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Abstract

Language and education are two essential dimensions that go hand in hand when it comes
to human beings. Neurobiologists and linguists share the idea that our ability to speak
is innate and that we are pre-programmed from birth to learn any language almost un-
consciously. However, in a school setting learning a foreign language requires substantial
planning and methodology, involving an effort by the learner who is thereby affected by the
process. This paper aims to determine the effects of bilingual teaching on students’ emo-
tions and academic performance during the learning process of the subject of Science. To
this end, a study was carried out in the 5""and 6™ grades of Elementary Education, focusing
specifically on the teaching-learning process of the subjects of Ciencias Naturales (natural
sciences taught in Spanish, CCNN) and Science (bilingual school, natural sciences taught in
English). The participants in the study were 286 students from the city of Badajoz (Spain), of
whom 123 studied Science (bilingual school) and 163 studied CCNN in Spanish. The design
of the study was descriptive, with use of a questionnaire to collect the data. The conclusions
of the statistical analysis indicate that language is clearly an influential factor, as shown
both in the lower grades and more negative emotions experienced by the students study-
ing science in English. Conversely, the students from the non-bilingual school obtained the
best grades and experienced the most positive emotions.

Key words: science; bilingualism; emotions; Elementary Education; student performance.

Resumen

En el ser humano, el lenguaje y la educacién son dos dimensiones esenciales que van de la
mano. Neurobidlogos y lingliistas comparten la idea de que la capacidad del ser humano
para hablar es innata y que desde el nacimiento estamos pre-programados para aprender
cualquier idioma de manera casi inconsciente. Sin embargo, en el espacio escolar, el apren-
dizaje de una Lengua Extranjera (LE) requiere una planificacién y un método, y conlleva un
esfuerzo y unos efectos en el alumnado. Es por eso que el presente trabajo deriva de la
necesidad de conocer los efectos de la ensefianza bilingtie en las emociones y en el rendi-
miento académico de los estudiantes durante el proceso de aprendizaje de la asignatura
de Ciencias. Para ello se ha llevado a cabo un estudio en los cursos de 5°y 6° de Educacién
Primaria (EP) centrado en el proceso de ensefianza-aprendizaje de las asignaturas de Cien-
cias de la Naturaleza (CCNN) y Science (centro bilinglie, Ciencias de la Naturaleza en lengua
inglesa). Se cont6 con la colaboracién de 286 alumnos de la ciudad de Badajoz (Espafia),
de los cuales 123 estudian Science y 163 estudian CCNN. El disefio del estudio fue descrip-
tivo, empleando un cuestionario como instrumento de recogida de datos. Tras el analisis
estadistico las conclusiones obtenidas muestran que el idioma es un factor claramente in-
fluyente tanto en las calificaciones obtenidas como en las emociones experimentadas por
el alumnado que cursa ciencias en inglés; obteniendo los alumnos del centro no bilinglie
las mejores calificaciones y las emociones més positivas.

Palabras clave: Ciencias; bilingliismo; emociones; Educacién Primaria; rendimiento acadé-
mico.
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S ML, A/ NFHERMNELET T —IEE, BRI EARFREER
FHEMEFRPIZRENREHT HNHF IR KBAEF Badajozm V2862 FES
IO 5, HR1232 A5iE ERIFIR, 1638 AmmE ERFR RITRA TR 718
i ERRISEAEIERE TR St oS ERIEIE R, EARIE LRIFRINFLETR,
HEWHR RSN BREHE R EBEENRIE ) A IFNEFRNFEEEEFTFHNTF
LRI EIRIRAIELE

KR B WE; B NFHE, P&l

AHHOTaUMSA

B uenoBeke A3bIK 1 06pa30BaHNe ABNAIOTCS ABYMSA OCHOBHBLIMW acnekTamu, KOTopble nayT
pyka 06 pyky. Heiipobuonorn n AMHIBUCTbI Pa3AenstoT NAeH O TOM, YTO YesnoBeyeckas
CMOCOBGHOCTb TOBOPUTL SBASETCA BPOXAEHHOW 1 UYTO C POXAEHUS Mbl 3apaHee 3anpo-
rPaMMUPOBaHbl Ha N3y4eHye 60ro A3bika MoUTH 6ecco3HaTeNbHO. OfHAKO B LLIKOBHOIA
cpefie U3yyeHune NHOCTPAHHOTO A3biKa TpebyeT NIaHNPOBaHKSA U MeTO/Aa, a Takxe TpebyeT
YCUNWIA N BO3AENCTBUSA Ha yyalmxca. VIMeHHO No3ToMy HacTosLas pabota npoucrekaet
13 HeobXOAMMOCTM 3HaTb BUSHUE [BYA3bIYHOMO 0OYYEHMS Ha IMOLK 1 YCNeBaeMoCTb
YUYaLLMXCS B MpoLecce nsyyeHus npejmeta « EctectBeHHble Hayku». C 3TOM Lienbio B 5-0M
1 6-OM KNnaccax HayvanbHOW LLIKONbLI 6bIN0 NPOBEAEHO NCCNe0BaHWe, NOCBALLEHHOE Npo-
Lieccy npenogaBaHus-obyyeHns npeametoB EctectBeHHble Haykm n Science (EctecTeH-
Hble HayKN Ha aHrMIACKOM f3bike). C HaMK cOTpyAHMYanmM 286 ydalumxcs u3 ropoga ba-
faxoc (Mcnanwms), n3 kotopbix 123 m3yyanu Science n 163 - EctecTBeHHble Hayku. MnaH
nccnesoBaHNsA HOCUA ONKCATeNbHbIV XapakTep, B HEM B KayecTBe cpeAcTBa cbopa faHHbIX
1CMOb30BaNCa BOMPOCHUK. [locne cTaTUCTUYECKOro aHann3a nofyyYyeHHble BbIBOAbI NOKa-
3bIBaIOT, YTO A3bIK ABHO SBNSETCSH BAMATENbHLIM GaKTOPOM Kak B MOAYYEHHbIX OLieHKaX,
TaK 1 B 3MOLMSAX, UCMBITBIBAEMbIX YYEHNKAMW, N3YYatoLLMMUN €CTECTBEHHbIE HAayKM Ha aH-
FIVACKOM 5i3bIKe, MPY 3TOM YYEHWUKMN U3 HeBYS3bIYHbIX LLIKON MOYYatoT JlyyLliie OLeHKN
1 6onee NO3NTUBHbIE IMOLLUN.

KntoueBble cnoBa: EcTecTBeHHbIE HAyKU; ABYA3bIYHOE 06PA30BaHE; IMOLMK; HauaNbHOe
06pa3oBaHue; yCreBaeMoCTb.

Introduction

Bilingual education has been a source of dispute and controversy in certain countries
for many decades because of its effects on students’ academic development (Bruton,
2011, 2015).

In 2002, the European Commission agreed that European citizens should learn at
least two different languages other than their mother tongue (L1) (Barcelona Euro-
pean Council, 2002). In 2008, by virtue of a resolution of the European Council (2008)
the member states agreed to promote social cohesion through multilingualism and
strengthen language learning in order to promote linguistic diversity (Guadamillas
& Alcaraz, 2017). In 2014, the European Commission published the document Conclu-
sions on multilingualism and the development of language competences, which invited the
member states to increase the measures aimed at enhancing the efficiency of early
language learning and encouraged regional and European governments to make use
of the various tools designed to promote language learning, such as the Common Eu-
ropean Framework of Reference for Languages (CEFR, 2002), the Europass, the Erasmus+
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programs, the European Language Portfolio and the European Language Label (Council
of the European Union, 2014).

In 1996, the Spanish Ministry of Education and the British Council signed a collabora-
tion agreement to regulate Spanish-English bilingual education programs in publicly
funded schools, with the aim of developing bilingual programs through an integrated
Spanish-British curriculum. This agreement was implemented in 87 public pre-schools
and elementary schools in ten Autonomous Communities. However, it must be taken
into account that, alongside this agreement, the different Autonomous Communities
have been drafting their own legislation to regulate bilingual education in monolin-
gual communities (having a single official language) and trilingual education in bi-
lingual communities (having co-official languages) (Guadamillas & Alcaraz, 2017;
Martinez, 2019).

In the monolingual Autonomous Community of Extremadura, one of the main axes of
the regional government’s education policy is the prominence of foreign languages in
the curriculum (Ministry of Education, 2004). Section 74(1) of Law 4/2011 on Education
in Extremadura provides that “pre-schools and elementary schools to be created in
the Autonomous Community shall be bilingual” (p.29). Meanwhile, the Decree of 20
April 2017 states that teachers must provide proof of a B2 level in the foreign language
they teach, as well as their methodological competence in accordance with Decree
39/2014. With regard to the methodology, this same Decree mentions the need to
work according to the CLIL methodological principles (Content and Language Inte-
grated Learning). The CLIL approach requires collaboration and coordination between
the teachers of foreign languages and those of non-linguistic subjects, thus increasing
student motivation levels and reducing their inhibition to express themselves in a for-
eign language.

According to Lorenzo (2015) and Salaberri (2009), this approach has triggered the
need to create a meaningful teaching-learning process and to search for the greatest
possible number of interdisciplinary connections between the different areas (Travé,
2016). However, in relation to the importance of language learning, authors such as
Pavén (2009) argue that “if the linguistic objective prevails over the academic one,
there will inevitably be an impoverishment in the acquisition of academic content”
(p.71).

Meanwhile, authors such as Coste (2001) and Duverger and Maillard (1996) argue
that this bilingual education model provides linguistic, cognitive and cultural benefits
to students given that despite the need for the mother tongue in the acquisition of
knowledge, the use of a foreign language has a positive influence on the processes
of abstraction and construction of knowledge. Likewise, numerous studies outlined in
Vasquez (2009) claim that students with access to bilingual programs will have greater
chances of academic success due to the fact that they have higher levels of self-control
and ability to manipulate language, although they also emphasize the importance of
balanced bilingualism (a similar level of linguistic competence in both languages).

Focusing on the subject of science, Archila (2013) argues that a good cognitive-linguis-
tic level facilitates students’ learning of science since “progress by students in the field
of scientific knowledge is linked to the acquisition of vocabulary and expressions that
allow them to assimilate, develop and communicate new ideas without ambiguity”
(p.157). In addition, Lemke (1997) found certain similarities between the process of
learning the language of science and the learning of a foreign language:
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Learning science involves learning to speak the language of science. It also involves
using this special conceptual language when reading and writing, when reasoning and
solving problems, during practice in the laboratory, and in everyday life. It involves
learning to communicate in this language and being an active member of the commu-
nity of people using it. (p.17)

It should also be noted that the learning process is the result of the interaction be-
tween cognitive and emotional causes (Garcia 2012; Koballa & Glynn, 2017). Thus, de-
spite the fact that the current educational model tends to suppress or minimize the
aspect of emotions, thanks to the impact of Gardner’s theory of multiple intelligences
(1998) and the emergence of the constructivist model, emotions are increasingly be-
ing considered as one of the fundamental aspects of a comprehensive education. For
Bisquerra (2014), the need for emotional education is evident given that emotions are
“an essential part of life” (p.1) and he defines them as “a complex state of the organism
characterized by an excitement or disturbance that predisposes action” (p.2).

From the standpoint of the didactics of science, more and more authors question the
idea of independence between the rational and the emotional, considering the rela-
tionship between both domains to be evident (Frijda, 2000; Gémez, Lucas, Bermejo, &
Rabazo, 2018; Koballa & Glyn, 2000; Martinez, 2009). Currently, emotions are assum-
ing increasing importance in our society and it has been clearly demonstrated that
there is a need to include the emotional dimension in both research on education
and the teaching-learning process itself (Arslan, 2017; Mellado, Blanco, Borrachero,
& Cérdenas, 2013).

Despite the importance of science and mathematics in our society, many students still
fail to see the utility of these subjects because they perceive them as boring, excessively
theoretical, irrelevant, impractical and disconnected from their daily life (Lyons, 2006;
Solbes, 2011; Vazquez & Manassero, 2008). This has created a strong degree of rejec-
tion and a high failure rate at various educational levels (Pino, 2013; Gémez-Chacon,
2000), since this perception affects academic performance (Monje, Pérez-Tyteca, &
Castro, 2012). Authors such as Romero-Ariza (2017) point out that “since the second
half of the 20™ century, specialists have urged that the teaching of science should be
more relevant for students, in order to allow them to understand and deal with every-
day phenomena and issues in life” (p.286).

Fortunately, several studies (Garcia-Ruiz & Orozco, 2008; Mellado et al., 2014; Mora,
2013) maintain that students’ emotions can be transformed from negative to posi-
tive, provided that teachers make them understand the usefulness of the knowledge
in question. It is also important that teachers use innovative methodologies in the
classroom, and above all, they need to be aware of the social context in which they are
working in order to build meaningful teaching-learning processes. Various authors
point out that trainee teachers should receive a thorough and adequate emotional
education, since they are the ones who will help students to handle their emotions in
the future (Chen, 2018; Del Rosal, Moreno-Manso, & Bermejo, 2018; Garcia-Carmona
& Cruz-Guzman, 2016; Ramos & Espinet, 2013).

Lemkow-Tovias et al. (2016) highlight curiosity, motivation, fascination, emotion and
the desire to discover new answers as cornerstones of learning, and all those qualities
seem to be inherent in bilingual teaching. Thus, we set out to analyze the influence of
language-skill development programs on the emotions and academic performance of
students in the learning context of natural sciences. Our aim was to analyze the influ-
ence of bilingual education programs (Spanish/English) on the emotions and academ-
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ic performance of students during their studies of natural science in the monolingual
community of Extremadura.

Objectives

In light of the above review of the literature, this study proposes the following two
aims:

1. To determine whether the use of a second language (English) affects students’
emotions while learning natural sciences in the 5th and 6th grades of elementary
education.

2. To determine whether the use of a second language (English) affects the aca-
demic performance of students while learning natural sciences in the 5th and
6th grades of elementary education.

Method

The design of the study follows a descriptive, non-experimental and cross-sectional
quantitative model. This methodology allows us to analyze the variables of the study
through an analysis oriented to testing and contrasting hypotheses (Latorre, Rincén,
& Arnal, 2003). We also recognize our study as non-experimental since the role of the
researcher in this type of study is limited to observing already existing situations (Ro-
driguez & Valldeoriola, 2014). Finally, we identify our study as cross-sectional, since
data collection is conducted at a specific point in time (Hernandez-Sampieri, Fernan-
dez, & Baptista, 2006).

Sample

The sample was selected using convenience sampling. It comprised a total of 286 stu-
dents of between 10 and 13 years of age (M= 10.53; DT=.67), from the 5" and 6™ 9rades
of elementary schools in Badajoz (Spain). One of these schools is signed up under the
Spanish Ministry of Education-British Council scheme, while the other school applies a
traditional teaching model. The students belonging to the bilingual school represent
43% of the sample (n= 123 subjects), while those enrolled in the monolingual school
represent the remaining 57% (n= 163 subjects). Both schools are located in the same
neighborhood and all the students have a very similar cultural and socioeconomic
background. According to the teachers, the level of linguistic competence is quite ho-
mogeneous, being generally less than a B1.

Instrument

The design of the study follows a descriptive and cross-sectional observational model.
To obtain the data, a questionnaire based on the Inventory of Attitudes towards Math-
ematics (Sanchez, 2014) was used as a measuring instrument. This questionnaire is an
adaptation and extension of the Fennema-Sherman Scale (FSS) (1976), a tool used for
evaluating attitudes and emotions involved in learning mathematics.
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The initial questionnaire had to be modified to adapt it to the selected sample and
was subsequently subjected to inter-rater reliability tests by a panel of experts from
the University of Extremadura (Spain). Consequently, the number of questions was re-
duced for this study (from 43 to 28) and the assessment scale was also adapted (from
5to 3 possibilities: 1. Never, 2. Sometimes, and 3. Always). As for the ranking scale, the
following qualitative categories were used: 1. Fail 2. Sufficient, 3. Good 4. Very Good,
and 5. Excellent.

After the above changes, the final result was a questionnaire with 28 questions
grouped and classified into three sections, each centered on an area of study. The
third section focused on emotions and was composed of six questions (see Table 1).

Table 1

Items designed to capture the positive and negative emotions experienced by students in CCNN and
Science classes

Positive emotions

CCNN/Science is my favorite subject
I have fun in CCNN/Science classes

I feel very proud when I pass a CCNN/Science exam

Negative emotions

I find CCNN/Science boring
I feel nervous during CCNN/Science classes

I get angry when I don't understand something about CCNN/Science

Procedure and statistical analysis

The process of filling out the questionnaires began by obtaining the consent of the
schools and establishing a schedule for the activity. The supervising teachers of each
class were in charge of distributing the questionnaire to their students, who answered
all the questions anonymously. Previously, a pilot study was carried out to check the
duration of the activity and also to verify that each question was clearly formulated,
ensuring that no complications arose while filling them out. The students spent ap-
proximately 20 minutes on this task.

Once all the questionnaires were collected, some had to be discarded due to errors
in their execution, so the final number we worked with was 286. Next, a descriptive
statistical analysis was carried out using mean, frequency, percentage and standard
deviation. With the aim of assessing the normality of the data, the Kolmogorov-Smirn-
ov normality test was applied. Randomness was also determined using the run test
of randomness, and finally the homogeneity of variance was tested by carrying out
Levene's test. The sample did not follow a normal distribution and therefore it did not
meet the necessary conditions for the application of parametric tests.

An inferential analysis was then performed using the Mann-Whitney U Test for inde-
pendent samples, given that the sample distribution did not conform to normality
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(K-S Test). The data were processed using the SPSS (Statistical Package for the Social
Sciences) software version 21®, with a 95% confidence level.

Results

Emotions in the study of CCNN and Science

For the study of emotions, a descriptive analysis was performed of the positive emo-
tions (enjoyment, fun and pride) that students felt when studying the subjects of CCNN
and Science. The same procedure was used for the negative emotions (boredom, ner-
vousness and anger). The results are shown in Tables 2 and 3.

These tables indicate the frequency of the emotions the students experienced mea-
sured in percentages, taking into account whether they studied Science or CCNN.

Table 2

Percentage of bilingual students and the frequency with which they experience each emotion while
studying Science.

BILINGUAL (Science)

POSITIVE EMOTIONS NEGATIVE EMOTIONS

Enjoyment  Fun Pride Boredom Nervousness Anger
1. Never 56.6 27.0 221 29.5 18.0 55.7
2.Sometimes  34.4 57.4 50.0 58.2 41.0 33.6
3. Always 9.0 14.8 27.9 12.3 41.0 10.7
Total 100.0 99.2 100.0 100.0 100.0 100.0

The above table (see Table 2) shows the emotions of bilingual pupils classified by type
of emotion and frequency. The subjects were asked to rate from 1 to 3 (1. Never, 2.
Sometimes and 3. Always) the frequency with which they experienced a series of both
positive and negative emotions during their Science class.

In the set of positive emotions (enjoyment, fun and pride), the highest percentage
(57.4%) corresponded to the emotion of fun, with a frequency of “sometimes”. This
means that the positive emotion of fun was the one most frequently experienced by
bilingual subjects. However, this emotion was not the most frequent since it did not
“always" occur, but bilingual students recognized that they felt it “sometimes"”. Follow-
ing the same type of analysis for the set of negative emotions (boredom, nervousness
and anger), the highest percentage (58.2%) corresponded to the emotion of boredom,
with a frequency of “sometimes”. As in the previous set, this means that the negative
emotion of boredom was the one that most bilingual subjects identified.

Subsequently, it can be seen that the most frequently experienced positive and nega-
tive emotions were pride and nervousness respectively. That is, only 27.9% of students
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reported “always” feeling proud during Science classes while 41.0% of subjects “al-
ways" felt nervous during the process of learning Science.

In Table 3, which corresponds to the non-bilingual students who study CCNN in Span-
ish, the results for the set of positive emotions coincide with those obtained by the
previous group in terms of both the frequency and the type of emotion experienced,
since 50.3% of the sample of non-bilingual students said they “sometimes” felt fun in
their CCNN classes.

Table 3

Percentage of non-bilingual students and the frequency with which they experience each emotion
while studying CCNN

NON-BILINGUAL (CCNN)

POSITIVE EMOTIONS NEGATIVE EMOTIONS

Enjoyment  Fun Pride Boredom  Nervousness Anger
1. Never 33.7 12.9 16.0 51.5 252 54.0
2.Sometimes  36.8 50.3 35.6 374 41.7 36.2
3. Always 29.4 36.8 48.5 10.4 33.1 9.8
Total 100.0 100.0 100.0 99.4 100.0 100.0

As regards negative emotions, the highest percentage (54.0%) corresponds to anger;
this time however, the students experienced this emotion with a frequency described
as “never”, which can be considered as a positive result since it means that slight-
ly more than half the sample coincided in stating that they “never” felt bored during
CCNN classes.

As for the emotions most often repeated, the results observed in row “3. Always” co-
incided with those of bilingual students, with the most repeated positive and negative
emotions being pride and nervousness, respectively. The difference with the previous
group lies in the percentage of students who experienced each emotion. 48.5% of
non-bilingual students said they “always"” felt proud in the CCNN subject, compared
to 27.9% of bilingual students in Science. As for the emotion of nervousness, 33.1% of
non-bilingual students admitted that they “always” felt nervous in the same subject,
while in the sample of bilingual students the percentage rose to 41.0%.

Finally, in order to understand which group of students (bilingual or non-bilingual)
“always” experienced certain emotions, these were grouped in Tables 2 and 3 and
synthesized into positive and negative; then the percentage of the sample for each
emotion was calculated. Figure 1 shows the percentage of students who recognized
that they “always” (frequency 3. Always) felt positive or negative emotions during their
Science/CCNN classes.
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Figure 1. Percentage of bilingual/non-bilingual students who always feel positive or
negative emotions

Figure 1 shows that in the set of positive emotions, the highest percentage corre-
sponds to the group of non-bilingual students (38.2%), while in the group of nega-
tive emotions the highest percentage is among bilingual students (21.3%). These data
indicate that subjects who take CCNN in Spanish reported feeling positive emotions
more frequently during CCNN classes, while bilingual students reported feeling more
negative emotions during Science classes.

Once the descriptive analysis was completed, an inferential analysis was carried out
using the Mann-Whitney U test to verify if there were significant differences in the
above-mentioned emotions (see Table 4). The data shown in this table reveal the ex-
istence of significant differences (p = 0.001) between both sets. It can therefore be
inferred that students from the non-bilingual school experienced more positive emo-
tions than students from the bilingual school in the subject of natural sciences.

Table 4
Mann-Whitney U Test of independent samples in emotions

Null hypothesis Test Sig. Decision
Distribution of Emotions is the Mann-Whitney U Test of .001  Reject the null
same within the school categories  independent samples hypothesis.

Academic performance in the study of CCNN and Science

For this section of the study, a series of questions relating to student grades was used.
The results shown were obtained through analysis of parametric tests and indepen-
dent samples, comparing the bilingual and non-bilingual groups.

The academic performance of the subjects was recorded in the first question of the
questionnaire: “What was your score in Science/CCNN last year?”

Once all the questionnaires were collected, the average score obtained by each group
(bilingual/non-bilingual) was calculated. Table 5 shows that although the academic
results were quite good in both groups, the students in the non-bilingual sample ob-
tained higher scores (average 8.63) than those in the bilingual sample (average 7.72).

Table 5
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Average scores by school type

School Type S Average  Standard Standard Error of
Deviation Mean
Score Bilingual 116 7.7 1.3 12
Non-bilingual 141 8.6 1.1 .09

Table 6 shows a more detailed analysis of the percentage of students for each grade. It
is important to highlight that the percentage of non-bilingual students who obtained
“1. Fail” CCNN was 0.0%, compared to 1.7% of bilingual subjects. In addition, more
than half of the non-bilingual sample (65.2%) obtained “5. Excellent” in CCNN, this
percentage being almost double that of bilingual students learning Science. Finally,
it should be noted that while 34.6% of bilingual students obtained the grade of “2.
Good", only 8.6% of non-bilingual students obtained this same qualification.

Table 6
Percentage of students for each grade

Grades Bilingual Non-bilingual
Fail 1.7 0.0

Sufficient 6.1 2.8

Good 34.6 8.6

Very Good 24.0 234
Excellent 33.6 65.2

Total students 100.0 100.0

After this descriptive analysis, in order to check if there were significant differences
between the scores an inferential analysis of both groups was carried out using the
Mann-Whitney U test (see Table 7).

Table 7
Mann-Whitney U Test of independent samples in scores

Null hypothesis Test Sig. Decision

Distribution of Scores is the same Mann-Whitney U .000 Reject the null

within the school categories Test of independent hypothesis.
samples

The data found in Table 7 show that there were statistically significant differences (p =
.000) between the grades obtained by both groups in favor of non-bilingual students.
This means that students who follow a traditional teaching model and take the subject
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of natural sciences in Spanish obtained higher grades than students who belong to
the bilingual school and take the same subject in English.

Discussion and conclusions

Taking into account the considerations outlined above and the aims of this research, it
may be concluded that the language (in this case Spanish or English) used to teach a
subject significantly affects both the grades and the emotions of the students.

Regarding the emotions experienced by the students during the learning process of the
subject of natural sciences, certain differences may be observed in favor of non-bilin-
gual students, since they experienced more positive emotions than those who studied
Science in English. Despite the fact that a number of studies have already examined
the emotions of students in relation to the subject of science (Borrachero, Costillo &
Mellado, 2016; Davila, del Rosal, & Bermejo, 2016), the research to date has not spe-
cifically linked the language of study with the emotions of elementary school students
in science subjects, which would have been useful to compare our data. We therefore
support the conclusions of Mellado et al. (2014), who emphasized the need to contin-
ue studying emotions from the perspective of the didactics of science on the basis that
self-knowledge, self-control and their regulation by students and teachers is essential
for effective development of the teaching-learning process. However, Duran-Martinez,
and Beltran-Llavador (2017) found in their study of elementary school teachers’ per-
ceptions of bilingual programs that the teachers showed a lack of enthusiasm for the
textbooks, as well as pointing out deficiencies in language proficiency training and
resources, organization and coordination.

After analyzing the grades, the results show statistically significant differences depend-
ing whether the students attend bilingual or non-bilingual schools. Once again, the
non-bilingual school obtained the highest grades. These results coincide with those
of Anghel, Cabrales, and Carro (2013, 2016), Fernandez-Sanjurjo, Fernandez-Costales,
and Arias (2017), Hughes and Madrid (2019) and Sotoca (2013) regarding bilingual
and non-bilingual schools in the Autonomous Community of Madrid. On the other
hand, they differ from those of Aragdn (2007), Archila (2013) and Bolarin, Porto, and
Garcia-Villalba (2012), who claim that bilingual teaching in science improves student
performance and fosters meaningful learning. However, the lack of homogeneity in
the level of bilingualism in our sample must be taken into consideration, since the stu-
dents who participated in the present study were not balanced bilinguals. Certain as-
pects of bilingualism that may influence cognitive growth are unlikely to have a signifi-
cant long-term effect unless the subject is a truly balanced bilingual (Cummins, 2001). A
uniform level of knowledge of the classroom language is consequently a determining
factor when balanced across the four language skills: writing, listening, reading and
speaking.

In this context, it is also worth mentioning the studies carried out by Conchero (2016)
and Gonzélez, Fernandez, and Arias (2017), who focused on comparing the content
taught in the subject of natural sciences in bilingual contexts. Also, while Conchero
(2016) carried out a comparison of the subject matter of a Science book (in English)
with that of CCNN (in Spanish) from the same publisher, Gonzalez et al. (2017) focused
on comparing the content of the subject of natural sciences according to two different
educational methods (the Spanish bilingual system in English versus the British sys-
tem taught in English schools in Spain). The results obtained by Conchero (2016) show
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that while the basic contents were similar in both books, the English book had less
support content than the Spanish book, as well as less revision and complementary
activities. On the other hand, Gonzalez et al. (2017) observed that the content in the
bilingual Spanish method is much more advanced than in the British system, leading
them to raise the need to restructure bilingual education in Spain.

For all of the above reasons, after completing our analysis it may be concluded that
learning science in a second language (L2) has a negative impact on students’ emo-
tions and grades. In spite of all this, it is important to point out that the results ob-
tained are limited exclusively to the students who took part in this study and these
results cannot in any way be extrapolated to any other type of sample or research
situation.

Finally, it would be interesting in the future to expand this research using neuroim-
aging techniques such as those employed by Leivada, Westergaard, Dufiabeitia, and
Rothman (2020), or the technique of facial color analysis used by Benitez-Quiroz, Sri-
nivasan, and Martinez (2018) and Jack, Garrod, and Schyns (2014) to obtain a more in-
novative and comprehensive analysis of students’ emotions regarding the teaching of
science. Furthermore, it would be enriching to investigate the emotions experienced
by students when using Smart Notebooks or during Flipped Classroom methodology,
as they have shown benefits for both learning of science subjects and development of
foreign languages (Bravo-Torija, Martinez-Pefia, Embid, Carcelén, & Gil-Quilez, 2016;
Briov4, 2019).

In addition, since the teachers’ value judgments are transmitted directly to the stu-
dents (Borg, 2015; Mellado et al., 2014), it would be interesting to expand this research
by including the teaching staff in order to understand and analyze their perceptions
and attitudes. Duran-Martinez and Beltran-Llavador (2017) state that the teachers who
took part in their study reported a series of positive consequences of bilingual educa-
tion, such as an improvement in children’s competence in English, a greater demand
from parents for bilingual programs and the use of more dynamic methodologies by
the teachers themselves.

Educational implications and research limitations

Although the lack of knowledge regarding the linguistic competence of teachers may
be considered a limitation, it has been found that even if the teachers have an ex-
tensive knowledge of the language or are actually native speakers, it does not guar-
antee better teaching of Science: “A survey of more than one hundred teachers in
bilingual schools throughout Spain by the researcher Inmaculada Senra [...] revealed
that half of them were not trained in specific methodologies in order to teach a second
language through other subjects” (Sdnchez, 2019). It is therefore crucial to provide
teachers with the necessary tools to enable them to develop didactic units and flexible
curricula adapted to the needs of the learners (Bueno, 2012; Stratulat, 2013).

In addition, Archila (2013) found that when studying the influence of a foreign lan-
guage on students, the analysis of verbal skills is one of the central problems that
arise when trying to assess the learning of bilingual subjects. Should they be assessed
independently from the perspective of each language? Or should it be assumed that
the language organization of bilingual subjects is different and therefore cannot be
assessed from the perspective of monolingual strategies? The bilingual population is
very heterogeneous and balanced bilinguals are highly unusual, since they are almost

Publicaciones 50(3), 145-162. https://doi.org/10.30827/publicaciones.v50i3.13660
Ramirez-Ordufia, M. S. et al. (2020). Emotions and academic performancel...

157


http://doi.org/10.30827/publicaciones.v48i2.8331

158

always characterized by dominance of the mother tongue (L1) in certain contexts or
subjects and of the second language (L2) in others.

The first global policy in this field was implemented in 2010 (MEC, 2011). This study
is based on the conviction that the lack of specialization in language skills of previous
curricula makes it necessary to develop new lines of research in this direction. Several
limitations can still be identified in this work and future research should address them.
Nevertheless, this study may be considered an initial attempt to determine the rela-
tionship between Spanish-English bilingualism and students’ emotions and academic
performance.
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