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INTRODUCTION 

 

 The use of digital technologies in the educational system has greatly influenced teaching and learning practices, making technological learning one of the 

most significant challenges of the 21st century (Salmon, 2005). Research on the use of digital technologies in higher education has increased significantly in recent 

years (Kortemeyer 2016; Rienties et al., 2016; Faber et al., 2017), as well as their impact on teaching and learning processes (Casquero et al., 2016; Williamson et 

al., 2016; García-Pérez et al., 2016). 

 For Huffaker and Calvert (2003) a well-designed digital learning environment is useful for students to learn how to make decisions by experimenting with a 

series of metacognitive scaffolding processes. In this context, to organize knowledge, conceptual maps appear as an interesting metacognitive tool to focus the 

attention of the student in order to achieve higher order thinking skills (Chevron, 2014). François et al., (2018) explain that “empirical data on learners’ conceptual 

progression is required to design curricula and guide students”.  

 Thus, with digital learning tools, such as mobile devices or individualized online learning environments, students can practice tasks tailored to their learning 

needs (Faber, 2017). Therefore, it is important to study the effects of digital learning tools, and how they can be better implemented in order to contribute to the 

improvement of teaching and learning processes, since the use of these tools in education is increasing rapidly (De Witte et al., 2015).   

Thus, thinking about modernizing and facilitating the teaching of the discipline of Biology of Vertebrate in Higher Education, this article addressed the key 

question: how the use of an online activity and metacognitive tool can help in the teaching and learning process in a content of the subject of Biology of 

Vertebrate? In this context, the objective of this work was to construct, implement and analyse the effect of an online activity with a metacognitive tool, in the 

teaching and learning processes in the integument content. 

 

 

Abstract 
 
The objective of this work was to construct, implement and analyze the effect of an online activity with a metacognitive tool, 
in the teaching and learning process in the integument content. The study material on tegument content was created on the 
Wiki (a website with an easy-to-edit code that allows text, links and images to be used without the need to learn 
programming codes, such as HTML), and allows the student access content from anywhere using the internet, through 
smartphone, tablet or notebook. The research involved 33 students of the Biology course of a Portuguese public university. 
The study material was elaborated in topics to facilitate the apprehension of the concepts. The activity was applied in two 
ways: at distance and face-to-face. To evaluate the acquisition of the content, we used the metacognitive tool conceptual 
maps, and the evaluation of the satisfaction of performing the activity was verified through the analysis of a questionnaire. 
The conceptual maps were analyzed through four categories: structure, hierarchy, links between propositions and concepts 
present on the map. The maps were classified in fully present dimension, dimension partially present and dimension absent. 
The questionnaire were analyzed through descriptive statistics. In the analysis of the results, we realized that online activity 
can be used to assist students in the teaching and learning process, since it can stimulate students and it can promote 
learning, and conceptual maps can support the construction of knowledge, producing many metacognitive gains, since 
students need to select relevant content information and organize information. In the evaluation of the activity, the great 
majority indicated that they feel comfortable with the use of the digital technologies in the classes. Understand the 
importance of exploring different ways of enhancing the teaching and learning process in higher education, in which the 
teacher can take advantage of the potential of digital media in his / her classes and mobilize diverse skills that are crucial for 
students' scientific education. 
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THEORETICAL FRAMEWORK 

 

 It can not be disregarded that today's students have been born connected to the computer, the internet and mobile devices, such as smartphones and tablets, as 

they are part of the generation of digital natives (Prenski, 2001). Nowadays, universities are almost fully occupied by students of Generation Y, possessing 

radically new learning styles, which can only be involved in the classroom through new teaching strategies and learning spaces (Stenberg, 2012). 

Given these data, higher education institutions are being challenged to adopt innovative educational practices that will increase students' learning and success, 

particularly in the areas of science and mathematics (Spellings, 2006). Therefore, with the use of technology it is observed that the role of the teacher gains a new 

meaning, which is precisely to create conditions for students to engage in learning activities (Costa and Lopes, 2016). 

Virtual empathy is a key competency for the promotion of learning processes in virtual environments (Garcia-Pérez et al., 2016). For Rhema and Miliszewska 

(2010) e-learning is an ideal learning environment because it uses modern means to integrate digital technologies with the curriculum. It is also a style of learning 

that can completely reflect the main role of the students to fully reform the structure of traditional teaching and the essence of education, and to train a large 

number of high-quality students. On the other hand, for Acharya and Sinha (2016) a major disadvantage of web-based learning systems is the lack of face-to-face 

interaction between students and teacher, so in this context educators should look for other ways to achieve this goal. 

 In their studies, Marqués and Pelta (2017) used a computer system for teaching and learning psychology topics, and to verify what is the influence of 

conceptual maps on the student performance. The research was carried out in two schools in Madrid, with students with an average age of 17 years. The computer 

system was called PSICO-A and was based on many pedagogical influences such as conceptual maps, effective feedback, simulations, digital games, and 

metacognition. The authors concluded that using the PSICO-A system, through the analysis of the students’ conceptual maps, the map design served as "advanced 

organizers" and there was a significant improvement in the performance of the students who constructed the conceptual maps by computer in comparison with 

those who built by hand, with paper and a pen. 

 Acharya and Sinha (2016) in their work proposed a method for the development of conceptual map in a web-based environment to identify concepts in which 

a student is deficient after learning using traditional methods. Their study revealed that using the concept maps shown to have a positive impact on the proposed 

learning method. 

 El-Hussein and Cronje (2010) suggest that m-learning has the potential to become the most effective means of delivering didactic material in higher 

education. Metacognitive administration includes the application of visualization tools to provide students with structural support to experience the decision-

making process, and to make revisions of their decisions in electronic learning contexts (Chiu, Chen and Linn 2013). 

E-learning is a tool used to transfer teaching or programs through electronic devices such as computer, mobile phone, i-pads, tablets, etc. (Venkataraman and 

Sivakumar, 2015). Cloud-based storage, interactive interfaces, and mobile applications are the main features that currently support mobile learning (m-learning) 

(Lin et al. 2014). Thus, m-learning is a contemporary form of flexible learning, which can complement and enhance current learning models (Motiwalla 2007).  

Metacognition is a complex concept that refers to the "knowledge on knowledge" that students can develop during the process of acquiring new information 

(White and Fredericksen, 2005). Flavell (1979) described the term metacognition to label learning on learning, using examples such as: learning to plan, 

monitoring success, correcting mistakes, etc. For Kuhn (2000) metacognition concerns cognition that reflects, monitors or regulates first order cognition. For the 

author, metacognition can be divided into metacognitive knowledge (knowledge on declarative knowledge) and metacognitive control (knowledge on strategies 

and their actual uses). Moreover, we can consider, as Flavell (1987) that metacognitive knowledge and metacognitive experiences are interconnected, as far as 

knowledge allows experience interpretation and take action on them. These, by their turn, contribute to the development and modification of this knowledge. 

Kipnis and Holfstein (2008) comment that the development of metacognitive competences is a desired result in scientific education because it promotes 

meaningful learning, autonomy and self-regulation. Self-regulation refers to an active and constructive process in which students set goals, monitor and evaluate 

their cognition, affection, and behaviour (Pintrich, 2000). For Vrugt and Oort (2008) self-regulation is an important aspect of student learning and academic 

performance. Thus, metacognition and self-regulation are deeper learning concepts. 

 In this context, conceptual maps are considered metacognitive tools that can provide the student with the opportunity to see new records of events or objects, 

to reformulate the meanings for the concept of words or symbols and to form new meaningful proposals with relevant elements in the cognitive structure of 

students (Novak, 2002). For Novak and Cañas (2008), conceptual maps are not only a powerful tool for capturing or representing individuals' knowledge, but it is 

also a powerful tool for creating new knowledge. 

 The conceptual maps were developed in 1972 in the course of Novak's research program at Cornell University, where he tryed to follow and understand the 

changes in children's knowledge (Novak and Musonda, 1991). Researchers in Novak's group sought to represent knowledge as a hierarchical structure of concepts 

and propositions, a form they called a conceptual map (Cañas and Novak, 2006). 

 Novak (2002) conceptualizes conceptual map as a tool of representation of knowledge showing concepts and explicit propositions forming a hierarchical 

structure. 

 Novak and Cañas (2008) define concept as a perceived regularity in events or objects, or records of events or objects, designated by a label, the label for most 

concepts is a word, although sometimes it can use symbols, and sometimes more than one word. Propositions are statements about some object or event in the 

universe, whether of natural or constructed origin, containing two or more connected concepts using connecting words or phrases to form a meaningful statement 

(Novak and Cañas, 2008). Thus, propositions are the building blocks for knowledge in any domain, and it is very important to have connecting words in the lines 

that link the concepts in order to form explicit propositional statements (Novak, 1990). 

 The main objective of the conceptual map is to be a tool that allows one or more person to explicitly represent their understanding of a knowledge domain 

(Cañas and Novak, 2006). 

 The conceptual maps have several functions, being a learning tool and also an evaluation tool, thus encouraging students to use learning patterns in a 

meaningful way (Mintzes et al., 2000; Novak 1990). Conceptual maps are also effective in identifying valid and invalid ideas by students (Novak and Cañas, 

2008), and one of the reasons why conceptual maps help to facilitate learning is that they serve as a kind of model or scaffold to help to organize knowledge and 

structure it (Novak and Wandersee, 1991). 

 There are today, many different applications for what we call conceptual maps, and many of these applications are substantially different from what was the 

use when this tool was first developed in 1972. The advancement of digital technology and the development of the Internet have given new ways of using of this 

tool, thus it would be useful to re-examine the fundamentals for this tool and discuss implications for current and future applications (Cañas and Novak, 2006). 

The conceptual map have two goals: to reflect the conceptual structure of the content that is being diagrammed, and to obtain evidence of learning, evaluating it 

(Novak, 2002). Thus, the use of conceptual maps can occur in two perspectives: one as a representation of knowledge, which Novak (2002) defines as a 

metacognitive tool, showing explicit concepts and propositions, which form a hierarchical structure; and another in the assessment of knowledge that Schultz 

(2017) reports being the most popular format for diagnostic assessments, offering the advantage that large numbers of students can be tested and results can be 

quickly generated and distributed compared to written answers, interviews or open surveys. 

 

METHODOLOGY 

 

Characterization of the research 

 The methodological approach chosen was the case study, which, according to Yin (2013) involves an in-depth study of one or a few objects, in a way that 

allows its broad and detailed knowledge. It was tied to a pre-experimental design because it involves a single case, without control (Campbell and Stanley, 2015). 

 

Research subjects 

 The research involved thirty three students of the Biology Bachelor, who enrolled the subject of Biology of Vertebrate, from a Portuguese public university. 

The study was conducted during the second semester of 2017. 
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 The discipline Biology of Vertebrates is taught by five teachers and has a workload of 48 hours of contact divided into 24 hours of theoretical classes 

(without mandatory attendance) and 24 hours of practical classes (with mandatory attendance). Theoretical classes do not have a compulsory presence, thus, with 

just over a third of the students enrolled in the course attending classes regularly. Practical classes are mandatory. The attendance of the students is quite high, 

since students can have a maximum of three absences per semester, without losing the frequency of the discipline. 

 The aim of the course is to show the students the animal biology, its diversity, its main characteristics, its development and its reproduction. In the Biology of 

Vertebrates, in the theoretical part, the discipline is taught by comparative anatomy, where each organ system is described and the common and distinct structures 

in each taxonomic group are compared. In the practical classes students study the Vertebrates by taxonomic groups and along the evolutionary scale. This is a 

basic discipline, of the Bachelor Degree in Biology, and so it is taught in its first year. 

 

Construction and description of the online activity 

 The online activity was designed to support the study of integument content, since students had already studied this content in a traditional way. Traditional 

education, according to Costa et al., (2017) is one that occurs in the classroom, and is commonly centred on the role of the teacher as transmitter of knowledge. 

For the development of the online activity, a study material was elaborated and a lesson script was created with every steps of the activities. 

 The study material on tegument content was created on the Wiki (a website with an easy-to-edit code that allows text, links and images to be used without the 

need to learn programming codes, such as HTML), and allows the student access content from anywhere using the internet, through smartphone, tablet or 

notebook. 

 The study material on tegument content was created through textbooks supporting subject from authors Kardong (2015) and Kent and Carr (2001). The 

activity contained an explanatory text in topics, with illustrative figures, digital games (created through the GoConqr platform, the game chosen was the flash 

cards), a questionnaire with review questions (created using the Google Forms, available in Google Drive), an evaluation activity consisting of a conceptual map 

that shown what the students knew about the content studied, answering the question "How is the Vertebrate Tegument?"), and an activity evaluation questionnaire 

(also created using Google Forms). 

 The lesson script with a step-by-step of how to carry out the activity online included: the activity's electronic address, the description of the order to carry out 

the activity, and the explanation what is a conceptual map with an example. 

 

Application of the instrument 

 The instrument was applied in two phases: phase 1 at distance, and phase 2 – face-to-face. Phase 2 was chosen because there was not many students who 

accessed the study material at distance. 

 Phase 1- Application of the online activity at distance: at the end of a theoretical class, the class script was delivered with the step by step instruction of how 

to carry out the activity, and was given an explanation of what is a conceptual map and how to do it. Since not all students were present in that day, the class script 

was also emailed to the class, so all students would be able to perform the activity. It was given a one-week period to students for accessing the study material and 

performing the evaluative activity. The conceptual maps, which were the evaluative activity, could be done in any program or by hand and sent by e-mail. The 

software suggested were Lucid chart, Cmap Tools or PowerPoint. 

 Phase 2- Implementation of on-line activity at face-to-face: part of a practical class of the discipline of Vertebrate Biology and a computer room were 

reserved for two afternoons, and students were invited to participate in the online activity. These students were guided to a computer room at the university, and 

received the class script with the step-by-step activities. The activity was carried out in an individual way, in which the students studied on the subject through the 

available study material and carried out the evaluation activity (conceptual map). It was given a two hours period to students for accessing the study material and 

performing the evaluative activity.  For the good development of the conceptual map, a short explanation was made about the concept of conceptual maps, and 

how to draw them. The maps were made by hand, due to short time available for the activity.  

 

Collection and analysis of data 

 After the application of the instrument, the concepts learned by the students were reviewed through the analysis of the conceptual maps, and the analysis of 

the evaluation of the activity through the questionnaire. 

 In order to analyse the conceptual maps produced by students we investigated four categories according to several authors (Novak and Gowin 1984; Novak 

2002; Lachner, et al., 2017; Marques and Pelta 2017): A - structure (if the map is structured with the connectors); B - hierarchy (arrangement of concepts, from 

more general to more specific); C - links between propositions (existence of cross-links between distinct branches); D - concepts present on the map (if it contains 

the main domain concepts relevant to the content). The maps were classified by numbers: (1) fully present dimension (when structured according to category 

specifications); (0.5) dimension partially present (when structured according to only partial category specifications); (0) dimension absent (when they did not meet 

the specifications of the category). 

 Regarding the activity evaluation questionnaire, the students' answers were analysed based on descriptive statistics tools. 

 

RESULTS AND DISCUSSION 

 

 We invited the Biology undergraduates students attending the Biology of Vertebrate course to perform the online activity, of which five participated in a 

distance way, and twenty eight participated in the face-to-face way. For Moon and Kim (2001), the external factors that affect the acceptance of a new technology 

vary from case to case, depending on the situation, users and their technological characteristics. 

 

Distance activity  

 In the activity at distance we obtained a very low participation of the students, only five students. Thus, these data led us to ask: Why only five students 

performed the activity? What would be their possible cognitive characteristics that made them more able to perform the activities? 

Iqbal and Bhatti (2017) report that students with self-management skills demonstrated better results in an online learning setting. In addition, it is also observed in 

previous research that individuals with higher self-discipline skills can adopt m-learning much faster than others (Wang et al., 2009). 

The students who participated in the activity at distance made 5 conceptual maps were analysed separately, as shown in (Table 1). 

 

Table 1 - Analysis of the categories used to evaluate the conceptual maps of students, which were enrolled in the activity at distance. 

 

Category / 

Dimension 

A (structure) B (hierarchy) C (links between propositions) D (concepts) 

1 (present) 80% 80% 60% 80% 

0,5 (partially present) 20% 20% 40% 20% 

0 (absent) 0% 0% 0% 0% 

 

 In category A, 80% of the conceptual maps presented a totally present dimension (1), since they were structured with connectors between the concepts. 

Concept mapping organizes information, themes or their relationships visually, taking into account the integrity and logic of the thought process (Yue et al., 2017). 

It is very important to have connecting words in the lines that link concepts in order to form explicit propositional statements (Novak, 1990). 

In category B, 80% of the conceptual maps presented a totally present dimension (1), since they expressed a correct hierarchy. For Péladeau et al., (2017) 

conceptual maps depend on an ascending process of hierarchical agglomeration, whereby items are grouped gradually into one item or proposition at a time, until 

all items form a single group. 
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 In category C, 60% of the maps had a totally present size (1), since they had organized associations between distinct branches. According to Novak and 

Cañas (2008) in creating new knowledge, cross-links often represent creative leaps and help see how a concept in one domain of knowledge represented in the 

map is related to a concept in another domain shown on the map. 

In category D, 80% of the maps had a fully present dimension (1), containing the main domain concepts relevant to the content. Conceptual maps are effective in 

identifying valid and invalid ideas (concepts) carried out by students (Novak and Cañas, 2008). 

The conceptual maps of the students who performed the activity at a distance presented a high level of complexity. It is important to note that there was a 

substantial dedication in the construction of the conceptual maps, since no map had a totally absent dimension.  

 

Face-to-face activity  

 Twenty-eight students participated in the study, making twenty eight conceptual maps that were analysed separately, as shown in Table 2. 

 

Table 2- Analysis of the categories used to evaluate the conceptual maps of the students enrolled at face-to-face activity 

 

Category / 

Dimension 

A (structure) B (hierarchy) C (links between propositions) D (concepts) 

1 (present) 25% 32.1% 3.6% 39.3% 

0.5 (partially present) 57.1% 50% 39.3% 67.3% 

0 (absent) 17.9% 17.9% 57.1% 0% 

 

 In category A, only 25% of the maps had a totally present dimension (1), since they were structured with the connectors between the concepts. According to 

Novak (2002) conceptual maps that do not specify the connections between concepts fail, since they do not form propositions that are the essential elements to 

represent knowledge. 

 In category B, 32.1% of the maps presented a totally present dimension (1), since they expressed hierarchy, and showed levels of progression between the 

concepts. The hierarchy is important to indicate which concepts are more inclusive, or more salient in a given context, in which the knowledge structure is applied 

(Novak, 2002). 

 In category C, 3.6% of the maps had a totally present dimension (1), since they had associations organized between distinct branches. Péladeau et al., (2017) 

report that a well-known deficiency of such an approach is that some items that were aggregated at an early stage may be associated with additional items that are 

rarely paired with them, as far as groups become larger,. 

 In category D, 39.3% of the maps presented a totally present dimension (1), containing the main domain concepts relevant to the content. The concepts to be 

included provide the teacher with an insight into which concepts the student had a good understanding of, and which he had problems integrating into the 

conceptual map, indicating in this case little or no understanding of these concepts (Novak and Cañas, 2008). 

 The conceptual maps of face-to-face activity presented a lower level of complexity, some maps were incomplete, and some maps present a totally absent 

dimension. For Novak and Cañas, (2008) while conceptual maps can help in the process of knowledge acquisition, students also need to be taught about brain 

mechanisms of knowledge organization (metacognition and knowledge regulation), and this instruction can be transmitted through the use of conceptual maps. 

Berkhout et al., (2017) comment that it would be interesting to gain deeper understanding of how various aspects of the context influence the behaviour of self-

regulating students, and how these aspects could be used to reinforce learning behaviour. 

 In online activities enrolled at distance, the student chooses the place and time to study, and needs to organize his own time, what helps to promote self-

regulation learning strategies, which does not occur in a face-to-face class, that the student has a determined time and place to study. For Boekaerts et al., (2001), 

self-regulation skills are fundamental for students to guide their own progression in the educational scale, to ensure formative continuity, and to effectively learn. 

Taylor and Littleton-Kearney (2011) support that conceptual mapping as an effective strategy to promote the development of critical thinking. Thus, when students 

draw their maps and select relevant information from a content, they organize information into coherent representations and integrate relationships between and 

within the elements producing many metacognitive gains. Our data corroborate those obtained by Lachner et al., (2017) when they comment that the use of 

conceptual map has shown to support students to develop relevant writing skills. François et al., (2018) comment “learners’ diverse and often surprising conceptual 

paths challenge the view of learning as a linear process”. 

 The conceptual map has been used by many researchers to structure and organize knowledge in online learning systems (Acharya and Sinha, 2016). For 

Flavell (1979), cognitive regulation shows itself in planning, monitoring, control and evaluation activities, as long as students solve a problem. This same task was 

made by our students, when they constructed the conceptual maps and answered the focus question. 

 

Evaluation of the online activity 

 In the assessment of online activity regarding the level of student satisfaction, 100% of the students reported having no difficulties accessing the online 

activity. Once they provide a viable and easy-to-use technological environment, students are likely to engage in technology, potentially resulting in more genuine 

learning experiences (Lachner et al., 2017). 

 Regarding the quality of the study material, 52.9% classified as very good, 29.4% classified as good, and 17.6% classified as regular.  

When questioned about the use of digital technologies in classrooms, positive (84.9%) and negative (15.1%) ideas emerged, from which nine subcategories were 

proposed: (21.2%) "very good", (18.2%) "interesting", (6.1%) "makes the classes more dynamic", (6.1%) "useful", (15.1%) "improves the study", (9.1%) "didactic 

and educational", (3%) "easy accessibility", and only (15.1%) "did not find it interesting". According to Pillay et al., (2007), computer self-efficacy, technical 

skills, computer attitude and learning preferences are the key qualities that may explain individual differences in achievement and academic satisfaction in online 

learning environments. 

 When questioned whether conceptual maps helped to facilitate learning, positive (88%) and negative (12%) ideas emerged, from which seven subcategories 

were described: (6%) "interpretation aid", (31%) "helps to summarize the content", (21%) "is a good study tool", (9%) "is practical", and only (6%) "found the tool 

unclear" and (6%) "did not find it easy". 

Faber et al. (2017) comment that with digital learning tools such as mobile devices or individualized online learning environments, students can practice with tasks 

adapted to their own learning needs. 

 

CONCLUSIONS 

 

 The main objective of this research was to construct, implement and analyse the effect of an online activity with a metacognitive tool in the teaching and 

learning process, in the integument content. For fulfilling these aims, in the stage of the construction of online activity we do not found many difficulties, because 

there is a lot of helpful technology. However, the step we considered most delicate (complex, difficult, troubled) was to implement online activity at a distance, 

because few students accessed the material in this way, leading us to apply the activity also face-to-face.  

 The adherence of the students at the distance activity diverged from the answers given by the students in the evaluation of the activity, which reported having 

no difficulties accessing the online activity, and the great majority indicated that they feel comfortable with the use of digital technologies in the classes. 

In the analysis of the conceptual maps, their support in the construction of the knowledge was verified, since the students had to select relevant information of the 

content, to organize information and to integrate relations between and within the elements, producing many metacognitive gains.  

 Online activity can stimulate students in the construction of knowledge and favour the occurrence of learning. We understand the importance of exploring 

different ways of enhancing the teaching and learning process in higher education, in which the teacher can take advantage of the potential of digital media in his / 
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her classes and mobilize diverse skills that are crucial for students' scientific education. However, it is worth exploring the learning mechanism to develop different 

applications of digital technologies and metacognitive tools in higher education classes. 

 The results have important implications for Biology researchers and educators in Higher Education, since the e-learning / m-learning teaching modality can 

be considered as a complementary form of study, and may help to enhance teaching. Therefore, this study may contribute to research on teaching and learning 

based on digital technologies and metacognitive tools. 

 The study reported in this article shows how digital technologies can be used to support students in the teaching and learning process in disciplines with very 

large classes and with very extensive content. Thus, it seems to us very important to change the attitude of students in the learning process. Our approach to online 

activity and use of conceptual map proved to be easy to implement, and feasible, to assist in the teaching and learning process. 

 We noticed the need for some future adjustments of methodology and online activity to help to increase the acceptance of technology in Biology classes in 

higher education in Portugal. In anear future we want to better explore strategies to support and stimulate metacognition and self-regulated learning of students. 
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