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Abstract 

The aim for this research report is to categorize and describe students’ conceptions about the 

structure and function of the cell membrane from a phenomenographic and variation theory 

perspective. Students’ ability to understand different concepts depends on their ability to 

comprehend certain critical features of the content. The critical feature of understanding the 

structure of the cell membrane investigated here is the polar and non-polar properties of 

molecules. The critical feature of understanding the function of the cell membrane is transport 

through the cell membrane. Another aim is to investigate what animations, concerning 

cellular transport, can contribute to teaching and students understanding of the cell membrane. 

Furthermore, a subordinated aim is to distinguish whether there are any existing differences 

and similarities between South Africa and Sweden in consideration to students’ conceptions 

about the cell membrane.   

Two different methods of data collection, questionnaires and semi-structured interviews, 

were used in this investigation. 80 students participated in the questionnaire and 5 students 

participated in the interviews.  

Four categories of conceptions about the characteristics of polar and non-polar molecules 

have been identified. Furthermore, one of the most remarkable and notable findings 

discovered are that most teachers and students are not aware of the current scientific view on 

how water molecules are transported through the cell membrane. Knowledge about 

aquaporines, discovered by Agre in 1992, seems to be almost non-existing in science 

education in upper secondary school, in Sweden and South Africa as well. Furthermore, 

students experience animations to be complex and which in some cases seem to be regarded 

as messy representation. Simultaneously they strongly emphasise the need for animations to 

support learning and remembering. Animations can be seen as a source of variation in 

teaching. The conceptions described occurred both among the South African students as well 

among the Swedish students. Also similarities concerning students’ conceptions have been 

discerned between the two countries investigated. For example there could be that South 

African students possess a richer understanding for the concept of the cell membrane than the 

Swedish students, but find it more difficult to move between different contexts.    

 

 

 

Keywords: Cell membrane, visualizations, molecular life science education, variation theory.   
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1. Introduction 

Students’ problems with understanding different scientific concepts and phenomena are a 

much discussed topic among researchers. Flores (2003) has detected several problems in 

students’ comprehension range, of which the functioning of the cell membrane and problems 

related to recognizing cell forms and size are some of the problems identified. Researchers 

relate this to students’ sometimes incorrect use of different terms and misinterpretation of the 

structure of the cell. Kozma, Chin, Russell & Marx (2000) believe it to be a challenge for 

students to understand molecular properties and processes, because molecules and their 

properties are not perceivable for the human eye. Science education contains a wide range of 

different visual representations, from text book pictures to more advanced educational 

technology. We might ask ourselves if diagrams and different forms of representation are a 

way to accomplish a better understanding for molecular concepts. There are differing opinions 

about whether animations facilitate students’ ability to interpret and apprehend different 

phenomena or not.  

The Nobel Prize in chemistry of year 2003 was awarded to Peter Agre and Roderick 

Mackinnon for their discovery of water and ion channels in the cell membrane. Agre and 

Mackinnon describe how water and ions can be transported into and out of the cell. In the 

middle of the 20th century scientists started to suspect that water molecules were transported 

through certain water channels. Several studies took place and researchers came to a 

conclusion that there had to be some kind of selective filter that was only letting water 

molecules through. The transport of water molecules through the cell membrane was an 

unsolved problem. It was not until 1992 when Agre managed to identify a protein that formed 

a water channel, which he named aquaporin, “water pore” (The Nobel Foundation, 2007). 

The question is however, if this discovery from 1992 has been implemented in science 

education in upper secondary school. 
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2. Aim 

The aim of this research report is to describe and categorize students’ conceptions about the 

structure and function of the cell membrane. Students’ problems with understanding the 

structure and function of the cell membrane are in this study regarded as depending on the 

students’ ability to interpret certain critical aspects. The critical aspect of understanding the 

structure of the cell membrane is characteristics of polar and non-polar properties of 

molecules. The critical aspect of understanding the function of the cell membrane is transport. 

The researcher has chosen to specifically investigate students’ conceptions of the transport of 

water molecules through the cell membrane.     

The aim for this research report is also to discern whether animations can enrich and 

facilitate students’ understanding for different phenomena. One can ask oneself if animations 

are contributing to variation in a valuable and useful way seen from an educational aim.   

The study has taken place in two countries, South Africa and Sweden, with the purpose to 

implement a comparative study with focus on differences and similarities between the two 

countries. Therefore, a subordinated aim is to distinguish whether there are any existing 

differences and similarities between South Africa and Sweden in consideration to students’ 

conceptions about the cell membrane.   

 

3. Research questions  

� What are the critical features necessary for understanding the structure and function of 

the cell membrane?  

 

• Which conceptions about polar and non-polar properties of molecules in the cell 

membrane can be identified among students? 

• Which conceptions about water transport through the cell membrane can be 

identified among students?    

• How can animations and different types of representations contribute to variation 

in teaching and how do students interpret and understand these visualizations, 

representing cellular transport? 

• What similarities and differences can be identified between Sweden and South 

Africa in consideration to students’ conceptions about the cell membrane? 
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4. Background  
 

4.1 Representations and visualizations  

The word representation refers to everything that represents something else. Kozma & 

Russell (2005) describe two different types of representations, internal mental representations 

and external symbolic expressions. Internal mental representations are mental models, the 

ability to “see” something in your mind. External symbolic expressions can for example be 

drawings, graphs, or equations.  

In this report the word visualization is used as an expression for all types of visible models, 

e.g. images, diagrams, graphs, animations, and pictures, which are used to represent 

phenomenon that is not perceivable for the human eye or could not be touched. This follows 

the definition of ‘visualization’ given in Kozma & Russell (2005). Furthermore, the terms 

animations and simulations are in this report used to correspond to dynamic systems or 

processes represented in dynamic external representations.  

 

4.2 Science education research 

 

4.2.1 Visual Literacy  

Technical information in our society seems to appeal a great deal of the students’ attention. 

Lowe (2000) describes how educational material has to compete with a rich visual 

environment. Science education contains a wide range of different visual representations, 

from text book pictures to more advanced educational technology. These representations can 

be simple drawings, photographs or abstract diagrams and graphs. This is nothing new in 

education or in the society, visual information has for a long time been an important way to 

communicate. However, information technology has exploded in the last decade and has 

provided us with tools and technology to be more aware about situations around the world. 

Schönborn & Anderson (2006) suggest that too little pedagogical attention has been given to 

teach visual literacy and providing students with skills for using visualizations. In a high-

technology-world it becomes, according to Lowe (2000), important for students at any level to 

possess the capability to understand different representations. The author means that it is just 

as important for the student to progress in their understanding for visual literacy as it is to 

acquire the general literacy.  
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Because of the general use of pictures in everyday life people get the impression that it is 

generally easier to understand pictures than mathematical terms or verbal language. Lowe 

concludes that technical information, in our society, do not help people to develop their visual 

skills for scientific educational representations, because of the use of more complex forms of 

representations and terms in scientific visualizations. The rather unknown content for a novice 

makes it even harder to obtain the knowledge and information from the visualizations. In 

order to understand highly abstract representations different skills are needed as compared to 

simple pictures or drawings from newspapers or advertising material.  

Findings from Kozma, Chin, Russell & Marx (2000) confirm that chemists posses 

representational skills and competences that are crucial for their understanding. These skills 

also allow the chemists to move flexibly between different types of representations. 

Therefore, Schönborn & Anderson (2006), Lowe (2000) and Kozma et al (2000) suggest that 

it is of great importance to help students develop these skills in order to understand and use 

scientific representations. Teachers should allow students to use representations while they 

create research questions, make predictions, or state the goal for the experiment. It is then 

important to introduce these representations in an everyday context rather then making it in an 

unfamiliar environment. Representations act as a mediator between the content, in fields of 

science education, and the students and this must be acknowledged. Furthermore, Lowe 

(2000) means that this aspect of education is normally ignored by the teachers, because of a 

general conception among teachers that diagrams and visual representations explain 

themselves and always make the understanding easier. Lowe (2000) proposes that teacher 

education should cover this subject and work must be done to improve strategies and 

resources for teaching. Kozma et al (2000) recommend that the science curriculum should 

contain some requirements for students to develop a set of representational competencies. 

 

4.2.2 Multimedia learning and cognitive load 

Is the use of animations in education facilitating learning or do they have a negative 

influence on students ability to understand different phenomena? There is an assumption that 

different graphics can facilitate learning, memory, comprehension and communication. Other 

theories have emerged from the specific theory for multimedia learning called cognitive load 

theory (Paas, Renkl & Sweller, 2003). Cognitive load refers to the load on working memory 

that occurs in problem solving. Cognitive load theory, defined by Sweller (1988), imply that 

the most effective learning occurs when the load on the working memory is as small as 
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possible, to facilitate the changes in long term memory. Both Tversky & Bauer (2002) and 

Schnotz & Bannert (2003) means that only well-designed and appropriate graphics, for 

conveying complex systems, can make learning easier. Likewise, Kozma et al (2000) clarify 

that the representations need to be designed to support goals and to support students need for 

obtaining knowledge.The authors imply that animated graphics often are to fast or to complex 

in order to be completely perceived. Furthermore, Tversky & Bauer (2002) explain that this is 

the conditions for representing complex system, but for real time reorientations, animations 

can be more effective than static graphics. Also Schnotz & Bannert (2003) describe how 

learning be accomplished with verbal and pictorial representations, by constructing multiple 

mental representations learning can take place. Their aim was to investigate whether the form 

of visualisation influence the mental model construction. Their findings indicate that the 

construction of these mental models is highly influenced by the structure of the graphics 

represented. Furthermore, they are implying that graphics are not always beneficial for 

learning and attaining knowledge, suitable graphics may support learning whereas 

inappropriate graphics may interfere with construction of mental models. Schnotz et al 

believe, as Tversky & Bauer (2002), that it in some cases it is too much information to obtain. 

The quotation below describes Schnotz view about Mayer’s work.    

 
 

 “Mayer assumes that verbal and pictorial explanations are processed in different cognitive 

subsystems and that they result in the construction of different mental models.”  

(Schnotz & Bannert, 2003, p.142) 

 

In contrast, to Schnotz & Bannert (2003) and Tversky & Bauer (2002), Mayer (1997) means 

that humans have two different systems, one visual and one linguistic, that together creates 

learning.  The use of animation activates more senses and therefore makes it easier to 

remember.  Why is there that students who have received some scientific explanation often 

are unable to use that information for solving problems? Mayer (1997) asked himself this 

question and used the question to investigate how students can be assisted to understand 

scientific concepts and phenomena. The author’s results insinuate that students give more 

creative solutions to transfer problems when both verbal and visual explanations were 

synchronized. The research shows that only a verbal explanation does not insure that students' 

will understand. Mayer discusses how multimedia learning, explanations both verbally and 

visually, exist when the students take part of more than one mode. Learners must construct 

and coordinate several representations of the same material in order to obtain understanding 



 9 

of an explanation. Illustrations and animations are helping learners to discover relevant visual 

and verbal information, organize information discovered, and are coordinating the connection 

between actions in the visual representation and in the verbal representation. 

 

4.2.3 Molecular and cellular animations 

The reason for educators’ problems with teaching cellular and molecular processes is 

according to McClean, Johnson, Rogers & Daniels (2005) that they only have two-

dimensional tools to illustrate something that occur in four dimensions, three dimensions in 

space plus time. McClean et al (2005) suggest that processes that are visualized in three 

dimensions facilitate learning, helps with retention of the long-term memory, and are useful 

tools for novices. Visualizations used are for example animations of translation, protein 

transport into an organelle, and the electron transport chain. The authors showed that the use 

of these animations was improving students’ retention of the content. Visual perception is the 

most developed sense in humans and plays a decisive role in learning.   

 

4.2.4 Difficulties with interpretation of diagrams 

Schönborn, Anderson & Grayson (2001) describe diagrams as very important tools in 

teaching biochemistry hence they help students to form some kind of mental model, which 

help them to understand and perceive different phenomena. Models and diagrams are very 

useful to clarify and explain different concepts. Difficulties in interpreting different 

representations can for that reason be an obstacle for learning and understanding in science. 

Schönborn et al (2001) describe how these difficulties can lead to misconceptions and 

incorrect ways of reasoning, which are hard to adjust.  

In accordance with the reasoning in Lowe (2000), Schönborn et al (2001) suggest that the 

ability to reason is of a major importance in order to interpret abstract diagrams, a reasoning-

ability is a skill that must be learned. Students’ lack of conceptual understanding can be 

adjusted by various strategies. If difficulties with understanding concepts have arisen by 

exposure to a diagram it can be adjusted by improving the students’ reasoning-skill or by 

improving the representation mode. Difficulties that arise in coherence with the diagrams 

representation can for example be improved by analyzing the different symbols and visual 

devices used. Here, Schönborn et al particular want to point out that a diagram that seems 
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perfectly clears to the author may not be as clear to the learner. In the same way experts 

cannot assume that novices experience and understand diagrams likewise.           

Cook, Carter & Wiebe (2007) have made a study investigating how prior knowledge 

influence students’ ability to interpret graphic representations of cellular transport. The 

quantity of prior knowledge is decisive for learning from representations. The study shows 

differentially prepared students and how they in a different way interpret and view graphics. 

Cook et al (2007) have found that there are differences between how low and high prior 

knowledge students’ interpret for example concentration gradient, particle differences, text 

labels, and captions. The authors imply that low prior knowledge students’ tend to focus on 

the surface features in the graphic to build an understanding, while, high prior knowledge 

students are more likely to see the content as undivided, which will improve their 

understanding. One result indicated that students with high prior knowledge more focus on 

the concentration gradient than low prior knowledge students are in their effort to understand 

the representation.  

 

4.2.5 Conceptual flip-flop of the properties of the cell membrane 

Rundgren (2006) examine how students interpret visualizations of proteins and the results 

indicate that students appear to hold alternative conceptions related to scale and systems 

levels, DNA-related problems and confusion about the properties of the cell membrane. 

Students seem to misinterpret the properties of the phospholipids and their solubility 

properties. Rundgren & Tibell (2008) mean that this result can be an effect from students 

guessing, although they suggest that in some cases there seems to be an alternative 

explanation. Some students express the idea that the non-polar parts of the phospholipids are 

turned outwards to separate the cell membrane from water, instead of being turned inward, 

forming a polar region in the middle of the cell membrane.   

 

4.3 Scientific background 

 

4.3.1 The polar properties of water 

Most cells have water as it principal component and its properties as a solvent play a major 

role in living systems, but what is a polar molecule? In a chemical bond the atoms do not need 
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to share electrons equally. Molecules with bonds that distribute the electrons unequally are 

referred to as polar molecules. Electronegativity decides the tendency of a molecule to attract 

electrons to it. Bonds that are constituted of the same atoms share electrons equally, they have 

the same electronegativity. A water molecule is built up by one oxygen atom and two 

hydrogen atoms, constituting a hydrogen bond. Oxygen has more electronegativity than 

hydrogen and therefore the electrons will probably be nearer the oxygen atom. There also 

exist molecules that have polar bonds but are non-polar because of its geometry (Campbell & 

Farrell, 2006). 

It is the polar nature of the water molecule that makes it a good solvent and determines its 

properties. Ionic and polar compounds dissolve in water, which follow from the physical 

principle that unlike charges attracts each other. The negative part of the water molecule 

attracts another positive dipole or a positive ion, founding dipole-dipole or ion-dipole 

interactions. Non-polar molecules are insoluble in water, because water has more tendency, 

for the reason mentioned, to be associated with other water molecules than with non-polar 

molecules. We refer interactions in non-polar molecules to as hydrophobic interactions and 

they are of great importance in biochemistry (Campbell & Farrell, 2006). 

 

4.3.2 Water channels through the cell membrane 

Agre’s discovery, about the aquaporin, has contributed to an essential chemical 

understanding about the cell membrane and the cells functions. The aquaporin is vital for cells 

in order to absorb water and swell. First in the year 2000 Agre, in collaboration with other 

researchers, produced a model of an aquaporin. This image was an immense help in order to 

understand how an aquaporin function and work. The biggest question is why an aquaporin do 

not let other molecules or ions through besides water molecules. Agre's conclusion was that 

the channel is not allowed to leak any protons. The cause of this is the concentration 

difference between the protons inside and outside the cell constitutes a basis for the cellular 

energy-storage system. Another important quality of the water channel is the property of 

selectivity. The water molecules make their way through the channel with help from a local 

electrical field; composed by atoms on the channel wall. Protons, or rather positively charged 

oxonium ions, are therefore rejected when trying to pass through the channel. The aquaporin 

in other words have a positive electrical charge in the middle that prevents protons and other 

ions to pass through (The Nobel Foundation, 2007). 
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Aquaporins do not only exits in the human body, it has been shown to be a large protein 

family which exist in bacteria, plats and animals. Only in the human body alone eleven 

different types of proteins has been discovered, and they play an important role in many 

organs, specifically in the kidneys. The kidneys are the human body’s apparatus for removing 

substances that it wishes to dispose. Aquaporins make it possible to reabsorb water from the 

urine before it leaves the body (The Nobel Foundation, 2007). 

 

4.3.3 Polar and non-polar properties of the cell membrane  

Hydrophobic interactions influence an array of molecules to form different structures, e.g. 

protein folding or cell membranes. Lipids are compounds of non-polar groups and are not 

soluble in water, but much soluble in organic solvents.  Fats and oils are typical lipids when it 

comes to their solubility, but not to their chemical nature. Phospholipids are constituted of 

two parts, the molecules’ polar ´heads´ and the molecules’ non-polar ´tails´ of hydrocarbon 

chains. These phospholipids form a double-layer with the polar parts facing the aqueous 

environment and the non-polar parts in contact to each other, according to figure 1 (Campbell 

& Farrell, 2006). 

 

 

Figure 1: Phospholipids, with hydrophobic and hydrophilic 
parts, forming a double-layer. 

(From Campbell & Farrell, 2006, p.192) 

 

All cells are separated from the outside by a cell membrane, a grouping of proteins and lipid 

molecules. Cell membranes are constituted by phospholipids forming a bi-layer with proteins 

embedded. These proteins have a number of functions, there among transport. Transport 

proteins help substances in and out of the cell (Campbell & Farrell, 2006). Figure 2 illustrate a 

liquid fluid model of the cell membrane.  
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Figure 2: A liquid fluid model of the cell membrane. 
 

(From Campbell & Farrell, 2006, p.197) 

4.3.4 Transport through the cell membrane  

The cell membrane does not only separate the cell from its environment but also function as 

an important transporter. There exist different kinds of transports of substances through the 

cell membrane depending on the need for energy. Passive transport involves substances that 

move from regions of high concentration to regions of low concentration. In other words 

when a substance are moving along the concentration gradient there are no energy required. In 

Active transport the substance move from regions of low concentration to regions of high 

concentration, against the concentration gradient, and the cell need to expend energy. Further, 

the passive transport can be divided into two categories, simple diffusion and facilitated 

diffusion. Small uncharged molecules can pass directly through the cell membrane, called 

simple diffusion. Larger molecules pass through the cell membrane by proteins, called 

facilitated diffusion (Campbell & Farrell, 2006). 

 

4.3.5 Critical aspects for understanding the cell membrane 

There exists a need for understanding hydrophobic interactions in order to understand the 

structure of the cell membrane. Furthermore, in order to understand the function of the cell 

membrane it is of great importance to understand the nature of the barrier and how different 

substances are transported in to and out of the cell. The properties of the structures, influenced 

by hydrophobic interactions, also decide in which way certain molecules are transported.  

Without knowledge about transport and polar and non-polar properties of the cell membrane 

the researcher find it difficult to create an understanding for why cells are equipped with a cell 

membrane.     
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4.4 Phenomenography  

Phenomenography has its roots in the University of Gothenburg, in the early 1970s. Marton 

& Booth (1997) describe Phenomenography as a way of experience something and the object 

of research is variation of experiences of phenomenon. Marton (1994) more explicit describe 

phenomenography as an empirical study that examine the different ways in which someone 

perceive, apprehend, experience, conceptualise, or understand phenomena in relation to the 

surrounding world. All these synonyms described above are according to Marton 

interchangeable. The aim is to neglect what each term exactly refers to in the purpose to focus 

on the different ways someone can be aware of a phenomena. It is a cognitive structure and 

not a mental representation. It is of relevance to understand that when persons come across a 

situation or a phenomenon we can always identify a limited number of ways in which the 

situation or phenomenon can be experienced. These ways of experience a phenomenon or a 

situation is then to be divided in to different categories, categories of description. 

Phenomenographic research is interested in the variation between different understandings, 

the result is based on the researchers own opinions, interpretations and experiences. The 

starting point is to comprehend some other person’s opinions, interpretations and experiences 

of a phenomenon. 

The method usually used in phenomenographic studies can vary between individual 

interviews, group interviews, drawings, observations, written responses, and historical 

documents. However, the preferred method to collect data is individual interviews. This is 

because the way in which persons experience something and how it appears to them can be 

expressed in many different ways. The phenomenographic interview is focusing on the 

subject of the interview and the interviewer is interested in her or his awareness and 

reflections. Marton (1994) means that these kinds of interviews are very similar to an ordinary 

pedagogical situation. The analysis of the collected material should focus on differences and 

similarities distinguished from the way a phenomenon appears to the participants, instead on 

their reflected understanding for the phenomenon. Marton (1994) describes two mechanisms 

of understanding. The first is based on similarities and include two expressions that are 

differently expressed but have the same meaning. The other mechanism is when two 

expressions express different meanings, which can be tematized as different ways of 

understanding the phenomenon. If several ways of experiencing a phenomenon is identified 

they can be grouped. Marton emphasize that it is of great importance to understand what has 

been meant in the interviews rather than what has been said. By distinguishing features 
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between the groups and decide what the critical attributes are of each group we can form 

different categories of description, in which we can show the variation in how a phenomenon 

is understood and experienced (Marton, 1994). 

 

4.5 Variation Theory  

 

4.5.1 Background 

More recently, Marton (2004) has developed a theory of learning, called variation theory. 

The variation in which different persons can experience a phenomenon or situation and the 

ways in seeing something as described by the researcher is the fundament of variation theory. 

Variation theory can be regarded as a theoretical development of phenomenography. To be 

able to learn about something you must discern it from its background and without variation 

there is no discernment. For example the word heavy does not mean anything to us unless we 

have experienced different weights, which is because weight can vary. The same goes for 

different colors, red, green and red would not be separable to us if we only had encountered 

the same color. This feature of the object would then not be discerned, variation imply both 

sameness and difference. Marton also means that variation creates new openings for learning, 

not discerning something as it is but why it is not as anything else.  

 

4.5.2 Critical features and variation  

Marton & Tsui (2004) describe some features of conditions that are necessary for learning – 

called critical features. Whenever someone is concentrating on something they perceive 

different aspects of it. The learner’s concentration is on some parts of the object and he or she 

is paying attention to some parts more than others. This statement means that learners can 

discern different aspects of the object and then see the same thing in different ways. The 

different ways in seeing something depends on what critical features the learner perceives. 

Marton and Tsui mean that the students’ actual attention and focus are of great importance for 

apprehending the critical features of the object of learning. In this theory students can obtain 

an object by focusing on the critical features. In case of the critical features pass the students 

unseen they can fail to obtain the object.  
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The most central implication Marton & Tsui (2004) make is the significance of variation to 

be able to learn. For example, to make it possible to know what red is you have to experience 

other colors that you can relate to, a variation in colors. Likewise we would be unable to 

discern different colors if all objects had the same color. Marton & Tsui mean that to develop 

certain capabilities there must be a variation perceived in each learning situation. By this they 

do not mean variation in general or that the more variation there is, the more the students will 

learn. Instead they mean that variation can contribute to and develop the students’ ability to 

discern critical features of the object of learning. Marton & Tsui also emphasizes the 

importance to discern what vary or not vary in a learning situation.  

Marton & Tsui (2004) ask themselves what it takes to develop learners' ability to see and 

discern. As Marton & Tsui (2004) describe it, a person must discern a variety of features in 

order to see something in a specific way; it is not enough to be taught what to look for. A 

person can only experience different features by seeing how they vary. In this context the 

authors also discuss the frame of reference and how we need several frame of references to be 

able to make sense of anything. We cannot for example decide whether a country is 

successful or not if we do not have any knowledge about some other countries. In the same 

way a teacher must explain a phenomenon with several different examples. The following 

quotation describes how variation is perceived and the aspects of discerning features.  

 

“By experience variation, people must discern certain aspects of their environment… Not only 

do you need to discern features that have proved to be essential in the past, but you must be able 

to discern new features when they are critical.”  

(Marton & Tsui, 2004, p.11) 

 

To this quotation the authors emphasize that what is new features depends on which 

variation someone have encountered earlier. They also describe how it is of great importance 

to be able to separate and discern parts from the whole and the whole from its context. In 

relation to this it is important to distinguish how the whole relate to the context. All this 

implicates, according to Marton & Tsui (2004), that teachers and student must have a 

common understanding of the context that the teacher relates to the object of learning. If this 

mutual understanding is present the student is then more prepared to discern the critical 

features of the object of learning.  

According to Marton & Tsui (2004) the language plays an important role in the construction 

of experience. With this perspective it is obvious how great importance the language has for 
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understanding the object of learning and the different ways it can be experienced in. 

Therefore, language plays a crucial roll in learning. A phenomenon can be experienced in 

different contexts and depending on how the phenomenon is experienced persons will use 

different words and language.  

 

4.6 Phenomenography and variation theory used in this study 

Phenomenography is used in this investigation to discern some categories of description of 

students’ perceptions about polar and non-polar properties of molecules and cellular transport. 

The researcher is also using individual interviews in order to unveil causes that lay behind 

students’ conceptions of some phenomenon. One can ask oneself why variation theory is 

relevant seen from an educational aim. Marton (2004) describes learning seen as a change in 

our way of experiencing and seeing something. In this study it is of importance to reveal 

whether representations and animations can enrich or obstruct education and teaching. 

Variation theory is in other word used to understand more about what and how to teach. 

Students’ errors can here be seen as an alternative way of seeing a phenomenon. 
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5. Method  

 

5.1 Qualitative methodology 

The field for this research study is relatively new and unexplored, therefore is a qualitative 

research method suitable. Qualitative methods are inductive methods which usually produce 

new theories using an interpreting approach (Bryman, 2003). The goal with qualitative 

methods is to identify unknown phenomena, characteristics, and meaning in order to see 

internal relations, variations, structures or processes (Starrin and Svensson, 2006). The 

researcher’s arguments for using a qualitative method arise from two different viewpoints, a 

practical and an analytical point of view. In consideration to practical circumstances a 

qualitative approach would be suitable due to the fact that little or, in principle, no earlier 

research in the area has been done, even if there are some exceptions, for example Cook et al 

(2007). Furthermore, the methodology must be of relevance for the research questions and 

aim of the report. I am interested in understanding the students’ view of some concepts and 

would like to describe and categorize their conceptions and interpretations. From an analyzing 

point of view a qualitative method is essential because of the researcher’s will to make an 

interpretative study (Bryman, 2003). I am partly interested in how students conceive their 

social environment, but also to find out about students’ conceptions of some concepts in life 

science. A qualitative research method lays much weight on language and deals with 

comprehension. Furthermore, in qualitative research it is important to be in possession of a 

contextual understanding for the social behaviour (Bryman, 2003).  

Critics of the approach often claim that qualitative research is too subjective and that it is 

based on persons' opinions. Many argue that researchers that are studying questions in the 

society should stay objective, but this is according to Bryman (2003) impossible. A researcher 

cannot be completely free from values and it is therefore of great importance to stay open-

minded and reflect on the influences from the researcher and how they can effect the result 

(Bryman, 2003). Therefore, a researcher must consistently reflect about her or his 

interpretations to facilitate as right and truthful picture of the reality as possible.    

 

5.1.1 Validity and Reliability 

A research study’s validity and reliability is a widely discussed topic. Reliability describes 

the trustworthiness of the study made. Would the result appear likewise if other researchers 
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would repeat the same study with the same circumstances? Validity on the other hand is about 

the authenticity of the report. Does the result connect to the object that is studied in the right 

way? The following example might give the reader a clearer picture of these two terms: A 

clock is working in the right way but it is running one hour late. Day after day the clock 

stands one hour wrong but is still working. This clock has a high reliability but a low validity, 

its reliable in that way that it always working but at the same time it gives us a false picture of 

the reality. The researchers aim is to produce a research report with as high validity and 

reliability as possible.  

 

5.2 Choice of method 

The method chosen for an investigation always depends on the aim of the study. The chosen 

method is to use questionnaires and semi-structured interviews. Schönborn, Anderson & 

Grayson (2002) describe interviews as a powerful tool to explore students reasoning and 

conceptual understanding. In order to analyse and understand the material collected Marton´s 

(2004) variation theory is used. 

 

5.3 The context 

The study has taken place in two countries, South Africa and Sweden, with the purpose to 

implement a comparative study with focus on differences and similarities between the two 

countries. A total amount of 80 students in upper secondary school has participated in this 

study. All students, 16 to 18 years old, have been taking different science courses in the 

natural science program, at grade 10 and 11, and have studied the structure and function of the 

cell membrane.  

The students in Sweden came from a medium-sized town in southern of Sweden and were 

studying on a municipal school with approximately 1100 students. According to the state 

curriculum the students should learn about the structure and function of prokaryote and 

eukaryote cells in Biology B and describe the metabolism and reproduction of the cell in 

Chemistry B (Skolverket, 2008). These students had all taken courses such as Biology A, 

Biology B, Chemistry A and Chemistry B that were of relevance for this study.  

The students from South Africa came from a medium-sized town in the region of Kwazulu-

Natal in the eastern part of South Africa. The students where studying on two private schools, 

one boy school with approximately 700 students and one girl school with approximately 390 

students. Each private school had classrooms equipped with technological and educational 
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materials and resources. Neither of these schools are regulated by a state curriculum, instead 

they develop their own teaching and learning processes according to their own goals and 

clients. They do however strive to follow the examination requirements of the examination 

body they are registered with, which influence their assessment processes as well as teaching 

and learning processes. The students on both these schools write the IEB (Independed 

Examination Board) exams in grade 12. The IEB is an independent assessment agency in 

South Africa which is seen as a more challenging assessment than the state equivalent. In 

IEB´s proposed subject assessment guidelines students should have knowledge about the 

structure and the functions of the components of the cell (IEB assessment matters, 2008). The 

following text describes some of the substances students should have learned about after 

grade 10.  

 

Learners should be able to: 

1. describe the structure of the following components; cytoplasm and its organelles, vacuoles, 

mitochondria, chloroplasts, endoplasmic reticulum and ribosomes, nucleus, nuclear membrane 

and chromatin material. Cell membranes (fluid mosaic model) 

 

2. state the functions of the above components 

 

3. explain the differences in structure between plant and animal cells; presence of a cell wall, 

large vacuoles and plastids in plant cells. 

 

4. define the processes of diffusion and osmosis and explain the significance of each process to 

the functioning of living cells. Carry out investigations into the processes of diffusion and 

osmosis. 

(From Life science assessment syllabus: Grade 10-12, p. 2) 

 

  Courses taken by the students were general science and life science. Students in the private 

schools are likely to represent a student group of high level of achievement. Because of 

bureaucracy there was no chance to investigate other schools from different social classes.   

 

5.4 The sample 

A totally amount of 80 students in upper secondary school has participated in a 

questionnaire (see Appendix 1), with both close- and open-ended questions, and five students 
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has been interviewed in individual semi-structured interviews (see Appendix 2). In South 

Africa 56 students took part in the questionnaire and two students participated in interviews. 

In Sweden 24 students took part in the questionnaire and three students participated in 

interviews. Questionnaires were first distributed among the different student groups. From the 

students' responses to the questionnaire five students, three girls and two boys, were chosen 

for interviews. My goal was to pick students whose answers, from the questionnaire, was of 

relevance for the aim of the paper. This procedure gave us students from all levels of 

achievements. In South Africa the researcher, for practical reasons, only managed to get the 

opportunity to perform interviews on the girls’ private school.   

 

5.5 Data collection 

The questionnaire was divided into two parts. Part one contained only closed questions, 

about the cell membrane and its properties, in order to give an orientation about the students' 

knowledge about the cell membrane. Part two contained only open-ended questions; with both 

pure fact questions and one more problem-oriented question about dishwashing liquid and 

lasagna (see Appendix 1). Question seven to nine in the questionnaire are not showed or used 

in the result. The semi-structured interviews were arranged around one experiment, three 2D-

visualizations and two animations. An interview guide (see Appendix 2) was constructed to 

found a ground and give support for the interviewer in the interview situation. The aim of the 

interview guide was to create a conversation around the different topics and it could therefore 

not be too rigid.  

During the interview, an experiment was made (Åberg, 1998). Cinnamon was powdered on 

the water surface, of a bowl of water, and then dishwashing liquid was added. As the 

dishwashing liquid spread over the surface it pushes the cinnamon towards the edges. The aim 

was to get the students to discuss what happens with the surface tension of the water when 

dishwashing liquid is added and to discover the structure of a dishwashing molecule, with its 

polar and non-polar regions.  Two 2D-visualizations, showing a dishwashing molecule and 

several dishwashing molecules together, were related to the experiment (see Appendix 3, 

figure 1 and 2). The last 2D-visualization, developed by Rundgren and Eriksson (Rundgren, 

2006), showed molecule transport through the cell membrane (see Appendix 3, figure 3). The 

animations, designed by Tajkhorshid and Schulten (2002) and displayed in the interviews, 

also represented water molecules being transported through water channels in the cell 
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membrane (http://nobelprize.org/nobel_prizes/chemistry/laureates/2003/animations.html), 

findings rewarded with the Nobel Prize in chemistry in year 2003.    

The students were given no particular information regarding the content before the 

questionnaire or the interviews. Approximately 20 minutes was required for the students to 

fill in the questionnaire and the interview lasted between 25 and 35 minutes.  Identical 

interview contexts would have been to prefer, but with different time, room and space for the 

interviews, this proved to be an impossible task. My intension was, however, to create 

surroundings that were similar to each other. 

 

5.6 Data analysis 

There is two ways in which researchers can draw conclusions from collected material, 

induction and deduction. Induction means that researchers draw conclusions from empirical 

facts that are of common and general kind, while deduction builds on logical reasoning. In 

this research report analytical induction is used to analyze data (Thurén, 1991). Analytical 

induction means that the researcher continues with the collection of material until there are no 

more cases that are deviant from the hypotheses (Bryman, 2003). The material collected in 

this study has been analyzed according to the method analytical induction. Written answers 

and transcripts have been read a numerous times by the researcher, and different 

phenomenographic categories have been identified.  

 

5.7 The authors involvement 

The author had no relation to the students before the study took place. This provided a 

situation were the interviewer was free from prior knowledge about the students’ level of 

achievements, which can have a positively impact in order to make objective interpretations. 

In three of the five interviews the author’s supervisor, Carl-Johan Rundgren, attended the 

interview. The reason for this was because the content is nearly related to the supervisor’s 

research area. Rundgren’s participation in the interviews had, in my sense, no negative impact 

on the outcome of the interviews; it rather contributed to the dialog held with the students.  
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5.8 Ethical considerations 

Several ethical considerations have to be taken into account in order to verify the research 

reports validity. According to Bryman (2002) the researcher has information, approval, 

confidentiality, and usage demands. The participating students in this research report all 

received the sufficient information in order to make a decision of participation. This means 

that they approved taking part in the study without any pressure from the researcher. 

Furthermore, the data collected is used for research purpose only and personal data are treated 

as confidential, therefore the names used are not the students’ real name.  Jacobsen (2002) 

also remark that there should be no chance to identify the individuals from the material 

presented; the right for privacy is strictly needed. The researcher also emphasize that the 

statements are correctly and appropriate interpreted.  

 

5.9 Cultural differences 

It is likely to be that the cultural differences between Sweden and South Africa play an 

important role for the results of this report. Differences can be seen in several ways. South 

African students generally have a more formal treatment of older people, including teachers. 

It is unacceptable to address teachers by their forename and there exist a sense of politeness 

that is uncommon in Swedish schools. The span of economic resources is much larger 

between different schools in South Africa than in Sweden.  

The study’s main focus does not lie in revealing differences between the two countries, 

rather in how a wide range of students conceive and understand the concept and visualizations 

of the cell membrane. The result must thus be discussed with these cultural differences in 

mind.  
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6. Result 

In the following section the findings of this research study are presented, were each part of 

the result is supported by quotations’ from both questionnaires and interviews. In the 

interview transcripts C (Caroline Larsson) is interviewer, C-J (Carl-Johan Rundgren) is 

assistant.  

 

6.1 Difficulties, alternative conceptions, and misconceptions 

 

6.1.1 Characteristics of polar and non-polar properties of molecules 

In this section result discovered regarding critical features of characteristics of the polar and 

non-polar properties of molecules are represented and placed in categories of descriptions. 

Categories of description are constituted by the following four categories: The non-polar parts 

of the dishwashing liquid attaches to the fat particles, while its polar parts face the water; 

molecules are shattered; the fat absorbs or disappear; and fat are broken down into smaller fat 

particles. These categories have been discovered and distinguished from question number ten 

in the questionnaire (See Appendix 1).  

 

6.1.1.1 Category one: The non-polar parts of the dishwashing liquid attaches to 

the fat particles, while its polar parts face the water  

Dishwashing molecules have polar and non-polar properties, which bind with water 

molecules and fat molecules respectively. Some students had this conception in mind when 

they were answering the questionnaire. The Swedish student Susanne described it with 

drawings and texts in figure 3. 
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Figure 3: Susanne description: The fat in the scraps of food is contained by phospholipids. These 

blisters are soluble in water. 

 

 

Also Amanda, from South Africa, was well aware about the concept of how dishwashing 

liquid operates, here illustrated with some drawings in figure 4.  

  

 

 

Figure 4: Amanda’s description: Fat does not dissolve in water. Dish-washing liquid is added.  

The dish-washing liquid bonds with the fat. The fat no longer sticks to the plate.  
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Sandra, a Swedish girl, stated a similar answer:  

 

”There are much fat in lasagna and the dish-washing liquid is constituted by lipids. Since lipids 

have one part that dissolves in fat they places in the fat and the other part is soluble in water and 

follow the water as it washes over the plate.” 

 

 

6.1.1.2 Category two: Molecules are shattered 

In this category the students express their ideas of that dishwashing liquid is shattering the 

fat molecules in order to dissolve it from the plate. The following three students seem to see 

fat as free molecule. Tanya, a South African girl, express this thoughts: 

 

 

 

 

Figure 5: Tanya’s description: The chemicals in the dish-washing liquid help to break down the fat 

molecules. The membrane over the fat molecule is impermeable to water and therefore water will 

not break down the fat. The dish-washing liquid will contain a substance that can pass through the 

fat molecules membrane to break the fat up.  
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Also Teresa, from South Africa, had this conception:   

 

 

 “The dishwashing liquid breaks the fat down with certain components that it is made up of 

whereas the fat can repel water because of what the fat components are. The dish washing liquid 

can break the fats outer layer to break it down.” 

 

 

Another South African student, Alice, seem to have the same conception:  

 

 

 “When the dishwashing liquid comes into contact with fats, they are broken down into their 

separate molecules and therefore will remove from the plate.” 

 

 

In contrast the following three students seem to regard the fat molecules as being a part of a 

cell membrane. Allison, from South Africa, conveys the following thoughts:  

 

 

”The dish-washing liquid passes through the fat membrane and kills it/ breaks it down. The 

water could not get through the fat membrane therefore was not able to break it down and be 

dissolved.” 

 

 

The same thought is expressed by Darla from Sweden:  

 

 

”I believe there is something in the dish-washing liquid that is destroying every cells cell 

membrane in the lasagna, that’s why they are dissolved.” 

 

 

Some students also expressed this reasoning in the interviews, Jasmine from South Africa 

described the answer on the question like this:  
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C: I´m gone ask u about the last question to… it´s the lasagna question. [J: Yeh] 

LAUGHTER  …and you answered the dish washing liquid is able to penetrate the cell 

membrane of the lasagna fat and therefore it dissolves to fat and so its easier to wash of 

the lasagna fat… [J: Yeh]… and you has also drawn a picture here [J:Yes]… can you 

tell us a little about it? 

J: Ok, I don´t really now what it does… [C: Ok] but am…I would also say that it turns 

round in the liquid, so that what I would say that happened there. [C: Ok] like some of 

the molecules or the substances went in to the cell [C: Ok] thru the protein molecule.  

C: Ok, what happens when the cell has [J: Let it in?] Yes let it in… 

J: I don’t now… I think that it will probably just make it like… easier to… to dissolve 

it… Yeh [C:Yeh] 

 
 

6.1.1.3 Category three: The fat absorbs or disappear 

Some students thought that the fat would disappear or be absorbed when dishwashing liquid 

is added. Laura from South Africa state that chemicals from the dishwashing liquid join onto 

the fat and begin to dissolve them in figure 6. 

 

 

 

 

Figure 6: Laura’s description: When the liquid (dish-washing) comes into contact with the fat in 

the lasagna, the chemicals in the liquid break down the fats. This is because the chemicals join 

onto the fat particles and thus begin to dissolve them. 
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The South African girl Tina describes the fat molecules to be engulfed by the dishwashing 

liquid:  

 
 

 “The fat is engulfed by the molecules in the dish washing liquid this would be like when, in our 

bodies bacteria or disease enters different cells there are antigens that attack these bacteria and 

disease, and get rid of it.” 

 

 

Also Agnes, from South Africa, believes the fat to be absorbed:  

 
 

“The dish washing liquid has chemicals in it where it is able to absorb the fat or disperse thus 

getting rid of it.” 

 
 

6.1.1.4 Category four: Fat are broken down into smaller fat particles 

Many students claim that fat particles are broken down into smaller fat particles. Marcus, 

one of the South African boys, explained with drawings how smaller fat particles are more 

easily washed of the plate in figure 7. 

 
 

 

Figure 7: Marcus’ description: Fat droplets. Dishwashing liquid. Smaller fat particles. The liquid 

breaks down the fat into smaller biosalts and particles.   
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Caroline, also a girl from South Africa, made similar drawings: 

 
 

 

 

Figure 8: Caroline’s description: When the liquid comes in contact with the fats the substances 

which are contained in the dish-washing liquid interact with the components of the fat, and the fat 

is then dissolved because the diffusion that takes place. The fat molecules are broken up into the 

liquid. Fat breaks into molecules small enough.  

 

 

Kevin from Sweden explicit says that lumps of fat are broken down into smaller pieces:   
 
 
 
C: Break down the fats in the lasagna… in what way does the fats break down? It is easy 

to say that it just break down [K: Yes] but what really is happening?  

K: We haven’t yet reviewed that [C: No] 

C: But do you imagine that the attachments between the molecules are broken up or that it 

splits up in smaller pieces? 

K: It is more like that the fat is divided into smaller pieces… [C: Yes] 
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6.1.1.5 Overall distribution between the four categories 

Figure 9 displays the overall distribution between the four categories of description and 

students’ answers that did not fit in either of the categories. 
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Figure 9: The answers distribution between the four categories and students’ answers which 

did not fit in either of the categories.  

 

6.1.2 The conceptual flip-flop effect 

Karl, from Sweden, seems to mix up the placing of the polar and non-polar properties of the 

cell membrane, described by Rundgren (2006). The following dialogue describes when Karl 

expresses this ‘conceptual flip-flop’ effect:  

 

 

C: You have drawn like small heads on the phospholipids in this picture and then small 

tails. Which part is hydrophobic and which likes water? 

K: I believe it’s the heads [C: Which is?] hydrophobic [C: Ok] that are pointing outwards.  

C: So they are out of the cell membrane and the tails inwards or…? 

K: Mmm… I believe so. 

C: And what do the tails consist of? 

K: Ehh… that I don't remember [C: No] 

C: But those are in each case on the contrary? 

K: Yes then two of them bond together. 
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6.1.3 Aquaporines 

One result discovered in this study indicates that students are not, in a correct way, aware of 

that water molecules are transported through certain water channels, aquaporines, in the cell 

membrane. The following dialogue with Karl, a student from Sweden, strengthens this result:    

 

 

K: Maybe a cell membrane… 

C: Yes… is it the whole cell membrane or just one part? 

K: I believe it could be the whole… [C: Mm] thus what I think is that water can diffuse 

through the cell membrane that is to say through the whole cell membrane [C: Mm] 

C: Earlier when we talked we talked about proteins… transport proteins… [K: Yes] they 

were letting through different particles… 

K: Yees… thus what I think… thus they… transport proteins [C: Mm] they apply in some 

way to like particles and that water is like a part of its own like would pass through like 

through the whole. 

C: Yes… that the common conception… [K: yes] … so a transport let some particles and 

water pass? 

K: They are for some reason special… 

C: Yes they are special but how do you believe the pass? 

K: … through the water potential I believe [C: Mm]… that it’s some kind of lower water 

potential inside the cell than outside the cell which the water tries to even.  

C: Yes that’s true… but does it pass right through the cell membrane or does it go some 

other way? 

K: Ehh… right through 

C: Right through? [K: Yes] 

 

 

Furthermore, figure 10 below illustrates the answer distribution over statement six from the 

questionnaire. There is an overall even distribution among the different alternatives, which 

does not appear in other statements. The majority of the students strongly disagrees or is 

unsure about the transport of water molecules through the cell membrane. Swedish students 

have more tendencies to strongly disagree than the students in South Africa, while the 

students in South Africa seem more unsure about the statement than the Swedish students.    
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Figure 10: Statement six: Water molecules are transported through certain water 

channels in the membrane.  

 

 

The findings above is particularly interesting in comprising to the other statements, placed 

in the questionnaire, were the answers clearly point at the applied answer. The three following 

diagrams, figure 11 to 13, represent the answer distribution in statement two to four.    
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Figure 11: Statement two: Both plant- and animal cells are surrounded by a cell 

membrane. 
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Figure 12: Statement three: Cells form tissues, which in turn form organs in the human 

body. 
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Figure 13: Statement four: Small and uncharged molecules, for example oxygen and 

carbon dioxide, cannot pass freely through the cell membrane. 

 

 

6.3 Variation and critical features 

Four out of five students which participated in the interviews in some way mentioned the 

need for variation. This means that they expressed the need for both 2D visualizations and 

animations in order to understand the concept of water transport through the cell membrane 

and to get references and remembering. Laura, from South Africa conveyed these thoughts:    

 

 

C: So you want to have the first animation first and then this one? 

L: yeh…I would say the less complex one and then this one. [C: Mm] 

C: …and the paper do you need the paper now also with both these animations? 
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L: Aim…I take the paper as well [C: Mm] then when I see this picture I can refer back to 

these.  

CJ: What do you think you can get from the paper? 

L: Probably just references and remembering…[CJ: Ok] so…specially with as we 

watching moves and then they explain to us…we are given notes…say you had with 

antibody’s and you had your…everybody thinks back to the movie where these 

little…like bug an they got on to them and broke it down. [C: Yes] and everyone…so 

we always go back to the animation [C: Mm] but just looking at the paper it reminds us 

of that we are just not learning we are actually remembering so it does stay with you [C: 

Mm, CJ: Mm] 

CJ: So you think that…the flat pictures and the animations could both contribute to 

learning [L: Yes I think very much] and remembering. 

L: Cause I know for some subject you know you are just given the notes and you just learn 

and learn…and sometimes you just get tired of it…but I love biology how you get a 

video and you can actually refer to it.  

C: It’s easier that way… 

L: Mm…cause also then it stays with you like…in grade eight you are given the notes and 

you can't remember but as soon there are videos you can remember…You can think I 

will remember this know LAUGHTER 

 

 

Kevin, from Sweden, sees the flat image as a complement that contributes to a summary of 

the phenomenon:  

 

 

C:  Would you like this one first [K: Yes exactly] and then the first animation… [K: Yes 

just like that]… but you feel like both these can be useful in teaching? 

K: Yes 

C: But you still want the flat image and this more like a complement?  

K: Yes just like that… it’s easier with these flat images to get it more foreseeable… or in 

case you do some animations of this one though… but make it more ordinary [C: Mm] 

instead of having loads of water molecules trying to get through [C: Mm] 

C: Don't you believe the messy character then will pass you by? 

K: Yes but you start of with making it simple to show how its working [C: Mm] because 

now its really hard to see the water passing through it hard following just one water 

molecule [C: Yes] 
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C: So if you create a very simple animation and then these two more advanced animations 

[K: Yes exactly].  

 

 

Also the second Swedish boy, Karl, express the need for variation. He implies that you have 

to relate all three representations to each other in order to get a good picture and 

understanding:   

 

  

C: How do you experiencing this animation is it easier or harder to understand compared 

to the other ones? 

K: A bit more muddled… [C: Muddled mm] but if you had received the other one first 

[C: Mm] you then could transfer it to the other but if I would have seen this first it 

would feel very muddled [C: Mm]  

C: Do you find this better as is shows the whole membrane while the other one just shows 

the channel [K: Mmm]… does it make any difference? 

K: Nja… thus I believe that u almost have to connect these two in order to really get it 

good [C: Mm] 

C: But would you manage with those two animations together without the flat image or do 

you have a need for all three representations in order to get the best understanding? 

K: For the best maybe all three [C: Mm] but that’s maybe because there are three and not 

two if I would have had a third animation maybe that would have give me something 

further [C: Mm] 

C:  So it’s more the variation [K: Yes] 

 

 

Kevin, from Sweden, explicit says that the animation gives a confused impression, but if 

you can discern the important parts of the animation, the critical features, it gets easy to 

understand.  

 

 

C: How do you experiencing this animation? 

K: But you have more water molecules so it is fairly muddled but [C: Mm] if you only look 

where you suppose to one sees it [C: Mm] 

C: If you focus on the important parts [K: Yes exactly] 

K: There’s a lot going on… [C: Mm] 
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6.3 Cognitive overload 

As described in the section above many students expressed the need for variation and 

therefore appreciated the animations. Simultaneously, all students experienced the animations 

to give a confused impression. Karl says that the second animation feels messy:   

 

 

C: How do you experiencing this animation is it easier or harder to understand compared 

to the other ones? 

K: A bit more muddled… [C: Muddled mm] but if you had received the other one first 

[C: Mm] you then could transfer it to the other but if I would have seen this first it 

would feel very muddled [C: Mm]  

 

 

Some students liked the animations and considered them to contribute to their 

understanding, but at the same time they saw animations as complex representations, for 

example Jasmine: 

 

 

C: Do you like this animation? 

J: Yeh I do because… like in a picture it looks like there is only one like layer… [C: 

Yeh]… and there you can see much… not so organized more moving around. [C:Yeh] 

its just…yeh…with all the water molecule its make its seems better than this I think. 

C:  Which of the both animations or the picture do you prefer if you are gone study to a test 

or if you are going to learn about how the transport over the cell membrane works? 

J: Aim…I think the animation. 

C: Both animations or just this…? 

J: Yeh…but…because in this drawing or any drawing don´t show you how water gets thru 

or molecules get thru…But the teacher would have to explain the drawing I mean the 

animation first…otherwise would I don't understand it. 

 

 

Likewise Laura, from South Africa, sees animations as complex representations:  

  

 
C: So this also show a membrane and water above and under. 
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L: Yeh just a bigger picture. 

C: Yes, what do you think of this animation…is it better then the other one? 

L: I think well the other one to explain how it goes trough…[C: Mm] I think it’s easier 

but…if you would have given me this first I would have been a little bit confused    

LAUGHTER 

C: You think? 

CJ: Do you think this one is more complex? 

L: Yes I think it is…you have to understand the first one to understand this one…[C: Mm, 

CJ: Mm] aim…cause otherwise you wouldn’t know what the blue was you could have 

thought it could have been anything [C: Yeh]…and also the red ones are going very 

fast…I might get distracted by the red and so I can't explain the red when you actually 

talking about the protein and watching the red ones go through. 

 

 

6.4 Differences between Sweden and South Africa 

Answers in accordance to category one; that the non-polar parts of the dishwashing liquid 

attaches to the fat particles, while its polar parts face the water, can be found both among the 

Swedish and the South African students, but in an uneven distribution between the two 

countries. Out of 56 students from South Africa just one student stated an answer like above 

in the questionnaire, which corresponds to about 2 percentages. In Sweden the equivalent 

amount of students were 11 out of 24, which correspond to about 46 percentages. Figure 14 

illustrated the distribution described.  
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Figure 14: Students who answered that the polar parts of the dishwashing liquid attaches to the 

fat particles, while its polar parts face the water. 
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It has also appeared a difference between Sweden and South Africa when it comes to the 

use of the scientific term concentration or concentration gradient. Out of 56 students from 

South Africa 33 student mentioned concentration or concentration gradient in relation to 

question nine in the questionnaire, which corresponds to about 59 percentages. In Sweden the 

equivalent amount of students were 6 out of 24, which correspond to about 25 percentages. 

Figure 15 illustrates the distribution described.  
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Figure 15: Students who mentioned concentration or concentration gradient in the 

questionnaires.  
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7. Discussion 

 

7.1 Difficulties, alternative conceptions, and misconceptions 

As Marton (1994) describe we can always identify a limited number of ways in which 

different people experience a situation, called categories of description. The questionnaires 

distributed among the students revealed four categories of description of the critical aspect of 

characteristics of polar and non-polar properties of molecules. These were as described the 

non-polar parts of the dishwashing liquid attaches to the fat particles, while its polar parts face 

the water; molecules are shattered; the fat absorbs or disappears; and fat are broken down into 

smaller fat particles.  The four categories identified show that there exist at least four different 

conceptions among students about how dishwashing liquid dissolve fat. Although, the fact 

that many students did not recognize that polar molecules dissolve polar molecules and non-

polar molecules dissolve non-polar molecules is a sign of lack of understanding. Without this 

knowledge there must be difficult for the students to understand and comprehend the structure 

of the cell membrane. Out of 56 students from South Africa just one student stated a correct 

answer in the questionnaire, which corresponds to about 2 percentages. In Sweden the 

equivalent amount of students were 11 out of 24, which correspond to about 46 percentages. 

This result discerns differences between the two countries. Although, in neither of the 

countries the percentage is high, this may show the difficulty for students to understand the 

structure of the cell membrane.  

The answers from the questionnaires show that students, in both South Africa and Sweden, 

are unsure or incorrectly aware about how water is transported through the cell membrane. 

There exists a belief that water molecules can travel straight through the cell membrane. The 

Swedish student Karl explicit expresses these thoughts. In other words this means that polar 

water molecules must travel through the non-polar areas of the cell membrane, which is 

almost impossible. One can ask oneself why findings, discovered 15 years ago, are not 

introduced in upper secondary school science education. This result may indicate that some 

teachers teach students incorrect explanations regarding how water is transported through the 

cell membrane. It seems like there exist a lack of knowledge both among students and 

possibly also among teachers. One speculation might be that teachers, at least in Sweden, 

probably show the concept of osmosis with a tube of semi-permeable material, through which 

water is transported towards a higher concentration of salt. This is supposed to be analogical 
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to the transport of water through the cell membrane, which in fact creates an incorrect 

understanding of the cell membrane. The tube is a polar membrane while the cell membrane 

is a biological membrane with both polar and non-polar parts. One can ask oneself if it is the 

teachers or the students themselves that give rise to an understanding of that transport of water 

molecules through the cell membrane are analogical to the experiment described. However, 

one intention with science education research must be to give student a rightful picture of 

different concepts and phenomenon. The result displays that when it comes to the 

phenomenon of water transport through the cell membrane we are left without a connection 

between scientific research and education.  If this findings indicate that scientific research and 

education do not have any communication is for the reader to decide, but it is obvious that 

there is not always an exchange of new findings between the two discourses. 

Both the Swedish curriculum and the IEB assessment guideline for the private schools in 

South Africa clearly point out that the students should have knowledge about the structure and 

functions of the cell membrane. The lack of knowledge about water transport indicates that 

some students do not fully understand the function of the cell membrane, which also seems to 

be the case for understanding the structure of the cell membrane. The fact that students in this 

study, in neither of the countries, fulfill the goals described might give teachers a reason to 

reflect about how students are learnt about the cell membrane.   

Rundgren (2006) found that students seem to misinterpret the properties of the 

phospholipids and their solubility properties, which also has been discovered in this study. 

The student mentioned in the result section clearly had problems with the properties of the 

phospholipids. Because of the small number of students investigated in this study certain 

conclusions cannot be drawn regarding to the conceptual flip-flop effect. However, these 

findings may imply that there exist some conceptual problems among students to understand 

phospholipids and their properties. Teachers must be aware of that the conceptual flip-flop 

effect can exist among their students. 

 

7.2 Variation, critical features, and animations 

As described by both Tversky & Bauer (2002) and Mayer (1997) for conveying complex 

systems only well-designed and appropriate graphics can make learning easier. Furthermore, 

Tversky and Bauer (2002) suggest that animated graphics often are to fast or to complex in 

order to be completely perceived, and create a too big load on the working memory in order to 

facilitate long-time memory. The result of this study shows that students find animations to be 
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complex and sometimes messy representations. An example of this is the South African 

student Laura, who finds the animations to be complex representations and underline the 

distracting movement of the water molecules. These findings may seem to strengthen the 

conclusions drawn by Tversky & Bauer and indicate that animations not always are beneficial 

for learning and for attaining knowledge; there could be too much information to apprehend. 

On the other hand the results also show that almost all students state that they really want to 

have animations in teaching in order to promote learning and remembering. In contrast, these 

results would support the research made by McClean et al (2005), which indicates that 

animations helps long-time retention. Mayer (1997) means that the use of animations activates 

more senses and therefore makes it easier to remember. With both verbal and visual 

explanations learners must construct and coordinate several representations of the same 

material in order to obtain understanding of an explanation. The South African student Laura 

and the Swedish student Kevin both mean that several different representations contribute to 

learning and remembering, for example verbal explanations, 2D-visualizations and 

animations.  

The fact that both Mayer (1997) and Marton (2004) emphasize variation in teaching 

supports the need for animations. As written, Marton & Tsui (2004) explain how we need 

several frames of reference to be able to make sense of anything. A person must discern a 

variety of features in order to see something in a specific way; it is not enough to be taught 

what to look for and a person can only experience different features by seeing how they vary. 

The authors mean that variation can contribute to and develop the student’s ability to discern 

critical features of the object of learning. Kevin expresses this, during the interview, by saying 

that you have to focus on the important parts, the critical features, in order to understand the 

animation. This student confirms that there are some features of conditions that are necessary 

for learning. If the critical features are hidden for the students Marton and Tsui (2004) mean 

that they can fail to obtain the object of learning, which Kevin clearly express. Whether 

animations facilitate learning or not is still an open question. However, animations seem 

together with other kinds of representations to promote learning by contributing to variation. 

By using different kinds of representations the teacher may convey more aspects of the 

phenomenon for the learner.  

One can ask oneself why students on the whole need to understand different representations. 

It becomes important, as both Schönborn & Andersson (2006) & Lowe (2000) describe, in a 

high-technology-world for students at any level to possess the capability to make sense of 

different representations. The researcher agrees with the authors concerning the importance 
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for the student to progress in their understanding for visual literacy as it is to acquire the 

general literacy. Schönborn et al (2001) describe how difficulties in interpreting different 

representations can be an obstacle for learning and understanding in science.  

The representation mode is something that both Tversky and Bauer (2002) and Schnotz and 

Bannert (2003) agree with are important factors for the students ability to interpret 

representations.  They conclude that well-designed pictures are of great importance, for both 

individuals with low-prior as to individuals with high prior knowledge. The students in this 

study express their need for the teacher to explain the animations, which strengthens the 

importance of a clear and understandable representations mode. This shows the importance of 

language, which Marton & Tsui (2004) mean plays an important roll in the construction of 

experience. Right wordings and support may help students in their work with interpretation of 

animations, which may mean that animations can facilitate teaching.  

 

7.3 Discerned differences and similarities between Sweden and 

South Africa 

The aim for this study has not been focused on making comparisons between Sweden and 

South Africa, but there are some topics valuable to discuss. Which similarities and differences 

between teaching in South Africa and Sweden have been discerned throughout this study? 

Approximately 59 % of the South African students mentioned concentration or concentration 

gradient and the equivalent amount was approximately 25 % for the Swedish students. One 

might wonder what this result indicates. Cook et al (2007) found, as a result of their study, 

that high prior knowledge students more often tend to focus on the concentration gradient to 

understand representations than low prior knowledge students tend to do. If this is the case the 

students in South Africa would have a higher prior knowledge about cellular transport. There 

might also be a result of cultural differences mentioned earlier that teachers in Sweden do not 

require as much use of scientific terms as teachers in South Africa. The issue is about whether 

the students understand the real meaning of the scientific terms used or if there is just a higher 

focus on knowing and remembering different scientific terms.  A reason for this presumption 

could be that only 2 % of the South African students stated a correct answer concerning how 

dishwashing liquid dissolves fat, compared to 46 % of the Swedish students. There might also 

be that Swedish students have more tendencies to make connections between the school 

discourse and the everyday issues instead of using a large amount of different scientific terms. 

On the contrary, South African students may find it more difficult to apply science on 
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everyday problems, thus finding it more beneficial to show their ability to use scientific terms 

in front of the teachers; as a result of cultural differences. On the other hand, there might be 

that the South African students possess a richer understanding for the concept of the cell 

membrane, but find it more difficult to move between different contexts. Lowe (2000) means 

that it is important to introduce representations in an everyday context rather then making it in 

an unfamiliar environment. The appeared difference between Sweden and South Africa might 

implicate that especially students from South Africa do not, to a great extent, work with 

representations in everyday contexts.  

In addition, there are also some tendencies that occur in both Sweden and South Africa the 

four categories of characteristics of the polar and non-polar properties of molecules, the 

incorrect conception about water transport through the cell membrane, the students’ wish for 

variation through the use of animations, and the students’ statements about the complexity of 

animations. The teaching in Sweden and South Africa seems to be alike in several ways, at 

least comparing the municipal schools to private schools.  

 

7.4 Implications for teaching 

There appear several aspects for teachers to attend to on the basis of this research report. 

The first and maybe most important area is the discussion made about whether aquaporines is 

present in teaching or not. The results clearly show that the knowledge of aquaporines is 

almost nonexistent in school science education. The researcher requests teachers to keep 

updated with the current research in order to be à jour with the development of their subjects; 

there exists a need for new thinking and reconsideration.  

As the discussion about categories of description and aquaporines displays students may 

need some help to understanding the critical features of transport and characteristics of polar 

and non-polar properties of the cell membrane in order to understand its function and 

structure. One way to go can be to implement a correct definition of the cell membrane and 

then mediate the phenomenon through a range of varying representations and explanations. 

The strength of varying the scientific content is advocated by both Mayer (1997) and Marton 

(1994). It is then of importance to adapt the representations used to the context, the 

phenomenon and the student group, in order to avoid too complex representations that will 

create problems for the students. According to Marton & Tsui (2004) teachers and student 

must have a common understanding of the context that the teacher relates to the object of 
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learning. If this mutual understanding is present the student is then more prepared to discern 

the critical features of the object of learning.  

 Schönborn et al (2001) particularly point out that a diagram that seems perfectly clear to the 

author may not be as clear to the learner. Likewise, Lowe (2000) means that there exists a 

general idea among teachers that diagrams and visual representations explain themselves. 

Technical information, in our society, does not help people to develop their visual skills for 

scientific educational representations, because of the use of more complex forms of 

representations and terms in scientific visualizations. Therefore, both Schönborn & Anderson 

(2006) & Lowe (2000) emphasise that teachers task is to develop students’ skills and 

capabilities to interpret highly abstract representations. Representations act as a mediator 

between the content, in fields of science education, and the students. Schönborn & Anderson 

(2006), Lowe (2000) and Kozma et al (2000) mean that representations skills and 

competences therefore are crucial for students understanding. Both teachers and teachers’ 

educators should acknowledge this issue and try to help students to develop these 

competences and skills.  

 The need for explanations is particularly expressed by some of the students participated, 

which requires an awareness that a situation can appear in several ways to different persons. It 

is therefore of importance for the teachers to be aware of students’ pre-conceptions and reflect 

about the representational form, in order to understand how to teach and learn with diagrams. 

The representational form is something that Tversky & Bauer (2002), Schnotz & Bannert 

(2003), and Kozma et al (2000) agree with are important factors for the students ability to 

interpret representations. They imply that well-designed pictures are of great importance, for 

both individuals with low-prior as to individuals with high prior knowledge. This study 

confirms the need for an appropriate representation mode for representing abstract 

phenomena.   

The differences discerned between Sweden and South Africa can be seen as a source of 

reflection and good ideas. It is of importance to reflect about what there is to be learned from 

each other and even reconsider less successful methods. Tendencies that occurred in both 

countries must also be acknowledged. The fact that students, in both Sweden and South 

Africa, do not fulfil the goal according to the curriculum or the IEB assessments guidelines is 

worrying. These results indicate that teachers might have to change or reconsider their 

scientific content or even teaching methods.   

Students in this research report, like the students reported by Rundgren (2006), seem to mix 

up the properties of phospholipids. Therefore, teachers should be aware about that there may 
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exist some conceptual problems among students in their effort to understand the structure of 

the cell membrane. Students’ error can, according to Marton, be seen as an alternative way of 

seeing a phenomenon. Variation could in other word be used to understand more about what 

and how to teach.  

 

7.5 Methodological discussion 

It may be difficult to draw conclusions of a general kind from this study, as the number of 

participating students is rather small. However, if the qualitative categories of description are 

valid and well-described, this should not be a problem. Still, a higher number of students 

could possibly yield additional categories of description.   

Considering that the students from South Africa are studying on private schools, the results 

are not representational for students from various types of schools. This relates to the span of 

economic resources in South Africa. There may also be that some results, regarding discerned 

differences and similarities between Sweden and South Africa, are a consequence of cultural 

differences.  

  

7.6 Further research 

The result discussed in this research report indicates that teaching in upper secondary school 

is not up to date with some of its content in science education. The fact that aquaporines, 

discovered in 1992, is unknown for teachers and absent in teaching in both South Africa and 

Sweden arise the question: What conception has teachers about the concept of water transport 

through the cell membrane? There are also of interest to investigate which content, about 

water transport through the cell membrane, that exists in text books and which influence this 

content has for teaching. It is of great importance to conduct further research in the area in 

order to determine which influence text books exercise on teachers’ way of designing their 

teaching. There is also of interest to acknowledge if the same circumstances exist in other 

countries, except Sweden and South Africa. Similar studies can be arranged in order to see if 

aquaporines likewise are neglected in the chosen country. Further research can also be done to 

categorize and identify different existing perceptions among students concerning water 

transport through the cell membrane.  

In Sweden the quality and access to recourses are relatively even between different schools. 

In comparison, there exist more noticeable differences between the schools in South Africa. 
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While this study is carried out on students from private schools in South Africa there exist a 

requirement of investigating student from other society classes and schools with different 

conditions, which can enrich a comparative study even more.  
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9. Appendix 1: The questionnaire 

The cell membrane 

 
Name: ______________________________ 
Age: ________________________________ 
 
Gender Girl              Boy 
 
1. Have you studied cells and the cell membrane before? 
 

Yes               No                      Unsure     
 
Part I 
 
Instructions 
Choose one of the following options, in each of the questions, on the scale: strongly agree, 
agree, disagree or strongly disagree.   
 
 
2. Both plant- and animal cells are surrounded by a cell membrane. 
 
              
                     Strongly agree               Strongly disagree               Unsure        
 
3. Cells form tissues, which in turn form organs in the human body.  
 
              
                     Strongly agree               Strongly disagree               Unsure        
 
4. Small and uncharged molecules, for example oxygen and carbon dioxide, cannot pass 
freely through the cell membrane. 
 
              
                     Strongly agree               Strongly disagree               Unsure        
 
5. Osmosis is a form of diffusion.  
 
              
                     Strongly agree               Strongly disagree               Unsure        
 
6. Water molecules are transported through certain water channels in the membrane. 
 
              
                     Strongly agree               Strongly disagree               Unsure        
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Part II 
 
7. A Why do cells have a cell membrane?  

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 
7. B What are the functions of the cell membrane? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 
8. Describe what different components make up a cell membrane. Use both text and drawings.  
 
 
 
 
 
 
 
 
 
 
 
 
 
9. Molecules pass through the cell membrane in different ways. Describe the different kinds 
of transport whereby molecules can travel in to and out of the cell.  
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10. You have just eaten good lasagna for dinner and you are now about to wash the dishes. 
You are surprised that none of the lasagna dissolves when you only use water. However, 
when you use dishwashing liquid the lasagna dissolves and is easily washed off.  
 
What happens when the dishwashing liquid comes in to contact with the fat in the lasagna? 
Use text and pictures to explain what happens.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Thank you for your participation! 

With kind regards 

Caroline 
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Cellmembranet 

 

Namn: __________________________________ 

Ålder: __________________________________ 

Kön       tjej          kille  

Gymnasieprogram: ________________________ 

 

1. Har du tidigare läst om celler och cellmembranet? 
 
 Ja  Nej   Vet inte 

Del I 
 
Instruktioner 
Besvara varje påstående genom att sätta ett kryss i någon av rutorna, där svarsalternativen ges 
av skalan instämmer helt, instämmer delvis, instämmer ganska dåligt och instämmer inte alls. 

 

2. Både djur- och växtceller omges av ett cellmembran.          
 
              
                 Instämmer helt                  Instämmer inte alls           Vet ej        
 
3. Vävnader i människokroppen är uppbyggd av celler, som sedan i sin tur bildar organ.  
 
              
                 Instämmer helt                  Instämmer inte alls           Vet ej        
               
4. Små och oladdade molekyler, som exempelvis syre och koldioxid, kan inte passera fritt 
över cellmembranet. 
 
              
                 Instämmer helt                  Instämmer inte alls           Vet ej        
               
5. Osmos är en form av diffusion. 
 
              
                 Instämmer helt                  Instämmer inte alls           Vet ej        
 
 
6. Vattenmolekyler transporteras främst genom särskilda vattenkanaler i membranet. 
 
              
                 Instämmer helt                 Instämmer inte alls           Vet ej        
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Del II 
 

7. A Varför har celler ett cellmembran? 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
 
 
7. B Vilka är cellmembranets funktioner? 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
 

 

 8. Hur och av vad tror du cellmembranet är uppbyggt? Beskriv med text och bild! 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
9. Cellmembranet låter olika molekyler passera på olika sätt. Beskriv de sätt som du känner 
till där en molekyl kan passera in i eller ut ur cellen. 
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10. Du har precis ätit en god lasagne till middag och nu funderar du på att diska tallriken. 
Till din förvåning lossnar nästan ingenting av lasagneresterna när du sköljer tallriken i 
vattnet. Du tar genast fram diskmedlet under diskhon och försöker igen. Den här gången går 
det mycket bättre, lasagnen lossnar direkt och kan lätt sköljas av från tallriken.  
 
Vad tror du händer kemiskt när diskmedel kommer i kontakt med den feta lasagnen och 
varför? Beskriv gärna med både text och bild! 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ett Stort TACK 

För din medverkan! 

Caroline 
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10. Appendix 2: The interview guide 

 
1. Warming up phase: 

a) Scientific background? 

b) From where has the interest for science developed? Does it come from home, school 

or somewhere else? 

 

2. Main phase: 

a) Review the questionnaire 

b) Surface tension experiment with cinnamon and dish washing liquid and two 2D 

visualizations. 

c) 2D visualization of transport over the cell membrane. 

d) Animation of water transport through water channels in the cell membrane. 

e) Animation of water transport through water channels in the cell membrane. 

 

3. End phase 

a) Have you earlier in school been in contact with animations? 

b) How do you exploit/use text, images and/or visualizations when you are studying? 
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11. Appendix 3: 2D visualizations  

 

 
 

Figure 1: 2D visualization of a dish washing molecule and several dish washing molecules 

in a liquid (Åberg, 2007). 

 

 

 

 

 
Figure 2: 2D visualization of dishwashing molecules dropped on a water surface (Åberg, 

2007). 
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Figure 3: 2D visualization of transport through the cell membrane. Designed by Carl-

Johan Rundgren and Martin Eriksson. (Rundgren, 2006, appendix 2) 

 

  

 


