is the effect of a STEM approach on the 
development of students’ cognitive structures, and con-
sequently on their conceptions, on the topic of electri-
cal circuits?
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Theoretical framework
STEM education
In the last decades, STEM education had a growing role 
in international educational policies, since it is essential 
in today’s societies not only to train young people to fol-
low and understand the importance of scientific and 
technological developments that occur, but also to capti-
vate them to pursue careers in STEM areas (Chiu & Duit, 
2011; OECD, 2019). According to the OECD (2019), in 
more than half of the OECD countries, there are less than 
24% of students that obtain their degrees in STEM areas, 
when compared to the percentage of students who com-
plete their studies in other areas. Despite the growing 
need for human capital in STEM areas, students tend not 
to follow these areas because they find that Science cur-
ricula are very difficult and not very relevant. Also, the 
perception of low self-efficacy regarding scientific areas, 
the lack of knowledge about career opportunities, and 
the dearth of contact with STEM professionals can con-
tribute to students’ lack of interest in these areas (Heras 
et  al., 2020; Osborne et  al., 2003; Palmer et  al., 2017; 
Sjøberg & Schreiner, 2010).

Although there are different perspectives on STEM 
Education and what is Integrated STEM Education (e.g., 
McComas & Burgin, 2020; Ortiz-Revilla et  al., 2022; 
Quinn et  al., 2020; Wells, 2013), in this work the term 
STEM Education is used as a form of "involve a sense 
of the integration of the four constituent disciplines in 
various ways and levels rather than treatment of them as 
disciplines isolated from one another" (Park et al., 2020, 
p. 901). Moreover, in the context of this work, the term 
STEM approach is used to designate a student-centered 
learning sequence that in its set of classes allows the inte-
gration of the four STEM areas.

Several studies illustrate the potential of STEM Edu-
cation, namely in the promotion of students’ curiosity 
about natural phenomena (Crippen & Antonenko, 2018; 
Moore et al., 2015) and in the improvement of attitudes 
toward scientific areas, which promote increased motiva-
tion and interest towards these areas (e.g., Chittum et al., 
2017; Glynn & Koballa, 2006; Shahali et al., 2017; Toma 
& Greca, 2018), as well as in students’ intention to pur-
sue careers in STEM areas (Christensen & Knezek, 2017; 
Kitchen et  al., 2018; Wang, 2013). In addition to these 
aspects, STEM education is described as promoting the 
development of various skills, like problem-solving, criti-
cal thinking, and creativity (Guthrie et al., 2000; Hurley, 
2001). Additionally, Stehle and Peters-Burton (2019) 
report that STEM education provides learning environ-
ments that encourage the development of twenty-first 
century skills such as knowledge construction, real prob-
lem-solving, communication skills, collaboration, the use 
of information and communication technologies, and 

self-regulation. Regarding STEM education as a facilita-
tor of student learning and as a potentiator of reasoning 
processes, a literature review carried out by the National 
Research Council (National Research Council, 2014) on 
the effect of STEM education on student outcomes, led 
to the conclusion that it encompasses significant ben-
efits, and various studies support this conclusion (Cota-
bish et al., 2013; Crotty et al., 2017; Gazibeyoglu & Aydin, 
2019; Glynn et  al., 2009; Knezek et  al., 2013; Tati et  al., 
2017).

Cognitive structures and Word Association Tests (WAT)
The exploration of an individual’s cognitive structures is 
very important when trying to understand the students’ 
learning process (Tsai & Huang, 2002). Cognitive struc-
tures are hypothetical constructs that refer to the organi-
zation of concepts in memory. Although there are other 
definitions of cognitive structures, we adopt the one that 
states that they are defined as the relationships that are 
established between concepts, terms, propositions, facts, 
theories, raw data, and/or processes, and that are stored 
in long-term memory, in a hierarchical way (Shavelson, 
1974; Taber, 2008).

According to the constructivist perspective of the 
learning process, prior knowledge is fundamental in 
cognitive development because it is the starting point 
for the organization and interpretation of new informa-
tion (Piaget, 1978; Vygotsky, 1978). For Ausubel (1963), 
cognitive structures are the main factor in the construc-
tion of knowledge because they contain students’ expe-
riences and previous knowledge that will determine the 
reconstruction and processing of new information (Tsai, 
2001). Thus, a poor cognitive structure will result in poor 
information processing or inefficient retention of new 
knowledge, which will have repercussions on students’ 
academic results.

In this sense, since the knowledge of students’ cogni-
tive structures is essential for the promotion of mean-
ingful learning, their exploration by teachers helps 
them to know what students already have in their 
memory and whether it is compatible with what is 
scientifically accepted. This will guide teachers in the 
implementation of pedagogical strategies that promote 
meaningful learning (Atabek-Yigit, 2015; Tsai & Huang, 
2002). As such, the analysis of cognitive structures can 
act as a map to identify and overcome possible learn-
ing difficulties. In addition to allowing the understand-
ing of to what extent the structure in students’ memory 
overlaps with the structure of the disciplinary concept, 
knowledge of students’ cognitive structures also allows 
to predict to what extent it helps students to solve 
problems and/or to develop higher order skills (Cardel-
lini & Bahar, 2000) such as those involved in learning 
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new scientific concepts: comparison, analysis, under-
standing, model building, elaboration, etc. (Kostova & 
Radoynovska, 2008).

Several methods have been proposed to investigate 
cognitive structures (Tsai & Huang, 2002) and one of 
them is the Word Association Test (WAT). WATs were 
initially developed by Johnson (1967) and consist of 
asking an individual to quickly indicate the first word 
(response word) he/she thinks of when he/she is pre-
sented with a particular word (stimulus word): his/her 
answer reveals the idea most strongly associated with the 
stimulus word (Cardellini & Bahar, 2000). Thus, WATs 
are considered a snapshot of the cognitive structures of 
individuals, i.e., of their cognitive structures in their raw 
state (Bahar et al., 1999).

WAT implementation consists of the initial selection, 
by the researcher, of relevant words (stimulus words) 
related to the topic under study. Afterward, these stimu-
lus words are presented to the participants, and they are 
asked to write words (response words) associated with 
each of the stimulus words, in a short period of time 
(Bahar et al., 1999; Hovardas & Korfiatis, 2006; Nakibo-
glu, 2008). In this way, a WAT provides information on 
the quantity and variety of responses related to key con-
cepts and allows one to unravel the complexity of the 
associations between the concepts and, consequently, the 
understanding of the topic in question. The data obtained 
through the implementation of a WAT can be repre-
sented in the form of maps that illustrate the cognitive 
structure of students, i.e., how students store information 
related to a given topic. A map characterized by an inter-
connected network of concepts is indicative of the ability 
to solve problems, since it allows students to move from 
one concept to another. On the contrary, a map char-
acterized by isolated islands makes it more difficult for 
students to solve more complex problems since they are 
unable to mobilize knowledge related to concepts that 
are positioned on different islands (Cardellini & Bahar, 
2000).

According to Şendur and Toprak (2017), studies that 
involve a WAT implementation can be divided into two 
groups: those applied in a single moment, that allow 
knowing the cognitive structures of students (e.g., Özcan 
& Tavukçuoğlu, 2018; Timur, 2012; Yildirir & Demirkol, 
2018), and those that are applied at two different 
moments (pretest/posttest) and that aim to evaluate the 
development of students’ cognitive structures (e.g., Naki-
boglu, 2008). However, WATs do not allow knowing the 
nature of the associations that students establish between 
the terms (Gunstone, 1980). For this reason, some 
researchers suggest that a WAT should be complemented 
with other methods, namely interviews, freewriting, and 
concept maps (Derman & Eilks, 2016; Nakiboglu, 2008).

In the literature, several studies describe the utilization 
of WATs as a way to disclose cognitive structures. Studies 
concerning Physics include the one performed by Timur 
(2012) with 56 future teachers that allowed the researcher 
to conclude, based on WAT results, that the partici-
pants possessed alternative conceptions regarding mass, 
weight, velocity, acceleration, and gravitational force. 
Also, in a study with 35 elementary prospective teachers, 
Sadoglu and Durukan (2018) implemented a WAT about 
basic Physics concepts (force, motion, speed, velocity, 
acceleration, and displacement). These researchers found 
some alternative conceptions, namely with the force con-
cept, which was associated with movement and power, 
and with velocity and speed concepts, that were consid-
ered indistinguishable (Sadoglu & Durukan, 2018). Other 
studies, involving students, include the one performed 
by Özcan and Tavukçuoğlu (2018) in which the imple-
mentation of a WAT about light, revealed that the cogni-
tive structure of 136 secondary students (11th and 12th 
grades) was muddled and resulted in incorrect, unscien-
tific explanations. Also, Türksever (2021) explored the 
cognitive structures of 202 middle and high school stu-
dents about the energy concept and found some alterna-
tive conceptions in some words, although the quality of 
students’ responses increased as the grades of students 
increased as well. Regarding the topic of electricity, we 
only found one study that used a WAT to reveal students’ 
cognitive structures. This study was performed with 100 
students attending the 8th grade and it was clear that stu-
dents revealed a lack of knowledge and alternative con-
ceptions regarding the concepts of current, voltage, and 
resistance (Balbağ & Karademir, 2020).

Methodology
This study followed a time series quasi-experimental 
research design (Gribbons & Herman, 1997), which 
allowed to collect information about changes in students’ 
cognitive structures before and after a learning sequence 
about electrical circuits. To do this, a nonequivalent 
control group approach was utilized, and two matching 
groups of students were used: a control group and an 
experimental group.

In both groups, a set of lessons (learning sequence) 
about electrical circuits was implemented, but with dif-
ferent approaches: in the control group, lessons were 
essentially teacher-centered and in the experimental 
group students were exposed to a sequence of lessons 
that followed a student-centered STEM approach about 
the topic under study. Both learning sequences are 
described in a section ahead.

For the experimental group, students’ selection was 
made regarding their teachers: they were students whose 
teachers voluntarily participated in a 50-h professional 
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development program about STEM education. This pro-
gram consisted of three stages: (1) planning of STEM 
activities in collaboration with the university team; (2) 
implementation of STEM activities in the classroom with 
students; and (3) post-lesson reflection of the results 
obtained with the students. The teachers of the students 
of the control group did not participate in the profes-
sional development program: they were teachers from 
the same schools as the teachers that participated in the 
professional development program, that teach students 
of the same grade.

Context and participants
The participants of this study were students from the 9th 
grade, belonging to 12 schools from the region of Lisbon, 
and each school had an experimental group and a control 
group, in a total of 24 classes. Overall, the experimental 
group was composed of 321 students (154 girls and 167 
boys, average age 14.35 years) and the control group con-
sisted of 317 students (151 girls and 166 boys, average age 
14.28 years).

This study was approved by the ethics board of our 
institution. Schools and students’ parents were informed 
about the objectives and nature of the investigation and 
asked for an informed consent agreement. They were 
also informed about the right to leave the research at any 
time. The answers given by the students were de-identi-
fied to guarantee their anonymity and the confidentiality 
of the collected data.

Learning sequences
The learning sequence following a student-centered 
STEM approach was implemented in the classroom with 
the experimental group for about 2 months (seven les-
sons of 90  min each). It involved four sequential activi-
ties that, taken as a whole, allowed the integration of the 
four STEM areas. The learning sequence allowed stu-
dents to formulate hypotheses, plan experiments, build 
graphs, interpret the results, draw conclusions, and build 
a prototype using the design process. In this manner, it 
was possible to integrate science (from the exploration 
of phenomena related to electrical circuits); mathemat-
ics (from the exploration of direct proportionality and 
algebraic equations); technologies (from the exploration 
of videos, electrical circuits, and Arduino) and engineer-
ing (from the exploration of prototypes that involved the 
use of design processes). A summary of the four activi-
ties that constituted the learning sequence is presented in 
Table 1.

In the control group, the learning sequence followed 
a traditional approach, in which the teacher has a more 
preeminent role, centering the lesson on him/herself 
through an essentially expositive attitude. Also, the 

teacher introduced the concepts prior to any experi-
mental activity and the performed activities were very 
teacher-oriented, with a pre-established protocol that 
students just needed to follow. A summary of this learn-
ing sequence, which comprises six lessons of 90 min and 
three lessons of 45 min, is presented in Table 2.

Despite the implemented approach, the main learning 
goals of the learning sequences are in accordance with 
the Portuguese curriculum and preconize that students 
are able to:

(1) Plan and assemble simple electrical circuits, sche-
matizing them.

(2) Give examples of good and bad electrical conduc-
tors.

(3) Measure electrical physical quantities (voltage, elec-
tric current, resistance) using measuring devices 
and using the appropriate units, checking how the 
voltage and electric current varies in associations in 
series and in parallel.

(4) Relate electrical currents at various electrical points 
and voltages in simple circuits and evaluate the 
association of receivers in series and in parallel.

(5) Enunciate Ohm’s law and apply it.

Data collection and analysis
Data collection was performed through the implemen-
tation of a WAT, whose objective was to evaluate the 
development of students’ cognitive structures concerning 
concepts related to electricity, as a result of the imple-
mentation of a STEM activity.

Both experimental and control groups were given the 
same WAT at two different moments: a pretest and a 
posttest. The pretest, which corresponds to moment 1 
(M1) was performed 3 weeks before the implementa-
tion of the STEM activity, in the case of the experimental 
group, and 3 weeks before the teaching of the contents 
through a traditional approach, in the case of the control 
group. The posttest, which corresponds to moment 2 
(M2), was performed three weeks after the implementa-
tion of the STEM activity, in the case of the experimental 
group, and three weeks after the teaching of the contents 
through a traditional approach, in the case of the control 
group.

To promote word association, four stimulus words 
(ELECTRIC CURRENT, VOLTAGE, RESISTANCE, and 
BATTERY) were given to the students, each one on a 
separate sheet of paper. Furthermore, to prevent the 
chaining effect (i.e., to prevent students from associating 
words with the last response word given), the stimulus 
word was repeated five times down in each paper sheet: 
this aimed to ensure that students answered according to 
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the stimulus word in question. The selection of the stimu-
lus words was made by the authors and by the teachers of 
the classes, considering the central concepts of the topic 
in question. Students were asked to write as many items 
(response words) as they could, associated with each 
stimulus word. To facilitate the reading, along the sub-
sequent text, stimulus and response words will be both 
presented in italic. Furthermore, stimulus words will be 
also written in capital letters. Also, to disclose the nature 
of the associations, students were asked to write a sen-
tence that included the stimulus word and the respective 
response word. The total time given to students to per-
form these tasks was 10 min.

The analysis of WAT data was performed based on the 
frequency map method, which consisted of the examina-
tion of the responses associated with the stimulus words. 
Students’ response words were counted if they were con-
sidered as being valid, i.e., if they were meaningful and 
acceptable in terms of the topic under consideration. The 
collected data were first used to ascertain inter-judge reli-
ability: each one of the authors analyzed independently 

the data and their analysis were compared, using as crite-
ria the counting of the total of different response words. 
Following Miles and Huberman’s (1994) method, the 
consensus among the authors/judges was greater than 
91%, both for the pretest and for the posttest.

Subsequently, the frequency tables were constructed 
for the control group and for the experimental group 
(Tables 3 and 4). From these, it was possible to build the 
maps of the students’ cognitive structures, at M1 and M2, 
regarding the control group (Figs. 1 and 3) and the exper-
imental group (Figs. 2 and 4).

The construction of the maps of the cognitive struc-
tures of the students began by establishing the upper and 
lower frequency intervals. Considering both moments 
(M1 and M2), and for both groups (control and experi-
mental), the upper limit of the maps of cognitive struc-
tures corresponds to frequencies of responses between 
200 and 240. This limit was defined considering the high-
est frequency recorded for a response word: 235 students 
from the experimental group associated the word Light/
Lighting with the stimulus word ELECTRIC CURRENT. 

Table 3 WAT frequency table of the control group

Response words with f < 80, regarding all stimulus words (pretest): fluid, charger, solar, LEDs, copper, death, force, substance, eolic, buildings, fire, etc.

Response words with f < 40, regarding all stimulus words (posttest): fluid, death, copper, switch, lamp brightness, volt, ampere, ohm’s law, positive, ammeter, 
voltmeter, etc.

Stimulus words

ELECTRIC CURRENT VOLTAGE RESISTANCE BATTERY

Response words M1 M2 M1 M2 M1 M2 M1 M2

ELECTRIC CURRENT – – 44 58 48 18 31 –

VOLTAGE 32 27 – – 21 – 37 –

RESISTANCE – 23 19 30 – – 14 –

BATTERY 46 66 31 46 – – – –

Electrical circuit – 113 – 116 – – – 29

Electrical shock 207 135 127 126 17 34 79 46

Electricity 91 133 76 112 29 49 59 –

Light/Lighting 189 217 98 160 37 18 88 –

Energy 135 160 96 – 39 – 112 114

Lamp 101 140 73 35 31 – 68 73

Home appliances 98 131 78 133 66 51 56 31

Wires/cables 99 62 34 – 39 – – –

Danger 102 38 108 – 21 – 42 –

Electrical plugs 208 166 66 21 – – – –

Sparks 104 – 88 – – – – –

Switchboard 96 – 79 – – – – –

Negative 20 30 – 20 – – 52 57

Positive 19 25 – 17 – – 44 68

Block – – – – 101 – – –

Stop – – – – 132 66 – –

Effort – – – – 69 47 – –

Power supply – – – – – – – 75
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The lower limits were defined by the lowest frequency at 
which all the stimulus words appeared. For instance, in 
the control group, at M1, the last stimulus word to appear 
was the word BATTERY, which students associated with 
Energy, at f = 112. As such, for this group at M1, the lower 
level was defined as 120 > f ≥ 80. The establishment of the 
lower levels was done similarly for the remaining groups/
moments and indicated in the figures presented in the 
“Results” section. According to the literature (e.g., Der-
man & Eilks, 2016; Nakiboglu, 2008), there are no strict 
guidelines that determine how the intervals’ range should 
be established. Thus, we defined a range of frequencies 
of 40, for each level. This allowed the creation of a rea-
sonable number of levels to be analyzed and discussed. 
Moreover, this assured that there were differences from 

one level to the next, within the same group/moment (for 
instance, the appearance of a new stimulus word) and 
that the results could be compared among the various 
groups/moments.

After the establishment of the limits and frequency 
intervals of the maps, the stimulus words were placed 
inside rectangles. Arrows were used to join the stimulus 
words with the response words given by the students. 
The thickness of the arrows and rectangles was deter-
mined by the value of the frequency of the response word 
to the stimulus word and represents the strength of the 
associations. For example, in Level 1 (240 > f ≥ 200), the 
stimulus words that appeared were placed inside the 
thickest rectangles and were connected to the response 
words by arrows with the same thickness. Also, for each 

Table 4 WAT frequency table of the experimental group

Response words with f < 80, regarding all stimulus words (pretest): fluid, charger, solar, LEDs, copper, death, force, substance, eolic, buildings, fire, etc.

Response words with f < 80, regarding all stimulus words (posttest): ohm’s law, conductivity, mathematical equation, multimeter, AC, DC, etc.

Stimulus words

ELECTRIC CURRENT VOLTAGE RESISTANCE BATTERY

Response words M1 M2 M1 M2 M1 M2 M1 M2

ELECTRIC CURRENT – – 38 105 – 78 23 87

VOLTAGE 16 94 – – – 70 22 –

RESISTANCE – 75 8 56 – – 14 –

BATTERY 38 133 22 117 – 112 – –

Electrical circuit – 167 – 128 – 66 – 129

Electrical shock 218 122 118 80 – – 82 –

Electricity 88 185 56 107 18 78 23 –

Light/Lighting 183 235 101 71 - 104 68 –

Energy 123 100 87 - 46 – 105 91

Lamp 77 172 36 39 49 – 35 151

Home appliances 113 112 91 - 55 – 78 –

Wires/cables 104 133 13 65 58 – – –

Danger 101 – 114 – 24 – 36 –

Electrical plugs 206 83 44 – – – – –

Sparks 111 – 109 – – – – –

Switchboard 107 – 66 – – – – –

Negative 24 82 – 94 – – 45 131

Positive 26 95 – 87 – – 42 134

Block – – – – 176 – – –

Stop – – – – 127 – – –

Effort – – – – 111 – – –

Power supply – – – – – 44 – 184

Electrons – 122 – 109 – – – –

Volt – – – 122 – – – –

Ampere – 104 – – – – – –

Ammeter – 134 – – – – – –

Voltmeter – – – 133 – – – –

Ohm – – – – – 109 – –
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Fig. 1 Map of students’ cognitive structures at M1 (control group)
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association between the stimulus word and response 
word, the frequency value, is indicated near the arrow. 
These frequencies are the ones presented in Tables  3 
and 4. In the following level (Level 2), the stimulus and 
response words that appeared in Level 1 were maintained 
and were added the stimulus and response words that 
emerge in the frequency range of Level 2 (200 > f ≥ 160): 

the rectangles and arrows of these new words were thin-
ner than the ones from Level 1. As such, it is possible to 
see in Level 2, some stimulus words with thicker rectan-
gles (the ones with stronger associations, i.e., with higher 
frequencies) and stimulus words with narrower rectan-
gles (the ones with weaker associations). Also, regard-
ing the response words, some are associated with the 

Fig. 2 Map of students’ cognitive structures at M1 (experimental group)
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stimulus words through heavier arrows, while others are 
associated through slimmer arrows. This procedure was 
made for all the levels until the last one, where the ulti-
mate stimulus word appears in the thinnest rectangle and 
the response words appear with the narrower arrows. 
Thus, the thicker the arrow, the higher the frequency 
and, consequently, the stronger the association. As it 
will be described and discussed further on, Level 1 is less 
intricate but represents connections that most students 
made, while Level 5 has more connections but represents 
the conceptual understanding of fewer students. Conse-
quently, by analysis of the cognitive maps, it was possible 
to get an idea of the strength and direction of the associa-
tions made by the students (Derman & Eilks, 2016; Naki-
boglu, 2008).

Results
After analyzing and counting students’ response words, 
frequency tables were constructed (Tables  3 and 4) and 
were used to draw the cognitive maps of both groups, 
which are presented in the following subsections.

As referred previously, some response words and/or 
associations made by students were not considered as 
being valid. For instance, some students associated the 
word ELECTRIC CURRENT with the word Blood in the 
following way: “Blood is blocked by the ELECTRIC CUR-
RENT that runs the veins”, and “If we put the fingers in 
the electrical plug, the ELECTRIC CURRENT sucks our 
blood”. Other examples of associations that were not con-
sidered included: “My dad’s car BATTERY broke down 
and we had to push it”, “Humans’ RESISTANCE causes 
conflicts between people”, etc.

Additionally, sentences written by students were ana-
lyzed to reveal the nature of the associations. The pre-
sented sentences were selected as being representative of 

students’ answers, i.e., we only present the sentences that 
illustrate the most common associations between words, 
although there are other sentences with slightly differ-
ent formulations. For organizational reasons, the maps 
and students’ sentences will be presented in two sections: 
one related to the pretest (M1) and another related to the 
posttest (M2).

Students’ cognitive structures at M1 (Pretest)
The maps presented in Figs. 1 and 2 show that, for both 
groups, the stimulus word that appears at the strongest 
level of association (Level 1) is ELECTRIC CURRENT, 
associated with the response words Electrical plugs and 
Electrical shock. The sentences written by the students 
(Table  5) reveal the nature of the associations made 
and are related to the daily experiences of students. For 
instance, students state that “Electric shocks caused by 
ELECTRIC CURRENT are dangerous and deadly”, and 
that “In the electrical plugs we have ELECTRIC CUR-
RENT that serves to charge the mobile phones and my 
tablet”.

At Level 2, and for both groups, students associate a 
new response word Light/Lighting to the stimulus word 
ELECTRIC CURRENT in the following way: “My room 
has lighting because the ELECTRIC CURRENT is in the 
lamp”.

The stimulus word RESISTANCE appears at Level 2 
for the experimental group and at Level 3 for the con-
trol group with words like Block and Stop associated 
with it. Also, at Level 3, and for both groups, a new 
response word (Energy) emerges. This word is associated 
with ELECTRIC CURRENT, and the most representa-
tive sentences of this association are: “The ELECTRIC 
CURRENT relates to the energy we have at home and 
at school” and “The ELECTRIC CURRENT decreases 

Table 5 Some representative sentences written by students at M1

Since the sentences written by students belonging to the control and experimental group were similar, it was decided to consider them as being representative of 
both groups

Association Example of sentence (control and experimental group)

ELECTRIC CURRENT–Electrical shock Electric shocks caused by ELECTRIC CURRENT are dangerous and deadly

ELECTRIC CURRENT–Electrical plugs In the electrical plugs we have ELECTRIC CURRENT that serves to charge the 
mobile phones and my tablet

ELECTRIC CURRENT–Light/Lighting My room has lighting because the ELECTRIC CURRENT is in the lamp

ELECTRIC CURRENT–Energy The ELECTRIC CURRENT relates to the energy we have at home and at school
The ELECTRIC CURRENT decreases as energy is consumed

VOLTAGE–Electrical shock A high VOLTAGE can give an electrical shock

RESISTANCE–Stop RESISTANCE is a barrier that stops

BATTERY–Energy The BATTERY gives constant energy to toys
BATTERY energy is consumed for the flashlight to give light

VOLTAGE–Danger The VOLTAGE poses a danger of death

ELECTRIC CURRENT–Sparks The short circuit spark caused by a large ELECTRIC CURRENT can lead to a fire
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as energy is consumed”. The stimulus word VOLTAGE 
appears at Levels 3 (control group) and 4 (experimen-
tal group), associated with the response word Electrical 
shock, and students claim that “A high VOLTAGE can 
give an electrical shock”.

Ultimately, at Level 4, and for both groups, the last 
stimulus word (BATTERY) appears. According to the stu-
dents, “The BATTERY gives constant energy to toys” and 
its “(…) energy is consumed for the flashlight to give light”. 
Other associations made by the students are, for instance, 
the words Wires/cables and Home appliances with the 
word ELECTRIC CURRENT and the words Danger and 
Sparks to the word VOLTAGE, among others.

The total number of different words that appear in both 
maps is 18 (17 in the control group and 17 in the experi-
mental group). Sixteen of these words are the same in 
both groups: only the words Lamp (in the experimental 
group) and Effort (in the control group) are not shared. 
This means that the maps presented in Figs. 1 and 2 have 
89% of correspondence, regarding the type of words. Fur-
thermore, only three common words (Energy, VOLTAGE, 
RESISTANCE) do not appear at the same level in both 
maps, and this results in 81% of similarity between both 
maps.

Despite not being the focus of this work, the analysis of 
the sentences written by the students, regarding the asso-
ciations present in the maps of the cognitive structures, 
revealed that about 60% of the associations were alterna-
tive conceptions (61.3% for the control group and 62,9% 
for the experimental group).

Students’ cognitive structures at M2 (posttest)
At M2, the maps of students’ cognitive structures (Figs. 3 
and 4) differ: while in the experimental group the map 
is characterized by the existence of four levels (Fig.  4), 
in the control group (Fig. 3) the last stimulus word only 
appears at frequencies below 80 (Level 5).

Regarding Level 1, in both groups, the stimulus word 
ELECTRIC CURRENT is associated with the word Light/
Lighting and students wrote that is the electric current 
that “allows light in my room”.

At Level 2, there are some differences between the cog-
nitive structures of students that belong to the control 
group and the ones from the experimental group. In the 
control group a new stimulus word appears (VOLTAGE) 
connected to the word Light/Lighting because “The high 
VOLTAGE gives great illumination”. In the experimen-
tal group, however, is the stimulus word BATTERY that 
emerges. For the students that belong to this group, “The 
BATTERY can be a power supply” and, as such, this word 
appears linked to the response word Power supply.

Additionally, and still regarding Level 2, new response 
words appear associated with the stimulus word 

ELECTRIC CURRENT. In the control group, the stu-
dents mentioned the words Electrical plugs and Energy, 
and in the experimental group the words Electricity, Elec-
trical circuit, and Lamp were indicated by the students. 
Examples of the sentences written by the students were: 
“The ELECTRIC CURRENT that reaches the electri-
cal plugs allows me to charge my phone”, “Wind energy 
can generate ELECTRIC CURRENT”, “Electricity is the 
ELECTRIC CURRENT that is due to the movement of 
the electrons in the circuit”, “The electrical circuit is the 
path of the ELECTRIC CURRENT”, and “The lamp lights 
up when the ELECTRIC CURRENT passes through the 
electrical circuit”.

In the next level (Level 3), for the control group, no 
new stimulus word appears. However, new response 
words are associated with the stimulus words previously 
present in the map: Lamp and Electricity linked to ELEC-
TRIC CURRENT and Home appliances and Electric shock 
connected to both stimulus words. Regarding these asso-
ciations, students claim, for instance, that “The ELEC-
TRIC CURRENT circulates, and the lamp lights up” and 
that “Electricity is the ELECTRIC CURRENT of a closed 
circuit”. Other examples include phrases like “You get a 
shock from the ELECTRIC CURRENT” and “My dryer is 
plugged in and has a high VOLTAGE”. More sentences 
are presented in Table 6.

The Level 3 of the experimental group is character-
ized by the appearance of a new stimulus word (VOLT-
AGE) and students associate it with Volt, Voltmeter, and 
Electrical circuit. Students from the experimental group 
are aware that “The VOLTAGE unit is the volt”, that “The 
voltmeter measures the circuit VOLTAGE”, and that 
“The BATTERY in the electrical circuit creates a VOLT-
AGE”. Additionally, in this level, students associate new 
response words to the stimulus words ELECTRIC CUR-
RENT (e.g., Electrons, Ammeter) and BATTERY (e.g., 
Negative, Positive). Representative sentences of these and 
of the remaining associations are presented in Table 6.

The stimulus word BATTERY appears at Level 4 in the 
control group, linked to the word Energy. This associa-
tion is explained by the students as “BATTERY energy is 
consumed for my tablet to work”. Also, new response 
words are connected to the already present stimulus 
words: Electrical circuit and Electrical shock connected 
to both ELECTRIC CURRENT and VOLTAGE, and Elec-
tricity linked to VOLTAGE. In what concerns the experi-
mental group, Level 4, is characterized by the appearance 
of the last stimulus word (RESISTANCE) that, accord-
ing to students’ sentences, “(…) can be a component of 
the circuit that is connected to a BATTERY”, and “Ohm 
is the name of the one who invented the law and is the 
unit of RESISTANCE”. Also, it is observable that new 
response words were associated with the stimulus words 
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Fig. 3 Map of students’ cognitive structures at M2 (control group)
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Fig. 4 Map of students’ cognitive structures at M2 (experimental group)
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ELECTRICAL CURRENT, VOLTAGE, and BATTERY. 
Further details of these associations, namely their nature, 
are presented in Table 6.

For the control group, the last stimulus word (RESIST-
ANCE) appears at Level 5, and it is associated with the 
words Stop, Effort, Electricity, and Home appliances. 

Table 6 Some representative sentences written by students at M2

In the sentences, only the words that were associated by the students are evidenced. For example, the sentence “The VOLTAGE is related to the generator of the 
electrical circuit, through which the ELECTRIC CURRENT passes” was written by students regarding the association ELECTRIC CURRENT and VOLTAGE, although there is 
also an association with Electrical circuit.

N.A. not applicable

Association Control group Experimental group

ELECTRIC CURRENT–Light/Lighting The ELECTRIC CURRENT allows light in my house I have light in my room because the ELECTRIC CURRENT 
circulates in the electrical circuit

ELECTRIC CURRENT–Electrical plugs The ELECTRIC CURRENT that reaches the electrical plugs 
allows me to charge my phone

N.A

ELECTRIC CURRENT–Energy Wind energy can generate ELECTRIC CURRENT ELECTRIC CURRENT can be produced from solar energy

VOLTAGE–Light/Lighting The high VOLTAGE gives great illumination N.A

ELECTRIC CURRENT–Lamp The ELECTRIC CURRENT circulates, and the lamp lights 
up

The lamp lights up when the ELECTRIC CURRENT passes 
through the electrical circuit

ELECTRIC CURRENT–Electricity Electricity is the ELECTRIC CURRENT of a closed circuit Electricity is the ELECTRIC CURRENT that is due to the 
movement of the electrons in the circuit

ELECTRIC CURRENT–Electrical shock You get a shock from the ELECTRIC CURRENT High ELECTRIC CURRENT can give a shock

ELECTRIC CURRENT–Home appliances The ELECTRIC CURRENT is for the iron and I can iron The refrigerator needs ELECTRIC CURRENT to operate

VOLTAGE–Home appliances My dryer is plugged in and has a high VOLTAGE N.A

BATTERY–Energy BATTERY energy is consumed for my tablet to work N.A

ELECTRIC CURRENT–Electrical circuit The ELECTRIC CURRENT circulates in the ELECTRICAL 
CIRCUIT

The electrical circuit is the path of the ELECTRIC CURRENT

VOLTAGE–Electrical circuit The electrical circuit has a VOLTAGE The battery in the electrical circuit creates a VOLTAGE

BATTERY–Positive The BATTERY has a positive pole and a negative pole The BATTERY poles are positive and negative

BATTERY–Power supply The BATTERY is the power supply of the circuit The BATTERY can be a power supply

ELECTRIC CURRENT–Wires/cables The ELECTRIC CURRENT passes through electrical wires 
and lamps

Electrical wires allow the passage of ELECTRIC CURRENT

ELECTRIC CURRENT–BATTERY The BATTERY is one of the elements of an electrical 
circuit through which the ELECTRIC CURRENT passes

The ELECTRICAL CIRCUIT has a BATTERY that provides 
electric current

RESISTANCE–Stop RESISTANCE is for electricity to stop N.A

ELECTRIC CURRENT–Ammeter N.A To measure the intensity of the ELECTRIC CURRENT in the 
electrical circuit I use the ammeter

ELECTRIC CURRENT–Electrons N.A The ELECTRIC CURRENT is due to the flow of electrons

BATTERY–Negative N.A The BATTERY has a negative pole

VOLTAGE–Volt N.A The VOLTAGE unit is the volt

VOLTAGE–Voltmeter N.A The voltmeter measures the circuit VOLTAGE

RESISTANCE–Ohm N.A Ohm is the name of the one who invented the law and 
is the unit of RESISTANCE

ELECTRIC CURRENT–Ampere N.A ELECTRIC CURRENT is measured in amperes

VOLTAGE–Electrons N.A The electrons remain in the circuit and are oriented 
because of the VOLTAGE

VOLTAGE–ELECTRIC CURRENT N.A The VOLTAGE is related to the generator of the electrical 
circuit, through which the ELECTRIC CURRENT passes

BATTERY–Lamp N.A To light the lamp, I have to have a BATTERY

RESISTANCE–BATTERY N.A RESISTANCE can be a component of the circuit that is 
connected to a BATTERY

RESISTANCE–Light/Lighting N.A The high electrical RESISTANCE means that there is less 
current flow, and the brightness of the lamp is lower

VOLTAGE–BATTERY N.A The BATTERY has negative and positive poles that relate 
to the VOLTAGE
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According to students’ sentences, the most mentioned 
idea is that “RESISTANCE is for electricity to stop”.

At M2, the total number of different words that appear 
in both maps is 24 (18 in the control group and 22 in 
the experimental group), and 16 of these words are the 
same in both groups. This means that the maps presented 
in Figs.  3 and 4 have 67% of correspondence, regard-
ing the type of words. Regarding the levels at which the 
words appear, only 3 of the 16 common words appear at 
the same levels in both groups (ELECTRIC CURRENT, 
Light/Lighting, and Electrical shock). As such, at M2, 
there is only 19% of similarity between both maps.

As for M1, at the posttest, an analysis of the sentences 
written by the students, regarding the associations pre-
sent in the cognitive structures’ maps was performed. 
This analysis showed that, in the control group, 38.7% 
of the associations were alternative conceptions, while 
in the experimental group these comprise 18.5% of the 
associations.

Discussion
The results presented in the previous section are dis-
cussed in this section, taking into account the research 
questions that guided this study.

RQ1: What are the initial conceptions, present in students’ 
cognitive structures, regarding the topic of electrical 
circuits?
To answer this research question, it was assumed that, 
at M1, the maps of students’ cognitive structures for 
both groups were enough similar to consider that both 
groups shared the same “starting point”. As described 
in the “Results” section, the words that appear on both 
maps (Figs.  1 and 2) are essentially the same. Also, the 
frequencies at which each word appears are almost 
the same, which means that they were mentioned by 
the same number of students, despite the group under 
consideration.

Thus, regarding RQ1, students who participated in this 
study had initial conceptions essentially related to their 
experiences. As such, at M1, students’ ideas about elec-
trical circuits are essentially related to the phenomeno-
logical level: students’ cognitive structures do not include 
scientific concepts, nor ideas that provide an explanation, 
or the sense of understanding, of how electrical circuits 
work.

As can be seen in Figs.  1 and 2, students’ response 
words and their statements (Table 5) report mainly to the 
use of household appliances like electrical plugs, lights, 
and diverse equipment. Additionally, the associations 
made by the students at M1 reveal that there is a per-
ception about the risks of electricity: words like Electri-
cal shock and Danger appear associated with ELECTRIC 

CURRENT and VOLTAGE. These results are in accord-
ance with those described in the literature in which the 
students recognize that electric current allows electri-
cal appliances to function, but do not understand how 
electric current is conducted within a circuit (Pliatou & 
Stavridou, 2004). In fact, and according to Solomonidou 
and Kakana (2000), younger children perceive electricity 
as static (being inside wires, sockets, lamps, etc.), simi-
lar to what was referred by the participants in our study. 
According to Pilatou and Stavridou (2004), this hap-
pens because wires and cables are usually hidden inside 
walls. Also, in literature is described the association that 
students establish between electric current and danger 
(Cokelez & Yurumezoglu, 2009).

The results concerning the stimulus word RESIST-
ANCE, are an example of students’ inability to associate 
this word with the topic under study. Instead, students 
reported to the common meaning of this word and made 
the association with daily words in the following manner: 
“RESISTANCE is a barrier that stops”.

Regarding the connections made between the words 
ELECTRIC CURRENT and Energy, they reveal that 
most students understand that there is some relation-
ship between them, although they do not explain it: “The 
ELECTRIC CURRENT relates to the energy we have at 
home and at school". Furthermore, the results also show 
that some students have alternative conceptions about 
the relationship between these two concepts. In the state-
ment “The ELECTRIC CURRENT decreases as energy is 
consumed" is notorious the confusion between ELEC-
TRIC CURRENT and (electric) Energy. This is a common 
alternative conception that justifies another frequent 
alternative conception: the perception that students have 
that electric current is consumed. According to Tsai et al. 
(2007), based on a national study involving more than 
10,000 students (grades 8, 9, and 11) students not only 
have difficulty in differentiating between electric current 
and energy, but also reveal ideas according to the current 
consumption model, according to which the current is 
consumed by, for example, a lamp.

The stimulus word VOLTAGE was associated with the 
word Danger because, according to them, "The VOLT-
AGE poses a danger of death", an idea identical to that 
they have concerning the electric current. In addition, 
it is possible to verify that some response words associ-
ated with electric current are also associated with the 
word VOLTAGE, which is indicative that electric cur-
rent and voltage are seen as being similar. In fact, the 
misunderstanding between several concepts (electricity, 
electric current, electricity, power, voltage, charge, etc.) 
is described in the literature by several authors (Çepni 
& Keleş, 2006; Shipstone, 1988; Tsai et al., 2007; Turgut 
et al., 2011).
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Finally, at the last level, for both groups, appears the 
last stimulus word (BATTERY), which, according to the 
students "(…) gives constant energy to toys" and "BAT-
TERY energy is consumed for the flashlight to give light". 
Once again, these results, namely the one related to the 
role of the battery, are in accordance with what is pre-
viously reported, and that indicates that students tend 
to assume that a battery is a source of constant current 
(Afra et al., 2009) or constant energy (Turgut et al., 2011). 
Additionally, in a more recent study, Preston et al. (2020) 
performed a 2-year longitudinal study with Year 6 classes 
that aimed to explore issues of teaching the topic of elec-
tricity through a Representation Construction Approach 
(RCA), like the students’ outcomes. Student-centered and 
inquiry-based approach activities were implemented and 
one of the findings, regarding the role of a battery, was 
that most of the students had an erroneous pre-instruc-
tional view: 44% of the students thought that the battery 
stores electricity, or power (13%). Furthermore, following 
the topic, although 74% of the students indicated the cor-
rect answer (energy), there were still some students that 
maintained the initial conceptions. The researchers jus-
tify these results with the tendency that students have to 
use these terms interchangeably or to associate electricity 
with energy.

Still regarding M1, the maps of students’ cognitive 
structures at this moment allow to recognize the exist-
ence of an isolated island for the word RESISTANCE, 
which makes it difficult for students to mobilize the 
knowledge concerning this concept (Cardellini & Bahar, 
2000). Also, the fact that the other stimulus words are 
indirectly associated (i.e., they are associated through 
response words) reveals that students do not possess a 
full dynamic conceptual network that allows them to 
move directly from one concept to another and, conse-
quently, to easily solve complex problems (Cardellini & 
Bahar, 2000).

RQ2: What is the effect of a STEM approach 
on the development of students’ cognitive structures, 
and consequently on their conceptions, on the topic 
of electrical circuits?
In what concerns the second investigation question, it is 
possible to verify that the cognitive structures of the stu-
dents belonging to the experimental group were different 
from the ones of the control group, which indicates that 
the different learning sequences had different effects on 
students’ outcomes.

Specifically, and by comparison of the maps at M2 
(Figs. 3 and 4), two aspects stand out: the number of lev-
els and the complexity of the maps. As for the number 
of levels, the fact that the map of the cognitive struc-
tures of the control group has five levels and that of the 

experimental group has four levels is indicative that the 
strength of the associations is greater in the experimen-
tal group, with the stimulus words appearing at higher 
frequencies. While in Level 4 (120 > f ≥ 80) of the experi-
mental group all the words stimulus are presented in the 
cognitive structures of the students, in the control group, 
the last stimulus word only appears at frequencies below 
80.

Regarding the complexity of the maps, it is possible to 
verify that the map relative to the experimental group 
(Fig. 4), at Level 4, is characterized by a denser and more 
intricate network (i.e., with more associations) than the 
map of the cognitive structures of the control group 
(Fig. 3).

Another aspect that distinguishes the students’ maps of 
cognitive structures of the two groups is the quality of the 
words associated with the stimulus words. We perceive 
quality as being associated with the nature of the words. 
Response words that are unequivocally related to cur-
ricular contents were considered as having higher quality 
than words related to everyday situations. Thus, in gen-
eral, in the control group, most of the associations that 
students made are related to everyday situations, while 
in the experimental group, students made many associa-
tions related to the curricular contents. For instance, in 
the control group students do not possess, in their cogni-
tive structures, any word regarding measurement devices 
(Ammeter, Voltmeter) or SI units (Ampere, Ohm, Volt). 
Another word that is not present in the cognitive struc-
tures of students from the control group is the word Elec-
trons. However, students from the experimental group 
associated the word Electrons with, for example, ELEC-
TRIC CURRENT in the following way: “Electricity is the 
ELECTRIC CURRENT that is due to the movement of 
the electrons in the circuit”.

Furthermore, in some cases where students in the con-
trol group made identical associations to those in the 
experimental group, related to curricular content, the 
nature of the associations is different. For example, the 
stimulus word VOLTAGE appears, in the experimen-
tal group, associated with words such as Electric cir-
cuit, Volt, Voltmeter, and Electrons, while in the control 
group it continues to be essentially associated with words 
related to everyday life, such as Home appliances, Elec-
tric shock, Electricity, etc. Examples of sentences written 
by the students of the experimental group include “The 
BATTERY in the electrical circuit creates a VOLTAGE” 
and “The electrons remain in the circuit and are oriented 
because of the VOLTAGE”, which is indicative of the 
understanding, in this case, of the concept of voltage. Still 
regarding the stimulus word VOLTAGE, and although 
both groups have made associations with the word Elec-
tric circuit, their nature is different: in the experimental 
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group, students refer that “The BATTERY in the electrical 
circuit creates a VOLTAGE”, while in the control group 
the students only state that “The electrical circuit has a 
VOLTAGE”.

Also, the associations made with the word BATTERY are 
different in the two groups. Students in the control group 
continue to associate this word with Stop, stating that 
“RESISTANCE is for electricity to stop”, while in the experi-
mental group students already associate it with words such 
as Ohm and BATTERY in the following ways: “Ohm is the 
name of the one who invented the law and is the unit of 
RESISTANCE” and “RESISTANCE can be a component of 
the circuit that is connected to a BATTERY”.

Regarding the alternative conceptions identified at 
M1, for both groups, they were observable at lower per-
centages, at M2, and were not the most prevalent ideas 
in students’ cognitive structures, as it happened before 
instruction. Furthermore, it was in the experimental 
group that it was verified major differences in the elimi-
nation of alternative conceptions. Specifically, in the 
control group, the percentage of associations that were 
considered alternative conceptions shifted from 61,3% 
(M1) to 38,7% (M2). However, in the experimental group, 
this variation was more pronounced: from 62,9% (M1) to 
18,5% (M2).

Considering the mentioned features, it is possible to 
conclude that there are more differences between the 
cognitive structures’ maps of the experimental group, 
considering both moments, than of the control group. 
This is indicative that the student-centered STEM 
approach had a more pronounced effect is students’ cog-
nitive structures.

Conclusions
The findings of the current study indicate that the 
STEM approach had a more pronounced effect on 
the development of students’ cognitive structures on 
the topic of electrical circuits, which reinforces the 
research in STEM education, by describing a pedagogi-
cal approach that allows students to achieve the learn-
ing goals, in comparison to the traditional pedagogical 
approach. Furthermore, WAT has proven to be a suit-
able method to elicit about students’ conceptions. Thus, 
it can be used by teachers to identify students’ concep-
tions and difficulties, and to select proper pedagogi-
cal experiences that help students to learn. Also, it can 
be used to evaluate the accomplishment of students’ 
learning objectives. As such, this instrument can be 
used in the classrooms, regardless of the subject/topic 
to inform teachers about the “starting point” of the 
class. For teachers, it is a powerful tool to know what 

their students know and think about a topic. Despite 
the complex and time-consuming data analysis, WAT 
data can guide teachers to adapt their pedagogical 
approaches and to help students in their learning pro-
cess. Other WAT modalities include the comparison of 
students’ cognitive structures before and after instruc-
tion, or the comparison between different approaches, 
to decide which is the most effective. WAT can be also 
used in conjunction with other tools. For instance, 
teachers can perform an initial WAT and, instead of 
performing a post-instructional WAT, they can ask stu-
dents to build concept maps.

The main limitation of the present study is the uti-
lization of a group analysis, instead of an individual 
analysis. This means that WAT results were analyzed 
considering groups of students (control and experimen-
tal), instead of individual students. Therefore, it does 
not allow the assessment of individual cognitive struc-
tures but only the determination of the most prevalent 
associations and directions of such associations within 
the students’ groups under consideration.

Another limitation is the fact that this study was con-
ducted in only 12 Portuguese schools and the recruit-
ment of participants was made by a convenience 
sampling method which introduces some precautions 
in the generalization of the results.

Despite these limitations, this study provides general 
trends among students’ conceptual understanding of 
electrical circuits and related concepts and opens the 
door for further research.

Abbreviations
STEM  Science, Technology, Engineering, and Mathematics
WAT   Word Association Test

Acknowledgements
Not applicable.

Author contributions
Both authors conceptualized the study and were involved in data collection 
and analyses. Both authors read and approved the final manuscript.

Funding
This work was supported by National Funds through FCT-Portuguese 
Foundation for Science and Technology, I.P., under the project number PTDC/
CED-EDG/31480/2017.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not pub-
licly available due to the anonymity and the confidentiality of the collected 
data but are available from the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare that they have no competing interests.



Page 20 of 21Baptista and Martins  International Journal of STEM Education           (2023) 10:15 

Received: 7 June 2022   Accepted: 28 December 2022

References
Afra, N. C., Osta, I., & Zoubeir, W. (2009). Students’ alternative conceptions about 

electricity and effect of inquiry-based teaching strategies. International 
Journal of Science and Mathematics Education, 7, 103–132. https:// doi. org/ 
10. 1007/ s10763- 007- 9106-7

Atabek-Yigit, E. (2015). Exploring the relationship between cognitive structure 
outcomes and test achievements of preservice science teachers on 
chemical bonding via flow mapping. Journal of Baltic Science Education, 
14(4), 524–534. https:// doi. org/ 10. 33225/ jbse/ 15. 14. 524

Ausubel, D. P. (1963). Cognitive structure and the facilitation of meaningful 
verbal learning. Journal of Teacher Education, 14, 217–221. https:// doi. org/ 
10. 1177/ 00224 87163 01400 220

Bahar, M., Johnstone, A. H., & Sutcliffe, R. G. (1999). Investigation of students’ 
cognitive structure in elementary genetics through word association 
tests. Journal of Biological Education, 33(3), 134–141. https:// doi. org/ 10. 
1080/ 00219 266. 1999. 96556 53

Balbağ, M. Z., & Karademir, E. (2020). Examination of the cognitive structures of 
the secondary school eighth-grade students regarding some concepts 
in electricity through the word association test. Spring 2020 Osmangazi 
Journal of Educational Research, 7(1), 50–64.

Cardellini, L., & Bahar, M. (2000). Monitoring the learning of chemistry through 
word association tests. Australian Chemistry Resource Book, 19, 59–69.

Carlton, K. (1999). Teaching electric current and electrical potential. Physics 
Education, 36(6), 341–345. https:// doi. org/ 10. 1088/ 0031- 9120/ 34/6/ 401

Çepni, S., & Keleş, E. (2006). Turkish students’ conceptions about the simple 
electric circuits. International Journal of Science and Mathematics Educa-
tion, 4, 269–291. https:// doi. org/ 10. 1007/ s10763- 005- 9001-z

Chapman, S. (2014). Teaching the ‘big ideas’ of electricity at primary level. 
Primary Science, 135, 5–8.

Chittum, J. R., Jones, B. D., Akalin, S., & Schram, Á. B. (2017). The effects of 
an afterschool STEM program on students’ motivation and engage-
ment. International Journal of STEM Education. https:// doi. org/ 10. 1186/ 
s40594- 017- 0065-4

Chiu, M. H., & Duit, R. (2011). Globalization: Science education from an interna-
tional perspective. Journal of Research in Science Teaching, 48(6), 553–566. 
https:// doi. org/ 10. 1002/ tea. 20427

Christensen, R., & Knezek, G. (2017). Relationship of middle school student 
STEM interest to career intent. Journal of Education in Science, Environment 
and Health, 3(1), 1–13. https:// doi. org/ 10. 21891/ jeseh. 275649

Cokelez, A., & Yurumezoglu, K. (2009). Conceptualization Forms of “Electric-
ity, Electric Current and Electrical Energy” by Junior High School (aged 
12–14) Students. Latin-American Journal of Physics Education, 3(3), 
496–505. Retrieved from http:// www. journ al. lapen. org. mx

Cotabish, A., Dailey, D., Robinson, A., & Hughes, G. (2013). The effects of a STEM 
intervention on elementary students’ science knowledge and skills. 
School Science and Mathematics, 113(5), 215–226. https:// doi. org/ 10. 1111/ 
ssm. 12023

Crippen, K. J., & Antonenko, P. D. (2018). Designing for collaborative problem 
solving in STEM cyberlearning. In Y. J. Dori, Z. Mevarech, & D. Baker (Eds.), 
Innovations in science education and technology (pp. 89–116). UK: Springer 
Nature. 10.1007/978-3-319-66659-4_5.

Crotty, E. A., Guzey, S. S., Roehrig, G. H., Glancy, A. W., Ring-Whalen, E. A., & 
Moore, T. J. (2017). Approaches to integrating engineering in STEM units 
and student achievement gains. Journal of Pre-College Engineering Educa-
tion Research. https:// doi. org/ 10. 7771/ 2157- 9288. 1148

Derman, A., & Eilks, I. (2016). Using a word association test for the assessment 
of high school students’ cognitive structures on dissolution. Chemistry 
Education Research and Practice, 17(4), 902–913. https:// doi. org/ 10. 1039/ 
c6rp0 0084c

Gazibeyoglu, T., & Aydin, A. (2019). The effect of STEM-based activities on 7th 
grade students’ academic achievement in force and energy unit and 
students’ opinions about these activities. Universal Journal of Educational 
Research, 7(5), 1275–1285. https:// doi. org/ 10. 13189/ ujer. 2019. 070513

Gilbert, J. K., & Watts, D. M. (1983). Concepts, misconceptions and alternative: 
Changing perspectives in science education. Studies in Science Education, 
10(1), 61–98. https:// doi. org/ 10. 1080/ 03057 26830 85599 05

Glynn, S. M., & Koballa, T. R. (2006). Science Motivation Questionnaire: Con-
struct validation with nonscience majors. Journal of Research in Science 
Teaching (Vol. 46). Retrieved from http:// www. coe. uga. edu/ smq/ provi 
desdo wnloa dable artic les

Glynn, S. M., Taasoobshirazi, G., & Brickman, P. (2009). Science motivation 
questionnaire: Construct validation with nonscience majors. Journal of 
Research in Science Teaching, 46(2), 127–146. https:// doi. org/ 10. 1002/ tea. 
20267

Gribbons, B., & Herman, J. (1997). True and quasi-experimental designs. Practi-
cal Assessment, Research & Evaluation,. https:// doi. org/ 10. 7275/ fs4z- nb61

Gunstone, R. F. (1980). Word association and the description of cognitive 
structure. Research in Science Education, 10(1), 45–53. https:// doi. org/ 10. 
1007/ BF023 56308

Guthrie, J. T., Wigfield, A., & VonSecker, C. (2000). Effects of integrated instruc-
tion on motivation and strategy use in reading. Journal of Educational 
Psychology, 92(2), 331–341. https:// doi. org/ 10. 1037/ 0022- 0663. 92.2. 331

Heras, M., Ruiz-Mallén, I., & Gallois, S. (2020). Staging science with young 
people: Bringing science closer to students through stand-up comedy. 
International Journal of Science Education, 42(12), 1968–1987. https:// doi. 
org/ 10. 1080/ 09500 693. 2020. 18070 71

Hovardas, T., & Korfiatis, K. J. (2006). Word associations as a tool for assessing 
conceptual change in science education. Learning and Instruction, 16(5), 
416–432. https:// doi. org/ 10. 1016/j. learn instr uc. 2006. 09. 003

Hurley, M. M. (2001). Reviewing integrated science and mathematics: The 
search for evidence and definitions from new perspectives. School 
Science and Mathematics, 101(5), 259–268. https:// doi. org/ 10. 1111/j. 1949- 
8594. 2001. tb180 28.x

Johnson, P. E. (1967). Some psychological aspects of subject-matter structure. 
Journal of Educational Psychology, 68(2), 76–88. https:// doi. org/ 10. 1037/ 
h0024 465

Kitchen, J. A., Sonnert, G., & Sadler, P. M. (2018). The impact of college- and 
university-run high school summer programs on students’ end of high 
school STEM career aspirations. Science Education, 102(3), 529–547. 
https:// doi. org/ 10. 1002/ sce. 21332

Knezek, G., Christensen, R., Tyler-Wood, T., & Periathiruvadi, S. (2013). Impact 
of environmental power monitoring activities on middle school student 
perceptions of STEM. Science Education International, 24, 98–123.

Kostova, Z., & Radoynovska, B. (2008). Word Association test for studying con-
ceptual structures of teachers and students. Bulgarian Journal of Science 
and Education Policy, 2(2), 209–231.

McComas, W. F., & Burgin, S. R. (2020). A Critique of STEM education: Revolu-
tion-in-the-making, passing fad, or instructional imperative? Science and 
Education, 29(4), 805–829. https:// doi. org/ 10. 1007/ s11191- 020- 00138-2

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded 
sourcebook. Sage Publications.

Moore, T. J., Tank, K. M., Glancy, A. W., & Kersten, J. A. (2015). NGSS and the land-
scape of engineering in K-12 state science standards. Journal of Research 
in Science Teaching, 52(3), 296–318. https:// doi. org/ 10. 1002/ tea. 21199

Mulhall, P., Mckittrick, B., & Gunstone, R. (2001). A Perspective on the resolution 
of confusions in the teaching of electricity. Research in Science Education, 
31, 575–587. https:// doi. org/ 10. 1023/A: 10131 54125 379

Nakiboglu, C. (2008). Using word associations for assessing non major sci-
ence students’ knowledge structure before and after general chemistry 
instruction: The case of atomic structure. Chemistry Education Research 
and Practice, 9(4), 309–322. https:// doi. org/ 10. 1039/ b8184 66f

National Research Council. (2014). STEM Integration in K-12 Education. National 
Academies Press. 10.17226/18612.

OECD. (2019). Education at a glance 2019: OECD indicators. OECD Publishing. 
10.1787/ea8ba064-en.

Ortiz-Revilla, J., Greca, I. M., & Arriassecq, I. (2022). A theoretical framework 
for integrated STEM education. Science and Education, 31(2), 383–404. 
https:// doi. org/ 10. 1007/ s11191- 021- 00242-x

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review 
of the literature and its implications. International Journal of Science Edu-
cation, 25(9), 1049–1079. https:// doi. org/ 10. 1080/ 09500 69032 00003 2199

Osborne, R. (1983). Towards modifying children’s ideas about electric current. 
Research in Science & Technological Education, 1(1), 73–82. https:// doi. org/ 
10. 1080/ 02635 14830 010108

https://doi.org/10.1007/s10763-007-9106-7
https://doi.org/10.1007/s10763-007-9106-7
https://doi.org/10.33225/jbse/15.14.524
https://doi.org/10.1177/002248716301400220
https://doi.org/10.1177/002248716301400220
https://doi.org/10.1080/00219266.1999.9655653
https://doi.org/10.1080/00219266.1999.9655653
https://doi.org/10.1088/0031-9120/34/6/401
https://doi.org/10.1007/s10763-005-9001-z
https://doi.org/10.1186/s40594-017-0065-4
https://doi.org/10.1186/s40594-017-0065-4
https://doi.org/10.1002/tea.20427
https://doi.org/10.21891/jeseh.275649
http://www.journal.lapen.org.mx
https://doi.org/10.1111/ssm.12023
https://doi.org/10.1111/ssm.12023
https://doi.org/10.7771/2157-9288.1148
https://doi.org/10.1039/c6rp00084c
https://doi.org/10.1039/c6rp00084c
https://doi.org/10.13189/ujer.2019.070513
https://doi.org/10.1080/03057268308559905
http://www.coe.uga.edu/smq/providesdownloadablearticles
http://www.coe.uga.edu/smq/providesdownloadablearticles
https://doi.org/10.1002/tea.20267
https://doi.org/10.1002/tea.20267
https://doi.org/10.7275/fs4z-nb61
https://doi.org/10.1007/BF02356308
https://doi.org/10.1007/BF02356308
https://doi.org/10.1037/0022-0663.92.2.331
https://doi.org/10.1080/09500693.2020.1807071
https://doi.org/10.1080/09500693.2020.1807071
https://doi.org/10.1016/j.learninstruc.2006.09.003
https://doi.org/10.1111/j.1949-8594.2001.tb18028.x
https://doi.org/10.1111/j.1949-8594.2001.tb18028.x
https://doi.org/10.1037/h0024465
https://doi.org/10.1037/h0024465
https://doi.org/10.1002/sce.21332
https://doi.org/10.1007/s11191-020-00138-2
https://doi.org/10.1002/tea.21199
https://doi.org/10.1023/A:1013154125379
https://doi.org/10.1039/b818466f
https://doi.org/10.1007/s11191-021-00242-x
https://doi.org/10.1080/0950069032000032199
https://doi.org/10.1080/0263514830010108
https://doi.org/10.1080/0263514830010108


Page 21 of 21Baptista and Martins  International Journal of STEM Education           (2023) 10:15  

Özcan, Ö., & Tavukçuoğlu, E. (2018). Investigating the high school students’ 
cognitive structures about the light concept through word association 
test. Journal of Education and Future Year, 13, 121–132.

Palmer, T. A., Burke, P. F., & Aubusson, P. (2017). Why school students choose 
and reject science: A study of the factors that students consider when 
selecting subjects. International Journal of Science Education, 39(6), 
645–662. https:// doi. org/ 10. 1080/ 09500 693. 2017. 12999 49

Park, W., Wu, J. Y., & Erduran, S. (2020). The nature of STEM disciplines in the 
science education standards documents from the USA, Korea and 
Taiwan. Science & Education, 29, 899–927. https:// doi. org/ 10. 1007/ 
s11191- 020- 00139-1

Piaget, J. (1978). Success and understanding. Harvard University Press.
Pilatou, V., & Stavridou, H. (2004). How primary school students understand 

mains electricity and its distribution. International Journal of Science Edu-
cation, 26(6), 697–715. https:// doi. org/ 10. 1080/ 09500 69032 00011 9447

Preston, C. M. (2019). Effect of a diagram on primary students’ understanding 
about electric circuits. Research in Science Education, 49(5), 1433–1456. 
https:// doi. org/ 10. 1007/ s11165- 017- 9662-y

Preston, C., Hubber, P., Bondurant-Scott, M., & Gunesekere, I. (2020). A represen-
tation construction approach to learning about electrical energy in Year 
6. Teaching Science, 66(2), 5–19.

Psillos, D., Tiberghien, A., & Koumaras, P. (1988). Voltage presented as a primary 
concept in an introductory teaching sequence on DC circuits. Interna-
tional Journal of Science Education, 10(1), 29–43. https:// doi. org/ 10. 1080/ 
09500 69880 100104

Quinn, C. M., Reid, J. W., & Gardner, G. E. (2020). S+T+M=E as convergent 
model for the nature of STEM. Science and Education, 29(4), 881–898. 
https:// doi. org/ 10. 1007/ s11191- 020- 00130-w

Sadoglu, G. P., & Durukan, U. G. (2018). Determination of elementary prospec-
tive teachers’ perceptions of some basic physics concepts by word 
association test. European Journal of Physics Education, 8(2), 1309–7202.

Saputro, D. E., Sarwanto, S., Sukarmin, S., & Ratnasari, D. (2018). Students’ con-
ceptions analysis on several electricity concepts. Journal of Physics: Confer-
ence Series. https:// doi. org/ 10. 1088/ 1742- 6596/ 1013/1/ 012043

Şendur, G., & Toprak, M. (2017). An investigation of changes in the cognitive 
structures of 11th grade students using the word association test: The 
case of chemical equilibrium. Journal of Turkish Studies, 12(17), 411–436. 
https:// doi. org/ 10. 7827/ turki shstu dies. 11911

Shahali, E., Halim, L., Rasul, M. S., Osman, K., & Zulkifeli, M. A. (2017). STEM 
learning through engineering design: Impact on middle secondary 
students’ interest towards STEM. Eurasia Journal of Mathematics, Science 
and Technology Education, 13(5), 1189–1211. https:// doi. org/ 10. 12973/ 
euras ia. 2017. 00667a

Shavelson, R. J. (1974). Methods for examining representations of a subject-
matter structure in a students’ memory. Journal of Research in Science 
Teaching, 11(3), 231–249. https:// doi. org/ 10. 1002/ tea. 36601 10307

Shipstone, D. (1985). Electricity in simple circuits. In R. Driver, E. Guesne, & A. 
Tiberghien (Eds.), Children’s ideas in science (pp. 33–51). Open University 
Press.

Shipstone, D. (1988). Pupils’ understanding of simple electrical circuits. Physics 
Education, 23(2), 92–96. https:// doi. org/ 10. 1088/ 0031- 9120/ 23/2/ 004

Sjøberg, S., & Schreiner, C. (2010). The ROSE project. An overview and key findings. 
http:// rosep roject. no/ netwo rk/ count ries/ norway/ eng/ nor- Sjobe rg- Schre 
iner- overv iew- 2010. pdf

Solomonidou, C., & Kakana, D.-M. (2000). Preschool children’s conceptions 
about the electric current and the functioning of electric appliances. 
European Early Childhood Education Research Journal, 8(1), 95–111. https:// 
doi. org/ 10. 1080/ 13502 93008 52085 11

Stehle, S. M., & Peters-Burton, E. E. (2019). Developing student 21st Century 
skills in selected exemplary inclusive STEM high schools. International 
Journal of STEM Education. https:// doi. org/ 10. 1186/ s40594- 019- 0192-1

Suma, K., Sadia, I. W., & Pujani, N. M. (2018). The identification of the 11th grade 
students’ prior knowledge of electricity concepts. Journal of Physics: Con-
ference Series. https:// doi. org/ 10. 1088/ 1742- 6596/ 1040/1/ 012038

Taber, K. (2008). Exploring conceptual integration in student thinking: Evi-
dence from a case study. International Journal of Science Education, 30(14), 
1915–1943. https:// doi. org/ 10. 1080/ 09500 69070 15894 04

Tati, T., Firman, H., & Riandi, R. (2017). The effect of STEM learning through the 
project of designing boat model toward student STEM literacy. Journal 
of Physics: Conference Series. https:// doi. org/ 10. 1088/ 1742- 6596/ 895/1/ 
012157

Timur, S. (2012). Examining Cognitive Structures of Prospective Preschool 
Teachers Concerning the Subject “Force and Motion.” Educational Sci-
ences: Theory & Practice, 12(4), 3039–3049.

Toma, R. B., & Greca, I. M. (2018). The effect of integrative STEM instruction on 
elementary students’ attitudes toward science. Eurasia Journal of Math-
ematics, Science and Technology Education, 14(4), 1383–1395. https:// doi. 
org/ 10. 29333/ ejmste/ 83676

Tsai, C.-C. (2001). Probing students’ cognitive structures in science: the use of 
a flow map method coupled with a meta-listening technique. Studies 
in Educational Evaluation, 27, 237–268. https:// doi. org/ 10. 1016/ S0191- 
491X(01) 00029-3

Tsai, C. H., Chen, H. Y., Chou, C. Y., & der Lain, K. (2007). Current as the key 
concept of Taiwanese students’ understandings of electric circuits. Inter-
national Journal of Science Education, 29(4), 483–496. https:// doi. org/ 10. 
1080/ 09500 69060 10733 27

Tsai, C.-C., & Huang, C.-M. (2002). Exploring students’ cognitive structures in 
learning science: a review of relevant methods. Journal of Biological Edu-
cation, 36(4), 163–169. https:// doi. org/ 10. 1080/ 00219 266. 2002. 96558 27

Turgut, Ü., Gürbüz, F., & Turgut, G. (2011). An investigation 10th grade students’ 
misconceptions about electric current. Procedia Social and Behavioral Sci-
ences, 15, 1965–1971. https:// doi. org/ 10. 1016/j. sbspro. 2011. 04. 036

Türksever, Ö. (2021). Exploring high school students’ cognitive structures for 
energy concept through word association test. International Education 
Studies, 14(9), 58. https:// doi. org/ 10. 5539/ ies. v14n9 p58

Vygotsky, L. (1978). Mind in society: The development of higher psychological 
processes. Harvard University Press.

Wang, X. (2013). Why students choose STEM majors: Motivation, high school 
learning, and postsecondary context of support. American Educational 
Research Journal, 50(5), 1081–1121. https:// doi. org/ 10. 3102/ 00028 31213 
488622

Wells, J. (2013). Integrative STEM education and Virginia tech: Graduate 
preparation for tomorrow’s leaders. Technology and Engineering Teacher, 
72(5), 28–36.

Yildirir, H. E., & Demirkol, H. (2018). Revealing students’ cognitive structure 
about physical and chemical change: Use of a word association test. 
European Journal of Education Studies, 4(1), 134–154. https:// doi. org/ 10. 
5281/ zenodo. 11564 14

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1080/09500693.2017.1299949
https://doi.org/10.1007/s11191-020-00139-1
https://doi.org/10.1007/s11191-020-00139-1
https://doi.org/10.1080/0950069032000119447
https://doi.org/10.1007/s11165-017-9662-y
https://doi.org/10.1080/0950069880100104
https://doi.org/10.1080/0950069880100104
https://doi.org/10.1007/s11191-020-00130-w
https://doi.org/10.1088/1742-6596/1013/1/012043
https://doi.org/10.7827/turkishstudies.11911
https://doi.org/10.12973/eurasia.2017.00667a
https://doi.org/10.12973/eurasia.2017.00667a
https://doi.org/10.1002/tea.3660110307
https://doi.org/10.1088/0031-9120/23/2/004
http://roseproject.no/network/countries/norway/eng/nor-Sjoberg-Schreiner-overview-2010.pdf
http://roseproject.no/network/countries/norway/eng/nor-Sjoberg-Schreiner-overview-2010.pdf
https://doi.org/10.1080/13502930085208511
https://doi.org/10.1080/13502930085208511
https://doi.org/10.1186/s40594-019-0192-1
https://doi.org/10.1088/1742-6596/1040/1/012038
https://doi.org/10.1080/09500690701589404
https://doi.org/10.1088/1742-6596/895/1/012157
https://doi.org/10.1088/1742-6596/895/1/012157
https://doi.org/10.29333/ejmste/83676
https://doi.org/10.29333/ejmste/83676
https://doi.org/10.1016/S0191-491X(01)00029-3
https://doi.org/10.1016/S0191-491X(01)00029-3
https://doi.org/10.1080/09500690601073327
https://doi.org/10.1080/09500690601073327
https://doi.org/10.1080/00219266.2002.9655827
https://doi.org/10.1016/j.sbspro.2011.04.036
https://doi.org/10.5539/ies.v14n9p58
https://doi.org/10.3102/0002831213488622
https://doi.org/10.3102/0002831213488622
https://doi.org/10.5281/zenodo.1156414
https://doi.org/10.5281/zenodo.1156414

	Effect of a STEM approach on students’ cognitive structures about electrical circuits
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Theoretical framework
	STEM education
	Cognitive structures and Word Association Tests (WAT)

	Methodology
	Context and participants
	Learning sequences
	Data collection and analysis

	Results
	Students’ cognitive structures at M1 (Pretest)
	Students’ cognitive structures at M2 (posttest)

	Discussion
	RQ1: What are the initial conceptions, present in students’ cognitive structures, regarding the topic of electrical circuits?
	RQ2: What is the effect of a STEM approach on the development of students’ cognitive structures, and consequently on their conceptions, on the topic of electrical circuits?

	Conclusions
	Acknowledgements
	References


