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Abstract 
This study examined how the relevance of teaching the unit “acids and bases” 
affected the societal, individual, and vocational aspects of students’ learning. 
The sample included four high-school classes and the study focused on ana-
lyzing the differences between students who had studied the unit “acids and 
bases” through the High Relevance Approach (HRA) method and those who 
had studied it using a more traditional method (the Low Relevance Ap-
proach, LRA). A total of 112 students participated in the study, 57 (51%) of 
whom were from the experimental class (HRA) and 55 (49%) from the con-
trol class (LRA). The study was conducted through questionnaires to deter-
mine whether a close connection exists between the relevance of teaching the 
topic acids and bases and the societal, individual, and vocational dimensions 
of student achievement. Regarding the individual aspect, the teacher develops 
skills and increases the students’ motivation and enjoyment and improves 
their achievements. Regarding the vocational aspect, the teacher utilizes in-
novation and skills to achieve relevant learning; regarding the societal aspect, 
the relationship between the students in the classroom is strengthened and 
their positive self-experience increases. 
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1. Introduction 

Relevance to the student refers to getting the student more interested; student 
interest is a significant motivating factor in learning. Students learn better 
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when they are more interested, and their readiness to learn increases when the 
subject being studied is related and relevant to their lives in a particular way 
(e.g., personal, cognitive, and environmental). It can be implied from the 
above that interest can be used relevantly as a learning incentive. When a stu-
dent is exposed to a theory without a relevant context, the subject being stu-
died is accepted by him but without motivation. In contrast, when the teacher 
creates relevant relationships that are appropriate for the student, there is a 
high probability that the student’s motivation will increase (Kember, Ho, & 
Hong, 2008; Redding, 2019). 

According to Gilbert (2006), in chemistry classes the entire collection of con-
texts used will enable chemistry to become more relevant because of its relevance 
to students’ lives. Gilbert (2006) believes that chemistry classes should “reso-
nate” in students’ lives at best, and at worst, they should be interesting enough to 
arouse interest and commitment on the part of students. Marcelle and Michael 
(2003) linked relevance to changes and developments in the personal lives of 
students and ultimately in society. The educational process aims to provide stu-
dents with a sense of growth, value and ability, success and personal fulfillment, 
an experience of discovery and response to their curiosity as well as develop 
them as whole people (Mrunalini, 2010). 

Many studies have presented a bleak picture regarding styles of learning 
science, especially at the high-school level. Some of these studies indicate that 
students are not sufficiently interested in chemistry or are unmotivated to learn 
chemistry concepts. Students often view chemistry as irrelevant to both them-
selves and to the society in which they live (Marcelle & Michael, 2003; Holbrook, 
Kask, & Rannikmäe, 2008; Meydan, 2021). 

According to Bretz (2017) there is no evidence to support the hypothesis that 
instruction designed in response to students’ learning requirements can improve 
achievement. On the other hand, Towns (2001) described how Kolbe’s learning 
styles were particularly well suited to learning in a chemistry lab. Pashler and 
colleagues (2008) reported that learning is tailored when instruction is appropri-
ate for the students’ preferences and abilities. 

Therefore, science teachers in general, and chemistry teachers, should strive to 
make their lessons more relevant, to improve students’ motivation and to inter-
est them in the subject (Gilbert, 2006; Nuora & Välisaari, 2020). One of the ways 
to make science topics more interesting to learn and to raise students’ level of 
motivation is to link experiments and learning activities to the problems, solu-
tions, and challenges of daily life (Green, 2020). However, teachers may not 
know what is meant by “making science more relevant.” The connections (or 
differences) between terms such as relevance, interest, and motivation may need 
clarification (Holbrook, 2003). In 2013, Stuckey and colleagues (2013) published 
a review on the subject, and Eilks and Hofstein (2015) edited a book in which 
they analyzed the concept of relevance and proposed a schematic framework re-
levant to scientific learning. 
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Three relevant aspects of science education have been proposed: societal, in-
dividual, and vocational (Stuckey, Mamlok-Naaman, Hofstein, & Eilks, 2013). 

These dimensions are neither entirely complementary nor contradictory; rather, 
they are connected to each other and partially overlap. For example, focusing on 
career orientation may develop personal curiosity as well as meet the future de-
mand for more scientists and engineers. The latter is directly related to the idea 
of a thriving economy and the effective development of a company, for example. 

It is generally agreed that to make learning more relevant to both the students’ 
lives and the society in which they live, it is important to change the content and 
the pedagogy of chemistry teaching (Stuckey et al., 2013; Eilks & Hofstein, 2015). 
During the 1980s, there was a movement to base experiments on real life, and 
consequently, experiments in some courses were based on students’ daily lives 
(Garforth, 1986). 

The model of Eilks and Hofstein (2015) clarifies the interpretation of various 
dimensions (societal, individual, and vocational) with respect to science educa-
tion. Burmeister and colleagues proposed using appropriate modules and peda-
gogies in an attempt to make chemistry learning more relevant and interesting 
(Burmeister, Rauch, & Eilks, 2012). These modules and pedagogies are inte-
grated into the development of teaching units and their implementation in 
schools, in order to promote the professional development of chemistry teachers 
(Marchak, Shvarts-Serebro, and Blonder, 2021). 

The chemistry topics taught in schools should help students understand and 
use basic chemical concepts as well as relate these concepts to real-world topics. 
In addition, lessons should demonstrate how chemistry applies to familiar topics 
such as food chemistry, climate change (e.g., acid rain), and more (Childs, 
Hayes, & O’Dwyer, 2015; Hugerat, Mamlok-Naaman, Eilks, & Hofstein, 2015). 
Hugerat and colleagues (2018) analyzed how the chemistry concepts learned by 
tenth-grade students aligned with their daily lives and compared two teaching 
approaches: the low relevance approach (LRA) and the high relevance approach 
(HRA). The HRA method is a progressive process based primarily on students’ 
life experiences-for example, kitchen chemistry, food chemistry, and so forth 
and LRA is a traditional process. It was clear that using relevant experiments in 
chemistry significantly contributed to the learning and that teaching chemistry 
topics using the HRA method led to an improvement in student motivation, 
awareness, and performance as well as improved their attitudes toward science 
and its learning, compared with the LRA method (Hugerat, Najami, Abu-Much, 
Khatib, & Hofstein, 2018). 

According to a study by Fensham and colleagues (1994), this type of science 
education helps students learn and understand the relationships between science 
and society as well as develops skills that will encourage them to participate in 
future scientific discussions and decision-making processes as well-informed 
citizens (Varis, Jäppinen, Kärkkäinen, Keinonen, & Väyrynen, 2018). With this 
type of science education, the students are also required to learn challenging 
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scientific skills (Abadi & Kashtan, 2001). 
Comparison between a Progressive and a Traditional Process: Making 

Acid-Base Concepts More Relevant 
Learning through the HRA method reinforces the three aspects—societal, in-

dividual, and vocational—which allows students to learn topics or concepts re-
levant to their daily lives. Using common materials to explore the chemistry of 
everyday objects (for example, for the acid-base topic, using vinegar and baking 
acid as acids and baking soda as the base (Hugerat et al., 2018) raises the stu-
dents’ curiosity and cultivates in them different personal skills. Relevant science 
studies encourage independent leadership in society by better understanding the 
interaction between society and science (Cooper et al., 2016; Varis, Jäppinen, 
Kärkkäinen, Keinonen, & Väyrynen, 2018). Regarding the vocational aspect, this 
method provides an orientation to future professions and careers as well as 
preparation for academic or future professional training and opens professional 
career opportunities. 

In contrast, using a traditional LRA method does not reinforce the three as-
pects. For example, the student learns about acids and bases participating in the 
lesson’s activities and learning content during the course, but the materials used 
are not encountered in students’ outside lives (Hugerat & Basheer, 2001; Hugerat, 
2006; Dayal & Ali-Chand, 2022). 

Siegel and Ranney’s (2003) research had two objectives: 1) design and test new 
tools capable of reflecting changes in attitudes toward science over time and 2) 
determine the effect of two similar curricular treatments on the attitudes of two 
classes. The basic results showed that, on average, students started with a slightly 
positive outlook to science; however, it became more positive during the seme-
ster. In addition, qualitative analysis using a head scale showed that the gains in 
both classes were modest but appreciable. These findings are interesting, not 
only because they indicate the success of the curricula, but also because they 
show that students’ beliefs about the relevance of science can change even within 
one semester, simply by educators’ use of realistic, interest-oriented scientific ac-
tivities. This is particularly critical because students’ attitudes affect their future 
involvement and performance in science classes and in their careers (Siegel & 
Ranney, 2003; Musengimana, Kampire, & Ntawiha, 2021). 

Teachers’ Perceptions of How to Teach the Topic Acids and Bases 
Lembens and Reiter (2017) argued that in order to teach about acids and 

bases, teachers should rely on (among other things) a proper understanding, and 
think in terms of models, and deal with different historical approaches as well as 
plan and design appropriate experiments (Lembens & Reiter, 2017). In addition, 
teachers need to know how students perceive the teaching and learning of this 
topic. Therefore, teacher educators should receive proper training as well as ap-
ply and reflect on the knowledge and skills needed to build and sustain teachers’ 
professional knowledge and skills (Darling-Hammond, Flook, Cook-Harvey, 
Barron, & Osher, 2020). 
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Unfortunately, many students still have misconceptions about acids and 
bases and often confuse different models (Kala, Yaman, & Ayas, 2013; Cooper, 
Kouyoumdjian, & Underwood, 2016). The next steps towards developing and 
providing opportunities for effective education in the context of acids and bases 
are 1) to review the most common textbooks used for primary and secondary 
chemistry studies, 2) conduct interviews with experienced chemistry teachers to 
further validate the analytical framework for micro-text analysis of specific areas, 
3) identify and characterize teachers’ main barriers, 4) develop, examine, and re-
fine effective learning sequences, and 5) create a didactic program based on 
fruitful and effective teaching in the context of acids and bases. 

The importance of teaching and learning in general and the teaching of 
science specifically is to instill a significant change in the attitude towards the 
scientific subjects and over-involvement of the students in everyday life. There-
fore, this research comes to propose an innovative study method that links the 
theoretical subject with the practical everyday life. In this article, these two ap-
proaches (HRA vs. LRA) were compared statistically, and it was concluded that 
chemistry teachers should make chemistry education more relevant in order to 
increase student motivation. A teaching unit was prepared; it consists of a series 
of chemistry (time unit) lessons dealing with the subject of “acid-base”. The 
teaching unit was comprehensively integrated into the curriculum and was suc-
cessfully carried out, starting from its introduction to its assessment. In general, 
teaching units have been developed with the aim of promoting the optimal im-
plementation of the curriculum and demonstrating diverse options for achieving 
the educational goals. Teaching units are intended for teachers who teach in 
schools. In each unit, various challenges and considerations are discussed in teach-
ing the subject. This study addresses three questions that examine the relation-
ship between the relevance of teaching acids and bases in chemistry class (eighth 
graders) and their impact on the societal, individual, and vocational aspects. 

The main research question is “whether and how an ‘acid-base’ teaching me-
thod based on relevance to everyday life has an impact on aspects, individual, 
vocational, and societal; among middle school students (8th grade)”. 

Sub-question 1: How does the relevance of teaching the “acids and bases” 
chemistry class affect the individual aspect? 

Sub-question 2: How does the relevance of teaching the “acids and bases” 
chemistry class affect the vocational aspect? 

Sub-question 3: How does the relevance of teaching the “acids and bases” 
chemistry class affect the societal aspect? 

2. Methodology and the Participants 

Research question 
The main question of the study is as follows: 
How does the relevance of teaching the “acids and bases” chemistry class af-

fect the individual, vocational, and societal aspects? 
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At the beginning of the study, the researchers focused on the following points: 
 Building the intervention plan in coordination with the school’s stan-

dards in teaching chemistry 
 Coordination with the teachers at the school 
 Activities with acids and bases are based on the curriculum and the school’s 

standards using materials that are relevant and familiar to students. 
An acid and base study unit (an intervention plan) was built that included six 

45-minute lessons on the following topics: 
1) Acid-base definitions (Lessons 1 and 2) 
2) Producing acids and bases (Lesson 3) 
3) pH scale (Lesson 4) 
4) Acid-base reactions and neutralization reactions (Lessons 5 and 6). 
The study unit was prepared using the LRA and HRA methods. 
Low Relevance Approach (LRA) 
The student learns about acids and bases in a method featuring a sequence of 

lessons, activities, and experiments; it covers the content to meet the course re-
quirements. The materials used in the experiments, such as HNO3, H2SO4, 
NaOH, and HCl, are not from daily life. 

Students learn about titration between an acid (HCl) and a base (NaOH) 
when the indicator is phenolphthalein or litmus paper, materials unfamiliar to 
them from their everyday life. Additionally, students learn about the pH scale, 
different types of acids and bases, and the reactions between them; however, the 
students encounter none of these topics in their daily lives. Students learn how 
to prepare acids and bases by the reaction between different chemical oxides and 
water. 

High Relevance Approach (HRA) 
These students study the acid-base concept in a manner relevant to their eve-

ryday lives using materials such as vinegar and baking soda, materials that are 
used every day or that represent the chemistry of everyday objects. The indicator 
used to identify acids and bases and when performing titrations is red-cabbage 
juice, which is derived from red cabbage salad, a popular salad in Israel. It 
should be emphasized here that students use materials with which they are fa-
miliar. 

The students also learn about acid production using the acid rain example: 
SO2 is emitted because of the burning of fuel oil with a high sulfur content. 
Chemicals and fertilizers such as nitrogen oxides (NOx) are emitted during the 
process of producing HNO3. 

Students build their own pH scale using the obvious visible changes to the red 
cabbage juice, along with acids and bases from their daily life. In this activity, the 
social side of the activity is strengthened when the students need to cut the red 
cabbage and then discover that their hands are stained. They must collaborate to 
decide how to prepare an indicator solution and they discover that the color va-
ries with the pH of the solution. 
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Study participants 
The semi-experimental study included 112 eighth-grade middle-school stu-

dents in an Arab village in northern Israel. Two experimental classes (57 stu-
dents, 51%) studied the subject of acids and bases using the HRA method and 
two control classes (55 students, 49%) used the traditional LRA method. The 
sample of students who participated in the study was relatively homogenous in 
the background variables: gender (almost equal between boys and girls), aca-
demic achievements and socioeconomic status. The sampling method was a 
convenience sample. The selection of the students who participated in the study 
was made for reasons of convenience and accessibility: students studying science 
and technology in general, students studying in the 8th grade were sampled, and 
the measurement refers to relevant material for the science education curriculum. 

Collecting and Processing the Data 
The study had a mixed design: both quantitative and qualitative. In the quan-

titative part, data were statistically analyzed using SPSS v23 software. The study 
was designed to provide causal explanations and predict future behaviors based 
on the present behavior. In addition, it was designed to gain an understanding of 
various phenomena, using a comprehensive approach to diverse and fascinating 
aspects of human behavior and a set of interactions that characterize this behavior. 

The quantitative study consisted of a questionnaire for the experimental and 
control groups, to examine the societal, individual, and vocational aspects. Both 
studies compared the results before and after the course (pre/post). The ques-
tionnaire examined the attitudes of the eighth-grade students who participated 
in this study, including the experimental and control groups, regarding the so-
cietal, individual, and vocational aspects. The questionnaire was constructed 
based on Stuckey and Eilks’ (2014) studies, with improvements to fit the current 
study, and it was validated in accordance with accepted academic standards. We 
added some statements to the original questionnaire that would fit the current 
study regarding three aspects: the personal, professional, and social aspects as 
well as the validity and reliability were tested, and the alpha Cronbach value was 
determined accordingly. This questionnaire contains statements about the indi-
vidual dimension with Cronbach’s alpha 0.838 (for example, “topics in science 
classes are very important to me for my daily life”), statements about the voca-
tional dimension with Cronbach’s alpha 0.772 (e.g., “science classes are always 
about forming and building materials”), and statements about the societal di-
mension with Cronbach’s alpha 0.806 (e.g., “the topics in science classes are very 
important to society”). The questionnaire did not have opposite items. Students 
were asked to rate each item on a Likert scale between 1 (strongly disagree) and 
5 (strongly agree). The questionnaire was found to be reliable and valid in pre-
vious studies (Cronbach’s alpha 0.83 - 0.89) (Stuckey & Eilks, 2014); in our re-
search we found reliability to be higher (0.934). The higher the scores on the 
questionnaire, the more positive the attitudes. 

The findings were analyzed according to the mean scores, the differences be-
tween the control groups and the experimental groups, and the t-test calcula-
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tions as well as Cronbach’s alpha and other statistical analyses. 
We also completed our investigation with quality data because it is more au-

thentic and deals with the students’ learning experience. A structured interview 
was also conducted. Students were asked to give their opinions regarding the 
topic they studied and the method of study. Qualitative data were collected re-
garding the students’ questions and responses while implementing the tradition-
al (LRA) and relevant method (HRA): during the activity, the teacher began 
creatively and used familiar items that inspired students’ questions and queried 
about the context. The students’ questions and statements during the lessons 
were collected and analyzed, to link them with the quantitative results. 

3. Results 

In both groups, students’ grades in chemistry were tested before and after the 
acid-base topic was studied. The mean score of the students in the LRA control 
group was lower than that of the students in the HRA group, who scored a mean 
of 80% on the test. 

Table 1 presents the student responses to questions about the individual as-
pects of their learning. The two groups showed an appreciable difference re-
garding their personal views regarding the effect of learning useful science on 
their daily life. That is, relevant science experience improved the individual di-
mension of students’ lives. 

Regarding the vocational aspect, according to the results in Table 2, there is 
again a clear difference in the results between the control group and the experi-
mental group, with the relevant learning method being more successful than 
traditional learning. 

Table 3 shows that the groups differ regarding the societal view of the ability 
to help and better understand the world through experiments. Statement num-
ber 4, “Science will help me understand the effect I have on the environment,” 
revealed a difference between the control group and the experimental group; it  

 
Table 1. Student responses on a likert scale regarding the individual dimension. 

Category 

Experimental group Control group T value 
(control minus 
experimental) Mean 

Standard 
deviation 

Mean 
Standard 
deviation 

Much of what I learn in science classes is useful in my daily life today. 2.5 1.31 2.1 0.45 −2.15* 

Learning science can help me when I buy food. 1.9 0.4 2.1 0.37 2.74** 

Caring for people can involve a scientific choice, such as using 
pesticides on plants. 

2.05 0.39 1.83 0.4 −2.95** 

Science helps me make wise decisions. 1.7 0.29 1.5 0.4 −2.68** 

The things I do in science have nothing to do with the real world. 1.74 0.25 1.16 0.3 −11.13*** 

Science helps me make decisions that affect my body. 2.1 0.9 1.9 0.29 −1.57 

*p < 0.05, **p < 0.01, ***p < 0.001. 
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Table 2. Student responses on likert scale regarding the vocational aspect of learning. 

Category 

Experimental group Control group T value (control 
minus 

experimental) Mean 
Standard 
deviation 

Mean 
Standard 
deviation 

My parents encourage me to continue in science. 4.4 0.73 3.1 0.44 −3.56*** 

I plan to take more science classes in high school. 3.11 0.02 3.08 0.43 0.52 

Science helps me work with others to find answers. 5.3 0.719 4 0.43 11.56*** 

Classroom science helps me evaluate my work. 4.8 0.66 2.8 0.91 −13.35*** 

Studying science helps me understand the environment. 5.1 0.69 3.8 0.42 −11.99*** 

Emotion has no place in science. 2.6 0.82 2.1 0.32 −4.22** 

Science will help me understand and judge other people’s 
perspectives. 

6.2 0.9 5.9 0.6 −2.06* 

Science will help me understand more about problems around 
the world. 

4.3 0.27 5.1 0.7 −8.03*** 

Science has nothing to do with life outside of school. 4.2 0.57 2.3 0.36 −21*** 

Experiments in science help me learn with a group of peers. 6.3 0.9 6.1 0.8 −1.24 

Science teaches me to help others make decisions. 1.1 0.2 0.7 0.19 −10.84*** 

Knowledge of science will not help me in sports. 5.1 0.6 3.3 0.95 −12.03*** 

Science has nothing to do with buying things, such as food 
and a car. 

5.3 0.75 5.1 0.66 −1.5 

Knowing science will make it easier for me to repair a bicycle. 6.1 0.84 6.3 0.9 1.21 

Science teaches me to think less clearly than I already do. 5.5 0.79 6.32 0.95 4.97*** 

Making a good decision is a scientific process. 6.1 0.6 6.3 0.89 1.4 

In class, science will help prepare me for college. 4.2 0.62 6.3 0.9 14.42*** 

*p < 0.05, **p < 0.01, ***p < 0.001. 
 

had a more positive response in the experimental group than in the control 
group. According to these findings, the HRA method is more successful and 
more positively affects the students than the LRA method. 

In addition to the quantitative data produced by the questionnaires, a struc-
tured interview was conducted; students were asked to give their opinions about 
the topic they studied and the method of study. For this purpose, 4 students 
from each group (HRA, LRA) were interviewed. The interview was aimed at 
reinforcing the findings obtained in the structured questionnaire and hearing 
more students talk and express themselves about the topic and the method of 
study. 

Comments that were repeatedly given about the LRA include the following: 
Student 1: “The method by which I studied acids and bases did not affect me 

so much because I do not see myself dealing with a subject related to future 
science.” 
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Table 3. Student responses on likert scale regarding the societal aspect of learning. 

Category 

Experimental group Control group T value (control 
minus 

experimental) Mean 
Standard 
deviation 

Mean 
Standard 
deviation 

Classroom science helps me work with others to make 
decisions. 

5 0.61 3.1 0.44 −18.84** 

Scientific experiments can help me better understand the 
world. 

6.2 0.83 3.9 0.59 −16.85*** 

Knowledge of science can help me protect the environment. 3.9 0.42 5.1 0.63 11.89*** 

Science will help me understand the effect I have on the 
environment. 

6.2 0.83 5.9 0.79 −1.96 

Science helps me ask others for help with my work. 6.1 0.83 6.3 0.911 1.22 

Science should be required in school. 6.7 0.94 6.1 0.8 −3.63*** 

I am interested in a career as a scientist or engineer. 5.3 0.7 5.1 0.64 1.58 

I have received support from others to excel in science. 5.9 0.69 6.2 0.89 2* 

Learning science can help me understand things that affect 
people’s health. 

5.1 0.75 5.3 0.68 1.48 

*p < 0.05, **p < 0.01, ***p < 0.001. 
 

Student 2: “In the method I learned things about acids and bases that I did 
not know in my closed environment; it was interesting, but I did not feel related 
to the subject.” 

Student 3: “This is an interesting topic, but the truth is I did not understand 
why we study this material at all and what the connection is to our daily lives.” 

Student 4: “I do not like chemistry; it is a very boring subject and I feel dis-
connected to it in the classroom.” 

Comments that were repeatedly given about the HRA include the following: 
Student 1: “Science helps in getting a better understanding of life and events. 

It had a positive effect on my understanding of chemistry.” 
Student 2: “Giving examples from everyday occurrences can help students 

gain a better understanding; connecting the subject with life.” 
Student 3: “It makes me want to implement things in daily life; it exposes me 

to a variety of different topics, how they are used, their dangers, and their ef-
fects.” 

Student 4: “I will continue to study science. It had a very positive influence 
and increased my motivation and satisfaction; perhaps I might even become a 
chemistry teacher or scientist in the future.” 

Common answers from the students that studied acid-base concepts using the 
LRA indicate that many students are not very interested in the chemistry lessons. 
In fact, they wonder why they need to be familiar with chemistry concepts. Im-
plementation of the HRA method, however, improved students’ attitudes toward 
chemistry and its study. The students’ answers indicate their attitudes in the 
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three personal, professional, and social aspects; specifically, they indicate that 
there is full agreement among all students that studying the subject “acids and 
bases” by the relevance method changed their attitudes regarding the three per-
sonal, professional, and social aspects. This result reinforced the quantitative 
findings, which showed that a difference exists in the attitudes of students who 
studied acids and bases by the relevance method, i.e., the experimental group 
(HRA), compared to the attitudes of students who studied by the conventional 
method, i.e., the control group (LRA). 

The overall results of our research clearly show the students’ interest in the 
studied subject, and this is in full agreement with the quantitative results pre-
sented above. The answers of the students about their willingness to continue 
studying science and even to move to the professionalization stage prove that the 
proposed method has an influence that leads to positive results. 

4. Discussion 

Sub-question 1: How does the relevance of teaching the “acids and bases” 
chemistry class affect the individual aspect? 

The term “meaningful learning” distinguishes between valuable, experiential 
learning and memorization learning—memorizing facts that learners do not at-
tach any importance to or practicing skills that learners do not see as neces-
sary—which is often of no value. This type of learning is characterized by en-
gaging the whole person, including their cognition and emotions, in the learning 
process. Such learning changes the behavior, attitudes, and perhaps even the 
personality of the learners (Mintzes, Wandersee, & Novak, 1997; Novak, 2002; 
Valadares, 2013). 

The mean score on the chemistry test taken by the two groups was 80% great-
er in the HRA group than in the LRA control group (50%), indicating the close 
relationship between relevant learning (experimental) and students’ perception 
and success in the test; this justifies adopting the relevance method for acid-base 
classroom experiments and the individual aspect. 

It can be concluded that relevant learning, combined with experiments, de-
velops analytical and critical thinking as well as decision-making skills, while 
dealing with complex and realistic problems, and it also improves students’ abil-
ity to argue and express themselves (Wale & Bishaw, 2020). In addition, it in-
creases learners’ motivation and enjoyment and improves their achievement, 
thinking, expression of ideas and personal views as well as creative self-esteem (a 
systemic approach in science teaching) (Hugerat et al., 2018). 

The results in Table 1 indicate the significant difference between the two 
groups; this explains the significant difference in the test results regarding the 
greater impact of relevant learning than traditional learning. For example, in 
item 3 (“Caring for people can involve a scientific choice such as using pesticides 
on plants”), there seems to be a clear difference between the two groups regard-
ing caring when making a scientific choice, which is encouraged more in the ex-
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perimental group than in the control group. 
These results attest to and justify the results of Hofstein and Lunetta (2004): 

studying science through research is recommended as an effective and authentic 
method to develop and build a knowledge base and attain a good understanding 
of scientific ideas and concepts. Moreover, it provides science teachers with a 
means to improve their teaching, which will lead to an improved learning at-
mosphere. 

The new standards that are being formulated in science education reflect the 
current vision regarding all that is currently known about content and pedagogy 
in evaluating the learning atmosphere of students in the classroom and regard-
ing the support needed to ensure quality education for all students. 

The educational process aims to give students a sense of growth and value as 
well as ability, success, and personal fulfillment, in addition to experiencing dis-
covery and responding to their curiosity. It develops them as whole people who 
can integrate well into society and actively contribute to it. In order for the edu-
cational process to achieve its goals, the Ministry of Education promotes mea-
ningful learning while meeting the required achievements, through a systemic, 
consistent, modern, controlled learning process. This is reflected in the curricula 
and the characteristics of the teaching-learning processes as well as the assess-
ment and learning environments, in light of the role of adults and the various 
functions (cognitive, meta-cognitive, intrapersonal, interpersonal, sensory-motor, 
and managerial) that the education system strives to develop in the students 
(Jaleel & Premachandran, 2016). 

Sub-question 2: How does the relevance of teaching the “acids and bases” 
chemistry class affect the vocational aspect? 

With respect to the vocational aspect, Table 2 shows that the two groups dif-
fered significantly. This proves that a close connection exists between the relev-
ance of acid-base classroom experiments and the vocational aspect. 

This justifies the statement of Hofstein and Lunetta (2004), who in their study 
found that chemistry students who participated in their research were given 
unique opportunities to be actively involved in a worthwhile learning process. 
Research experiments in a chemistry lab have been concerned with changing 
and renewing the way chemistry is taught and learned and the way students are 
evaluated as well as improving teachers’ professional development. The fact that 
the program grew from three classes to about 90 classes in the school year after 
the program was implemented provides compelling evidence that teachers, stu-
dents, and school administrations highly value this program. 

Sub-question 3: How does the relevance of teaching the “acids and bases” 
chemistry class affect the societal aspect? 

The findings showed that HRA learning was more successful and had a more 
positive effect on the students than did the traditional LRA learning; this was re-
flected by the dominance of the experimental group rather than the control 
group in all the questionnaire categories (Table 3). This proves that a close con-
nection exists between the relevance of acid-base classroom experiments and the 
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societal aspect. 
Both groups showed a change regarding the ability to help and better under-

stand the world through experiments. However, science was perceived as helping 
to understand environmental factors significantly more in the experimental 
group than in the control group. 

One teaching strategy encourages problem-based learning. In the process of 
problem solving, students learn while they perform a variety of activities, in-
cluding field trips, projects, and use of computers. The learning process requires 
self-experience or group work as well as dealing with errors by trial and error. 
This creates connections and a dialogue between students about chemistry dis-
coveries. It can improve the experimental process as well as the results and it al-
so improves problem solving: working in groups is recommended in science 
classes in general, and in chemistry in particular. 

Another teaching approach encourages research-based learning: learners are 
supposed to develop critical thinking skills, acquire argumentation skills, analyze 
data, and compare their findings with those in the literature. 

Teaching socially encourages reflective learning: this means identifying and 
deciphering new situations that develop during learning as well as self-criticizing 
and re-examining learning while the students talk by themselves and with others 
in the group (Makar, Bakker, & Ben-Zvi, 2015). This includes utilizing research 
skills in teaching science and technology from the time that knowledge was con-
structed, understanding the scientific content, and cultivating higher order 
thinking and modern collaborative, creative, and critical skills. Teaching re-
search skills and experiencing the entire process of scientific research enhances 
the motivation and enjoyment of learning science and technology. Teaching- 
learning-assessment processes integrate scientific research skills at all age groups 
(Krapp & Prenzel, 2011). 

The lessons were constructed creatively so that the students asked questions, 
raised various issues related to the connection of the topic (acid-base) with 
different issues (the societal, individual, and vocational aspects). In an example 
from the HRA method in teaching acid-base concepts, the instructor an-
nounced that the lesson would be about “red cabbage juice” as one example of 
an indicator of acids and bases. The students were asked: “What is the connec-
tion between red cabbage juice and the indicator for acids and bases?” This 
question initiated a context-based learning process. One of the student’s reac-
tions was: “Only now do I understand how I will become a different teacher in 
the future.” Another student’s reaction was: “Now, I want to be a researcher in 
the field of food chemistry”. These students’ reactions clearly indicate that us-
ing the HRA method in teaching the acid-base topic supports the vocational 
dimension. 

In another example, the instructor announced that today’s lesson would be 
about acid rain. The students were asked: “What is the connection between acid 
rain and the production of acids?” This question initiated a context-based learn-
ing process. One of the student’s reactions was: “I will be more active in the fu-
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ture in the field of environmental protection to save our planet”. Another stu-
dent’s reaction was: “I want to be a researcher and develop methods that will 
reduce the number of gases responsible for acid rain.” These students’ reactions 
clearly indicate that using the HRA method in teaching the acid-base topic sup-
ports both the social and the vocational dimensions. 

In a third example, the instructor announced that today’s lesson would ad-
dress the question “Is every transparent liquid water?” The students were asked: 
“What is the connection between this topic and the acid-base one?” This ques-
tion initiated a context-based learning process. One of the student’s reactions 
was: “This topic increased my interest and curiosity to think about the subject of 
acids and bases.” Another student said: “This topic made me think deeply about 
transparent and acidic fluids encountered in everyday life.” These students’ reac-
tions clearly indicate that using the HRA method in teaching the acid-base topic 
supports the individual dimension. 

The students’ responses led us to conclude that learning chemistry using the 
HRA approach had a very positive effect: it made them appreciate the subject, 
made it seem less difficult, and made it more interesting and attractive. Stuckey 
et al. (2013) reported the contribution to the three dimensions: individual (stu-
dent 1 and student 2), social (student 3 and student 4), and vocational (student 
4). These dimensions raised the level of motivation and satisfaction among the 
students, mainly because of their more positive attitudes toward chemistry due 
to the connection made between chemistry and their daily lives. 

5. Conclusion 

In this study we examined the difference in attitudes between students who 
learned the topic of “acids and bases” using the high relevance approach (HRA) 
and students who learned the topic through the low relevance approach (LRA). 
Students’ attitudes were examined with respect to the three dimensions of re-
levance in the scientific profession (societal, individual, and vocational). 

The study findings indicated a significant difference in students’ attitudes ac-
cording to the specific teaching approach (HRA versus LRA) used: concerning 
their attitudes regarding the societal, individual, and vocational dimensions, the 
students in the high relevance group (HRA) showed a marked improvement. 

From the findings of the study, a key conclusion can be drawn: it is the use of 
relevant teaching or teaching “in the context” of a scientific topic; this promotes 
students’ positive attitudes towards the subject and its learning. 

It can be concluded that relevant learning of acid-base chemistry has a posi-
tive impact on the individual, vocational, and social aspects of students’ lives, 
enhancing the achievements and status of each aspect. The personal aspect de-
velops skills, increases the students’ motivation and enjoyment of the subject, 
and improves their achievements. The vocational and societal aspects strengthen 
the bond between students in the class and increase their self-experience and 
self-development ability. 
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Ethical Considerations 

It is clear that the students in the treatment group who studied according to the 
HRA teaching method will benefit from the intervention, whereas those in the 
control group will not. We contacted the students who studied according to the 
conventional method (LRA) after conducting the research on the HRA teaching 
method; after the receiving the results, we performed with them several activities 
about the acid-base topic according to HRA method to compensate them to 
some extent. 
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