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Attitudes of secondary school students towards Geology in Spain 

Background: The importance of attitudes in learning is gaining relevance among 

researchers and teachers and yet little research has examined students’ attitudes 

specifically in relation to geology. 

Purpose: The aim of this study was to examine students’ attitudes towards geology 

and with respect to other sciences, as well as to determine the key factors that 

influence these attitudes.  

Sample: A sample of 1.641 students in their 4th year of secondary education from 

five autonomous communities in Spain participated in this study. 

Design and Methods: The research was conducted using a previously validated 

survey, specifically designed to answer the research questions of the study.  

Results: The findings revealed that participants generally demonstrate more 

negative attitudes towards geology than with respect to other sciences. Although 

they do not consider it a difficult subject, they find it boring and of little interest. 

Demographic factors, school type or gender do not explain these attitudes: 

academic aspects seem to be the key to reversing this situation. 

Conclusions: The findings of the present study provide some insights for the 

teaching of geology. For instance, geology programmes need to focus on topics in 

which students are interested in, and also on establishing connections between 

geological contents taught in the classroom and real life. 
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Introduction 

The importance of attitudes in the educational context 

The emotional engagement of the student in a science topic or course may 

increase their desire to learn or to deepen their knowledge of the subject content 

(Roemmele 2017). Therefore, the importance of the affective domain of learning, which 

includes emotions, values or attitudes is gaining relevance among researchers and 

teachers (van der Hoeven Kraft et al. 2011). 

An attitude may be defined as a predisposition to respond in a favourable or 

unfavourable manner with respect to a given object, subject or domain. There are 



generally three classes of attitudinal responses: affective, cognitive, and behavioural 

(Koballa and Crawley 1985; Oskamp and Schultz 2005). Affective response refers to 

feelings or emotions, for example, the fact of finding geology enjoyable; cognitive 

response refers to beliefs or thoughts, such as expressing the belief that geology is useful; 

and behavioural response refers to past behaviours or behavioural intentions, for example, 

a student that may visit an interpretation centre or museum.  

Therefore, attitude is a complex and multidimensional construct that is 

influenced by a myriad of variables, is developed throughout the course of a person’s life 

and tends to change with cognitive states (Germann 1988; Jach and Cervato 2004). 

Individual’s attitudes towards science are mainly formed within the school context, when 

students have the opportunity to achieve most of their scientific literacy. Individuals are 

not inclined -and especially students in their learning practices are not encouraged- to 

examine, reflect on or review their attitudes, so they tend to become more resistant to 

change and persistent with age (Bybee and McCrae 2011; Oon and Fan 2017). Responses 

to scientific issues, for example, become consistent with age (Oon and Fan 2017). Until 

recent decades, the affective components of learning have been undervalued, which has 

sometimes resulted in an evident disconnection between the cognitive and emotional 

dimensions in the learning processes and in certain pedagogical approaches (Borrachero 

et al. 2014). In this regard, an even some methodological approaches and instructional 

methods have been proven to be effective to improve student’s achievement, sometimes 

these have failed to make science more attractive or to develop positive attitudes towards 

a specific subject. As argued by Shulman and Tamir (1973), the affective outcomes of 

science instruction should be at least as important as the cognitive outcomes. 

Given the accepted idea of a global declining interest in science and technology, 

and the implications of this for science-based career choices as well as for the 



achievement of a STEM-empowered citizenship, students’ attitudes towards science are 

currently a major concern and a focus of growing attention (Osborne, Simon, and Collins 

2003). This importance is also reflected as international assessments (TIMSS, PISA) have 

been gradually reporting a global devaluation of attitudes towards science (Oon and Fan 

2017).  

Geosciences face a more difficult challenge than many other STEM disciplines 

due to students´ scant exposure to the geosciences early in their academic life (Adentuji 

2018). This gradual decrease in favourable attitudes towards science, especially in the 

most developed countries (Potvin and Hasni 2014), is leading to an inevitable fall in 

students enrolled in careers related to sciences, among which geology is included 

(Meléndez, Fermeli, and Koutsouveli 2006, 2007).  

For these reasons, the study of students’ attitudes towards science has become 

an area of interest in science education in recent decades, giving rise to a body of 

knowledge that includes the development of instruments to evaluate student attitudes 

(Palmer, Burke, and Aubusson 2017; Potvin and Hasni 2014; Tytler and Osborne 2012). 

One of the most important findings is that primary students’ positive attitudes 

towards science become less so with age. Attitudes towards school science, but not 

science in general, are typically positive (Osborne and Dillon 2008), although these 

decline through adolescence (Palmer, Burke, and Aubusson 2017), the stage of 

development at which emotions become more selective (Borrachero et al. 2014). As they 

advance from primary to secondary education, students lose their interest in science (Ali 

et al. 2013) and cease to see it as a viable option for their future (Christidou 2011). 

Moreover, subject-related differences are often detected in secondary education, as 

students are more interested in nature sciences (biology and geology), and less attracted 

towards physics and chemistry (Vázquez and Manassero 2008).  



Different studies have identified some major influencing factors in students’ 

attitudes such as gender, year of study, ethnicity, or the socio-economic and cultural 

context (Regan and DeWitt 2015; Sherman-Morris 2013; Simpson et al. 1994). But above 

all, classroom experiences are a vital component in attitude formation (Roemmele 2017). 

In this regard, some authors maintain that the quality and type of instruction could exert 

a major constraint in shifting towards more positive attitudes (Bryan, Glynn, and 

Kittleson 2011; Kirikkaya 2011; Ornstein 2006; Pickens and Eick 2009). As remarked by 

Osborne (2007), most science curricula and practices are “foundationalist”, conceived to 

“educate future scientists versus educating future citizens" (Bybee and McCrae 2011, 8). 

Moreover, science in secondary education is fragmented into isolated disciplines that are 

unable to contextualize students’ interest in a coherent, understandable and holistic 

science practice, and this may potentially result in negative attitudes towards school 

science (Christidou 2011). Other factors, such as teachers’ background knowledge and 

skills, content-led instruction, absence of practical activities or excessive orientation of 

class activities towards achievement tests could also be negatively influencing the 

attitudes that students develop towards school science (Vázquez and Manassero 1999). 

Key aspects affecting attitudes towards geology 

As mentioned before, if students have potentially negative attitudes towards 

school science, these are more significant in the case of geology (Betzner and Marek 

2014; Young and Shepardson 2018).  

The lack of exposure to the discipline in primary school is one of the factors that 

results in negative feelings towards geology (Schmidt 2013). This situation is also 

applicable to middle school, where, as determined by Gonzales (2010), only 11% - 15% 

of students took a specific geology course in the US in the decades 1990-2010. In Spain, 

geology in compulsory education has been losing presence in the curriculum in favour of 



other sciences. This is especially significant in secondary education where geology is 

taught as a joint subject with biology, resulting in a subordination of the first with respect 

to the second. Likewise, in other countries such as the UK, Czech Republic or Slovakia, 

geology is included with geography and it is located on the border of science and social 

sciences (Department for Education 2013, Kubiatko, Janko, and Mrazkova 2012; 

Čipková, Karolčík, and Scholzová 2020). 

Furthermore, a high number of university students have never experienced a 

geology or earth science course, compared to the number entering college having taken 

biology, chemistry or physics (Egger 2019). Generally, these subjects are not taught at 

the final years of secondary school, with merely 7% of secondary school students taking 

geology or earth science training (Betzner and Marek 2014; Lewis and Baker 2010).  

In addition, the perception of the teachers also exerts a major influence on 

students’ attitudes. In general, primary and pre-service teachers have minimal training in 

and very low practical content knowledge of geology (Ford 2018). Relatively few 

teachers have a geology degree or background knowledge in earth sciences (Houser, 

García, and Torres 2015); for example, less than 5% of secondary school science teachers 

had a specific degree (Betzner and Marek 2014; Gonzales 2011). As argued by Prokop et 

al. (2011), most secondary school science teachers have a biology background and “do 

not like” teaching geology. Therefore, they are “not interested” in geology, and are not 

comfortable or feel insecure with its teaching. Teachers’ lack of interest and the low 

educational value that they give to geology seem to be passed on to their students, giving 

rise to poor attitudes towards the subject in school (Betzner and Marek 2014; King 2001). 

In addition, teaching methodology is the major influence in shifting students’ 

attitudes. The study conducted by Chang and Mao (1999) found that in secondary 

education, inquiry-oriented instruction significantly improved students’ attitudes towards 



earth sciences in comparison to the traditional teaching method. It is also worth noting 

that geology becomes more relevant in the outdoor setting. In this regard, fieldwork and 

field trips significantly improve attitudes towards geology (Boyle et al. 2007). 

Furthermore, extracurricular activities, such as summer courses designed to introduce 

students to career choices in geology or earth sciences show evidence of positive changes 

in students’ attitudes (Carrick et al. 2016). 

Complementary to instructional factors, the apparent disinterest and negative 

attitudes found among secondary students could possibly respond to the particular nature 

and idiosyncrasy of geology. Due to the practical and theoretical limitations of earth 

sciences, students have difficulties understanding and interpreting abstract geological 

concepts and processes, which in most cases they cannot submit to experimental 

verification as in other scientific disciplines (Dodick and Orion 2003). Students also hold 

persistent alternative ideas in key concepts such as rock formation and classification 

(Frøyland, Remmen, and Sørvik 2016) or plate tectonics (Dolphin and Benoit 2016; Mills 

et al. 2017). In addition, they struggle to comprehend the vast temporal and spatial scales 

inherent to geology, resulting in a limited capacity to visualize and construct mental 

models (Ault 1998; Johnson et al. 2006; King 2008). Students should therefore be trained 

in the additional set of skills required by geoscience education, and which are not 

commonly found in other areas. For example, conceptualization of very large-scale 

phenomena through time and across space, retrospective scientific thinking (“prediction” 

of the past), the need for visual representation and spatial reasoning, and the development 

of system thinking to identify the complex systems acting upon the Earth (King 2008; 

Orion and Ault 2007).  

In conclusion, it seems necessary to identify and understand which factors are 

important in developing a favourable student attitude towards geology. For any 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=REMMEN%2C+KARI+BEATE
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=S%C3%98RVIK%2C+GARD+OVE


significant learning to take place, it is essential to pinpoint the problematic aspects of the 

subject and its teaching and propose solutions to these. For that purpose, the present work 

presents the results of an analysis of the attitudes towards geology and its teaching among 

students in their 4th year of secondary education, in a study carried out on a wide sample 

in Spain. Specifically, this article addresses the following research questions: 

(1) What are students' attitudes towards geology, and how do these compare 

with their attitudes towards the other sciences? 

(2) What are the key factors that influence these attitudes? 

Materials and Methods 

Design and validation of the questionnaire 

As mentioned before, the research field of students’ attitudes towards science is 

known for the diversity of instruments that have been developed to measure these. Studies 

have been carried out in different contexts and focused on specific disciplines, resulting 

in a wide variety of quantitative or semi-quantitative questionnaires and tests (Oon and 

Subramaniam 2018). As stated by certain authors, broadening the body of knowledge of 

studies and evaluation instruments is always positive, as long as some considerations are 

taken into account (Blalock et al. 2008). On the one hand, the construct being investigated 

must be (clearly) defined, including the relevant variables upon the objectives of research, 

and, on the other hand, reliability and validity data of the instrument should be provided 

(Germann 1988). 

In the case of geology, few studies have investigated students’ attitudes towards 

the geosciences. Most instruments are developed by modifying existing science attitude 

questionnaires, or are focused on specific instructional methods, such as field courses or 

the use of models (Esteves et al. 2013; Gray et al. 2011). Furthermore, few instruments 



measure the attitudes towards science in Spanish-speaking school students. In this sense, 

Navarro et al. (2016) highlighted the limited availability of validated instruments to 

measure the attitudes towards science in languages other than English, such as Spanish. 

Moreover, this study can also be relevant as Spanish has the second largest number of 

native speakers in the world, and Spanish-heritage speakers are the fastest growing ethnic 

group in the US (Greenberg 2012; Zuniga, Olson, and Winter 2005). 

Taking into account that students’ attitudes towards school science is a 

multifaceted construct, the design of the present survey included an initial analysis of the 

most significant existing instruments and the identification of the items most relevant in 

the formation of attitudes, such as out-of-class experiences, classroom practices and 

activities, perceived enjoyment, difficulty and usefulness of school science or 

environmental challenge, among others (DeWitt and Archer 2015; Kennedy, Quinn, and 

Taylor 2016). 

In the present study, the research team chose a survey as the appropriate 

methodology to be used in a quantitative study. The survey included 24 items and was 

written in Spanish and translated into English for reader information (available at 

https://ehubox.ehu.eus/s/y4YpYJAiKTiEBqF). It was divided into 5 blocks named (1) 

students’ profile (for demographic data), (2) personal interest and curiosity in geology, 

(3) perception of geology and other sciences (related to research question number 1), (4) 

academic factors and (5) linkage with outdoor activities (related to research question 

number 2). Two types of instruments have been commonly used in attitude research in 

science education: semantic differential scales (Reid and Skryabina 2002; Shannon, Sleet, 

and Stern 1982) and Likert scales (Menis 1983). Previous studies have shown that both 

techniques provide comparable results when evaluating attitudes (Espinosa García and 

Román Galan 1998; McCallon and Braun 1971). 



In our case, students responded to most of the items on a 6-point rating scale 

with labels according to the scale of 1 to 6, where 1 means ‘I do not agree at all’ and 6 ‘I 

totally agree’. In addition, they also responded to one open question. For the questions 

related to perception of geology and other sciences, semantic differential scales were 

formulated to evaluate the positive and negative aspects: boring/enjoyable, difficult/easy, 

uninteresting/interesting, useless/useful, of low/high professional future value of geology. 

Concerning item selection, some of those included are commonly used in 

standard instruments (Barmby, Kind, and Jones 2008; Kennedy, Quinn, and Taylor 2016; 

Pérez and Pro 2005; Sjøberg and Schreiner 2010); other questions were adapted to the 

geology discipline, but most of the items of the questionnaire were specifically developed 

by the authors with the collaboration of 4 experts in geology and education. The 

questionnaire was first validated in a sample of 533 students in the 4th year of secondary 

education (age 15-16) from five autonomous regions in Spain and then expanded to 1641 

students with the same profile. 

For the validation of the questionnaire, five dimensions relating to attitudes were 

established in order to address the research questions (Table 1). These dimensions were 

related to the three types of attitudinal response: affective, cognitive and behavioural. 

Related to the first question “What are students’ attitudes towards geology? And with 

respect to other sciences?”, 3 dimensions were defined: (1) curiosity about geology, that 

included items such as “I would like to know how rocks and fossils help us to know the 

history of life on Earth”, (2) perception of geology and biology, that included items such 

as “geology is boring/enjoyable”, and (3) perception of physics and chemistry, that 

included items such as “chemistry is difficult/easy”. Related to the second question “What 

are the key factors that influence these attitudes?”, the following dimensions were 

defined: (4) learning geology in and outside the classroom that included items such as “I 



like exercises with minerals and rocks”; and (5) evaluative belief about professional 

future that included items such as “Chemistry has a low/high professional future”. 

 In Table 2 we present the component matrix where the effect of the items in 

each dimension can be observed (items with highest load for each dimension where 

chosen, using .400 as threshold). Cronbach’s alpha reliability coefficients for all five 

dimensions of attitudes were determined (Table 3). The coefficients ranged from .882 to 

.911. All were above .80, which was the suggested criterion (Fink 2015). Therefore, the 

validation of the questionnaire presents the minimum guarantees of validity and reliability 

required by international standards for the creation and adaptation of tests (AERA, APA 

and NCME 2014).  

Data collection 

As mentioned, the study was conducted with 1641 students in 4th year of secondary 

education (age 15-16) from five autonomous regions in Spain (Andalusia, Aragon, the 

Basque Country, the Canary Islands and Galicia) from a total of 20 different provinces. 

In Spain, biology and geology is a combined subject that is compulsory only in 1st and 3rd 

year (ages 12-13 and 14-15 respectively), and optional in 4th year (MECD 2015). In 

particular, the topics studied in geology during the compulsory years are the history of 

the universe, the solar system, the geosphere, geological agents and the evolution of the 

landscape. The curriculum in the studied regions include the same conceptual contents 

(as defined by national legislation), although the educational approach taken might vary 

slightly. The regions were selected based on two criteria: the presence of points of rich 

geodiversity and the presence of at least 10 schools in the area. More than 60 secondary 

education teachers from the different autonomous communities carried out the 

application of the questionnaire through an online survey instrument during school hours. 

The teachers emphasized that the answers were anonymous. 62% of the schools were 



state schools and 38% private or partially state-subsidised schools. According to gender, 

50.2% of the students were female and 49.8% male.  

Due to the ordinal and asymmetric nature of the variables, non-parametric 

statistical analyses were done, as follows: the Friedman test to check whether there were 

differences in the analysis of the aspects related to geology; Spearmen correlations to 

estimate the associations between marks given to enjoyment, easiness, interest, usefulness 

and professional future (Items 13.2); the nonparametric Mann-Whitney U-test and its 

associated effect to compare the means taking into account gender, type of school and 

whether geology is being studied as an option in 4th year; and finally the Kruskal-Wallis 

test and Man-Whitney U-test to compare the autonomous regions, as well as student 

preferences for activities related to geology. The software used was SPSS 22.0. 

Results 

What are students’ attitudes towards geology? And with respect to other sciences? 

The mean scores of secondary students for the five attitudinal components (enjoyment, 

difficulty, interest, usefulness, perception of relevance for students´ professional future) 

are around 3.0 on a scale from 1 to 6. Thus, the less appreciated aspects of geology are 

enjoyment and interest (2.87±1.43 and 3.16±1.50, respectively) and the most appreciated 

are its usefulness and relevance for students´ professional future (3.69±1.50 and 

3.45±1.43, respectively) (Table 4). This suggests that students find geology boring and 

not very interesting, although, in general, they think that it is useful and of relevance for 

their future professional prospects. 

As could be expected, students who think that geology is interesting and useful 

also feel it is enjoyable (r=0.73 and r=0.51, respectively) (Table 4). Moreover, the lowest 

relation found is between difficulty and professional future (r=0.20) or usefulness 



(r=0.31). This indicates that even the students that consider geology to be more difficult, 

value its utility and future professional relevance. 

According to the “curiosity about geology” dimension, when asking When I go to 

the mountain or to the beach I ask myself how the landscape was formed (Item 5), 45.6% 

of student responses score between 1 and 2. Only 3.6% of students asked themselves 

about geological phenomena that have caused the surrounding landscape (Item 8). 

However, more than half of the surveyed participants (50.6%) affirmed that they usually 

watch documentaries related to geology (Item 23), and, when asked I would like to know 

how the Earth will change in the future (Item 6), 73.1% of the student answers range from 

4 to 6. These answers seem to indicate that students present more positive attitudes 

towards phenomena that might occur in the future than towards those that have already 

occurred and caused the current landscape 

Regarding attitudinal aspects of the discipline and compared to other sciences, 

on average, attitudes towards geology are more negative than towards other science 

subjects of 4th year Secondary Education (Table 5). Geology is perceived to be 

significantly less interesting, less useful, with less professional future and more boring 

than the rest of the subjects (p<0.005), although it is not considered as difficult as physics 

or chemistry. Therefore, the difficulty of geology does not seem to be a factor that may 

affect the negative attitudes towards geology when compared to other science subjects 

(Table 6). 

Furthermore, these results agree with the data obtained when asking students to 

name famous researchers related to physics, chemistry, biology and geology (Item 14). 

In general, they know few scientists and in their answers, they cite their own teachers´ 

names. It is striking that geology has a lower number of responses compared with the 



other science subjects. This is in accordance with the fact that 87.6% of the students affirm 

that they do not know any geologist in their family or surrounding personal context (Item 

24). 

What are the key factors that influence these attitudes? 

Different factors that could influence these attitudes towards geology including 

gender, type of school, choosing or not geology as optional subject and other academic 

aspects have been analysed.  

Gender (data not shown) and type of school (state-owned, private…) have no 

influence in the perception of the usefulness or in the interest components of attitudes 

towards geology. Yet, a slight difference in difficulty, enjoyment and perception of 

professional relevance of geology depending on the type of school (that will not be taken 

into account due to the effect size) is observed (Table 6). As expected, the very fact of 

choosing geology, which is an optional subject in Spain in 4th year of secondary 

education, has a positive effect on the students´ opinions of it; they perceive it to be more 

interesting and useful, as well as having a better professional future. In particular, they 

also find it more enjoyable and easier than those who do not choose the subject as an 

option (Table 6). 

But, as for attitudes towards science, academic factors are also the major 

determinants in the case of students’ attitudes regarding earth sciences. Consequently, 

and taking into account the overall results in Table 6, students that positively valued 

taking part in geology field trips (Item 17), exercises with minerals and rocks (Item 18), 

laboratory practices related to geology (Item 12) or geological dynamic models (Item 20), 

had better attitudes towards geology than those students who valued these activities less 



or hadn’t participated in them. Curiously, there is a difference between the attitudes 

towards indoor and outdoor activities. In this case, although we expected better attitudes 

towards field trips compared to classroom activities with minerals and rocks, geology 

laboratory practices or geological dynamic models, the results indicate that the students 

present better attitudes towards the indoor class activities. 

On the other hand, it is worth mentioning that almost half of the surveyed 

students (41%) said that in previous years of secondary education they hadn´t had time 

enough to work on geology topics (Item 16). As mentioned previously, in Spain, ‘biology 

and geology’ is a compulsory subject in 1st and 3rd year, which includes contents like the 

history of the universe, the solar system, the geosphere, geological agents and the 

evolution of the landscape (MECD, 2015). In the light of the findings of our study we can 

deduce that teachers tend to focus on topics related to biology and they either do not have 

sufficient time to teach those related to geology, or presumably, consciously skip geology 

contents. 

Finally, and concerning the social activities outside school, such as visiting 

science museums or caves with their family or friends (Item 21), nearly 48.9% of the 

students affirm that they have visited an interpretation centre with their family, 19.9% 

with a free-time group and almost 43.4% during a summer camp. In this sense, students 

that have visited interpretation centres with their families, even if they are not related to 

geology, perceive geology as more enjoyable, easier and more interesting (Table 7).  

In any case, there seems to be a social interest and concern among students 

towards geology, as more than half of the surveyed participants (50.6%) affirmed that 

they usually watch documentaries related to geology, on topics such as mountain 

formation and movement of the plates (Item 23). 



Discussion 

The present research analyses the attitudes towards geology and with respect to other 

sciences taught in secondary school, identifying the key factors modulating these 

attitudes. Understanding these factors could assist the effort to reverse the current 

situation and to elaborate educational practices that highlight the values of the geosciences 

among students. For that purpose, a specifically designed survey has been validated and 

conducted with 1641 students (ages 15-17, in 4th year of secondary education) from five 

different regions in Spain.  

Enjoyment, interest, success, value and prior school experience of the sciences 

are the most important influences on their decision to choose or reject a subject (Osborne, 

Simon, and Collins 2003; Palmer, Burke, and Aubusson 2017). The results of this study 

show that, although geology is not considered a difficult subject, it is not attractive for 

secondary students who admit that they do not enjoy it. Not considering geology attractive 

coincides with the scientific literature reporting a decline in students’ attachment to 

science (Osborne, Simon, and Collins 2003; Potvin and Hasni 2014) and to earth sciences 

(Bezzi, 1999; Bybee and McCrae 2011; Young and Shepardson 2018). These results may 

be due to the fact that learning geology does not seem to fit the interests and needs of 

students (Hodson 2003), and also that, traditionally, the way geology has been taught is 

excessively theoretical with few practical activities (Teasdale, Selkin, and Goodell 2017). 

In fact, our results indeed indicate that students that have done practical hands-on 

activities consider geology more attractive than students that have not. It is also 

noteworthy that students in this study, in contrast with their lack of enjoyment in learning 

geology, nevertheless admit that it could be useful in the future both generally and from 

a professional point of view. These results are in accordance with those of Betzner and 

Marek (2014) where most students considered the learning of earth sciences throughout 



secondary school to be important both for their general understanding of science and for 

their future university education. These results may evidence a gradual but significant 

evolution in students´ perceptions compared to older studies where undergraduate 

students perceived geology to be low in prestige, low in difficulty and low-paying relative 

to biology, chemistry and physics (Hoisch and Bowie 2010).  

In addition, the results of the present work also indicate that students who find 

learning geology enjoyable also consider it to be easy, interesting, useful and offering a 

good professional future. This correlation is understandable, as the affective domain and 

the emotional part of students’ attitudes towards science (comprising how a student feels 

about certain topics) is closely related to the relevance given to that science topic 

(Holbrook and Rannikmae 2009).  

On the other hand, of the four major scientific disciplines (biology, geology, 

physics and chemistry) our results indicate that students present the most positive 

attitudes towards biology and the most negative attitudes towards geology. This is in line 

with the studies reporting the stereotypical view that students hold earth sciences to be 

less ‘scientific’, with a lack of experimental control and rigour than the other disciplines 

(Betzner and Marek 2014; Lewis and Baker 2010). This geologic “blindness” 

(Roemmele, 2017) portrays geology as a “derivative” science, giving students the idea 

that geology is not as important as other sciences, and negatively influencing their attitude 

towards earth sciences.  

Egger (2019) explains that the negative attitude towards earth sciences could be 

attributed to the lack of exposure to geosciences in school. This earlier exposure in their 

school careers, especially in primary school, is one of the factors that results in positive 

feelings towards earth sciences in students (Schmidt 2013). The significant absence of 



earth science education all throughout secondary school is a major problem, evidenced 

by the fact that, for example, in the US only 22% of graduating high-school students in 

2005 had taken a geoscience course, compared with 92% who had taken a biology course 

(Gonzales and Keane 2010). In this regard, it is also interesting to note that in the 

European countries the teaching of geology as a separate discipline in secondary school 

curricula has been progressively reduced in the last two decades, so gradually students 

are getting fewer basic geologic contents (Fermeli et al. 2015). 

Nevertheless, and as mentioned before, we have to admit that the practical and 

theoretical limitations of geology can also give rise to negative attitudes towards 

geological sciences among students. Sometimes students have difficulties attempting to 

comprehend the vast temporal and spatial scales inherent to geology, making it difficult 

for them to visualize and modelise the so-called hidden geology (Ault 1998; King 2008). 

Therefore, all these aspects should be addressed when designing any earth science 

educational intervention.  

Concerning the key factors that moderate student’s attitudes towards geology, 

the results of the present study indicate that gender does not exert a significantly 

influence. This finding is interesting as relevant studies have suggested gender-based 

attitudes towards some science disciplines, which could explain the underrepresentation 

of women in certain STEM careers and academic positions (Ceci and Williams 2007; 

Gokhale et al. 2015). As mentioned, some studies show that boys are more interested and 

have more positive attitudes than girls towards physical- and earth-sciences (Chang, 

Yeung, and Cheng 2009; Francis and Greer 1999; Toma, Greca, and Orozco Gómez 

2019). In any case, even though the presence of stereotypes is especially strong in some 

regions, and although in some disciplines women still remain underrepresented at certain 

levels, recent reports indicate that gender balance in STEM, including geology, is 



improving, albeit at a slow pace (She Figures 2018). This normalization could explain 

our results where no gender differences are detected in attitudes towards geology. 

Likewise, when analysing the gender balance in geography (which includes the study of 

geology in many countries), there has not been found differences in perception between 

genders either (Kubiatko, Janko, and Mrazkova, 2012). 

We also studied the effect of classroom methodology, focusing on the attitudes 

towards the activities most commonly carried out by schools such as field trips or 

exercises with minerals and rocks. Our results show that students with positive attitudes 

towards these activities also had better attitudes towards the subject. Surprisingly, 

students present more positive attitudes towards indoor activities such as hand-on 

activities with rocks, laboratory practices or geological dynamic models than towards 

field trips. 

This finding is in contrast with the broad consensus regarding the benefits of 

outdoor educational activities for the acquisition of scientific competence, including both 

contents and attitudes (Clary and Wandersee 2014; Orion and Hofstein1991). Specifically 

in geology, where field-trips are considered as the genuine practical work, students can 

improve skills such as causal reasoning or dynamic thinking (Batzri et al. 2015), they can 

also learn about locally-relevant geosites, and potentially be introduced to environmental 

and social aspects such as soil usage, landscape formation and preservation of cultural 

heritage. For these reasons, most studies have demonstrated the positive effect of field-

work on students’ values, interest, and attitudes (Boyle et al. 2007). Also, pre-service and 

in-service teacher training courses based on outdoor geology improve their cognitive and 

affective domains, ‘carrying-over’ those positive feelings to the classroom (Kern and 

Carpenter 1984; Weekes and Carpenter 1993). In any case, our results identifying 

students’ better attitudes towards indoor activities and those less positive towards outdoor 



geology, share similarities with those obtained by certain authors that have shown 

evidence that some students were less positive about specific tasks related to outdoor 

geology (Stokes and Boyle 2009; Young and Shepardson 2018). This could be explained 

by the fact that to be significant, geology fieldwork may require some prior basic 

knowledge (i.e. the main geological concepts and principles, rock identification and 

sampling, map reading…), and a minimal training in navigation and 3D visualization 

skills. Students and teachers that are not properly trained in such skills can feel 

uncomfortable, and subsequently develop negative attitudes towards geology field 

activities.  

On the other hand, the fact that students in our study showed positive attitudes 

towards practical geology class activities is encouraging and reinforces the idea that 

active-learning and learner-centred pedagogies positively influence students’ attitude 

formation, especially in the case of those who have little or no first-hand experience of 

the topic (Sharpe and Abrahams 2019). Sometimes, hands-on activities that have proven 

to be attitude-beneficial can be as simple and cost-effective as 3D geological models 

(Gray et al. 2011) or a geology resource-room (Boyd and Carpenter 1980). Nevertheless, 

some authors claim that, although first-hand experience of scientific phenomena have 

demonstrated to improve students’ earth science achievements and attitudes, these 

activities must be oriented towards a student-centred and inquiry approach, in the 

framework of scientific practices (Mao and Chang 1998; Wysession 2012). So, even if 

many classrooms still rely almost exclusively on traditional lecture or confirmatory 

laboratory experiences (Kortz, Smay, and Murray 2008), and although geosciences have 

been slow to adapt to these research-based strategies (Egger, 2019), the use of active 

learning pedagogies and the transformation of the curriculum of subjects to include 

authentic inquiry activities is becoming more prevalent in geology (Apedoe 2008; Moss 



and Cervato 2016). Moreover, and regarding to the attitudinal benefits, some studies have 

revealed that secondary education inquiry-oriented constructivist instruction significantly 

improved students’ attitudes towards geology in comparison to the traditional teaching 

method (Aguilera 2019; Chang and Mao 1999; McConell, Steer, and Owens 2003; 

Shepardson and Pizzini 1993). Students exposed to inquiry-driven pedagogies are able to 

plan their own investigations, gather and interpret data, analyse results, and share findings 

with their classmates. In this way, students become engaged in their own learning process. 

These activities may not only be potentially beneficial to students, but also to teachers´ 

performance. As determined by Martin, Ryan, and Carpenter (1992), involving teachers 

in hands-on inquiry-oriented courses improves their attitudes towards geology, in 

addition to reinforcing their conceptual and pedagogical earth science knowledge.  

On the other hand, when asked about geological concepts that are more 

attractive, our results indicate that students present more positive attitudes towards events 

that may occur in the future, such as the evolution of the Earth, than towards those 

geological phenomena from the past, for example, those that have concurred in the 

formation of the current landscape. Interestingly, and as determined by Trend (2009), 

primary age children (8- to 12-years) start having an interest in Earth-related subjects. 

This is evidenced by the fact that some of the most popular science topics in that age 

range lie within the discipline of geoscience: volcanoes, earthquakes, weather or the 

formation of planet Earth. Children are attracted by the spectacular and impressive nature 

of geology, its outstanding capacity to arouse curiosity and its narrative potential. 

However, as children advance in adolescence, this interest and positive attitude decreases. 

It may be because school science in secondary education is more fragmented into 

individual disciplines that prevent students from perceiving a holistic view of science or 

the relevance of theoretically-presented topics to their own lives. All of which may finally 



result in negative attitudinal behaviours (Christidou 2011). Furthermore, and this can be 

in accordance with the results obtained in our study, often school science offers a 

backward-looking view, when students expect it to be “less retrospective and more 

prospective” (Osborne, Simon, and Collins 2003). Hence, there is a need to revise earth 

science education, from a focus on the past towards a focus on the future, with an 

emphasis on aspects that affect society and help students to perceive geoscience content 

to be more relevant and related to everyday facts (Bralower, Feiss, and Manduca 2008; 

Pelch and McConnell 2017).  

Some studies have evidenced that a stronger connection between educational 

geoscience practice and students’ day-to-day context, in some cases with explicit 

approaches to socio-scientific issues, can make a positive change to students’ attitudes 

towards geology (Carpenter 1983; Holley 2017; Pelch and McConnell 2017; Young and 

Shepardson 2018). These educational approaches can expand public knowledge and 

awareness of locally-relevant issues, for example by emphasizing how geology can be 

used as a tool to solve community-based environmental problems (Murray et al. 2012) or 

by connecting topics like soil to the effect of climate change on global agriculture (Ford, 

2018). As the commitment towards ecological problems and the sense of self-criticism 

appears in adolescence, students’ environmental concerns and engagement could be 

capitalized on geology teaching activities that encourage them to connect geological 

science with their daily lives, personal interests and expectations. 

To conclude the discussion of the instructional factors it is also important to 

consider that students’ attitudes are significantly affected by teachers’ performance, 

commitment and attitudes (Kessels and Taconis, 2012). Pre-college teachers hold 

negative attitudes towards teaching geology, which stem from their own previous 

educational experiences (Betzner and Marek 2014; Zembylas and Barker 2002). In 



addition, a minimal exposure to earth content within teacher education and professional 

development programmes greatly affects the ways in which teachers embrace or avoid 

teaching geoscience in the classroom (Ford 2018). 

As previously mentioned, it is striking to discover that almost half of the 

students in our study confirmed that in previous courses they did not study geology 

contents because of a lack of time. Therefore, it can be deduced that most teachers are not 

comfortable or feel insecure with teaching earth science topics, and thus less geology than 

that originally contemplated is taught. As mentioned, there is a significant absence of 

earth-science training in pre-service education, as for example in England where over 

80% of earth science teachers affirmed that they learned very little to no earth science as 

student teachers (King 2001). The lack of further training after entering the school system 

is also a major weakness. In fact, as identified by Banilower et al. (2013), in the US 64% 

of middle school teachers and 42% of high school earth science teachers did not attend 

any earth science courses beyond an introductory level. Also in Spain, merely a 10% of 

the secondary education science teachers have a geology degree whereas a 60% have a 

biology background (Zamalloa et al 2014). Improving teachers’ basic earth science 

literacy and pedagogical content knowledge would presumably increase their self-

perceived ability and confidence to teach earth science. But increasing knowledge does 

not automatically improve teacher attitude, so effective science courses for teachers must 

also address the affective domain (Slater, Carpenter, and Safko 1996). In this regard, 

constructivist pedagogy, particularly within courses that emphasize inquiry (Mulholland 

and Wallace 1996) or NGSS scientific practices (Gray 2017; Lambert and Bleicher 2017), 

has demonstrated to improve the attitudes of pre-service teachers towards earth science 

(Gray 2017; Luera and Otto 2005).  

 



Finally, and regarding the social domain and personal factors of students’ 

attitudes, it is remarkable that a large part of the students in our study have occasionally 

visited informal education facilities related to geology such as interpretation centres, 

science museums or caves. Students who have visited these centres with their families 

have developed more positive attitudes towards geology. This perceived curiosity is 

corroborated by the fact that half of the surveyed students also enjoy watching 

documentaries and are interested in being informed about geology.  

These results are in line with the increasing social interest in geology and 

geodiversity. This is also reflected in a growing promotion of participatory activities 

around local geology-sites and the socialization of geo-tourism, with a promising 

educational potential for different audiences such as schools or families (Carcavilla et al. 

2009; Dunlop, Larwood, and Burek 2018). This rediscovering of the cultural and natural 

geoheritage by families and local communities is encouraging, not only for the promotion 

of non-formal educational initiatives, but also for potentially increasing the awareness of 

the local geological resources. Families provide a constant and enduring context for 

learning, and parents have a major influence in transmitting cultural values and practices 

to their children, and thus potentially encouraging them towards STEM. Studies in family 

learning have confirmed the significant role of parents in engaging with young children 

in informal science education institutions (Luce, Goldman, and Vea 2016; Zimmerman 

and McClain 2016). Therefore, and in relation to the results of our study, the involvement 

in these kind of informal out-of-school scientific activities by students may indicate a 

positive perception of the relevance of science (Bulunuz and Jarrett 2010; Christidou 

2011; Gil-Flores 2012).  

In addition to informal education activities, many students with interest in 

geology frequently get involved in short-term geoscience programmes promoted by 



educational institutions, in most cases by universities. It has been demonstrated that 

students participating in activities such as summer courses designed to introduce middle 

school and high school students to earth sciences (Carrick et al. 2016; Houser, García, 

and Torres 2015; Miller et al. 2007), undergraduate geological field camps (Dykas and 

Valentino 2016) or community-based geoscience workshops (Murray et al 2012), have 

shown positive changes in their attitudes towards geosciences.  

Conclusions 

In this study we have attempted to identify the determining factors that affect 

attitudes towards geology and its teaching in secondary education students. It was also 

our aim to contribute to the research field of the affective domain of learning, especially 

in an underexplored area of attitudes towards geology, by providing a validated survey 

instrument.  

Our results have corroborated some of the findings in the literature. For example, 

students do not consider geology a difficult subject, but they find it boring and not very 

interesting. Thus, students present more negative attitudes towards it than towards 

biology, chemistry or physics. Our study has also offered some insights into the factors 

affecting these attitudes, which mainly rely on instructional methods and academic 

aspects, noticeably in relation to teachers’ geology competence. We were also able to 

identify a connection between more positive attitudes towards geology with the 

participation of students in hands-on geology activities in class and with their 

involvement in family-trips to informal education sites. These findings highlight the 

importance of developing educative proposals oriented to geology topics and practices 

that stimulate students’ attitudes. We should keep in mind that attitudes play an important 

role in shaping individual’s actions and behaviours. As a result, students´ attitudes 



towards geosciences will influence their decision to enrol on undergraduate geoscience 

courses, to pursue a degree or career in geosciences, and above all, to become informed 

future citizens.  

Finally, and based on the results obtained in our study, we would like to propose 

further contributions to the educational research area of attitudes towards geology. On the 

one hand, and as classroom strategies are one of the major moderating factors in students’ 

attitudes, we may examine whether specific didactic interventions effectively improve 

these attitudes. We would direct our attention to newly-developed curricular methods, 

and also towards the geology training courses for science teachers. On the other hand, 

and considering the special nature and characteristics of earth sciences compared to other 

sciences, it would also be challenging to analyse the generating mechanisms of the origins 

of students’ attitudes towards geology. In this case, the most suitable methods are based 

in qualitative research approaches, which could be combined with the survey instrument 

developed in the present study.  
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Table 1. Description and sample items of the five dimensions of attitudes. 

Research 

question 

Dimensions of attitudes (No. of items) Description and sample items 

What are the 

students` 

attitudes 

towards 

geology? 

Curiosity about geology (7) To what extent students express curiosity about 

aspects of geology. ‘I would like to know how rocks 

and fossils help us to know the history of life on Earth’ 

Perception of geology and biology (5) To what extent students find biology and geology 

interesting, easy, useful or enjoyable. ‘geology is 

boring/enjoyable’ 

Perception of physics and chemistry (7) To what extent students find physics and chemistry 

interesting, easy, useful or enjoyable. ‘Physics is 

enjoyable’ 

What are the 

key factors 

that 

influence 

these 

attitudes? 

Evaluative belief about professional 

future (4) 

To what extent students believe science degrees may 

lead to a job in the future. ‘Chemistry has a 

professional future’ 

Learning geology in and outside the 

classroom (10) 

To what extent students value geology and geological 

activities. ‘I like exercises with minerals and rocks’ 

 

  



Table 2. Component matrix for the five dimensions of attitudes. 

Learning geology 

in and outside the 

classroom 

Perception of 

physics and 

chemistry 

Evaluative belief 

about professional 

future 

Perception of 

geology and 

biology 

Curiosity about 

geology 

Item Load Item Load Item Load Item Load Item Load 

18 -.738 13.4a .810 13.3d .508 13.1b .794 8 -.752 

17 -.674 13.4c .777 13.3d .793 13.1c .783 9 -.702 

20 -.665 13.4b .771 13.4e .727 13.1a .734 10 -.665 

19 -.647 13.3a .726 13.1e .699 13.1d .662 7 -.610 

13.2c -.646 13.3c .701   13.2a .593 6 -.573 

13.2a -.622 13.3b .687     5 -.570 

15 -.591 13.4d .583     22 -.405 

13.2e -.546         

23 -.526         

13.2d -.526         

 

  



Table 3. Cronbach’s alpha coefficients for the five dimensions of attitudes towards 

science/geology. 

Dimensions of attitudes Alpha 

coefficients 

Learning geology in and outside the classroom .911 

Perception of physics and chemistry .910 

Evaluative belief about professional future  .854 

Perception of geology and biology .904 

Curiosity about geology  .882 

 

  



Table 4. Descriptive statistics for the valuation of geology. 

 M SD  1 2 3 4 5 

 1. Geology is enjoyable 2.87 1.43 r 1.000     

  n 1610     

2. Geology is easy 3.36 1.39 r .457** 1.000    

  n 1594 1604    

3. Geology is interesting 3.16 1.50 r .728** .441** 1.000   

  n 1595 1592 1605   

4. Geology is useful  3.69 1.50 r .512** .313** .561** 1.000  

  n 1586 1583 1585 1596  

5. Geology has a professional future 3.45 1.43 r .399** .204** .457** .569** 1.000 

  n 1583 1579 1582 1576 1593 

 

  



Table 5. Valuation of science subjects. 

 Enjoyable Easy Interesting Useful Prof. Future 

 Biology 3.77 3.75 4.1 4.39 4.19 

Geology 2.87 3.36 3.16 3.69 3.45 

Physics 3.16 3.05 3.54 4.04 4.26 

Chemistry 3.70 2.96 3.45 4.09 4.24 

 

  



Table 6. Descriptive statistics and analysis of the differences between subgroups 

(academic factors). 

 

Geology is 

enjoyable 

 

Geology is easy 

 

Geology is 

interesting 

 

Geology is useful 

 

Geology has 

professional future 

M SD Z/ᵡ2(p) M SD Z/ᵡ2(p) M SD Z/ᵡ2(p) M SD Z/ᵡ2(p) M SD Z/ᵡ2(p) 

Type of school 

ownership 
     

 
        

 

State 2.80 1.46 2.86 
(0.004) 

3.24 1.41 4.55 
(<0.001) 

3.15 1.54 1.02 
(0.305) 

3.73 1.51 -1.13 
(0.258) 

3.53 1.45 -2.76 
(0.006) Private/semi-

private 

2.99 1.38 3.57 1.33 3.21 1.45 3.64 1.49 3.33 1.40 

Courses Geology 

in 4th grade 
  

 
  

 
  

 
  

 
  

 

Yes 3.07 1.41 -7.60 

(<0.001) 
3.59 1.31 -8.56 

(<0.001) 
3.39 1.45 -7.53 

(<0.001) 
3.83 1.43 -4.60 

(<0.001) 
3.54 1.37 -3.48 

(<0.001) No 2.53 1.41 2.98 1.44 2.81 1.54 3.46 1.59 3.28 1.51 

Field trips                

Not done 2.83 1.41 200.44 
(<0.001) 

3.27 1.38 79.27 
(<0.001) 

3.21 1.53 169.29 
(<0.001) 

3.72 1.48 108.73 
(<0.001) 

3.44 1.40 79.94 
(<0.001) 1 1.85 1.21 2.82 1.53 2.12 1.38 2.80 1.60 2.70 1.49 

2 2.27 1.13 3.09 1.28  2.54 1.19 3.35 1.38  3.21 1.42  

3 2.88 1.32  3.36 1.30  3.16 1.32  3.57 1.41  3.41 1.33  

4 3.31 1.36  3.49 1.28  3.38 1.45  3.88 1.37  3.65 1.38  

5 3.51 1.31  3.91 1.29  3.70 1.34  4.21 1.33  3.83 1.32  

6 3.47 1.50  3.85 1.40  3.91 1.50  4.27 1.48  3.91 1.44  

Activities with 

minerals and 

rocks 

  
 

  
 

  
 
   

 
  

 

Not done 2.82 1.41 214.69 
(<0.001) 

3.28 1.40 65.86 
(<0.001) 

3.19 1.54 184.89 
(<0.001) 

3.71 1.47 114.02 
(<0.001) 

3.47 1.43 86.54 
(<0.001) 1 1.88 1.21 2.86 1.56 2.12 1.34 2.93 1.70 2.80 1.56 

2 2.34 1.13  3.21 1.33  2.72 1.21  3.34 1.38  3.12 1.26  

3 2.91 1.22  3.27 1.21  3.07 1.30  3.67 1.27  3.39 1.21  

4 3.35 1.32  3.69 1.29  3.56 1.35  3.78 1.36  3.62 1.45  

5 3.46 1.42  3.81 1.30  3.72 1.43  4.13 1.46  3.97 1.33  

6 3.86 1.57  3.80 1.41  4.24 1.57  4.71 1.47  4.03 1.48  

Laboratory 

activities Geo 
  

 
  

 
  

 
  

 
  

 

Not done 2.85 1.41 185.22 

(<0.001) 

3.41 1.36 61.29 

(<0.001) 

3.22 1.51 170.84 

(<0.001) 

3.71 1.45 142.07 

(<0.001) 

3.43 1.40 88.36 

(<0.001) 1 1.64 1.13 2.61 1.59 1.79 1.24 2.60 1.64 2.61 1.61 

2 2.32 1.15 3.03 1.31 2.63 1.33  2.98 1.28  2.93 1.26  

3 2.75 1.24  3.23 1.28  3.09 1.33  3.52 1.39  3.40 1.31  

4 3.14 1.30  3.51 1.31  3.31 1.35  3.99 1.31  3.76 1.25  

5 3.45 1.39  3.55 1.37  3.68 1.33  4.16 1.37  3.82 1.43  

6 3.56 1.57  3.78 1.39  3.86 1.57  4.39 1.53  3.89 1.47  

Geological 

models 
  

 
  

 
     

 
  

 

Not done 2.81 1.39 194.30 
(<0.001) 

3.37 1.37 47.23 
(<0.001) 

3.15 1.48 178.13 
(<0.001) 

3.72 1.46 124.93 
(<0.001) 

3.47 1.41 70.75 
(<0.001) 1 1.80 1.14 2.83 1.58 2.06 1.38 2,76 1,68 2,79 1,62 

2 2.29 1.14 3.04 1.40  2.59 1.39 3,15 1,56  2,94 1,30  

3 2.95 1.19  3.28 1.26  3.07 1.26  3,43 1,17  3,39 1,26  

4 3.40 1.34  3.62 1.25  3.62 1.24  4,09 1,30  3,70 1,26  

5 3.64 1.38  3.71 1.31  3.94 1.30  4,25 1,26  3,93 1,21  

6 3.65 1.68  3.76 1.46  4.04 1.68  4,49 1,59  3,90 1,64  

 

  



Table 7. Descriptive statistics and analysis of the differences between subgroups 

(informal educational activities). 

Visits 

interpretation 

centre with… 

Geology is 

enjoyable 

 

Geology is easy 

 

Geology is 

interesting 

 

Geology is useful 

 

Geology has a 

professional future 

M SD Z(p) M SD Z(p) M SD Z(p) M SD Z(p) M SD Z/(p) 
Family                

No 2.77 1.43 -2.97 
(0.003) 

3.21 1.43 -3.92 
(<0.001) 

3.08 1.50 -2.12 
(0.033) 

3.63 1.53 -1.44 
(0.148) 

3.45 1.45 -0.10 
(0.918) 

Yes 2.98 1.44  3.48 1.35  3.23 1.51  3.75 1.45  3.45 1.41  

Free time group                

No 2.87 1.44 -0.68 

(0.499) 

3.34 1.38 -0.92 

(0.359) 

3.16 1.50 -0.34 

(0.734) 

3.69 1.49 -0.69 

(0.491) 

3.42 1.41 -1.78 

(0.075) 
Yes 2.90 1.43  3.40 1.42  3.17 1.53  3.72 1.55  3.54 1.48  

Camps                 

No 2.93 1.46 1.86 

(0.063) 

3.38 1.40 -1.15 

(0.251) 

3.15 1.49 -0.35 

(0.726) 

3.67 1.50 -0.84 

(0.401) 

3.47 1.45 -0.69 

(0.488) 

Yes 2.79 1.39  2.31 1.36  3.18 1.51  3.74 1.50  3.41 1.39  

 

 




