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Abstract  
Cell Biology and Histology are two of the major courses in the health science and biology curriculum 
and are considered two of the most difficult topics. Traditional lecture and laboratory instruction of Cell 
Biology and Histology have shifted to an increased emphasis on active-learning and student-centred 
pedagogies. In this context, we propose a new approach using case-based learning activity integrated 
in the lecture organization in order to develop scientific skills, improve students’ attitudes and help 
students to identify performance gaps. The course was taught in a traditional lecture format but 
emphasizing active learning and student-centred pedagogy. From scientific news about a significant 
current issue related with health, students have to work through a combination of learning strategies to 
explain the report in a viewpoint of cell biology and histology. We have diagnosed students’ scientific 
skills (identify, describe, analyse, use information in new contexts, bibliographic searching, etc.) and 
explored their opinion about this experience. Students appreciated the introduction of active learning 
but their sense of learning is greater with the traditional lecture. Students resist active learning 
approaches because these alternatives provide a contrast to the very familiar passive listening role to 
which they have become accustomed. 

Keywords: active learning, case-based learning, scientific skills, cell biology teaching, histology 
teaching. 

1 INTRODUCTION 
At present, constructivist perspective on learning has become central in higher education. 
Constructivism comprises a family of theories but all have in common the centrality of the learner’s 
activities in creating meaning [1]. In a general sense, students are considered to be active agents who 
engage in social knowledge construction. The role of the instructor is to guide the learning process 
rather than provide knowledge [2]. From this perspective, feedback and reflection on the learning 
process and group dynamics are essential.  

Jonanssen [3] consider that universities are among the most appropriate venues for implementing 
constructivist learning environments. They have described the learning phases that characterize this 
knowledge growth: introductory, advanced, and expert. Introductory learning occurs when learners 
have very little directly transferable prior knowledge about a skill or content area. Then, knowledge 
acquisition normally must be guided more than advanced knowledge acquisition. In the second phase 
of knowledge building learners acquire more advanced knowledge in order to solve more complex, 
domain- or context-dependent problems. Expertise is the final phase of knowledge acquisition and 
usually results from extensive experience that requires broad transfer of the knowledge acquired 
during previous phases of learning. Jonanssen [3] believe that constructivist learning environments 
may be used during the latter stages of initial knowledge acquisition, and that they represent rich and 
meaningful environments for initial knowledge learners. However, constructivist environments are 
more reliably and consistently applied to support the advanced knowledge acquisition phase, when 
misconceptions are most likely to result from instruction classical instructionally designed materials 
that oversimplify and pre-package [4]. 

Cell Biology and Histology are two of the main subjects in the biological and biomedical sciences 
curricula. Cell biology studies the structure, organization and physiological properties of the 
organelles, and metabolic processes. Knowing cell biology is fundamental for research in many 
diseases. Histology is the study of the cellular organization of body tissues and organs. Then, the goal 
of cell biology and histology is to know how structure and function are integrated into the molecules, 
cells, tissues and organs of plants and animals. Moreover, understanding tissue structure and the 
morphological characteristics of cells is a fundamental requirement to comprehending the basis of 
physiological tissue function in healthy individuals and relating this to disease states. Importantly, our 
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understanding of cell biology and histology will undoubtedly help in the search for treatments of major 
diseases, including cancer. 

As Biology learning in general, Cell Biology and Histology are difficult subjects and difficulty affects 
student achievement [5, 6]. In addition, the difficulty makes students less motivated to learn the 
subject. According to Kubika-Sebitosi [7], the student’s difficulty in learning biology at university level is 
derived from their misconceptions about concepts of biology in their secondary school. Cimer [8] 
explained that the nature of the topic, teachers’ style, students’ learning habit, students’ negative 
feelings and attitudes towards the topic and lack of resources were the main cause of students’ 
concern to study biology. On the other hand, over the past 40 years, there has been a dramatic 
transformation in the goals of science teaching and the vast amount of information in all disciplines 
become more and more difficult to engage the students. As a result, it is hard for them to achieve a 
good result of their studies. Then, any improvement that is related to learning habit, teaching style and 
attitude will help students to learn biology. Moreover, it is possible that it can alleviate the difficulties 
caused by the nature of the topics and lack of resources. 

Then, facing traditional didactic strategies, teaching and learning Cell Biology and Histology have 
gone through remarkable changes in recent times, included self-guided learning, cooperative learning, 
learning with digitized imaging, problem-based learning, project-based learning [9, 10, 11, 12, 13,14 
15, 16, 17, 18, 19]. Objectives of these novel strategies are to improve factors contributing to learning 
in context, motivation and problem solving. Moreover, contribute to develop qualities like curiosity and 
creativity and help students learn how to navigate the complexity of knowledge in cell biology and 
histology and engage students in active inquiry and in-depth discussion in classrooms. 

In order to engage our students in research-oriented learning, we have transformed our classes form 
instructor-led courses to a combination of active-learning strategies which are based in constructive 
learning. 

1.1 Objectives 
The purpose of this work is to describe a new approach based in constructive learning in order to 
students can assimilate new information associated with novel science problems making special focus 
on the relationship of structures with cellular functions. We also describe instruction of students’ 
science process skills which will use as future scientists. We have involved students in the scientific 
investigation from scientific divulgation and primary articles as they occur in real professional 
situations. To stimulate their interest, we searched for a familiar topical problem related to health, such 
as obesity, which was presented in a newspaper within their social contexts. Thus, students perceive 
the connection between the contents of the topic (adipose tissue and mitochondrion) and its social 
importance.  

The main goals of this work are to 1) describe how we have implemented our activity learning; 2) 
analyse students’ science-specific skills; 3) analyze the change in students’ motivation; and 4) discuss 
significant advantages and disadvantages encountered in order to learn from our experience.  

2 METHODOLOGY 

2.1 Participants 
129 undergraduate students enrolled in a Biology course of Human Nutrition and Dietetics participated 
in the study. Students were divided in four groups and then, in each group they were randomly 
assigned to groups of 3 members or four if necessary, in a class which had web access. 

2.2 Undergraduate Biology course 
Biology course of Human Nutrition and Dietetics is designed in two different parts: Cell Biology and 
Histology. The part of Cell Biology explores topics as membrane and vesicular transport, cell 
communication, cell motility, how energy is used and generated in cells, and cell division. The 
overarching goal is to understand, from a human-centred perspective, that cells are ensembles of 
macromolecules that in turn form complex communities in tissues, organs, and multicellular 
organisms. Students should recognize that Cell Biology lies at the heart of today's central questions in 
the biological sciences and is crucial to understand the inner workings of animals, plants and bacteria. 
The division of Histology is designed into six units of instruction: origin of tissue and epithelium, 
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connective tissue, skeletal tissues, muscular tissue, nervous tissue and vegetal tissues. Units were 
presented in a traditional but active lecture in which students had to work from schemas, illustrations 
and slides.  

In this new approach we will focus, in two particular topics: mitochondrion and adipose tissue. On a 
hand, we examined the functional structure of different types of adipose tissue. On the other hand, we 
studied the ATP synthase, the molecular machine that is responsible for the synthesis of most of the 
ATP that your cells require to do work. This new approach highlights the importance of mitochondrion 
to our lives and implications in disease and society. 

2.3 Design and procedure: 
From an article, published in the newspaper EL PAÍS in 2012, based on the reported results by 
Ouellet et al. [20] in the Journal of Clinical Investigation, students learn in context two topics: In one 
hand, the adipose tissue (brown and white adipose tissues) and, in other hand, the role mitochondria 
play in the adipose cell. They learn mitochondrial implication in both, ATP syntheses and heat 
production. Moreover, students learn how the internal structure and organization of a cell provides 
understanding of how a cell works and then all body is influenced. Finally, students should to integrate 
this didactic learning into professional practice. 

Students should search for the information to explain the effect of exercise and low temperatures on 
the activation of brown adipose tissue, both at cellular and molecular level. They will learn the 
structure and primarily function of adipose tissue as the primary storage site for excess energy. But 
also that thermogenic capacity of brown adipose tissue makes it an attractive therapeutic target for 
inducing weight loss through energy expenditure and its potential as a therapy for obesity and 
diabetes. They will learn the dual action of mitochondria and their role in thermogenesis, and they will 
integrate cellular function with the organism activity. 

2.3.1 Activities, Day 1 

Step 1: Reading the article. After reading the article, students must identify all words that represent 
key concepts. Students commented this point while the teacher circulated to clarify any questions (20 
minutes). 

Step 2: Organizing their thoughts about it. Students must establish a hierarchical ordering of the words 
in order to make a conceptual map. The entire class came together and presented the conclusions 
reached. When one of the groups comes up with the relevant concept, the teacher indicates to all 
groups that this might be a successful way to explore. Students talk about: 1) what they have learned, 
and how their documentation will lead them to better understand different types of adipose tissue, 2) 
existence of brown adipose tissue in humans, 3) how exposure to cold environments can stimulate 
growth of this tissue in humans, 4) the dominant role of mitochondria in both, brown and white adipose 
tissue function, 5) mitochondrial uncoupling protein in thermogenesis, and 6) the potentially benefitting 
of this tissue in metabolism (40 minutes). 

2.3.2 Activities, Day 2 

Step 3: Looking for information. Students met in a different classroom equipped with computers. 
Students worked in groups on the second part of the problem (45 minutes): from conceptual map, 
students must search for different sources and analyze it. In this step students have to demonstrate 
they are able to collaborate in inquiring and explaining, with teachers as guides, and to assist in the 
learning of others. 

It is important that students learn to select the sources of information that can help generate ideas, 
contextualize the problem and, ultimately, lead to the resolution of the problem. The vast information 
currently available implies an important role for teacher in guiding the student to help distinguish 
publications really relevant. Teacher should be able to listen, attend and even intervene if necessary in 
all process. The teacher presented a mini-lecture to clarify questions and may help them to focus on 
the important things (15 minutes). 

2.3.3 Activities, Day 3 

Step 4: Summarizing the information and generating new knowledge from it. From bibliographic 
information, students must analyze and summarize the information and, if necessary, reformulate its 
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conceptual structure. They discuss in the group during 30 minutes. Finally, all groups presented the 
main ideas and conclusions were brainstormed.  

2.3.4 Activities, Day 4 

Step 5: Making a report. Finally, the students had to write a final report to present obtained results that 
explaining the article in a cellular and molecular level. Students were evaluated on an individual essay 
made outside the classroom. 

2.4 Assessment of activity  
Students were asked by a four-question evaluation form with a 5-point Likert scale (Table 1) that 
gathered information about the degree of interest of the unit, the usefulness of the unit, their learning’s 
perceptions of the unit and their opinion about peer learning. They are asked too about advantages 
and disadvantages of the new approach in an open survey. Moreover, two aspects were assessed by 
teachers: Student engagement and motivation in activity sessions, and student understanding by 
essay type examination and oral exposition. 

Table 1.  Four-question evaluation form 

How interesting did you find the 
content of this unit? 

Nothing 
Interesting 

1 

Not very 
interesting 

2 

Somewhat 
interesting 

3 

Very 
interesting 

4 

Extremely 
interesting 

5 

How useful were the activities in 
helping you learn the unit? 

Useless 
1 

Not very 
useful 

2 

Somewhat 
useful 

3 

Very 
useful 

4 

Extremely 
useful 

5 

How is your learning perception of 
the unit? 

Strong 
negative 

1 

Negative 
2 

Somewhat 
positive 

 3 

Positive 
4 

Strong 
positive 

5 

Does peer learning increase 
student learning? 

Strongly 
disagree 

1 

Disagree 
2 

Somewhat 
agree 

3 

Agree 
4 

Strongly 
agree 

5 

Moreover, an open-answer survey was also addressed to acquire information about the 
advantages/disadvantages of this new approach of learning.  

Question: What are advantages or disadvantages of learning by the new approach? 

3 RESULTS AND DISCUSSION 
Assessment of new approach has been focused on six issues from students’ opinions: 1) Unit interest, 
2) Unit usefulness, 3) Learning’ perceptions, 4) Peer learning, 5) advantages and 6) disadvantages. 
Moreover, three issues were assessed by teachers: Student engagement and motivation, student 
understanding (specific skills), and problems and possible solutions. 

3.1 Unit interest, Unit usefulness, Learning’ perceptions and Peer learning 
Student comments collected indicate engagement and an increased interest for the topics (Figure 1). 
Moreover, this new approach appeared to enhance the connection of Cell Biology and Histology to 
future professional activities, and then, they expressed usefulness for these units (Figure 1). 

In the open question students recognized have learned research skills and how could apply them to 
specific problems. They were aware that reading research papers or advanced knowledge in the 
specialized fields of molecular and cell biology help them to understanding the units and relating the 
undergraduate program with their future professional activities. 
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Figure 1. Results from evaluation form about interest, usefulness,  

students’ learning perception and peer learning.  

The active role has been noted by students as an important advantage but it requires hard work and 
responsibility than traditional lecture. If teachers and learners consider primordial the acquisition of 
knowledge as a constructive process in which the student participates, it requires a change of attitude 
by both lecturers and students.  

Paradoxically, peer learning is pointed as advantageous and disadvantageous. They recognize the 
importance of learning from the others, to exchange and discuss ideas, and to develop oral skills. But 
to work in a group might be a problem if some students do not participate or they are irresponsible. 
For that, it is very important that lecturer specifies in the course a procedure to detect and resolute this 
problem. 

3.2 Advantages 
The following list enumerates the main advantages pointed out by students. We present the items 
according to the frequency of answers. 

− To develop team working ability. 
− Encourages research of information. 
− Active participation. 
− Prepare students for real life. 
− It stimulates autonomous learning. 
− It stimulates long-term learning. 
− Increase of students’ motivation and self- confidence. 
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− Let oral communication learning 

Students recognize that active participation and peer learning are essential in the new professional 
context. Teamwork involves working confidently within a group, contributing your own ideas 
effectively, taking a share of the responsibility, being assertive, accepting and learning from 
constructive criticism and giving positive, constructive feedback to others. These teamwork skills 
develop over the time, and then it is important to start at initial phase of knowledge acquisition. 

3.3 Disadvantages 
Despite of students recognize the advantages of this learning approach, they think that spend more 
time and requires hard-working.  

Difficulty to select relevant information, disability in oral communication, excess of responsibility and 
distrust of self and peers are disadvantages pointed by students. 

3.4 Student engagement and motivation 
Majority of students demonstrated a positive attitude towards learning and were actively involved in all 
activities. They were engaged and hard-working. Students are encouraged to answer questions during 
sessions, and to contribute to the final review session where they had to describe their results. 

Although motivation is hard to characterize and quantify, students positively responded to all activities. 
Teachers, in each session, emphasized the value of peer learning in order to improving their scientific 
skills and understanding of contents of the course. Probably, those unmotivated students, as they 
were associate with highly-engaged peers, they became more engaged themselves.  

3.5 Specific skills  
Students have learned detailed concepts related to central aspects of cell biology and histology, and 
they were able to identify cellular and histological structures. No student has failed to find key words in 
order to make a conceptual map. But the maps were constructed by student groups as a collaborative 
work, as the conceptual map was a difficult task. Brainstorming was an important activity helping 
students to connect and integrate the concepts. Finally, students thought that concept mapping help 
them to organize and structure their thoughts to further understand information and discover new 
relationships.  

On the other hand, they have learned to analyse several different resources and synthesize. But only 
a low percentage of students (about 15%) had the ability to use various sources of information 
required to carry out this activity. Moreover, only about 10% of students were able to found 
themselves the paper by Ouellet et al. [20] and teacher participation was necessary.  

Finally, students have learned to work in small groups, they have increased oral and written language 
skills, they have learned to compare their results with those of peers, to question and to make 
conclusions or account for discrepancies. Definitely, they have developed team-working abilities and 
construct their knowledge actively. 

3.6 Problems and possible solutions 
In this constructivist classroom, teachers think that knowledge is not to be memorized, but as a 
dynamic process that we must explore. For teachers, outcomes are as important as process.  

However, to introduce this new approach had had several difficulties, as:  

• Disparity of computer capabilities among students caused difficulties with searching. It was the 
greatest difficulty of this approach. For this reason, groups should be formed considering the 
skills of their members instead of random groups.  

• On the other hand, much time was taken up with organizing these activities. Students need that 
clear instructions to be explained at start of each activity. Then, before each session, teachers 
should develop several materials such as web addresses to facilitate searches and a lecture to 
show the final results. To get interest of colleagues we would need to gain support and 
encouragement from institution. Higher education institutions must promote changing of the 
learning experiences and the tendency of technological innovations 
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4 CONCLUSIONS 
In the new context of learning, acquisition of knowledge should be a constructive process. In this work, 
we have attempted to change the attitude of students from a passive receiver of information to an 
active participant in the learning process. We have known their opinion about the advantages and 
disadvantages, and to measure its learning efficacy by specific skills. 

All students demonstrated a positive attitude towards learning, were actively involved in this process 
and expressed increased interest and usefulness for the unit of adipose tissue and the new approach. 
Moreover, this activity appeared to enhance students’ learning and increase the connection of cell 
biology and histology to future professional activities. Finally, students’ motivation was increasing. 

In summary, this new approach:  

− Provide training in experimental design, execution and interpretation of data. 
− Enhance knowledge of cellular structure and function. 
− Develop communication skills and team working ability. 
− Think critically about the impact of cell biology on social issues. 
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