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Abstract

:

Teaching geology under COVID-19 pandemic conditions led to teaching limitations for educators and learning difficulties for students. The lockdown obstructed face-to-face teaching, laboratory work, and fieldtrips. To minimize the impact of this situation, new distance learning teaching methods and tools were developed. The current study presents the results of an empirical study, where distance learning teaching tools were constructed and used to teach geology to university students. A mineralogical mobile phone application was used to replace laboratory mineral identification and a flow chart to replace laboratory rock identification. Additionally, exercises on faults and maps were developed to fill the gap that was created as field work was impossible. A university course on geology was designed on the basis of the constructed distance learning teaching tools, and more than 100 students from the Department of Civil Engineering attended the course. The results show that the proposed tools helped the students to considerably understand scientific information on geology and supported the learning outcomes. Thus, it is suggested that the teaching tools, constructed for the purposes of the study, could be used in conditions when distance learning is required, or even under typical learning conditions after laboratories, as well as before or after fieldtrips, for better learning outcomes.
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1. Introduction


Higher education institutions consider face-to-face student–teacher communication and fieldwork as the best educational practice for teaching geology, among other sciences [1,2]. In particular, student–teacher interactions in the class and during fieldwork enable students to visualize and understand geological problems in three dimensions (3D) and helps them to recognize minerals, rocks, and geological structures [3]. In addition, face-to-face teaching enhances students’ understanding of how practical methodologies help solve 3D problems, such as how to use topographical and geological maps and how to project rock outcrops at depth.



Working on misconceptions regarding the principles of geology [4], comprehending the movement of tectonic plates [5], developing a virtual geological fieldtrip [6], handling 3D problems, recognizing minerals/rocks, and classifying geological structures are all essential for the next steps in understanding our evolving planet. Another form of geoscience education is represented by geoscience museums, where new strategies and tools, including multimedia and interactive ones, have become increasingly employed [7,8].



However, due to the COVID-19 pandemic, the model of the face-to-face teaching of geology was temporarily suspended [9,10,11,12,13], and higher education institutions continued teaching using distance learning (thereafter DL) educational techniques [14,15,16]. Similarly, following the teaching of basic geological concepts, fieldwork training changed into the virtual analysis of outcrops.



However, it has not been ascertained if this temporarily emergent teaching approach resembles the best practice for teaching geology [17,18]. The alternative method of DL, until recently, was less preferred, since it fails to enhance generic skills, such as teamwork, problem solving, self-management, and interpersonal relationships, among students [19,20]. Geology is a location-based, hands-on field of study, and DL can present only basic geological concepts [18,20,21]. This study focused on enhancing DL in situations where distance learning is required through the development of digital tools such as new teaching methods [19,22,23]. Another purpose was to test and improve, if necessary, the proposed DL techniques and tools that may come in handy during routine education at universities under typical learning conditions in order to support learning outcomes from laboratories and fieldtrips.



1.1. Education under Pandemic Conditions


The COVID-19 virus appeared in 2019, but the pandemic became very serious for education after March 2020, when, in 142 countries, more than 1.3 billion students at all levels of education were affected by lockdowns, according to UNESCO [24]. In anticipation of the impending crisis in education, UNESCO urged governments worldwide to take steps to restore education in the best possible way [25]. The whole situation was considered an emergency that disrupted normality in education.



Following the worldwide trend in responding to the emergency by creating an educational environment based on DL [12,13,14], a new challenge had to be overcome: the transition from a traditional university classroom to an immaterial, intangible one based on the use of any digital means available, as well as the invention of digital educational tools [26,27,28] wherever and whenever needed. Substantial changes were made even to the material and technical infrastructure [29] related to the support of students through the creation of digital classrooms and to the vertical increase in the Internet’s use both by teachers and students [30].



At the same time, the effects of anxiety, stress, and depression were obvious in educational settings [15,31,32]. Loneliness, in particular, increased in lockdown situations as did stress and anxiety over the uncertainty of the future regarding health conditions, and this had a negative impact on university education and, consequently, many students became indifferent to their studies [33,34]. The use of technology in education has been proven to be effective in activating student interest in learning [35]. Therefore, in a situation concerning a specific crisis in education, the use of technology could support distance education in mitigating students’ stress and activating their interest in their studies.




1.2. The Purpose of the Study Regarding the Subject Matter of Geology during the COVID-19 Pandemic


Geology is a location-based, hands-on field of study, and DL teaching methods can present only basic geological concepts [20,21]. Consequently, consideration should be made as to how the subject matter of geology can be taught in universities based on techniques that are not face-to-face interactions and fieldtrips. However, during the COVID-19 pandemic, there was no other option than the use of techniques based on DL education. Thus, appropriate DL teaching tools had to be developed to increase learning outcomes from DL education.



The syllabus of the Department of Civil Engineering, University of Patras, Greece, includes semester courses in geology in the first academic year of study. One of the courses is entitled “Geology for Civil Engineers”, and detailed information regarding the course appears on the faculty webpage. During the winter semester of the academic year 2020/2021 at the Department of Civil Engineering, innovative educational approaches were applied for this specific course. At the same time, DL teaching tools were put into place to increase students’ interest in the learning material about geology, as well as to adapt the specific digital material to their educational needs.



The designed innovative teaching tools included mobile phone applications, flow charts for rock identification, and map exercises and education on geological structures on rock outcrops. In this paper, we present an evaluation of these innovative teaching tools derived from the educational results obtained by teaching this specific course. More specifically, we evaluated these innovative teaching tools based on students’ responses to questionnaires distributed to them via mobile phone.





2. Materials and Methods


Interventional studies involving animals or humans and other studies that require ethical approval must list the authority that provided approval and the corresponding ethical approval code. A didactic special program was designed for a one-semester course on geology, which was conducted exclusively online and focused on the following topics: “planet earth—introduction”, “minerals”, “rocks”, “geologic structures”, and “maps”. The Intervention was based on the use of digital tools [26,27,28], such as mobile phones and mobile phone applications, including MINS [36], for mineral identification. MINS is the acronym for Mineral Identifier for Non-Specialists, and it can identify the most common minerals that exist on the upper crust of the Earth. Additionally, computer-based map exercises, flow charts, and electronically distributed exercises were designed. The didactic special program of this course lasted one semester.



A guided questionnaire was designed on the topic of “rocks” for students to practice. The same questionnaire was also given to students after the completion of the intervention to evaluate their understanding. In the case of faults and maps, an open-ended questionnaire was used as a post-course test assessment tool to evaluate students’ understanding after their participation in the intervention. The questionnaires were uploaded in Google Forms, and each one was announced to the students through the eclass platform and via email. At least 110 students participated in each questionnaire, providing the opportunity to draw conclusions from a statistically meaningful sample.



2.1. Participants


A total of 117 students participated in the questionnaire on minerals and rocks, 137 in the questionnaire on faults, and 114 in the questionnaire on maps. They were all students in the Department of Civil Engineering at the University of Patras, Greece. Their average age was 18 years and 9 months.




2.2. Procedure


Each participant, before completing the online forms, gave us permission to use and process their responses statistically in order to publish the research data, as long as all of the results are presented anonymously. Students first received introductory information regarding planet earth. The specific course was the basis for everything that followed, and the learning outcome on this topic was not evaluated separately. Afterwards, the students were instructed on minerals and rocks, then on geological structures, and finally they received information on topographic and geologic maps. After the completion of the intervention, the students completed the questionnaires and submitted the forms online (Figure 1). Detailed information regarding the procedures on the instruction of each topic is presented in Section 2.3.




2.3. Teaching Topics


2.3.1. Teaching Mineralogy


During the spring semester of 2021, in the Department of Civil Engineering of the University of Patras, 117 freshmen participated in the course entitled “Geology for Civil Engineers” and, more specifically, the topic “minerals”. During the teaching of this specific topic, the students were given a mineral identification project. In total, 96 out of the 117 students participated in the project (participation rate: 83.47%). More specifically, students had to find minerals close to their residence—due to the COVID-19 movement ban and travel restrictions—which they would identify through the MINS application (available at Google Play: https://play.google.com/store/apps/details?id=com.minerals.identifier.mins). URL (accessed on 21 March 2023).



MINS is a mineralogical mobile phone application made specifically for university students. A user of MINS can identify (hand specimens) approximately 99% of the minerals in earth’s crust (in terms of abundance and not in the sum of minerals). This application uses specific filters, each one corresponding to a specific property, e.g., hardness. After each choice, the number of possible remaining minerals decreases, with the exception of a case in which “skip” is chosen. If the user determines all properties (or in some cases enough or even only the distinctive properties), this manipulation will lead to a successful mineral identification (1 mineral left). If the student (user) is not able to do this, then more minerals remain. In this case, the student has the choice to look and compare the characteristics of the mineral with the image of the hand specimen and read about the mineral’s properties that are provided. In this way, they may finally be able to identify the correct mineral. MINS includes 5 distinct stages: color, cleavage, hardness, luster (metallic or not), and special characteristics.



Each student had to find 3 minerals. Afterwards, based on the knowledge they had accumulated after their participation in the course on geology and, more specifically, on the topic of “minerals”, together with the use of the MINS app, they had to identify the minerals they found.




2.3.2. Teaching Petrology


Students initially received the relative theoretical information of the course. After the completion of the theoretical part of the course, the students practiced identifying rocks using a flow chart via a link that was sent to them on a synchronous e-class (https://bit.ly/petromata (accessed on 21 March 2023)) (Figures S1–S17). The students had the opportunity to finish this exercise for a week (17–24 March 2021), and afterwards the link was deactivated. After this deactivation, the students were asked to answer the same questionnaire as a test. In total, 117 students answered using the following link: https://bit.ly/petromata2021a (accessed on 21 March 2023).



The rock identification research was conducted by the professors who teach geology at the Department of Civil Engineering of the University of Patras. The specific theme of the course aimed for the students to understand the characteristics of the categories of the rocks (igneous, sedimentary, and metamorphic) and, as a result, learn how to distinguish them.



Next, they would be able to recognize the main rocks by simply observing hand specimens, and they would also be able to better comprehend the theory.




2.3.3. Faults/Tectonic Geology—Teaching Faults


A fault is a discontinuity or a zone of discontinuities between two rock blocks. Faults allow the movement or offset of two blocks relative to each other. A fault’s length and offset may range from a few millimeters to kilometers. Faults at plate boundaries are thousands of kilometers in length. In addition, faults that rupture the Earth’s surface form characteristic tectonic landforms such as fault scarps. Their significance is fundamental for miners and the petroleum industry, and they are closely associated with earthquakes. Their relationship to earthquakes adds to the idea that their recognition is significant for civil engineering students, because their presence diminishes the security of civil engineering projects.



Teaching faults is relatively simple because students need to discriminate planar structures that offset layers composing sequences. However, sometimes the understanding and definition of natural examples of faults may become complex, particularly when a fault array rather than an isolated fault crosses a large-scale outcrop or the faults affected landforms. The course on teaching faults included two 3 h lectures on fault classification and kinematics. During these lectures, we used thirty examples of outcrop photographs of faults juxtaposing layered sequences or landforms. The selection of the teaching examples included stratified sedimentary, volcano-sedimentary successions, or foliated metamorphic rocks and basin-and-range landforms controlled by faults. In these examples, the faults resulted in the separation of layers situated on the opposite blocks of one or more fault(s) or bounded basins from hills/mountains. After the completion of the lectures, the students were given a questionnaire that tested their ability at fault recognition, following the information given during the course, i.e., faults that offset a layered sequence or defined basin-and-range landforms. We applied this test through distance learning (DL) based on the use of uploaded photographs (https://bit.ly/rhgmata (accessed on 21 March 2023)). The test was announced to 137 students through an email, and 125 students completed it. The participation percentage was 91.2%. The test included a total of 18 exercises with increasing difficulty divided into two parts. On each photograph of the test, a square grid was sketched and used to denote the ends of each fault (Section 3.3). The squares were named alphanumerically. The eighteen (18) exercises were divided into two parts. The 1st part consisted of four exercises, including a question and four alternative answers, while only one was correct. The 2nd part of the test consisted of 14 exercises with a stem completing two squares of the form, i.e., a1–e4 representing the two end squares of the faults recognized on the photograph (initial square—final square or vice versa). In addition, a provision was made to accept other answers relevant to the correct one. Thus, five classes of ratings were made from 0% to 100% acceptance (Section 3.2). The students were asked to recognize in each photograph the fault or faults and then write down the squares where the ends of the fault were located. The number of faults that should be identified in each of the 14 questions are shown in Table 1.




2.3.4. Teaching Maps


Learning to read a topographic map is essential. When someone is capable of correctly reading a topographic map, the map will provide a detailed understanding of the terrain they will be working on. These maps can be simple or complex, giving the students the power to visualize three-dimensional landscapes or geological structures and landscapes. These maps are conventional or aerial topographic maps and provide significant information about the landscape of a project a civil engineer is involved in. In addition, it is common practice worldwide in departments of civil engineering to learn how to read and use topographic maps. For this purpose, a course of three 3 h lectures was designed to teach the basic ideas, such as contour lines, determination of topographic features, slope inclinations, valleys definition, and other factors including water currents. After the completion of the lectures, we used as examples simple maps showing isolated landscapes such as a hill or a cliff to progressively complex landscapes showing valleys and hills. Finally, we used parts of 1:5000 scale maps showing man-made and natural features on the ground, such as roads, railways, power lines, contours, elevations, rivers, lakes, and geographical names. The second task of this topic was to understand how a simple topographic section is constructed.



After the completion of the lectures on this topic (21 April 2021), a questionnaire for the maps was given (https://bit.ly/xartes2021 (accessed on 21 March 2023)) to 127 first-year students of the Civil Engineering Department. A total of 114 completed the questionnaire (89.76% participation percentage). The questionnaire consisted of 7 multiple-choice questions of graded difficulty (from the simplest to the most complex ones). It included a series of simple landscapes and a series of topographic sections divided into two sets. In the first set, which included three exercises, the students had to correlate topographic maps with the correct topographic profiles. The second set included four questions, and the students had to recognize the correct orientation of the landscape through multiple-choice replies.






3. Results


3.1. Teaching Mineralogy


To evaluate the students’ ability to identify minerals, the students were asked to collect for themselves at least three samples of minerals that they could find near their residence (Figure 2). The students had to identify the unknown mineral samples using the mobile phone application MINS. From the examination and evaluation of the students’ reports, it was found that 25.51% of the collected samples were inappropriate. The inappropriate samples were mostly rock samples and, to a lesser degree, a few were samples from collections. The results are presented in Table 2.



From Table 2, it is evident that the participants had more correct answers than wrong answers for every property. Additionally, there were more correct mineral identifications (53.76%) than wrong (Table 2). It was observed that most of the students who gave correct answers for the properties hardness, luster, and, to a lesser degree, color, and cleavage were those that correctly identified their minerals. The highest number of correct answers were for the properties color (86.13%) and luster (77.46%). The highest number of wrong answers were for mineral identification and hardness (34.10%). The highest number of non-answered questions were, by far, for special characteristics (83.24%) and, to a lesser degree, hardness (36.42%). It should be noted here that only 1.73% of the participants provided no answer for color (Table 2).




3.2. Teaching Petrology


To evaluate the students’ ability to identify rocks, we constructed a flow chart that included the most common rock types. The results presented in Table 3 show that students had difficulty mostly in recognizing sedimentary rocks, such as mineral coals (47.06%), siltstone (45.45%), chert (22.22%), and metamorphic rocks, such as phyllite (57.00%) and gneiss (40.00%).



On the other hand, the percentages of correct answers were very high for identifying igneous rocks, such as granite (88.00%, Figure 3a), basalt (84.21%), and rhyolite (74.55%), and marble (Figure 3b), which is a metamorphic rock (92.30%). Although many students correctly identified peridotite (48.15%), a significant number of students (37.04%) confused gabbro with peridotite. In addition, they confused slate (34.62%) with phyllite (46.15%). Sandstone and conglomerate were easier for the students to recognize (59.38% and 57.14%, respectively), while it was more difficult for them to recognize limestone and chert (22.22% and 33.33%, respectively).




3.3. Teaching Faults/Tectonic Geology


After completing the structural geology course, a questionnaire was distributed to students by email (Figures S18–S34). The test aimed to investigate whether the students recognized the faults in photographs of outcrops and landscapes (Figure 4), and then they had to write the squares where the fault began and ended. The faults that the students had to recognize ranged from the meter to the kilometer scale, and the presence of vegetation played a role in obscuring its trace. In addition, in some exercises multiple faults deformed the outcrop that the students had to recognize. In all these cases, only the correct answers are presented here and not the partially correct ones (Table 4). The results presented in Table 4 show that the response rate was up to 91.2% (125 answers, Table 4) for the simple exercises, i.e., photographs showing one fault (Figure 4). In contrast, 35% of the students responded to the complex exercises, i.e., photographs that showed more than one large-scale (km) fault affecting the landscape.



Based on a statistical analysis of the answers (Table 4), the students found it easy to recognize short faults that were meter long, exposed on outcrops with no significant erosion, and with the absence of vegetation. Typical examples of easily recognized faults are shown in exercises 1 and 3, with 81.60% and 80% correct answers, respectively. In addition, the increase in the fault length or the existence of vegetation reduced the percentage of correct answers, such as in the case of exercises 2 and 6, with 52% and 51.20% correct answers, respectively. In addition, the students failed to recognize large-scale faults controlling the landscape, such as in the case of exercises 4 and 5 (Table 4).



Surprisingly, except for the vegetation which increased the difficulty of fault recognition as expected, the students also failed to discriminate faults from sedimentary layering in the cases of urban or suburban areas and low displacement faults (exercise 0.0%, 23.20%, and 3.20%, respectively). Lastly, the most difficult task proved to be the recognition of multiple faults in large-scale vegetated landscapes.



Of particular interest, since the students’ participation was free, is their participation in the exercises (Table 4, right column, Table S1). From these data, it is clear that as the difficulty of the exercise increased, the number of surveyed students decreased. So, we consider that the high mark percentage and participation resemble the exercises’ difficulty.




3.4. Teaching Maps


After completion of the map reading course, a questionnaire was distributed to the students via email to test their understanding of how to read contour lines on topographical maps (Figures S35–S40, Figure 5 and Figure 6). The results, summarized in Table 5, show that the number of correct answers for the maps and topographic sections (exercises 1–3) was high, above 80% (Table 5). Regarding exercises 4–7, the students had low scores. These exercises asked the students to discriminate among different orientations in the inclination of the landscapes, which was a difficult task, because the students were not self-motivated to understand the role of contour lines on topographic maps, or students failed to respond to exercises 4–7 because the period between the course and the test was short. A total of 114 students participated (100%).





4. Discussion


The results of the students’ ability to identify minerals showed that only a very small number of participants gave wrong answers (14.45%), and a higher number did not answer (36.42%), indicating that they were not confident and took advantage of the option “skip” that the application offers. Despite the COVID-19 difficulties, a significant number of correct mineral identifications were observed (53.76%). Considering that the users were freshmen students of the Department of Civil Engineering, attending an introductory geology course, this number is impressively high.



According to their answers for every mineral identification property, it is evident that the most crucial properties for students to correctly identify their samples were hardness, luster, and, to a lesser degree, color and cleavage. These findings are impressive, because, indeed, the most significant properties are hardness, luster, and cleavage. Color, in many cases, is a misleading property.



The relatively low number of correct answers for cleavage needs additional explanation. However, based on the findings, it appears that cleavage is a property that needs more intensive or longer teaching, or that the DL applied under COVID-19 conditions did not allow students to understand cleavage features as much as the other properties, with which they are even more familiar from their daily life.



On the contrary, luster and special characteristics (e.g., magnetic or feels like soap) are properties for which fewer wrong answers were reported (4.62%). In the case of special characteristics, most of the students avoided answering (83.24%), and this was expected given the fact that these characteristics are found in a minority of minerals. On the contrary, in the case of luster, the high percent of correct responses was due to students’ prior knowledge (in fact, the students were familiar with metals). Therefore, it was rather easy for them to identify metallic luster. In some cases, the students correctly identified the properties but could not name the mineral because their sample was not similar to the database’s picture or had a minor color difference. This is due to the fact of their wrong belief that color is a crucial identification property. As a result, even though they should have named the mineral, they hesitated probably believing that they had made a mistake in some property.



The above results show that the learning outcomes of teaching mineralogy were satisfactory considering the lockdown and DL teaching. The results also indicate that mineralogical mobile phone applications, such as MINS, can be used by students (and teachers, too) in normal circumstances for essays after the laboratories.



The results of the students’ ability to identify rocks showed that, overall, the students seemed to recognize igneous rocks better, while they had difficulties discriminating sedimentary from metamorphic rocks. The discrimination of igneous rocks was mostly dictated by color differences, a parameter that everybody is familiar with and is rather easily observed. This is the reason why most of the wrong answers were related to color differences that were not easily observable (e.g., confused gabbro with peridotite, which is similar in color, and not granite). In addition, difficulties were observed in the discrimination between sedimentary and metamorphic rocks due to the following parameters. The discrimination of these rocks was based mostly on grain size and schistosity in metamorphic rocks and less in color. As a result, it was more demanding for students to learn the grain size limits. The fact that more properties should be considered in discriminating sedimentary from metamorphic rocks makes it challenging. There are some exceptions such as marble (metamorphic rock) or, to a lesser degree, granite (igneous rock), which most of the students could identify. The reason for this exception is that students are familiar with rocks that are commonly found in several construction materials (including ancient Greek ruins and modern constructions). Of course, this is the case for Greek students; it is rather reasonable to assume that depending on the region students could be more familiar with other rocks, e.g., in areas near Petra (Jordan), the students may be more familiar with sandstones. It is also evident that when it came to sedimentary rocks the answers were better in the case of rocks with a larger grain size, given the fact that a larger grain size can be more easily identified by the human eye.



The above findings showed that these teaching tools can be used to identify misconceptions and learning difficulties in petrology, highlighting the points that teaching rock identification should focus on in order to improve learning outcomes.



The results of the students’ ability to identify faults show that the factors that increased the difficulty were the scale of observation, vegetation, and multiple faults dissecting the outcrop. The students found it easier to identify small faults (meter long) with no significant erosion and an absence of vegetation, while they failed to recognize large-scale faults controlling the landscape or when vegetation partly obscured the fault. The students also found It difficult to discriminate faults from sedimentary layering, or stratification, and to recognize multiple faults. Overall, the number of correct answers rapidly decreased depended on the complexity of the faults’ offset layers.



It is therefore rather clear that vegetation and the existence of multiple faults reduced the ability of the students to discriminate faults. We consider that additional education (and field trips whenever possible) focusing on the above learning difficulties in the class could reinforce students’ fault recognition skills. Regarding, in general, the difficulties in recognizing faults among the students, this is not surprising, for the following reasons: (a) the structural analysis of rock outcrops is a new field for students; (b) the teaching methodology of using short courses, as explained earlier, and then testing shortly after to determine teaching outcomes is a rather intensive procedure; and (c) DL was applied unexpectedly (due to the fact of COVID-19) and both students and teachers were unprepared. As a result, the participation and interaction were not adjusted to the new DL environment. We consider that a longer teaching course will familiarize students with the issue of “faults”.



The results of the students’ ability to read topographic maps were high, above 80%. This high score is probably due to the familiarity of newer generations with thematic maps (e.g., Google Maps). On the contrary, regarding the recognition of landscapes on the maps and their orientation, the number of correct answers was significantly lower (30% to 60%). This means that a significant number of students failed to respond correctly. Although this difference was somehow unexpected given the high score for exercises 1–3, it can be explained based on the increasing urbanism of the students and the difficulty in recognizing landscapes based on maps, which is a 3D problem. This is probably because recognizing 3D counterparts of topographic maps, such as landscapes, is not a trivial procedure but needs further teaching. In addition, the familiarity of newer generations with maps might not be a significant help in such complex problems. In any case, additional teaching focusing on these learning difficulties caused by DL education could reinforce the students’ skills. In this direction, multisensory instruction contributes added value regarding better outcomes on learning and motivation [37]. Moreover, some of the reasons like those provided for the structural course are also applicable here. In particular, teaching problems on map reading prior to COVID-19 was supported with the face-to-face supervision of the solutions to the map exercises in the classroom.



In summary, the teaching of faults and maps would have been more effective if the amount of time was longer and discussion between students and teachers increased. Of course, we consider that, alternatively, field trips could have been taken to support the teaching in the classroom. Then, we consider that many incorrect answers would be omitted from the current results, and the teaching outcomes would be higher. However, due to the lockdown, this was not possible. Nevertheless, it is reasonable to suggest that the above-spotted learning difficulties could help identify appropriate locations (more difficult to identify or understand) for planning successful field trips in the future.




5. Conclusions


To minimize the impact of the COVID-19 pandemic, several innovative DL techniques in teaching geology were applied to a university class of more than 100 students. The evaluation of the learning outcomes showed their positive impact on learning basic concepts of geology and, more, specifically “minerals”, “rocks”, “faults”, and “topographic maps”. Thus, it is suggested that these techniques, such as mineralogical mobile phone applications and rock identification flow charts, could be applied in DL education, but they can also be used as tools to enhance learning outcomes in normal conditions.



At the same time, learning difficulties were identified from the results of the study. More specifically, misconceptions in the property of “cleavage” shows that additional teaching is needed to explain minerals’ cleavage. Additionally, many students wrongly believed that a minor color difference indicates a different mineral. Sedimentary and metamorphic rocks were more difficult for the students to distinguish than igneous rocks, and teachers should focus on this. The geology of the area where the students live is considered important for the specific minerals and rocks they learn about, especially in cases of “famous” rocks or rocks that are used as construction materials. In addition, teaching needs were detected for complex fault identification exercises involving more than one fault, vegetation that obscured the fault trace, or when the faults dissected a large-scale rock outcrop. Finally, due to the limitations of DL, students failed to recognize landscapes from maps.



Following the results of the present study, it is suggested that fault and map teaching could be more effective if fieldtrips take place in locations where the abovementioned difficulties are indicated or if the course is lengthened. This way, students could be familiarized with difficult geological issues. At the same time, it is suggested that the innovative teaching tools constructed for this study could be used combined with laboratories and fieldtrips for better learning outcomes.
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Figure 1. Flow chart of teaching geology under DL. 
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Figure 2. Sample photographs of minerals found by the students: (a) halite; (b) hematite. 
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Figure 3. (a) Granite; (b) marble. 
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Figure 4. (a) Exercise 1 of the questionnaire. The photo shows a fault plane that offsets sediments in the Corinth Canal, Greece. The fault deforms the sediments to a normal drag fold since the almost horizontal sedimentary succession is warped in the transport direction of the fault. (b) The red line highlights the initial and end point of the fault in the outcrop. The correct answer is b1–e10 or e10–b1. These answers corresponded to 5 marks. (c) Summary of the answers given numerically by the students. (d) Answers as given by the students as marked from 1 to 5. 
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Figure 5. Example of an exercise where the students had to match the letter and number or the topographic map and the topographic section. The correct answers are A4, B1, C2, and D3. 
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Figure 6. Example of an exercise. A precipice is shown on a piece of topographic map. The students had to choose the correct answer regarding its orientation on the map. The choices were (a) N–S; (b) E–W; (c) NW–SA; (d) NE–SW. The correct answer is (d) NE–SW. 
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Table 1. Number of faults to identify in each question.
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	Exercise’s Number
	Number of Faults





	1
	1



	2
	1



	3
	1



	4
	2



	5
	2



	6
	1



	7
	1



	8
	1



	9
	1



	10
	2



	11
	2



	12
	2



	13
	3



	14
	4
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Table 2. Percentage of wrong and correct answers in each stage after the MINS application, commenting only on the percentage of accepted answers.
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	Steps of MINS Application
	Description of Each Step
	Correct Answers
	Wrong Answers
	Not Answered (Skip)





	1st
	Color
	86.13%
	12.14%
	1.73%



	2nd
	Cleavage
	48.55%
	14.45%
	36.42%



	3rd
	Hardness
	49.13%
	34.10%
	16.76%



	4th
	Luster
	77.46%
	4.62%
	17.92%



	5th
	Special characteristics
	12.14%
	4.62%
	83.24%



	6th
	Name
	53.76%
	36.99%
	9.25%
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Table 3. Percentage of correct answers in the rock identification.
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Igneous Rock

	
Sedimentary Rock

	
Metamorphic Rock






	
granite

	
88.00%

	
sandstone

	
59.38%

	
marble

	
92.30%




	
basalt

	
84.21%

	
conglomerate

	
57.14%

	
quartzite

	
69.80%




	
rhyolite

	
74.55%

	
mineral coals

	
47.06%

	
phyllite

	
57.00%




	
diorite

	
72.73%

	
Siltstone

	
45.45%

	
biotite gneiss

	
40.00%




	
peridotite

	
60.00%

	
limestone

	
33.33%

	
slate

	
34.62%




	
gabbro

	
48.15%

	
chert

	
22.22%
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Table 4. Summary of the answers of the students corresponding to each image and the percentage.
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	Exercise
	Items Description
	0 Mark
	1 Mark
	2 Marks
	3 Marks
	4 Marks
	5 Marks
	High Marks

Percentage
	Surveyed Students Per Exercise





	1
	A m long fault
	2
	0
	2
	5
	2
	102
	81.60%
	113



	2
	A km long fault
	5
	6
	5
	6
	0
	65
	52.00%
	87



	3
	A m long fault
	0
	2
	5
	0
	2
	100
	80.00%
	109



	4
	Two km long faults in a vegetated landscape
	18
	0
	10
	12
	8
	0
	0.00%
	48



	5
	Two km long faults
	33
	0
	2
	6
	35
	0
	0.00%
	76



	6
	A m long fault
	7
	0
	0
	3
	9
	64
	51.20%
	83



	7
	A km long fault in a vegetated landscape
	9
	0
	0
	55
	19
	16
	12.80%
	99



	8
	A km long fault
	44
	0
	0
	18
	18
	0
	0.00%
	80



	9
	A km long fault
	4
	0
	4
	10
	35
	44
	35.20%
	97



	10
	Two m long faults
	26
	0
	0
	0
	0
	29
	23.20%
	55



	11
	Two m long faults
	6
	0
	0
	0
	41
	47
	37.60%
	94



	12
	Two m long faults
	33
	0
	0
	0
	21
	4
	3.20%
	58



	13
	Three m long faults, in a vegetated outcrop
	9
	0
	6
	30
	9
	39
	31.20%
	93



	14
	Four m long faults, in a vegetated outcrop
	30
	2
	0
	6
	9
	46
	36.80%
	93
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Table 5. Summary of students’ answers on the maps questionnaire.
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	Exercise
	Items
	Number of Correct Answers
	Correct Answers Percentage
	Number of Wrong Answers
	Wrong Answers Percentage





	1
	Matching the pieces of the maps with the topographic sections
	110
	96.50%
	4
	3.50%



	2
	Matching the pieces of the maps with the topographic sections
	105
	92.10%
	9
	7.90%



	3
	Recognizing a hill on a topographic map
	92
	80.70%
	22
	19.30%



	4
	Recognizing a slope on a topographic map
	70
	61.40%
	44
	38.60%



	5
	Finding the inclination of a steep slope on a topographic map
	47
	41.20%
	67
	58.80%



	6
	Recognizing different landscapes, valleys, and hills on a topographic map/topographic section
	33
	28.90%
	81
	71.10%



	7
	Finding the orientation of a steep slope on a topographic map
	45
	39.50%
	69
	60.50%
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