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Abstract

The purpose of this research is to investigate the misconceptions related to geological

concepts among Secondary Education students in the region of Achaia, Greece. The

study focuses on both Lower Secondary Education (Gymnasium, grades 7–9) and Upper

Secondary Education, including General and Vocational Education (grades 10–12). Previous

research has shown that students entering Lower Secondary Education or High School often

possess several misconceptions about geological concepts. These misconceptions result in a

fragmented or incorrect understanding, which may arise from intuitive perceptions of how

the natural world evolves that are incorrect, or from stereotypes and assumptions acquired

from the family environment or inadequacies in the school curriculum. Despite teachers’

efforts to clarify these concepts, a significant percentage of students continue to hold

misconceptions, mainly related to minerals and rocks. A total of 1065 secondary students

completed an online closed-ended questionnaire that was designed and validated based on

previous research findings to highlight their misconceptions. This study results showed

a clear differentiation between students from urban and rural areas, while demographic

characteristics (such as gender, age, parents’ occupation, and parents’ marital status) did

not appear to play a significant role. In addition, the responses to specific sets of questions

varied depending on the student’s grade level. Identifying students’ misconceptions

can support the development of appropriate educational tools and/or inform targeted

interventions that aim to clarify these concepts and correct any incorrect assumptions.

Keywords: misconceptions; minerals; rocks; conceptions; minerals’ traits; pupils

1. Introduction

Research in the field of cognitive development has shown that children from an early

age begin to construct intuitive frameworks or “naïve theories” to make sense of the world

around them, explain everyday phenomena, and make predictions [1–6]. These theories are

constructed based on everyday experiences, informal interactions, and the influence of lay

culture. Although they serve as useful tools for interpreting natural phenomena, they often

lead to the development of misconceptions. These misconceptions are not random errors,

but coherent and internally consistent ideas that function much like scientific theories, yet

lack empirical grounding.

Given the fact that naïve theories are based on everyday experience, they are notably

resistant to change, even in the face of formal instruction. Correcting them requires more

Geosciences 2025, 15, 338 https://doi.org/10.3390/geosciences15090338

https://doi.org/10.3390/geosciences15090338
https://doi.org/10.3390/geosciences15090338
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/geosciences
https://www.mdpi.com
https://orcid.org/0000-0003-2151-0774
https://orcid.org/0000-0002-4363-0390
https://orcid.org/0000-0002-8402-037X
https://orcid.org/0000-0001-6452-5920
https://orcid.org/0000-0003-1734-4726
https://doi.org/10.3390/geosciences15090338
https://www.mdpi.com/article/10.3390/geosciences15090338?type=check_update&version=1


Geosciences 2025, 15, 338 2 of 24

than simply replacing incorrect ideas with the scientifically accepted ones. Rather, it

involves conceptual changes across multiple dimensions: ontological (how entities are

categorized), epistemological (how knowledge is justified), and representational (how

concepts are mentally visualized and expressed). These conceptual changes do not happen

overnight but need a lot of time. During this process, new misconceptions may appear,

which have the form of fragmented or synthetic conceptions [2].

Frequently, students try to assimilate scientific information into their naïve theories,

referred to hereinafter as conflicting ideas. As a result, new concepts are constructed,

which reveal their attempts to synthesize the two conflicting ideas. Through scientific

literature these erroneous concepts are also termed alternative beliefs, alternative concep-

tions, alternative frameworks, alternative ideas, conceptual misunderstandings, conceptual

p-prims (phenomenological primitives that are basic, experience-based cognitive elements

that learners use to make sense of phenomena, such as the intuition that “more effort

produces more result” [7]), erroneous ideas, errors, false ideas, incomplete or naïve notions,

intuitive notions, mistakes, misunderstanding, non-scientific beliefs, oversimplifications,

preconceived notions, preconceptions, and untutored beliefs [8]. Misconceptions are found

in many scientific fields, such as mathematics, physics, mechanics, and geology as well [9].

The goal of this study was to investigate misconceptions related to geological concepts

amongst Secondary Education students—-from both Lower Secondary Education (Gym-

nasium, grades 7–9) and Upper Secondary Education, including General and Vocational

Education (grades 10–12)—-in the regional unit of Achaia, Greece.

1.1. Literature Review

Although research on student conception in geology is not as extensive as that of other

natural sciences, a common finding is reported: that students enter the educational process

with a wide range of misconceptions about minerals, rocks [8], and the rock cycle [10].

Dove [11], despite the lack of systematic research in the field back in the 90s, listed

35 misconceptions identified from different researchers. Later, a systematic and detailed

effort was made by Francek [8], who collected, sorted, and classified 500 misconceptions.

However, this work had little or no influence on US national curriculum standards or

frameworks [12].

Geological misconceptions often arise because students conceptualize Earth processes

in terms of human lifespans rather than geological scales. Research shows that they struggle

to comprehend the immensity of deep time, frequently framing processes within human

timescales [13]. Additionally, even geoscience students express geological time through

multimodal means—-language, gestures, and visualizations—-indicating a dynamic, rather

than linear, understanding of deep time [14].

They also often describe processes, such as weathering, erosion, and rock formation,

as dependent on human intervention rather than as a natural process that occurs inde-

pendently of humans. Understanding and accepting long-term, large-scale changes in

the Earth’s landforms is even greater for elementary and high school students, who have

limited experience and comprehension of the vast time scale involved in these changes [10].

People often hold a well-stablished belief in the fixedness of the Earth, which stems

from students’ inability to perceive that landforms may change. Accordingly, they may

hold a related belief that when changes in the Earth’s surface occur, they are always

destructive. These beliefs are strong and can hinder students’ understanding of scientific

explanations [15].

In addition, it is observed that students categorize rocks into two simplistic categories:

those containing crystals and those that are dull rocks. This approach overlooks the

fundamental criteria for rock categorization: the way that rocks were formed, then the
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degree of crystallinity, the size and shape of their structural elements, as well as the

connection, arrangement, and orientation of these elements in space [16].

According to Dove [11,17], when students understand a conceptual topic only through

memorization or personal experience, this knowledge is often not applied within the

school context. As a result, it tends to be overlooked or ignored in the classroom. Conse-

quently, students often face difficulties in understanding geological concepts, such as rock

categorization [8].

The Grade 6 Science Framework of the Georgia Performance Standards [18] identifies

several common misconceptions about rocks and minerals—-including that all rocks are

the same, that rocks and minerals are interchangeable terms, and that such materials do not

play a significant role in everyday life. These misconceptions often stem from superficial

experience and linguistic confusion, yet they can be addressed effectively through hands-on

interventions. Research in tertiary geoscience education highlights similar challenges: for

instance, Giotopoulos et al. [19] demonstrate how disruptions to hands-on and field-based

learning—-elements critical to rock and mineral identification—-can impede students’

understanding of essential geological concepts. Conversely, Pinto et al. [20] show that

problem-based learning (PBL) strategies significantly enhance students’ ability to reflect on

and correct misconceptions by engaging them in authentic geologic inquiry.

By middle or junior high school (K-8, ages 13–14 and K-9, ages 14–15 according to

US Grade-level standards), students are familiar with the rock cycle. However, they still

have many misunderstandings, especially when they must connect internal and external

processes [8]. The context of the rock cycle provides a strong cognitive base for addressing

these misconceptions; nevertheless, Kali et al. [21] noted that students have difficulties in

distinguishing between the three major rock categories. Rather than analyzing and identi-

fying similarities and differences between rock categories, students incorrectly considered

that the rock cycle was the cause of rock formation [22].

Similarly, a widespread misunderstanding among students of various age groups

concerns the distinction between rocks and minerals. Although teachers strive to clarify

these concepts, a substantial proportion of students still harbor misconceptions [9].

Misconceptions about the classification and formation of rocks and minerals are

common, mainly due to the vast variety of forms in which they occur. Students often rely

on sensory-based rock characteristics such as color, size, and shape for rock identification,

even though these attributes have limited explanatory value [8]. This aligns with the

findings of Giotopoulos et al. [23], who identified many misconceptions, particularly

related to mineral properties like color and luster.

According to Phillips [24], there are several misconceptions prevalent across different

age groups. For example, the belief that “Any crystal that scratches glass is a diamond” is

a misconception commonly found from K-5 through college. The idea that “Rocks must

be heavy” is found from K-7 to K-9. Additionally, adults may believe that continents do

not move and that the Earth is 6000 to 20,000 years old. It should be noted that while these

misconceptions are commonly found among adults, children may hold them as well [24].

Furthermore, a lack of understanding fundamental concepts can hinder students’ abil-

ity to build upon their previous knowledge, especially when it comes to more complicated

ideas [15,25–28]. For example, students who do not understand that minerals can break

down in specific ways may have difficulty learning the principles of physical and chemical

weathering [29].

1.2. Secondary Education and Curricula

Science courses are integrated into the secondary education curricula in most countries.

In most Latin American countries [30] and in southern Europe [31], geology and biology
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share teaching time. In some Northern European countries, geology is incorporated into ge-

ography courses [32]. In the USA [33] and Australia [34], geology is included in the science

and geography curricula and may be chosen as an optional or additional course. In Greece

and Spain, geology constitutes a supplementary subject under the National Education

Framework, often integrated into biology, geography, and environmental sciences [35]. On

the other hand, geology is often subsumed under geography—-an arrangement rooted in

colonial-era implementations that positioned Earth sciences as instruments of imperial con-

trol. This colonial legacy is being critically examined in contemporary scholarship [36,37].

Especially in the secondary level of education, teachers’ lectures and textbooks con-

stitute the primary sources of geological knowledge [38]. However, King et al. [39] argue

that the textbooks worldwide containing earth science subjects do not engage students and

frequently contain errors and inconsistencies. As a result, many students complete sec-

ondary education without a basic understanding of geological concepts. This may lead to a

population of future professionals—i.e., journalists, science communicators, technicians,

politicians, and others—who may lack essential knowledge when forming opinions on

issues such as natural resources and environmental challenges, thereby increasing public

confusion [40]. Additionally, this context works as an obstacle for students to study geology

at university [41].

2. Materials and Methods

The current research aimed to investigate students’ misconceptions about geological

concepts related to minerals, rocks, and the rock cycle. It was conducted remotely using

online questionnaires. The diagram below (Figure 1) summarizes the main analytical steps,

from data collection and categorization of items into Q1–Q4, through computation of scores

and statistical testing, to clustering and visualization of student profiles.

Figure 1. Workflow of the methodological approach.

The questionnaire was distributed electronically via email to all secondary education

school units in the Regional Unit of Achaia, Greece, during the school year 2021–2022. This
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specific region was chosen as a representative sample of the national student population,

as it combines both rural and urban areas. Additionally, there is a lack of studies focusing

on secondary-level education in European and Mediterranean countries. The survey was

given only to public schools, as the Hellenic Statistical Authority (ELSTAT) did not provide

sufficient data for private schools. The survey was conducted from mid-March 2022 to

mid-April 2022.

According to the latest census data from the ELSTAT for the academic years 2019–2020,

a total of 18,662 secondary school students were enrolled in the Regional Unit of Achaia

(Region of Western Greece). This total includes students from General Upper Secondary

Schools (USEs) [42], Vocational Upper Secondary Schools (USVEs) [43] (ages 16 to 18), and

Lower Secondary Schools (LSEs) [44] (ages 13 to 15). Specifically, 6625 students attended

USEs, 2900 attended USVEs, and 9137 attended LSEs. In total, there are 117 secondary

schools in the Regional Unit of Achaia.

The questionnaire link was sent to all these schools, and a number of them responded

through their principals, who then forwarded the survey to the school’s Information Tech-

nology (IT) teacher. The students completed the questionnaires in their respective IT

laboratories. In total, 1065 students participated in the survey. By ensuring anonymous sub-

mission of responses, the study met the required standards of validity and reliability [44].

Statistical Analysis

The research followed a quantitative methodological model using closed-ended, elec-

tronic multiple-choice questionnaires [45]. The statistical analysis was carried out using

non-parametric methods, as the data did not meet parametric assumptions. Specifically,

the Mann–Whitney U test was applied for comparisons involving two groups (e.g., gender

differences within each question category), while the Kruskal–Wallis test was employed for

comparisons involving more than two groups (e.g., grade level or school type). Whenever

statistically significant differences were identified, post-hoc pairwise comparisons with

Bonferroni correction were conducted to adjust for multiple testing.

The students’ responses were grouped into four main categories of misconceptions

(Q1–Q4), as presented in Table 1, and statistical comparisons were performed accordingly.

Results are reported in terms of medians and distributions, while violin plots were used to

visualize differences across groups. All statistical analyses followed established procedures

for non-parametric data analysis [46] and were performed using R. The optimal number

of clusters was determined using the Silhouette method, which evaluates the quality of

clustering by measuring the similarity of an object to its own cluster compared to other

clusters. This approach is widely used as a robust internal validation criterion for clustering

solutions [47,48].

Table 1. Description of categories Q1, Q2, Q3, Q4 and their subcategories used in the statistical analysis.

Category Subcategories of Questions Number of Questions

Q1
Metals (3), Differentiation of

minerals—rocks (4)
7

Q2 Rock Life Cycle 5

Q3 Minerals 18

Q4 Rocks 6

The questionnaire consisted of 45 questions. Nine of them were demographic ques-

tions and addressed the following characteristics: age, gender, class, type of school, father’s

occupation, mother’s occupation, parents’ marital status, place of residence, number of

siblings. The remaining 36 were research questions and addressed the following themes:
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(a) Metals: 3, (group Q1)

(b) Differentiation between minerals and rocks: 4, (group Q1)

(c) Rock life cycle: 5, (group Q2)

(d) Minerals: 18, (group Q3)

(e) Rocks: 6, (group Q4)

For statistical analysis, the questions were grouped into four categories, as shown

in Table 1. (A detailed presentation of the questions and their categorization is given in

Appendix A).

Thus, the research was structured based on five key elements: (a) Demographic

characteristics, (b) Misconceptions about minerals, (c) Misconceptions about rocks, (d) Mis-

conceptions about the rock cycle, and (e) Misconceptions about geological time.

The questionnaire items were designed to probe students’ conceptual understanding

of foundational geological processes within the Earth system—-not only factual recall,

but also the reasoning underlying their misconceptions. This approach aligns with recent

findings that identifying student misconceptions is a prerequisite for initiating meaningful

conceptual and procedural changes in natural science learning [49].

The research questions were as follows:

(a) Do demographic characteristics—-such as gender, place of residence, school, age,

parental occupation, and parents’ marital status—-contribute to the formation and persis-

tence of misconceptions in geological concepts?

(b) Do demographic characteristics influence misconceptions about minerals?

(c) Are students able to distinguish minerals from rocks?

(d) Do demographic characteristics influence misconceptions about rocks?

(e) Can students understand the concept of geological time in comparison to human

lifespan and/or the total time of human presence on Earth?

3. Results

3.1. Demographic Characteristics

According to the 2021 census [50], the population of the Municipality of Patras is

215,922 residents, making it the third-largest city in Greece, while the population of the

regional unit of Achaia, excluding the Municipality of Patras, is 90,057 residents.

According to the demographic data, participants were almost equally split by gender:

47.37% boys and 46.81% girls, while 5.82% chose not to disclose their gender. Most students

were in the first year of the USE (33.40%), followed by the second year (21.11%). Partici-

pation of the third-year USE students was lower (6.00%), likely due to preparation for the

Panhellenic University Entrance Examinations, the national standardized tests required for

admission to Greek universities. In terms of school type, 42.31% of participants attended

USE, 37.90% LSE, and 18.57% USVE. Regarding parental occupation, the most common

response for fathers’ employment was “self-employed” (34.05%), while for mothers, the

most frequent response was “unemployed” (22.33%). In terms of parents’ marital status,

most of the students reported that their parents live together (74.30%). Almost half of

the participants (48.41%) indicated that they reside in Patras (capital of the regional unit

of Achaia). Finally, 46.25% of the participants stated that their household includes two

children (including themselves).

Out of the 39 total questions in the questionnaire, the 2nd grade of USE provided the

most correct answers on 15 questions. In contrast, the 3rd grade of LSE gave the most

incorrect answers on 12 questions.
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3.2. Performance on Key Geological Misconceptions

The results showed that students demonstrated low levels of understanding across

several key geological concepts. Some of the most common misconceptions, which were

identified in the results of the present study, are presented in what follows.

In the “Metals” category, the majority (60.19%) incorrectly believed that “All metals are

hard (have high hardness)”, while only 3.76% selected the correct answer of “In some cases”.

Similarly, in the “Differentiation of minerals—rocks” category, 75.12% of the students

incorrectly identified “Quartz is rock”. In the “Rock Life Cycle” category, only 35.12%

disagreed with the misconception that “Rocks are always solid”. Misconceptions were also

prevalent in the category “Rocks”, since only 28.54% correctly disagreed with the statement

“The soil is not a rock; it is something completely different”, and just 24.41% rejected

the misconception that “Rocks are created by catastrophic events (earthquakes, volcanic

eruptions)”. Furthermore, only 33.05% understood that hardness is a valid characteristic

“. . . used to identify rocks”. Finally, in the “Minerals” category, very few students knew

that “luster affects the color we see” (16.53%) and that “brightness affects the color we see”

(15.59%), and even fewer knew that glass is not mineral (10.52%) or that it breaks easily

(9.86%). Finally, only 26.10% were aware that some rocks are used as fuel.

On the contrary, there were few specific areas in which students showed higher levels

of understanding. In the category “Mineral–rock differentiation” most students correctly

disagreed with misconceptions such as “Minerals and rocks do not have an important role

in our lives” (72.86%), “Liquids are always light” (68.92%), and “Rocks and minerals are

the same” (67.79%). Additionally, in the “Rocks” category, 84.88% rejected the idea that

“All rocks are the same” and 69.67% disagreed with the misconception that “All rocks are

heavy”. Finally, in the “Minerals” category, 61.31% rejected the misconception which stated

that “If the mineral is heavy, it is also hard”. These results suggest that while students may

possess accurate knowledge in certain basic areas, significant misconceptions resist change,

particularly when it comes to mineral properties, rock formation, and geological processes.

3.3. Statistical Analysis of the Survey

Statistical analysis was carried out using non-parametric tests such as Mann–Whitney

and Kruskal–Wallis, which compare differences between groups based on rank rather than

assuming normal data distribution. Post-hoc adjustments, such as the Bonferroni method,

were used to correct for multiple comparisons and enhance result reliability. Such non-

parametric, rank-based methods are especially suitable when data do not meet parametric

assumptions, and are well established in quantitative research methodology [46].

The statistical analysis was conducted as follows. Initially, for each pair of variables under

examination involving two groups—-for example, Q1 and gender, or Q2 and gender—-a Mann-

Whitney test was performed. For comparisons involving more than two groups—-such as Q1

and grade level or Q2 and grade level—-the Kruskal–Wallis test was applied to determine

whether there were statistically significant differences between groups. This test assesses

the equality or inequality of medians among the groups. For the purposes of the statistical

analysis, the questions were grouped into four categories, as presented in Table 1.

In Table 2, the column “School” presents the categories corresponding to LSE (404 stu-

dents) and USE (USE, USVE, Other), with 661 students participating. The column “City”

presents the categories corresponding to Patras (516 students) and Outside Patras, that is,

anywhere else within the prefecture of Achaia (549 students).

We calculated the mean score of correct responses in each question category, taking

into account the school and the residence of the participants. According to the statistical

process, City and School seem to play a role in our research (Table 3).
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Table 2. Average of categories Q1, Q2, Q3, Q4.

School City
Q1 Total Mean
(7 Questions)

Q2 Total Mean
(5 Questions)

Q3 Total Mean
(18 Questions)

Q4 Total Mean
(6 Questions)

LSE
Patras 3.85 2.49 10.7 3.04

Outskirts of Patras 3.36 2.58 10.4 3.10

USE
Patras 3.79 2.77 10.7 3.32

Outskirts of Patras 3.56 2.58 10.8 3.29

Table 3. Differentiation Q1, Q2, Q3, Q4 in terms of city, school, and combination.

Differentiation

City (Mann–Whitney) School (Mann–Whitney) Combination of the Two (Kruskal–Wallis)

Q1 p1 = 0.001 p1 = 0.001 p1 < 0.001

Q2 p2 = 0.045

Q3

Q4 p2 < 0.001 p2 < 0.001

For each question category (Q1, Q2, Q3, Q4), a Mann–Whitney test for the City and

School audit was performed. The results showed that students attending LSEs in Patras

performed better in question category Q1 (Metals and Differentiation of minerals—rocks),

achieving a mean score of 3.85 (standard deviation 1.21). In question category Q2 (Rock

Life Cycle), students from USEs in Patras achieved the highest mean score of 2.77 (standard

deviation 1.18).

In category Q3 (Minerals), students from USEs living outside Patras performed slightly

better, with a mean score of 10.8 (standard deviation 2.33). Finally, in category Q4 (Rocks),

students from Patras LSEs performed better, achieving the highest mean score of 3.32

(standard deviation 1.03).

Furthermore, using the Kruskal–Wallis test, statistically significant differences were

observed in categories Q1 and Q4 based on the combination of school type and city. These

differences are also summarized in Table 3.

Statistically significant differences emerged during the analysis of categories Q1, Q2,

Q3, Q4 as a function of gender and school, using the Kruskal–Wallis test. The statistical

processing was done as follows. Initially, for each couple examined—-e.g., Q1, gender or

Q2, class, etc.—-a Kruskal–Wallis audit was carried out. If the p-value was below 0.05, then

it was considered a statistically significant finding and further investigation using pairwise

comparisons (Bonferroni corrected) was performed. Otherwise, the above-mentioned

control was not continued.

Thus, according to Figure 2 (SumQ1—Class) (where SumQ1 stands for Metals and

Mineral–Rock Differentiation subcategories of questions as seen in Table 1) and the Mann–

Whitney comparisons with Bonferroni correction (statistically significant, p = 0.001) the

second grade of USE differs from all other groups. Also, the second grade of LSE differs

from the second grade of USE based on median two schemes, but not with the rest. From

the Figure 1 and the average values, it appears that the second grade of USEs has more

correct answers regarding the questions related to Metals and Mineral–Rock Differentiation,

compared to the rest of the classes.
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Figure 2. Grade-Level performance in students’ misconceptions on principles of geology: comparative

visualization of correct responses using a Violin plot analysis among Sum Q1 (Metals and Mineral-

Rock Differentiation) and Class.

In particular, the second grade of USEs, compared to the second grade of LSEs, has

the maximum difference compared to all other classes.

Regarding the Q4 question group (Rocks) about the class attendance (Figure 3), ac-

cording to the Kruskal–Wallis test, the p-value is statistically significant (0.001), with the

median in all six (6) classes being around 3.

Figure 3. Comparative grade-level distribution of correct responses regarding students’ misconcep-

tions on geological principles, using a violin plot analysis of Sum Q4 (Rocks) and Class.

A Mann–Whitney comparisons test was performed, with Bonferroni correction, ac-

cording to which there are statistically significant differences between the first grade of

LSEs and the first and second grades of USEs, where USE students gave more correct

answers (Table 4). Also, between the third grade of LSEs and the second grade of USEs, the

latter gave more correct answers.
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Table 4. Pivot table of groups Q1 and Q4 for gender and class and p-value.

Y-Axis X-Axis
Kruskal–Wallis

Control (p-Value)
Mann–Whitney (Bonferroni Corrected)

Figure 2
Q1 (Mineral–rock

differentiation)
Class 0.0001404

Second grade of USEs differs significantly
from the rest of the classes and gave more
correct answers, especially compared to

the second grade of LSEs.

Figure 3 Q4 (Rocks) Class 0.001661

USE students gave more correct answers.
Between the third grade and the second

grade of USEs, the latter gave more
correct answers.

Where bold means that the difference is statistically significant.

According to the above table, statistically significant differences were found in favor of

the second-grade students in USEs, who performed significantly better than other student

groups. This difference is particularly significant when compared to their peers in LSEs.

Overall, USE students gave more correct responses, with second-grade USE students

outperforming even those in the third grades of the same school type.

In Figure 4, a correlation between the number of correct answers in Q1 (Mineral–Rock

Differentiation) and Q2 (Life Cycle) is presented.

Figure 4. Total sum Q2—Total sum Q1.

According to Figure 4, the highest frequency (9.55%) is observed in the combination

(3.3) for Q1 and Q2 number of correct of answers. Also, there seems to be a slight positive

correlation since large values of Q1 are observed together with large values for Q2, and

small values of Q1 together with small values for Q2. Students who answered correctly in

the Q1 question category tended to answer correctly in the Q2 question category as well.

Similarly, students who did not answer correctly in category Q1 did the same in category

Q2. In any case, the majority of students answered with “moderate” accuracy, i.e., they fell

between 3 and 4 in Figure 4.

Figure 5 presents the results of a correlation conducted between the number of correct

answers in Q4 (Rocks) and Q1 (Mineral-rock differentiation).
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Figure 5. Total sum Q4—Total sum Q1.

There is a positive correlation in Q4 = 3 and Q1 = 3 and 4. Also there seems to be a

slight positive correlation, since large values of Q4 are observed along with large values

for Q1, and small values of Q4 together with small values for Q1. In Figure 5, the majority

of students answered with “moderate” accuracy, i.e., they fell between 3 and 4. Those

who answered correctly in the Q1 category had a tendency to answer correctly in the Q4

category as well. Similarly, students who did not answer correctly in category Q1 did the

same in category Q4.

Figure 6 presents a correlation conducted between the number of correct answers Q4

(Rocks) and Q2 (Life Cycle).

Figure 6. Total sum Q4—Total sum Q2.



Geosciences 2025, 15, 338 12 of 24

There is a correlation between Q4 = 3 and Q2 = 2 through 4. Also, there seems to be a

slight positive correlation, since large values of Q4 are observed along with large values for

Q2, and small values of Q4 together with small values for Q2. Therefore, the majority of

students answered with “moderate” accuracy, i.e., they fell between 3 and 4. Those who

answered correctly in the Q2 question category had a tendency to answer correctly in the

Q4 question category as well (values 11 and 13.03 in Figure 6).

In order to complement and enhance the aforementioned results, Table 5 reports

the Spearman correlation matrix among the four categories under study. The analysis

indicates the presence of a weak but consistently positive association across categories,

which nevertheless reaches the threshold of statistical significance. This finding suggests

that, although the strength of the relationships is limited, the correlations are not due to

chance and warrant further consideration in the interpretation of the data.

Table 5. Correlation matrix for Total Sum Q1, Total Sum Q2, Total Sum Q3, and Total Sum Q4.

Total Sum Q1 Total Sum Q2 Total Sum Q3 Total Sum Q4

Total Sum Q1 -

Total Sum Q2 0.151 * -

Total Sum Q3 0.252 * 0.145 * -

Total Sum Q4 0.208 * 0.176 * 0.214 * -

*: p-value < 0.001.

3.4. Clustering

Clustering analysis was applied in order to identify groups of students with similar

response patterns across the four main categories of misconceptions (Q1: Mineral–rock

differentiation, Q2: Rock Life Cycle, Q3: Minerals, Q4: Rocks) and selected demographic

variables (school type, city of residence, siblings, family background, and gender). For each

category, the total score was calculated by summing the correct responses to the relevant

items. These total scores, together with the demographic variables, served as the input for

the clustering procedure (Table 6).

Table 6. Mean value and standard deviation of Total Sums Q1: Mineral–rock differentiation, Q2: Life

Cycle, Q3: Minerals, Q4: Rocks.

School City
Mean of
the Total
Sum Q1

Mean of
the Total
Sum Q2

Mean of
the Total
Sum Q3

Mean of
the Total
Sum Q4

Standard
Deviation

of Total
Sum Q1

Standard
Deviation

of Total
Sum Q2

Standard
Deviation

of Total
Sum Q3

Standard
Deviation

of Total
Sum Q4

LSE Patras 3.85 2.49 10.7 3.04 1.21 1.17 2.11 1.01

LSE
Outskirts
of Patras

3.36 2.58 10.4 3.1 1.19 1.15 2.31 1.02

USE Patras 3.79 2.77 10.7 3.32 1.31 1.18 2.39 1.03

USE
Outskirts
of Patras

3.56 2.58 10.8 3.29 1.31 1.1 2.33 1.09

In order to construct cluster profiles, the following parameters were used: Total

sum Q1, Total sum Q2, Total sum Q3, Total sum Q4, school, city, siblings, family, gender

(Figure 7). Total Sums refers to the sum of the values of students’ responses in each category,

e.g., the Total Sum Q1 refers to the sum of the values of the answers of the students who

answered the Q1 question category, and so on.
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Figure 7. Optimal number of clusters across the parameters: Total Sum (Q1, Q2, Q3, Q4), School, City,

Siblings, Family, Gender.

The optimal number of clusters was determined using the “Silhouette” method (Figure 7).

This method indicated that two clusters provided the best separation. Subsequently,

k-means clustering was performed, and two distinct student profiles emerged. Cluster 1

included students with relatively higher performance across categories, while Cluster 2

consisted of students with comparatively lower scores. Figure 7 presents a visualization of

the clustering results using principal component analysis (PCA), showing the distribution

of students across the two clusters.

It is important to note that all four categories (Q1–Q4), including Q3, were incorporated

in the clustering analysis, ensuring that the grouping reflects the combined performance

across the entire set of questions. Finally, two clusters were created, based on the values

Total Sum (Q1. . . Q4), as shown in Table 7. Cluster 1 mainly included students with

overall higher performance across Q1–Q4, particularly in mineral–rock differentiation (Q1),

whereas Cluster 2 consisted of students with lower scores across categories. Moreover,

the distribution of students across the two clusters was not random: USE students were

more frequently represented in both clusters, suggesting that school type contributed to

the observed grouping.

Table 7. Average values per cluster and Total Sum Q1, Total Sum Q2, Total Sum Q3, Total Sum Q4.

Cluster Total Sum Q1 Total Sum Q2 Total Sum Q3 Total Sum Q4

1 3.01 2.14 9.45 2.66
2 4.28 3.20 11.90 3.84

Cluster Profiles

The profile of each group describes its hidden similarities and structures. Figure 8

shows the separation of clusters at the level of the first two principal components of

Q1, Q2, Q3, and Q4 which, depending on their numerical value, are divided into two

clusters. The two axes (Dim1 and Dim2) represent the first two principal components,

which explain 40% and 22% of the total variance, respectively. Each point corresponds

to an individual student projected in this reduced two-dimensional space, while colors

indicate the two clusters obtained by k-means. The polygons delineate the area covered
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by each cluster, highlighting the separation between student groups. The PCA results

revealed distinct clustering patterns among the Q1–Q4 question groups, highlighting

clear differentiation in how students conceptualize minerals, rocks, and the rock cycle.

This clustering underscores meaningful variations in students’ responses and supports

targeted interpretation of domain-specific misconceptions. Principal Component Analysis

is a well-established multivariate technique for reducing dimensionality by generating

uncorrelated components that capture maximal variance—-an approach frequently applied

to geochemical and sedimentological datasets to interpret compositional stratigraphy [51].

Figure 8. Principal Component Analysis (PCA) of the Q1–Q4 question groups, showing cluster

separation along the first two principal components.

The results are shown in detail in Table 7 below. In Cluster 2, where in all indicators

the average value is higher, those who generally do better are concentrated.

Figure 9 below shows the two clusters and School type (LSE, USE). This Figure presents

the distribution of students by School type (LSE vs. USE) within the two identified clusters.

The results indicate that the clustering structure partially reflects school-related differences,

with USE students being more represented in both groups.

The p-value (0.001) is statistically significant when testing independence between the

two variables x2 for cluster and school. The LSE has 404 students and the USE (USE, USVE,

Other) 661 students. In clusters 1 and 2 (Figure 9), USE gathers more numerical values. As a

percentage, however, blue is a little larger at 1 than it is at 2. This means that if an individual

from High School is accidentally found, they are more likely, based on its characteristics, to

join group 2.

Regarding the independence test between the clusters and School type (i.e., LSE and

USE), the independence hypothesis is rejected, so it seems that there is a differentiation

between LSE and USE between the two clusters, where more specifically, the second cluster

gathers a higher percentage of the number of USEs compared to the first cluster.

In “Patras”, 516 students participated, while “anywhere else in the prefecture of

Achaia”, 549 students participated (Figure 10).
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Figure 9. Distribution of student clusters across school types (LSE and USE). The chi-square test

(p = 0.001) shows that cluster membership is not independent of school type, with USE students more

concentrated in Cluster 2.

Figure 10. Distribution of student clusters across location (Patras vs. rest of Achaia). The chi-

square test indicates a significant association, with students from outside Patras more represented in

Cluster 1, while those from the city are more concentrated in Cluster 2.

Here it seems that City is differentiated between clusters. City (Patras) and the rest of

the regional unit of Achaia are not evenly distributed.

In cluster 1 (1st row) the blue part is much smaller than the blue part of the cluster in

the 2nd row. (If City were not differentiated between the clusters, the figures in both graphs
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would be almost the same; however, in cluster 1, there are more values in the outskirts of

Patras (549 responses).

Regarding the independence test between the clusters and the city (i.e., the urban

center of Patras and all the other areas of the regional unit of Achaia), the independence

hypothesis is rejected, so it seems that there is a differentiation between the urban center

of Patras and all the other areas of the regional unit of Achaia between the two clusters,

where more specifically the second cluster gathers a higher percentage of the number of

areas outside the urban center of Patras in relation to the first cluster.

Parents’ marital status does not seem to play a role, as the values are similar (p-

value = 0.625) (Figure 11). There were more indications of Parents staying together (792 re-

sponses) than for all other cases (separated, and more) (273 responses). Regarding the

cluster in relation to gender (p-value = 0.069) and siblings, there does not seem to be

significant statistical differences.

Figure 11. Clusters 1, 2, and Family.

Finally, regarding the profile of the second cluster (Table 8), they were USE students

from Patras who demonstrated a higher score, i.e., they gave more correct answers, in:

Total Sum Q1, Total Sum Q2, Total Sum Q3, and Total Sum Q4.

Table 8. Average values per cluster, School, City, and Total Sum Q1, Total Sum Q2, Total Sum Q3,

Total Sum Q4.

Cluster School City Total Sum Q1 Total Sum Q2 Total Sum Q3 Total Sum Q4

1
LSE

Patras 3.28 2.04 9.78 2.55
Outskirts of Patras 2.97 2.16 9.46 2.65

USE
Patras 3.01 2.14 9.25 2.69

Outskirts of Patras 2.97 2.15 9.59 2.66

2
LSE

Patras 4.56 3.05 11.80 3.65
Outskirts of Patras 3.94 3.20 11.80 3.77

USE
Patras 4.46 * 3.30 11.90 3.85

Outskirts of Patras 4.22 3.05 12.1 3.99

* Bold or larger numeric values in correct answers.
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4. Discussion

The current research provided valuable insights into students’ misconceptions about

basic concepts in geology, specifically regarding minerals and rocks. The first research

question examined whether demographic characteristics, such as gender, place of residence,

school, age, parents’ occupation, and parents’ marital status, contribute to the creation and

the persistence of geological misconceptions. The results showed notable differences based

on place of residence, i.e., between the urban center of Patras and all the other areas of the

Achaia region. Clustering analysis of the questionnaire responses indicated that students

from Patras consistently performed better in question category Q1 (Metals, Mineral–rock

differentiation), highlighting an urban–rural divide.

4.1. Differentiation of Minerals and Rocks (Q1)

Both location (Patras vs. other areas outside Patras) and school type (LSE vs. USE)

were found to influence students’ performance, especially in question category Q1. Students

from USEs in Patras achieved the highest number of correct responses in Q1 and showed

high performance in Q2 (Rock Life Cycle), as well as in Q4 (Rocks). On the other hand,

schools outside Patras, regardless of level, scored lower in general. Additionally, the USE

students of Patras consistently outperformed their peers, followed by the LSE students of

Patras, who showed relatively high performance in category Q1.

Statistical analysis confirmed significant differences among student groups in Q1 and

Q4 and based on their grade level. Specifically, in category Q1, second-grade USE students

scored significantly higher than the second-grade LSE students, though not significantly

different from other groups. Figure 2 further illustrates that first- and second-grade USE

students outperformed first-grade LSE students, while second-grade USE students also

outperformed third-grade LSE students. These findings suggest that both school types as

well as location seem to play a key role in students’ geological understanding.

For questions c. “Can students distinguish minerals from rocks?” and e. “Can students

distinguish geological time compared to the lifespan of a human on Earth and/or the total

time of human presence on Earth?”, there is insufficient data to draw conclusions, although

it could be further explored in a future study.

4.2. Predictive Factors

Regarding questions b. “Do demographic characteristics play a role in misconceptions

about minerals?” and d. “Do demographic characteristics play a role in misconceptions

about rocks?”, the results did not show any statistically significant differences between the

groups in relation to family, gender, and siblings.

Both City and School emerged as significant factors in shaping students’ responses,

particularly within the Q1 group of questions (differentiation of minerals and rocks). Thus,

LSE and USE students residing in the City answered more accurately compared to those

Outside the City. City is further associated with performance in Q2 (Rock Life Cycle),

suggesting that students’ place of residence influences how they conceptualize long-term

geological processes. Thus, along with USE students from the city, LSE students from

outside the city also answer correctly.

Similarly, the School type is linked to Q4 (Rocks), indicating that institutional context

affects students’ understanding of rock-related concepts. Taken together, the statistically sig-

nificant p-values for Q1 and Q4 confirm that misconceptions are not randomly distributed

but are systematically related to the class students attend.

Regarding the Q4 question group (Rocks) and class, there are statistically significant

differences between the first grade of LSE and the first and second grades of USE, as well

as between the third grade of LSE and the second grade of USE.
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Current research shows that secondary school students have various misconceptions

about minerals and rocks, as well as relationships and interactions with the human world.

These misconceptions are common with those reported in the literature and, as hypothe-

sized, they may arise from incorrect intuitive perceptions of how the natural world evolves,

or from stereotypes and assumptions acquired from the family environment, or inadequa-

cies in the school curriculum. Most of the participants in the study incorrectly believed that

metals are hard (they have high hardness), that quartz is a rock, and that rocks are always

solid. Many also held the false belief that soil is not rock and that rocks are created solely

by catastrophic events, like earthquakes and volcanic eruptions. Additionally, students

generally did not recognize hardness as a key property to identify rocks, nor that glass

is not a mineral, and breaks easily. They also underestimated the impact of luster and

brightness on the perceived color of minerals, and they were unaware that some rocks can

be used as fuel. These misconceptions reflect the overall pattern of incorrect answers given

by the majority of participants.

4.3. Geological Misconceptions in Secondary Education

These findings are consistent with international research indicating that misconcep-

tions in the natural sciences, including geology, are not confined to specific regions but

rather reflect a global phenomenon. A systematic review across multiple scientific domains

highlights how misconceptions persist due to traditional, lecture-based teaching methods,

emphasizing the need for inquiry-based and experiential approaches to foster conceptual

change [49].

Moreover, educational studies focused on geology underscore the effectiveness of

analogical teaching and hands-on, inquiry-based interventions in addressing persistent

misconceptions, such as misunderstanding of geological time, rock formation processes,

and material deformation [52].

These regional findings echo broader international evidence that student misconcep-

tions about geological concepts, such as the distinction between minerals and rocks, are

a widespread educational challenge. Innovative approaches, such as virtual mineralogi-

cal environments, have demonstrated potential for improving conceptual understanding

globally by leveraging visual and interactive experiences [53].

It is worth mentioning that many of the above-mentioned topics where students hold

misconceptions are not covered in the secondary school curriculum. Table 9 shows the

alignment between the concepts addressed in the questionnaire we used and the topics

taught in each grade.

More specifically, Table 8 presents four selected questions which align with topics

covered in the Geography and Chemistry curriculum of the second grade of LSE. It is

evident that the first grade LSE students had not yet been taught the relevant material,

while the third grade LSE students and all three grades of USE had covered the material,

although retention may have diminished over time.

However, despite the misconceptions found in student responses, they also showed

strong understanding in certain areas. Most of the participants correctly recognized that

minerals and rocks play an important role in our lives, that liquids are not always light,

and that rocks and minerals are not the same. Additionally, a majority of students correctly

rejected the misconceptions that all rocks are the same, that all of them are heavy, and that

a heavy mineral is also hard.

In relation to what students are taught, it must be noted that second grade LSE students

performed relatively well, ranking just below second grade USE students, likely due to their

recent exposure to related geological concepts. However, although first grade LSE students

are taught basic geological concepts concerning minerals and rocks, their performance did
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not reflect this, since they ranked second-to-last in correct answers. Finally, the first grade

USE students had the lowest performance overall, with very few correct answers.

Table 9. Questionnaire items matched with syllabus of secondary education textbooks.

N/A Category Question Second Grade of LSE Page

1
Differentiation of
minerals—rocks

Minerals and rocks do not have a
significant role in our lives

Geography 39, 41

2 Minerals
A crystal cannot be scratched on glass if

it is not a diamond
Chemistry 20

3 Minerals There are rocks that are used as fuel Geography 39

4 Rocks
Rocks are created by catastrophic

events (earthquakes, volcanic
eruptions)

Geography 39

4.4. Limitations and Further Research

This research could be extended to younger students, particularly those in the fifth

and sixth grades of primary school, where basic geological concepts and phenomena are

first introduced. Conducting studies at the primary level using questionnaires like the

one used in this study would help identify early misconceptions, enabling timely and

targeted instructional interventions. Addressing these misconceptions before students

enter secondary education may prevent the persistence of inaccurate geological knowledge

that often carries through to university-level studies.

Another important parameter involves the analysis of student responses to remote

learning, providing insights that inform recommendations for enhancing future geological

education through blended approaches that integrate traditional and digital methods [19].

Additionally, future research could be designed in alignment with the foundational

principles of effective education as outlined by Bransford et al. [54]. These environments

should be (a) student-centered, i.e., take into account students’ interests, (b) knowledge-

centered, i.e., focus on what will be taught, why it will be taught, and what results it

will produce, (c) focused on formative assessment, and d) connected to the community

where the school is located. By using a questionnaire similar to the one used in the current

study to evaluate students’ understanding both before and after the implementation of

these educational strategies, researchers could assess the impact of structured, conceptu-

ally sound instruction on students’ comprehension of key geological topics and whether

misconceptions on geology have been effectively addressed.

Further work is needed at both the K–12 and university levels, aimed at innovative

approaches to address students’ perceptions of plate tectonics, including designing images

that support key scientific messages. This research can inform curriculum development for

entry-level geoscience courses as well as the use of images to transmit complex science [55].

5. Conclusions

The research examined misconceptions about basic geological concepts concerning

minerals and rocks among secondary school students in the regional unit of Achaia. The

findings revealed that students, particularly those attending USE schools and living on the

outskirts of Patras, performed better in recognizing mineral-related concepts. However, a

widespread lack of understanding was evident across all school levels, despite some of the

content being included in the second-grade LSE Geography and Chemistry curriculum. At

the same time, first-grade LSE students had not yet been exposed to this information, while
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third-grade LSE and all three grades of USE students likely struggled to recall it due to the

time that had elapsed since instruction.

Common misconceptions included the belief that all metals are hard, that rocks are

always solid, and that glass is a mineral. Students also showed confusion about mineral

properties, like brightness and luster. These misconceptions highlight the significance of

designing curricula that acknowledge and address students’ prior knowledge and miscon-

ceptions. It is a mistake to assume that students enter school tabula rasa. Instead, educators

should recognize that students bring existing ideas—-often incorrect and sometimes in con-

flict with scientific concepts—-that must be challenged and reshaped through instruction,

in line with the theory of conceptual change [2].

This study highlights the need for training secondary school science teachers, es-

pecially in geological topics, to effectively address student misconceptions. Ultimately,

adapting teaching methods to recognize and tackle student misconceptions will enhance

their understanding of science and geology. This strategy will not only promote personal

cultural growth but also establish a strong foundation for students aiming to pursue a

university degree in these fields.

In addition, we suggest that potential solutions could include the design of targeted

teaching units, the use of interactive digital tools, field-based activities, and inquiry-based

learning approaches tailored to students’ age and prior knowledge. These strategies can help

address and gradually correct misconceptions about minerals, rocks, and the rock cycle.
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Appendix A

Table A1. Questionnaire consisting of questions and statements (Responses were recorded in a

dichotomous format: Yes/No).

Q1 Differentiation of
minerals—rocks

Metals are hard (and have high hardness)

Gold rings of the jewelry stores consist of pure metal, so they do not consist of alloy
Usually, metals are harder than alloys

Differentiation between minerals and rocks [Are rocks and minerals synonymous?]

Differentiation between minerals and rocks [Minerals and rocks do not play a
significant role in our lives]

Differentiation between minerals and rocks [Are liquids always light?]

Differentiation between minerals and rocks [Quartz is a rock]

Q2
Life Cycle

Each part of the rock cycle is stagnant and isolated and cannot change or be
transformed into any other part of the rock cycle system

The internal and external processes of the rock cycle are not related or connected

Once material reaches the surface it cannot return to the interior of the Earth

Rock cycle is the cause of rock formation rather than a model showing
relationships between rock categories and rock genesis

Rocks are always solid

Q3 Minerals

If minerals are heavy, they are hard, too

Are hard minerals (and generally hard materials) being hard to brake

Is glass a mineral?

Does glass break easily?

Do minerals have luster?

Does luster affect the color that we see?

Does brightness affect the color that we see?

Are minerals edible?

Animals do not perceive minerals and do not use them

Are diamond crystals the only crystals that can scratch glass?

Are there any minerals that we can identify only by their color?

Are all minerals visible by human eye?

All minerals are created under high pressure

Are mineral coals rocks?

If a crystal scratches glass, it is a diamond

There are rocks that are used as fuel

Is Talc a mineral?

Color is always crucial in identification of minerals

Q4
Rocks

Soil is not rock; it’s something completely different

All rocks are the same

Rocks are formed by catastrophic events

Shape is used to identify rocks

Hardness is used to identify rocks

All rocks are heavy



Geosciences 2025, 15, 338 22 of 24

References

1. Vosniadou, S.; Vamvakoussi, X.; Skopeliti, I. The Framework Theory Approach to the Problem of Conceptual Change. In International

Handbook of Research on Conceptual Change, 1st ed.; Vosniadou, S., Ed.; Routledge: New York, NY, USA, 2008. [CrossRef]

2. Vosniadou, S.; Skopeliti, I. Conceptual Change from the Framework Theory Side of the Fence. Sci. Educ. 2014, 23, 1427–1445. [CrossRef]

3. Nancekivell, S.E.; Friedman, O.; Gelman, S.A. Ownership matters: People possess a naïve theory of ownership. Trends Cogn. Sci.

2019, 23, 102–113. [CrossRef]

4. Christodoulakis, N.; Adbo, K. An Analysis of the Development of Preschoolers’ Natural Science Concepts from the Perspective of

Framework Theory. Educ. Sci. 2024, 14, 126. [CrossRef]

5. Bukhalenkova, D.; Gavrilova, M.; Kartushina, N. Intuitive Theories of Parenting and the Development of Emotion Understanding

in Preschoolers. Educ. Sci. 2021, 11, 15. [CrossRef]

6. Ravanis, K. Research Trends and Development Perspectives in Early Childhood Science Education: An Overview. Educ. Sci. 2022,

12, 456. [CrossRef]

7. diSessa, A.A. Toward an epistemology of physics. Cogn. Instr. 1993, 10, 105–225. [CrossRef]

8. Francek, M. A Compilation and Review of over 500 Geoscience Misconceptions. Int. J. Sci. Educ. 2012, 35, 31–64. [CrossRef]

9. Duran, H.; Puigcerver, M. Análisis De Conceptos De Los Estudiantes De Magisterio Acerca De Los Minerales Y Algunas

Estrategias Para Mejorar Su Comprensión. (Analysis of concepts that Teacher Training students have about minerals and some

strategies to improve their understanding). Enseñanza De Las Ciencias De La Tierra 2017, 25, 341.

10. Tziortzioti, C. Rocks—Categories of Rocks—Petrological Cycle”. A digital scenario for the teaching of the course “Geology and

Natural Resources Management. Open Educ. J. Open Distance Educ. Educ. Technol. 2018, 14, 142–153. [CrossRef]

11. Dove, J.E. Students’ alternative conceptions in Earth science: A review of research and implications for teaching and learning.

Res. Pap. Educ. 1998, 13, 183–201. [CrossRef]

12. Guffey, S.; Slater, T. Geology misconceptions targeted by an overlapping consensus of US national standards and frameworks. Int.

J. Sci. Educ. 2020, 42, 469–492. [CrossRef]

13. Trend, R.D. Conceptions of geological time among primary teacher trainees, with reference to their engagement with geoscience,

history, and science. Int. J. Sci. Educ. 2000, 22, 539–555. [CrossRef]

14. Lundqvist, J.; Svensson, K.; Ljung, K.; Eriksson, U.; Eriksson, M. A Phenomenographic Analysis Of Students’ Experience Of

Geological Time. J. Astron. Earth Sci. Educ. (JAESE) 2021, 8, 1–26. [CrossRef]

15. Kusnick, J. Growing pebbles and conceptual prisms—Understanding the source of student misconceptions about rock formation.

J. Geosci. Educ. 2002, 50, 31–39. [CrossRef]

16. Happs, J.C. Some Aspects of Student Understanding of Rocks and Minerals (Science Education Research Unit Working Paper No.

204). University of Waikato. 1982. Available online: https://eric.ed.gov/?id=ED236034 (accessed on 12 February 2025).

17. Dove, J. Student identification of rock types. J. Geosci. Educ. 1996, 44, 266–269. [CrossRef]

18. Georgia Department of Education. Georgia Performance Standards: Science Frameworks Grade 6. 2007. Available online:

https://nap.nationalacademies.org/catalog/4962/national-science-education-standards (accessed on 15 February 2025).

19. Giotopoulos, G.; Papoulis, D.; Koukouvelas, I.; Skopeliti, I.; Economou, P.; Gianni, E. Teaching Geology in Higher Education

Institutions under COVID-19 Conditions. Geosciences 2023, 13, 96. [CrossRef]

20. Pinto, T.; Dias, A.G.; Vasconcelos, C. Geology and Environment: A Problem-Based Learning Study in Higher Education.

Geosciences 2021, 11, 173. [CrossRef]

21. Kali, Y.; Orion, N.; Eylon, B. The effect of knowledge integration activities on students’ perceptions of the earth’s crust as a cyclic

system. J. Res. Sci. Teach. 2003, 40, 545–565. [CrossRef]

22. Ford, D. The challenges of observing geologically: Third graders’ descriptions of rock and mineral properties. Sci. Educ. 2005, 89,

276–295. [CrossRef]

23. Giotopoulos, G.; Skopeliti, I.; Koukouvelas, I.; Economou, P.; Gianni, E.; Papoulis, D. Civil engineering students’ misconceptions

on principles of geology. In Proceedings of the 22nd International Multidisciplinary Scientific GeoConference Surveying, Geology and

Mining, Ecology and Management; SGEM: Albena, Bulgaria, 2022; pp. 735–741. [CrossRef]

24. Philips, W.C. Earth Science Misconceptions: You must identify what they are before you can try to correct them. Sci. Teach. 1991,

58, 21–23.

25. Krathwohl, D.R. A revision of Bloom’s taxonomy: An overview. Theory Into Pract. 2002, 41, 212–218. [CrossRef]

26. Hill, H.C.; Ball, D.L.; Schilling, S.G. Unpacking pedagogical content knowledge: Conceptualizing and measuring teachers’

topic-specific knowledge of students. J. Res. Math. Educ. 2008, 39, 372–400. [CrossRef]

27. Prawat, R.S. Teachers’ beliefs about teaching and learning: A constructivist perspective. Am. J. Educ. 1992, 100, 354–395.

[CrossRef]

28. Sewell, A. Constructivism and student misconceptions: Why every teacher needs to know about them. Aust. Sci. Teach. J. 2002,

48, 24–28.

https://doi.org/10.4324/9780203874813
https://doi.org/10.1007/s11191-013-9640-3
https://doi.org/10.1016/j.tics.2018.11.008
https://doi.org/10.3390/educsci14020126
https://doi.org/10.3390/educsci11010015
https://doi.org/10.3390/educsci12070456
https://doi.org/10.1080/07370008.1985.9649008
https://doi.org/10.1080/09500693.2012.736644
https://doi.org/10.12681/jode.19011
https://doi.org/10.1080/0267152980130205
https://doi.org/10.1080/09500693.2020.1715509
https://doi.org/10.1080/095006900289778
https://doi.org/10.19030/jaese.v8i1.10388
https://doi.org/10.5408/1089-9995-50.1.31
https://eric.ed.gov/?id=ED236034
https://doi.org/10.5408/1089-9995-44.3.266
https://nap.nationalacademies.org/catalog/4962/national-science-education-standards
https://doi.org/10.3390/geosciences13040096
https://doi.org/10.3390/geosciences11040173
https://doi.org/10.1002/tea.10096
https://doi.org/10.1002/sce.20049
https://doi.org/10.5593/sgem2022/5.1/s22.092
https://doi.org/10.1207/s15430421tip4104_2
https://doi.org/10.5951/jresematheduc.39.4.0372
https://doi.org/10.1086/444021


Geosciences 2025, 15, 338 23 of 24

29. Manzanares, A.; Anderson, S.; Pugh, K. College students’ prior knowledge and alternative conceptions regarding minerals.

J. Geosci. Educ. 2023. [CrossRef]

30. UNESCO. Geociencias en la educación primaria y secundaria, Volumen 1: Realidades y oportunidades en América Latina

y el Caribe (Programa Internacional de Geociencia y Geoparques). 2019. Available online: https://unesdoc.unesco.org/ark:

/48223/pf0000371312 (accessed on 15 February 2025).

31. Calonge, A.; López, M.D.; Meléndez, G.; Fermeli, G. Geoschools, el reto de mejorar la enseñanza de la Geología en la educación

secundaria europea. In Actas del XVII Simposio sobre Enseñanza de la Geología; Universidad de Huelva publicaciones: Huelva,

Spain, 2012; pp. 48–53.

32. King, C. Geoscience education across the globe–results of the IUGS-COGE/IGEO survey. Epis. J. Int. Geosci. 2013, 36, 19–30.

[CrossRef]

33. Lewis, E.B. Content is not enough: A history of secondary earth science teacher preparation with recommendations for today.

J. Geosci. Educ. 2008, 56, 445–455. [CrossRef]

34. Dawborn-Gundlach, L.M.; Pesina, J.; Rochette, E.; Hubber, P.; Gaff, P.; Henry, D.; Redman, C. Enhancing pre-service teachers’

concept of Earth Science through an immersive, conceptual museum learning program (Reconceptualising Rocks). Teach. Teach.

Educ. 2017, 67, 214–226. [CrossRef]

35. Meléndez, G.; Fermeli, G.; Koutsouveli, A. Analyzing Geology textbooks for secondary school curricula in Greece and Spain:

Educational use of geological heritage. Bull. Geol. Soc. Greece 2007, 40, 1819–1832. [CrossRef]

36. Rogers, S.L.; Lau, L.; Dowey, N.; Sheikh, H.; Williams, R. Geology uprooted! Decolonising the curriculum for geologists. Geosci.

Commun. 2022, 5, 189–204. [CrossRef]

37. Cupples, J. The decolonial pedagogies of colonial violence: Curricular decolonisation in the (geo)sciences. Area 2024, 56, e12941.

[CrossRef]

38. McBride, J.W.; Bhatti, M.I.; Hannan, M.A.; Feinberg, M. Using an inquiry approach to teach science to secondary school science

teachers. Phys. Educ. 2004, 39, 434. [CrossRef]

39. King, C.; Kennett, P.; Devon, E. Earth learning idea: A Worldwide Web–Based Resource of Simple but Effective Teaching Activities.

J. Geosci. Educ. 2013, 61, 37–52. [CrossRef]

40. Lacreu, H.L. The Social Sense of Geological Literacy. Ann. Geophys. 2018, 60, 1–6. [CrossRef]

41. Roca, N.; Garcia-Valles, M. Trainee Teacher Experience in Geoscience Education: Can We Do Better? Geoheritage 2020, 12, 92.

[CrossRef]

42. Hellenic Statistical Authority. Upper Secondary Education Schools (Pupils, Schools, Staff) (Beginning & End of the School Year).

2020. Available online: https://www.statistics.gr/en/statistics/-/publication/SED23/2020 (accessed on 18 February 2025).

43. Hellenic Statistical Authority. Vocational Education (Pupils, School Units, Staff) (Beginning & End of The School Year). 2019. Avail-

able online: https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4

lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_

p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=

document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_

WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=564444&_documents_WAR_publicationsportlet_

INSTANCE_qDQ8fBKKo4lN_locale=en (accessed on 18 February 2025).

44. Hellenic Statistical Authority. Lower Secondary Education Schools (Pupils, Schools, Staff) (Beginning & End Of The

School Year). 2019. Available online: https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_

INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&

p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8

fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=

downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=556706&_

documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en (accessed on 18 February 2025).

45. Cohen, L.; Manion, L.; Morrison, K. Research Methods in Education, 6th ed.; Routledge: New York, NY, USA, 2007.

46. Whitley, E.; Ball, J. Statistics review 6: Nonparametric methods. Crit. Care 2022, 6, 509–513. [CrossRef]

47. Shutaywi, M.; Kachouie, N.N. Silhouette Analysis for Performance Evaluation in Machine Learning with Applications to

Clustering. Entropy 2021, 23, 759. [CrossRef]

48. Figuera, P.; Cuzzocrea, A.; García Bringas, P. Clustering Validation Inference. Mathematics 2024, 12, 2349. [CrossRef]

49. Guerra-Reyes, F.; Guerra-Dávila, E.; Naranjo-Toro, M.; Basantes-Andrade, A.; Guevara-Betancourt, S. Misconceptions in the

Learning of Natural Sciences: A Systematic Review. Educ. Sci. 2024, 14, 497. [CrossRef]

50. Hellenic Statistical Authority. Results of the 2021 Population and Housing Census. 2022. Available online: https://www.statistics.

gr/2021-census-pop-hous-results (accessed on 18 February 2025).

https://doi.org/10.1080/10899995.2023.2205990
https://unesdoc.unesco.org/ark:/48223/pf0000371312
https://unesdoc.unesco.org/ark:/48223/pf0000371312
https://doi.org/10.18814/epiiugs/2013/v36i1/004
https://doi.org/10.5408/jge_nov2008_lewis_445
https://doi.org/10.1016/j.tate.2017.06.012
https://doi.org/10.12681/bgsg.17143
https://doi.org/10.5194/gc-5-189-2022
https://doi.org/10.1111/area.12941
https://doi.org/10.1088/0031-9120/39/5/007
https://doi.org/10.5408/10-159.1
https://doi.org/10.4401/ag-7558
https://doi.org/10.1007/s12371-020-00518-8
https://www.statistics.gr/en/statistics/-/publication/SED23/2020
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=564444&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=564444&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=564444&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=564444&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=564444&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=564444&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=556706&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=556706&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=556706&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=556706&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=556706&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://www.statistics.gr/en/statistics?p_p_id=documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_count=4&p_p_col_pos=1&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_javax.faces.resource=document&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_ln=downloadResources&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_documentID=556706&_documents_WAR_publicationsportlet_INSTANCE_qDQ8fBKKo4lN_locale=en
https://doi.org/10.1186/cc1820
https://doi.org/10.3390/e23060759
https://doi.org/10.3390/math12152349
https://doi.org/10.3390/educsci14050497
https://www.statistics.gr/2021-census-pop-hous-results
https://www.statistics.gr/2021-census-pop-hous-results


Geosciences 2025, 15, 338 24 of 24

51. Su, Q.; Yu, H.; Xu, X.; Chen, B.; Yang, L.; Fu, T.; Liu, W.; Chen, G. Using Principal Component Analysis (PCA) Combined with

Multivariate Change-Point Analysis to Identify Brine Layers Based on the Geochemistry of the Core Sediment. Water 2023, 15,

1926. [CrossRef]

52. James, P.; Clark, I. Overcoming geological misconceptions. Planet. 2015, 17, 10–13. [CrossRef]

53. Calvo, G.; Lucha, P. Virtual Mineralogical Museums and Mineral Websites as Learning Agents: Analysis of How Minerals Are

Represented. Geosciences 2024, 14, 235. [CrossRef]

54. Bransford, J.D.; Brown, A.L.; Cocking, R.R.; National Research Council (U.S.). How People Learn: Brain, Mind, Experience, and

School; National Research Council: Washington, DC, USA, 1999.

55. Clark, S.K.; Libarkin, J.C.; Kortz, K.M.; Jordan, S.C. Alternative conceptions of plate tectonics held by nonscience undergraduates.

J. Geosci. Educ. 2011, 59, 251–262. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

View publication stats

https://doi.org/10.3390/w15101926
https://doi.org/10.11120/plan.2006.00170010
https://doi.org/10.3390/geosciences14090235
https://doi.org/10.5408/1.3651696
https://www.researchgate.net/publication/395188786

	Introduction 
	Literature Review 
	Secondary Education and Curricula 

	Materials and Methods 
	Results 
	Demographic Characteristics 
	Performance on Key Geological Misconceptions 
	Statistical Analysis of the Survey 
	Clustering 

	Discussion 
	Differentiation of Minerals and Rocks (Q1) 
	Predictive Factors 
	Geological Misconceptions in Secondary Education 
	Limitations and Further Research 

	Conclusions 
	Appendix A
	References

