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Abstract 

Osmosis and diffusion are fundamental topics in science education because many processes in 

nature largely depend on these phenomena. However, many students usually hold 

misconceptions and have a lack of knowledge about these topics. This study explores pre-service 

teachers’ understanding of osmosis and diffusion in relation to their prior formal education. The 

main reason for the study was the need to support pre-service teachers so that they can effectively 

teach these topics. A total of 243 first-year students in bachelor’s programs at the University of 

Ljubljana participated in the study. The results showed that students that graduated from 

vocational and technical secondary schools had a weaker understanding of these topics compared 

to students from general secondary schools. Furthermore, only students that had passed the 

leaving exam in biology showed a better understanding of osmosis and diffusion. 
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INTRODUCTION 

Diffusion and osmosis are very important basic 
science concepts, especially for understanding cell 
physiology (Odom, 1995; Odom & Barrow, 1995). 
Diffusion is the primary system of short-distance 
transport in cells. Molecules within a system tend to 
continuously disperse or diffuse randomly within the 
available space due to Brownian motion, but the rate of 
diffusion can be slow. Many physiological systems (e.g., 
the transmission of a nerve impulse along a neuron, or 
the active transport of ions in a cardiac muscle cell) 
function to reduce reliance on slow rates of diffusion. 
The systems use energy to move molecules out of 
random distribution and consequently create diffusion 
gradients to store energy that cells can then use for other 
purposes. The direction of molecular diffusion depends 
on concentration gradients and the size of the molecules. 
When the gradients are steeper and the molecules are 
smaller, the rate of diffusion is quicker. The movement 
of water across a semipermeable membrane from an area 
of high activity of water to an area of low activity of 
water is defined as osmosis. Gradients established across 
the biological membranes are particularly important; 
they create chemical, electrical, or electrochemical 
gradients (Moyes & Schulte, 2014). Osmosis is used to 

explain water uptake by plants, turgor pressure in 
plants, water balance in aquatic organisms, neuron 
function, and so on (Odom 1995; Odom & Barrow, 1995). 

Misconceptions About Diffusion and Osmosis 

Misconceptions refer to a student’s view of a 
scientific concept that is different from the scientifically 
accepted one (Bekkink et al., 2016). Many students 
perceive diffusion and osmosis as very difficult school 
topic (Bahar et al., 1999) and they possess 
misconceptions about them (e.g., AlHarbi et al., 2015; 
Malińska et al., 2016; Meir et al., 2005; Odom, 1995; 
Odom & Barrow, 1995, 2007; Reinke et al., 2020; She, 
2004; Tomažič & Vidic, 2012; Torkar et al., 2018). 
Misconceptions are partially a result of confusion 
regarding the vernacular and scientific use of terms such 
as pressure, concentration, and quantity; 
misunderstanding of technical concepts such as solution, 
semi-permeability, and molecular and net movement; 
and insufficient abilities in formal reasoning, 
visualization, and thinking at the molecular level 
(Malińska et al., 2016; Odom & Barrow, 1995; She, 2004). 
Malińska et al. (2016) report that the vast majority of 
second-year biology students, who stated that they were 
familiar with osmosis, were unable to define the process 
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correctly and were unable to indicate the difference 
between diffusion and osmosis. The most widespread 
misconception concerning the difference between 
diffusion and osmosis was the belief that osmosis 
referred only to water and diffusion to other molecules 
or only to gases. A widespread misconception among 
students is a belief that particles move only until 
concentrations between two environments equalize 
(Meir et al., 2005; Tomažič & Vidic, 2012) and that the 
speed of diffusion is not related to differences in solution 
concentration (Meir et al., 2005). In a recent study by 
Reinke et al. (2020), first-year cell biology students at an 
Australian regional university were found to have four 
key misconceptions:  

1. solutes will eventually settle out of a solution,  

2. water will always reach the same level,  

3. all things expand and contract with temperature, 
and  

4. molecules move only by the addition of an 
external force.  

Reinke et al. (2020) also found no difference in 
students’ understanding of osmosis and diffusion 
between science and non-science majors among first-
year students. Tomažič and Vidic (2012) report that pre-
service science teachers in Slovenia only partially 
understood the random motion of molecules in diffusion 
and osmosis. The majority of them also incorrectly 
explained the direction of water flow during osmosis. 
Torkar et al. (2018) report that Slovene pre-service 
biology teachers had difficulty choosing the correct 
animation representing the process of osmosis and 
providing a correct explanation for their choice. 

Teaching About Diffusion and Osmosis 

Misconceptions are often extremely difficult to 
change when traditional learning and teaching methods 
are used (Malińska et al., 2016; Reinke et al., 2021). 
Teaching diffusion and osmosis should not be limited to 
learning disconnected facts (Odom, 1995) or learning 
these concepts without linking them to already familiar, 
everyday life processes (Hasni et al., 2016). She (2004) 
also emphasized that students find it difficult to 
understand diffusion and osmosis because these 
concepts require them to visualize and think at the 
submicroscopic level. AlHarbi et al. (2015) found that 

pre-service teachers’ understanding of osmosis and 
diffusion concepts had a mild positive correlation with 
their understanding of particle theory, which suggests 
that greater attention needs to be invested in teaching 
particle theory to ensure students’ understanding of 
diffusion and osmosis. There are some studies in which 
teachers more actively approached the concepts; for 
example, using computer animations (Reinke et al., 2021; 
Sung et al., 2017), exercises and experiments (Haddad & 
Baldo, 2010; Lankford & Friedrichsen, 2012; Odom et al., 
2017), a constructivist 5E model (Artun & Costu, 2013), 
and concept mapping (Kose, 2007). 

Research Scope and Focus 

The transition into higher education can be very 
challenging for students (Coertjens et al., 2017). This 
article focuses on Tinto’s (1975) student integration 
model, which defines six characteristics that strengthen 
students’ academic and social integration into the higher 
education system. The first characteristic of the model is 
pre-entry attributes, where the focus is on students’ prior 
schooling. Tinto (1975) asserts that the link between 
students’ characteristics and the institution shapes their 
engagement and persistence. Many studies have 
highlighted the importance of students’ prior education 
and experiences upon entering the university level 
(Birch & Miller, 2007; Bone & Reid, 2011; Hailikari & 
Nevgi, 2009; Hume & Berry, 2010; Johnson & Lawson, 
1998; Lazarowitz & Lieb, 2006; Rayner, 2014; Reinke et 
al., 2020). The results of these studies indicated that 
students in science education hold misconceptions that 
obstruct learning. In other words, a student’s good 
foundation in science education could be an important 
factor for the level of understanding of science at the 
university level. However, studies are contradictory in 
this regard: they range from those that highlight the 
great importance of prior knowledge and experiences 
(Rayner, 2014) to those that do not find strong 
connections (Bone & Reid, 2011). 

The pre-service teachers’ lack of understanding of 
osmosis and diffusion that has been reported in previous 
chapters (e.g., AlHarbi et al., 2015; Artun & Costu, 2013; 
Tomažič & Vidic, 2012; Torkar et al., 2018) and the need 
to effectively teach this fundamental science concept to 
pre-service teachers were the main triggers for 
conducting this study. Previous studies focused on 

Contribution to the literature 

• The study focuses on pre-service teachers’ understanding of osmosis and diffusion in relation to their prior 
formal education. 

• The results show that first-year students had a largely superficial knowledge of the processes of diffusion 
and osmosis, which is in line with previous studies. 

• Students’ prior knowledge plays important role in understanding these concepts; students that had passed 
the biology leaving exam showed a better understanding than those that had passed the chemistry and/or 
physics leaving exam. 
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academic programs, prior experiences with diffusion 
and osmosis experiments (Tomažič & Vidic, 2012), 
educational approaches (Artun & Costu, 2013), 
knowledge progress from the primary to undergraduate 
tertiary level (Torkar et al., 2018), particle theory 
conceptions (AlHarbi et al., 2015), and how these factors 
influence students’ knowledge level about diffusion and 
osmosis. Coley and Tanner (2015) report that students’ 
educational background influenced their science 
knowledge in tertiary education. In contrast, Reinke et 
al. (2020) found no difference in students’ understanding 
of osmosis and diffusion between science and non-
science majors among first-year students. 

The overarching goal of this study was to investigate 
Slovenian pre-service teachers’ understanding of 
diffusion and osmosis in relation to their formal science 
education backgrounds. This is an important issue in 
planning enrollment conditions for academic programs 
that educate teachers. This was also one of the main 
reasons for conducting this study. Specifically, four 
research questions (RQs) were formed: 

1. RQ1: How well do Slovenian pre-service teachers 
understand diffusion and osmosis? 

2. RQ2: Do science major pre-service teachers have 
different perceptions of diffusion and osmosis 
than non-science major teachers and, if so, how? 

3. RQ3: Does pre-service teachers’ knowledge of 
diffusion and osmosis differ depending on 
whether they completed general education or 
vocational and technical education programs in 
secondary education and, if so, how? 

4. RQ4: Does pre-service teachers’ knowledge of 
diffusion and osmosis differ depending on 
whether they passed the leaving exam in biology, 
physics, or chemistry and, if so, how? 

METHODS 

Research Design 

The research design was both quantitative and 
qualitative. A knowledge test was applied to study pre-
service teachers’ understanding of diffusion and 
osmosis. The science problem of diffusion and osmosis 
(reported here) is one of six science problems that were 
tested in the project Inquiry-Based Learning of Current 
Research Topics and Identification of Gifted Students, 
which was financed by the Slovenian Research Agency. 
This was a broader project on pre-service teachers’ 
understanding of science concepts. A qualitative 
approach was applied to analyze open-ended questions. 

Sample 

The participants (n=243) included cohorts of pre-
service teachers in bachelor’s programs at the University 
of Ljubljana (Slovenia). All participating students were 

in their first year of studies. The sample details are 
presented in Table 1. Students were divided into two 
groups: science majors (bold) and non-science majors. 
The students in science majors are pre-service teachers 
of one or two science subjects (biology, chemistry, 
and/or physics) and the students in non-science majors 
are other pre-service teachers. Students are able to enroll 
in all academic programs at the University of Ljubljana’s 
Faculty of Education with a general leaving exam, and in 
some cases also with a vocational leaving exam. 

These exams are required to graduate from 
secondary school and gain admission to the university. 
Secondary education includes  

1. general education with various types of four-year 
programs, in which students must pass the 
general leaving exam to graduate and  

2. vocational and technical education with programs 
of varying levels of difficulty (from two to five 
years) in which students must pass the general 

Table 1. Description of the participants 

Variables f f% 

Sex 
Male 23 9.5 
Female 220 90.5 

Age 
19 110 45.3 
20 94 38.7 
21 27 11.1 
22 2 0.8 
23 4 1.6 
24 2 0.8 
26 1 0.4 
Missing information 3 1.2 

Academic program (science major) 

Art pedagogy 17 7.0 
Preschool education 32 13.2 
Primary teacher 82 33.7 
Social pedagogy 38 15.6 
Special and rehabilitation pedagogy 18 7.4 
Two-subject teacher  

Biology and chemistry 21 8.6 
Biology and home economics 8 3.3 
Physics and chemistry  1 0.4 
Physics and mathematics 11 4.5 
Mathematics and computer sciences 2 0.8 
Mathematics and technical education 4 1.6 
Home economics and chemistry 5 2.1 
Missing information 2 0.8 

Type of secondary school 
General education 191 78.6 
Vocational and technical education  48 19.8 
Missing information 4 1.6 

Leaving exam in: 
Biology 36 14.8 
Chemistry 43 17.7 
Physics 23 9.5 
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leaving exam or vocational exam in order to 
graduate.  

The general leaving exam consists of five subjects, of 
which students can choose up to two science subjects, 
and the vocational exam consists of four subjects with up 
to one science subject (Eurydice, 2019). 

All participants had not been taught about topics 
connected with osmosis and diffusion at the university 
before and while performing this study. However, they 
had learned about these topics in primary and secondary 
school. Solutions and their properties are covered in 
greater detail in seventh-grade science in primary school 
(Skvarč et al., 2011) and in eighth-grade biology class, 
where students learn that cells exchange molecules with 
their environment through the cell membrane (Vilhar et 
al., 2011). Students in general, vocational, and technical 
secondary schools learn about diffusion and osmosis, 
but only in general secondary school is this topic an 
extensive part of the compulsory modules cell structure 
and function, and structure and function of humans and other 
animals (Vilhar et al., 2008a, 2008b). They learn about the 
selective permeability of the membrane and the basic 
pathways by which molecules pass through the 
membrane. They also learn that cell size is limited by the 
diffusion rate and about the role that diffusion and 
osmosis play in the respiratory, urinary, and nervous 
systems. Secondary students may take the elective 
module cell biology, in which they perform hands-on 
experiments that explain the processes of diffusion and 
osmosis (Vilhar et al., 2008a, 2008b). In secondary school, 
students also learn about the properties and motion of 
molecules in chemistry and brownian motion in physics 
(Bačnik et al., 2008; Planinšič et al., 2015). In vocational 
and technical schools, the main goal is more focused on 
specialization for a particular profession and not on the 
acquisition of general science knowledge.  

In vocational and technical schools, the compulsory 
module of the biology subject deals with diffusion and 

osmosis in one learning objective–knowledge of basic 
homeostatic mechanisms. Recommended activities 
include studying the passage of substances across the 
semipermeable cell membrane. They also learn about 
membrane permeability in the cell biology elective 
module. In the human biology elective module, they 
learn about the role diffusion and osmosis play in the 
respiratory, urinary, and nervous systems (Zupančič et 
al., 2007). The amount of attention given to science 
education in vocational and technical schools depends 
on the chosen career field, which dictates consideration 
of elective modules for science subjects. Here, for 
example, medical and agricultural secondary schools 
have advantages over technical schools. 

Data Sources and Procedure 

The study was carried out under the supervision of 
teaching staff during lectures or laboratory sessions in 
the 2018/19 academic year. Based on knowledge of the 
population and the purpose of the study, a purposive 
sampling technique was used. In purposive sampling, 
researchers select cases to be included based on their 
assessment of the typicality or presence of the 
characteristics sought, thus creating a sample that meets 
their specific requirements (Cohen et al., 2017). The 
participants were informed about the purpose of the 
study prior to answering the questions. First, there were 
some basic sociodemographic questions and questions 
about their formal education (see Table 1). Next, they 
answered closed and open-ended questions about 
science topics. 

The tasks analyzed in this study are shown in Table 

2. Students needed twenty to thirty minutes to answer 
all the questions. Participation was voluntary and 
anonymous, and no benefits were offered to the 
participants. Under Slovenian rules, this kind of survey 
does not need the approval of an ethical or similar body. 

Table 2. Tasks with closed and open-ended questions about diffusion and osmosis 

Task    

Task 1: Is the following statement correct? 

The picture shows a living plant cell after one hour in distilled water. 

True False Do not 
know 

Task 2: Is the following statement correct? 
The picture shows a living plant cell after one hour in sugar syrup. 

True False Do not 
know 

Task 3: The blue rectangle represents an aqueous solution with salt molecules 
(represented in red). 

Use arrows to mark the direction in which the individual salt molecules will move in the 
next moment. 
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Data Analysis 

All statistical analyses were conducted with IBM 
SPSS statistics 22. Descriptive statistics (f, f%) were 
calculated. Pearson’s Chi-squared test was used. For 
tables larger than 2×2, the Chi-square distribution with 
the appropriate degrees of freedom provides a good 
approximation to the sampling distribution of Pearson’s 
chi-square when the null hypothesis is true, and “no 
more than 20% of the expected counts are less than five 
and all individual expected counts are one or greater” 
(Yates et al., 1999). 

 The responses to the open-ended questions (what is 
diffusion/osmosis?) were transcribed, the ideas 
contained in the responses were coded into categories, 
and frequency counts were performed. Coding is an 
interpretive process by which data are broken down 
analytically (Corbin & Strauss, 2008). Coding of about 
20% of the answers for each open-ended question was 
performed independently by the first author and 
corresponding author. Each coder independently 
proposed categories and then they compared it. Some 
coding was redefined and added based on discussion 
between the independent coders and upon earlier 
published work. Finally, to obviate bias, through 
discussion, they came to the final version of the rubric. 
This enabled a 96% reliability rating for the 
categorization of the analyzed answers.  

In the task where an aqueous solution containing salt 
molecules (task 3) was represented on the picture, 
students had to use arrows to mark the direction in 
which the individual salt molecules will move in the next 
moment. The task was to test their understanding of 
diffusion and Brownian motion. Their drawings were 
analyzed using four codes, namely:  

1. the length of the arrows,  

2. the number of arrows from each particle,  

3. the direction of the arrows, and  

4. the number of all arrows. Each of these codes was 
considered a sub-task (task 3A, task 3B, task 3C, or 
task 3D), which was assessed separately.  

Coding of students’ drawings was performed 
independently by the first author and corresponding 
author. Both classified the students’ drawings in the 
same way. 

RESULTS 

The results for tasks that show a plant cell after one 
hour in distilled water (task 1) and sugar syrup (task 2) 
are presented in Table 3. The percentages of students 
with correct (bold), incorrect, and undecided answers 
are shown. Approximately one-third of students 
answered both tasks correctly. 

The task with an aqueous solution containing salt 
molecules (task 3A, task 3B, task3C, and task 3D) was 

analyzed in greater detail (Table 4). As many as 30% of 
the students did not provide a response to this task. 
Among the 70% that provided an answer, the majority 
(73.3%) did not draw arrows from all the molecules. 
Specifically, half of them marked only one arrow. The 
majority (91.9%) drew arrows in the same direction, and 
half of them (46.5%) drew arrows of the same length. 
Only 4.1% of the answers were correct overall. Table 4 
presents the frequencies (f%) of correct and incorrect 
answers and common misconceptions.  

Figure 1 presents some of the most common answers 
by students to task 3. 

Table 3. Results for task 1, representing a living plant cell 
after one hour in distilled water & task 2, representing a 
living plant cell after one hour in sugar syrup 

Task  True False Do not know Total 

Task 1 f 90 26 127 243 
f% 37.0 10.7 52.3 100.0 

Task 2 f 78 30 135 243 
f% 32.1 12.3 55.6 100.0 

 

 
Table 4. Frequencies (f%) of correct & incorrect answers & 
common misconceptions for task 3 representing the 
aqueous solution with salt molecules. Correct statements 
are written in parentheses 
Representations (images represent 
common misconceptions) 

Correct Incorrect 

Task 3A. Arrows 
have the same 
length. (Correct: 
Arrows should 
have different 
lengths.) 

 53.5% 46.5% 

Task 3B. Only 
some particles are 
marked with an 
arrow. (Correct: 
Each particle 
should be marked 
with an arrow.) 

 26.7% 73.3% 

Task 3C. Arrows 
point in the same 
direction. (Correct: 
Arrows should 
point in different 
directions.) 

 

8.1% 91.9% 

Task 3D. Particles 
have more than 
one arrow. 
(Correct: Each 
particle should 
have only one 
arrow.) 

 22.7% 77.3% 

Correct answers in 
total (task 3). 

 4.1% 95.9% 
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Students were also asked to describe osmosis and 
diffusion in their own words. Their descriptions were 
categorized as presented in Table 5 and Table 6. Many 
students did not provide any description of osmosis 
(43.6%) and diffusion (43.6%). Most frequently they 
described osmosis as the passage of molecules, particles, 
substances, or water (23.9%), or the passage of 
molecules, particles, substances, or water through a 
membrane between cells (21.8%). Similarly, diffusion 
was most frequently described as the passage of 
molecules, particles, substances, or water (30.0%). 

We then report pre-service teachers’ results in 
relation to their academic programs (science major or 

non-science major), type of secondary school education 
(general or vocational/technical), and leaving exam in 
science subjects (biology or physics/chemistry). Science 
major students showed statistically significantly better 
knowledge about diffusion and osmosis for task 2, task 
3B, task 3C, and task 3D (Table 7). However, it should 
be emphasized that the overall percentages of correct 
answers were low in both groups: the highest was for 
task 2 (56.3%) for science major students. 

The differences in knowledge between students 
according to whether they had attended a general 
secondary school or a vocational/technical secondary 
school are much more pronounced. On all six tasks, 

 
Figure 1. Some students’ drawings for task 3 representing the aqueous solution with salt molecules. The upper left picture 
is correct overall, and the other three pictures present some of the most common misconceptions 

Table 5. Categories of student descriptions of osmosis 

Categories of student answers f f% 

Heard of the concept in biology class at school 7 2.9 
Something that happens in organisms, in cells 12 4.9 
Passage of molecules, particles, substances, or water 58 23.9 
Passage of molecules, particles, substances, or water through a membrane between cells 53 21.8 
Other answers 7 2.9 
No answer 106 43.6 
Total 243 100 
 

Table 6. Categories of student descriptions of diffusion 

Categories of student answers f f% 

Heard of the concept in biology class at school 5 2.1 
Something that happens in organisms, in cells 3 1.2 
Passage of molecules, particles, substances, or water 73 30.0 
Passage of molecules, particles, substances, or water through a membrane between cells 35 14.4 
Other answers 3 1.2 
No answer 18 7.4 
Total 106 43.6 
 

Table 7. Science major and non-science major pre-service teachers’ knowledge of diffusion and osmosis 

Task Student Incorrect Correct No answer Total 

Task 1 
χ2(2)=8.460 
p=.015 

Science major f 8 24 16 48 
f% 16.7% 50.0% 33.3% 100.0% 

Non-science 
major 

f 18 66 109 193 
f% 9.3% 34.2% 56.5% 100.0% 

Task 2 

χ2(2)=15.812 
p<.001 

Science major f 3 27 18 48 
f% 6.3% 56.3% 37.5% 100.0% 

Non-science 
major 

f 27 51 115 193 
f% 14.0% 26.4% 59.6% 100.0% 
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students that had attended a general secondary school 
showed a statistically significantly better understanding 
(Table 8). Students from vocational or technical 
secondary schools were more likely to provide no 
response. 
 

The differences in knowledge between students that 
passed the leaving exam in biology and those that passed 
in other subjects are statistically significant for all six 
tasks, in favor of students who passed the exam (Table 

9).  

Knowledge differences were most significant for task 
1 and task 2 (tasks about a plant cell in distilled water 
and in sugar syrup), which were generally also the most 
difficult for students to solve. What stands out clearly in 
the comparison between pre-service teachers who 
passed the biology leaving exam and those who passed 
in other subjects is the proportion of students who gave 
no answer. This is significantly higher for all tasks 
among students who did not take the leaving exam in 
biology. Students that did not take the leaving exam in 
biology were more likely to provide no response.  

Table 7 (Continued). Science major and non-science major pre-service teachers’ knowledge of diffusion and osmosis 

Task Student Incorrect Correct No answer Total 

Task 3A 
χ2(2)=3.705 
p=.157 

Science major f 19 21 8 48 
f% 39.6% 43.8% 16.7% 100.0% 

Non-science 
major 

f 63 71 59 193 
f% 32.6% 36.8% 30.6% 100.0% 

Task 3B 

χ2(2)=13.917 
p=.001 

Science major f 22 18 8 48 
f% 45.8% 37.5% 16.7% 100.0% 

Non-science 
major 

f 106 28 59 193 
f% 54.9% 14.5% 30.6% 100.0% 

Task 3C 
χ2(2)=14.837 
p=.001 

Science major f 32 8 8 48 
f% 66.7% 16.7% 16.7% 100.0% 

Non-science 
major 

f 128 6 59 193 
f% 66.3% 3.1% 30.6% 100.0% 

Task 3D 

χ2(2)=7.534 
p=.023 

Science major f 23 14 11 48 
f% 47.9% 29.2% 22.9% 100.0% 

Non-science 
major 

f 109 25 59 193 
f% 56.5% 13.0% 30.6% 100.0% 

 

Table 8. Differences in knowledge between pre-service teachers that graduated from general programs or vocational & 
technical programs 

Task Type of education Incorrect Correct No answer Total 

Task 1 
χ2(2)=20.772 
p<.001 

General f 22 82 87 191 
f% 11.5% 42.9% 45.5% 100.0% 

Vocational or 
technical 

f 4 5 39 48 
f% 8.3% 10.4% 81.3% 100.0% 

Task 2 

χ2(2)=17.830 
p<.001 

General f 30 67 94 191 
f% 17.7% 35.1% 49.2% 100.0% 

Vocational or 
technical 

f 0 9 39 48 
f% 0.0% 18.8% 81.3% 100.0% 

Task 3A 
χ2(2)=9.658 
p=.008 

General f 70 76 45 191 
f% 36.6% 39.8% 23.6% 100.0% 

Vocational or 
technical 

f 11 15 22 48 
f% 22.9% 31.3% 45.8% 100.0% 

Task 3B 

χ2(2)=10.905 
p=.004 

General f 105 41 45 191 
f% 55.0% 21.5% 23.6% 100.0% 

Vocational or 
technical 

f 22 4 22 48 
f% 45.8% 8.3% 45.8% 100.0% 

Task 3C 
χ2(2)=10.036 
p=.007 

General f 133 13 45 191 
f% 69.6% 6.8% 23.6% 100.0% 

Vocational or 
technical 

f 25 1 22 48 
f% 52.1% 2.1% 45.8% 100.0% 

Task 3D 

χ2(2)=9.652 
p=.008 

General f 108 35 48 191 
f% 56.5% 18.3% 25.1% 100.0% 

Vocational or 
technical 

f 23 3 22 48 
f% 47.9% 6.3% 45.8% 100.0% 

 



Ziherl & Torkar / Fundation matter: Pre-service teachers’ understanding of osmosis and diffusion 

 

8 / 14 

There were no statistically significant differences in 
knowledge between students that passed the physics 
leaving exam and those that passed in other subjects 
(Table 10). 

 

There were no statistically significant differences in 
knowledge between students passed chemistry leaving 
exam and those that passed in other subjects (Table 11). 

Table 9. Differences in knowledge between pre-service teachers that passed the biology leaving exam and those that passed 
in other subjects 

Task Biology exam Incorrect Correct No answer Total 

Task 1 
χ2(2)=29.998 
p<.001 

Yes f 9 23 4 36 
f% 25.0% 63.9% 11.1% 100.0% 

No f 17 67 123 207 
f% 8.2% 32.4% 59.4% 100.0% 

Task 2 

χ2(2)=34.098 
p<.001 

Yes f 8 24 4 36 
f% 22.2% 66.7% 11.1% 100.0% 

No f 22 54 131 207 
f% 10.6% 26.1% 63.3% 100.0% 

Task 3A 
χ2(2)=13.65839 
p=.001 

Yes f 12 22 2 36 
f% 33.3% 61.1% 5.6% 100.0% 

No f 71 70 66 207 
f% 34.3% 33.8% 31.9% 100.0% 

Task 3B 
χ2(2)=11.543 
p=.003 

Yes f 23 11 2 36 
f% 63.9% 30.6% 5.6% 100.0% 

No f 106 35 66 207 
f% 51.2% 16.9% 31.9% 100.0% 

Task 3C 
χ2(2)=10.867 
p=.004 

Yes f 32 2 2 36 
f% 88.9% 5.6% 5.6% 100.0% 

No f 129 12 66 207 
f% 62.3% 5.8% 31.9% 100.0% 

Task 3D 
χ2(2)=10.383 
p=.006 

Yes f 21 11 4 36 
f% 58.3% 30.6% 11.1% 100.0% 

No f 112 28 67 207 
f% 54.1% 13.5% 32.4% 100.0% 

 

Table 10. Differences in knowledge between pre-service teachers that passed the physics leaving exam and those that 
passed in other subjects 

Task Physics exam Incorrect Correct No answer Total 

Task 1 
χ2(2)=3.170 
p<.205 

Yes f 2 20 21 43 
f% 4.7% 46.5% 48.8% 100.0% 

No f 24 70 106 200 
f% 12.0% 35.0% 53.0% 100.0% 

Task 2 
χ2(2)=.188 
p<.910 

Yes f 5 15 23 43 
f% 11.6% 34.9% 53.5% 100.0% 

No f 25 63 112 200 
f% 12.5% 31.5% 56.0% 100.0% 

Task 3A 
χ2(2)=.368 
p=.832 

Yes f 14 18 11 43 
f% 32.6% 41.9% 25.6% 100.0% 

No f 69 74 57 200 
f% 34.5% 37.0% 28.5% 100.0% 

Task 3B 
χ2(2)=.553 
p=.758 

Yes f 25 7 11 43 
f% 58.1% 16.3% 25.6% 100.0% 

No f 104 39 57 200 
f% 52.0% 19.5% 28.5% 100.0% 

Task 3C 

χ2(2)=1.255 
p=.534 

Yes f 28 4 11 43 
f% 65.1% 9.3% 25.6% 100.0% 

No f 133 10 57 200 
f% 66.5% 5.0% 28.5% 100.0% 

Task 3D 
χ2(2)=.693 
p=.707 

Yes f 26 6 11 43 
f% 60.5% 14.0% 25.6% 100.0% 

No f 107 33 60 200 
f% 53.5% 16.5% 30.0% 100.0% 
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DISCUSSION 

Osmosis and diffusion are important for 
understanding fundamental concepts of biology and 
should therefore be studied. In relation to research 
question 1 (how well do Slovenian pre-service teachers 
understand diffusion and osmosis?), it was found that 
first-year students had a largely superficial knowledge 
of the processes of diffusion and osmosis. Only one in 
three students correctly solved a task about a plant cell 
in distilled water (task 1) and a task about a plant cell in 
sugar syrup (task 2), and almost half of the students did 
not know the answer. These results are in line with 
previous studies with pre-service teachers that report 
superficial knowledge and misconceptions about 
diffusion and osmosis (AlHarbi et al., 2015; Tomažič & 
Vidic, 2012; Torkar et al., 2018). 

The qualitative part of the study showed that almost 
half of the students have no idea or do not provide any 
explanation about osmosis and diffusion. The rest 
mostly describe diffusion and osmosis as processes at the 
macroscopic level, such as “transport of water,” or at the 
microscopic level “transport of water in cells,” and 
“transport of particles in cells,” but they rarely describe 
or even do not describe these processes at the molecular 
level. This shows a misconception which is a result of 
insufficient ability of thinking at the molecular level. 
Some students describe both processes with terms 
concentration, solution, and solvent, but their 
explanations were mostly not totally correct. Regarding 
osmosis, they mostly mix terms concentration of 

solution, concentration of solvent and concentration 
gradient, such as “transport of liquid from an area of 
high solvent concentration to an area of low solvent 
concentration,” or their description is not sufficient 
“transport of water molecules from an area of high 
concentration to an area of low concentration” and 
“transport of solvent”. This shows their 
misunderstanding of technical concept (net movement) 
of this process. Another misconception about diffusion 
was found regarding the vernacular and scientific use of 
terms, such as “diffusion of light”. All these detected 
misconceptions about osmosis and diffusion were also 
highlighted in previous research (Malińska et al., 2016; 
Odom & Barrow, 1995; She, 2004). Students also mostly 
know that diffusion and osmosis are somehow related, 
but they confuse or cannot distinguish between the two 
processes. Students’ answers could be associated with 
rote learning (learning by heart) which is a technique 
based on repetition. During rote learning information 
enters a cognitive structure or may cause interference 
with previous similar learning. Moreover, rote learning 
may be recollected for only a short period of time 
(Ausubel, 1968). 

Students’ lack of answers also indicates great distrust 
in their own knowledge of the molecular processes that 
are fundamental to understanding the natural sciences. 
Therefore, teaching diffusion and osmosis should be 
interlinked with various biological processes and other 
everyday life processes that students are aware of and 
can experience. 

Table 11. Differences in knowledge between pre-service teachers that passed the chemistry leaving exam and those that 
passed in other subjects 

Task Chemistry exam Incorrect Correct No answer Total 

Task 1 
χ2(2)=.754 
p=.686 

Yes f 2 7 14 23 
f% 8.7% 30.4% 60.9% 100.0% 

No f 24 83 113 220 
f% 10.9% 37.7% 51.4% 100.0% 

Task 2 

χ2(2)=4.056 
p=.132 

Yes f 0 7 16 23 
f% 0.0% 30.4% 69.6% 100.0% 

No f 30 71 119 220 
f% 13.6% 32.3% 54.1% 100.0% 

Task 3A 
χ2(2)=1.676 
p=.433 

Yes f 10 9 4 23 
f% 43.5% 39.1% 17.4% 100.0% 

No f 73 83 64 220 
f% 33.2% 37.7% 29.1% 100.0% 

Task 3B 
χ2(2)=1.762 
p=.414 

Yes f 13 6 4 23 
f% 56.5% 26.1% 17.4% 100.0% 

No f 116 40 64 220 
f% 52.7% 18.2% 29.1% 100.0% 

Task 3C 
χ2(2)=3.399 
p=.183 

Yes f 16 3 4 23 
f% 69.6% 13.0% 17.4% 100.0% 

No f 145 11 64 220 
f% 65.9% 5.0% 29.1% 100.0% 

Task 3D 
χ2(2)=.690 
p=.708 

Yes f 14 4 5 23 
f% 60.9% 17.4% 21.7% 100.0% 

No f 119 35 66 220 
f% 54.1% 15.9% 30.0% 100.0% 
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Furthermore, it should be taken into consideration 
that these concepts require visual representations at the 
molecular (submicroscopic) level, as already highlighted 
previously (She, 2004; Tomažič & Vidic, 2012). Making 
good visual representations is a significant challenge for 
teachers because inaccurate images can often be the 
source of misconceptions (Slapničar et al., 2017; Torkar 
et al., 2018). The task with an aqueous solution 
containing salt molecules offered better insight into the 
students’ understanding of processes at the molecular 
level and their abilities to draw representations of the 
process. Both diffusion and osmosis involve a net 
movement of particles based on numerous random 
motions resulting from the collision of particles. The 
results show that the majority of pre-service teachers did 
not understand this random aspect of diffusion and 
osmosis. Students had many misconceptions about the 
Brownian motion of particles: (i) non-random 
fluctuation of all particles, (ii) equal velocity, and (iii) 
preferred direction of flow. Similarly, Garvin-Doxas and 
Klymkowsky (2008) reported that 95% of K-12 students 
thought diffusion was a directed motion when a 
concentration gradient existed, without realizing that it 
was a net motion based on the random motion of 
particles. AlHarbi et al. (2015) reported that one-third of 
pre-service teachers gave the correct answer to the 
question on particle theory, which is a much better result 
than in the present study. This could be partly due to the 
multiple-choice questions used in their study. In 
addition, they report that pre-service teachers’ 
understanding of osmosis and diffusion concepts and 
particle theory concepts were positively correlated, 
suggesting that scores on osmosis and diffusion items 
increase with scores on particle theory items. Analysis of 
students’ drawings representing the movement of salt 
molecules in an aqueous solution, task 3 shown in Table 

4, provided many different insights into students’ 
perceptions of the diffusion process, and so its use is 
recommended in future diagnostic tests. 

Students’ prior experiences and higher levels of prior 
academic achievement may be good predictors of 
persistence and success at a higher educational level 
(Bruinsma & Jansen, 2009; Tinto, 1975). This study 
sought to determine whether prior science knowledge 
might be important for students’ academic performance 
in basic science topics such as osmosis and diffusion. 
Some available indicators of prior academic 
achievement and experience for potential academic 
success that are or could be used as enrollment criteria 
in the Slovenian educational system were examined. In 
relation to research question 2 (do science major pre-
service teachers have different perceptions of diffusion 
and osmosis than non-science major teachers and, if so, 
how?), students in science and non-science majors were 
examined on tasks about diffusion and osmosis. It was 
found that students with science majors had a slightly 
better understanding of osmosis and diffusion and were 

more likely to provide an answer than students without 
science majors. The results of a study by Malinska et al. 
(2016) indicate that second-year university biology 
students’ knowledge about the processes of diffusion, 
osmosis, and plasmolysis is poor and fragmented, which 
testifies to the fact that academic programs in science are 
not a guarantee for acquiring a scientific understanding 
of the processes of diffusion and osmosis. The small 
difference in misconceptions between first-year biology 
majors and non-majors suggests that advanced 
secondary-school coursework in biology and/or an 
interest in life sciences has some effect on biological 
misconceptions (Coley & Tanner, 2015). Tomažič and 
Vidic (2012) report that two-subject teachers studying 
biology and chemistry achieved better diffusion and 
osmosis diagnostic test results (Odom & Barrow, 1995) 
than two-subject teachers studying biology and home 
economics. This suggests that the field of study can 
influence scientific achievements, even when it comes to 
different academic science programs. 

Concerning research question 3 (does pre-service 
teachers’ knowledge of diffusion and osmosis differ 
depending on whether they completed general 
education or vocational and technical education 
programs in secondary education and, if so, how?), 
study examined student performance on diffusion and 
osmosis tasks as a function of type of secondary school 
attendance. It was found that students that attended 
vocational and technical secondary schools had a poorer 
understanding of osmosis and diffusion and were more 
likely to provide no response than students from general 
secondary schools. This is consistent with the findings of 
Birch and Miller (2007). One possible explanation could 
be the very orientation of the secondary school 
educational program because in vocational and technical 
schools the main goal is more focused on specialization 
for a particular profession and not on the acquisition of 
general science knowledge. In the compulsory part of 
biology, only one learning goal deals with diffusion and 
osmosis (Zupančič et al., 2007). This probably also has 
implications for the way science is taught–at a more 
theoretical level, especially in technical schools. 
Malinska et al. (2016) and Tomažič and Vidic (2012) 
report that experiments on diffusion and osmosis in 
upper secondary school positively influenced university 
students’ level of knowledge about these concepts. 

One of the most important factors influencing 
academic achievement at the tertiary level is the result of 
university entrance examinations (Birch & Miller, 2007; 
Win & Miller, 2005). This study makes an additional 
contribution to understanding the importance of leaving 
or entrance exam results prior to tertiary education. 
Slovenian students enrolled in teacher education were 
required to pass a leaving exam, which is required for 
secondary school graduation and university entrance. In 
research question 4 (does pre-service teachers’ 
knowledge of diffusion and osmosis differ depending on 
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whether they passed the leaving exam in biology, 
physics, or chemistry and, if so, how?), the study 
investigated how their understanding of osmosis and 
diffusion differs depending on whether they passed or 
failed the school-leaving examination in biology, 
physics, and chemistry. The results show that only 
students that passed the biology leaving exam showed a 
better understanding of osmosis and diffusion. 
Surprisingly, however, neither the chemistry nor the 
physics leaving exams had any significant effect on 
student performance on the tasks. This is surprising 
because students learn about Brownian motion in 
physics in upper secondary school (Planinšič et al., 2015), 
and submicroscopic representations (e.g., animations of 
particles) and molecular processes are learned during 
chemistry already in seventh to ninth grade (Bačnik et 
al., 2011). 

CONCLUSIONS 

The purpose of this study was to examine Slovenian 
pre-service teachers’ understanding of diffusion and 
osmosis in relation to their formal science education 
backgrounds. Pre-service teachers’ prior knowledge 
plays an important role in their knowledge of these 
processes. First, students that had passed the biology 
leaving exam showed better understanding than those 
that had passed the chemistry and/or physics leaving 
exam. Next, students that attended vocational and 
technical secondary schools had less understanding of 
osmosis and diffusion and were more likely not to 
provide an answer than general education students. 
Finally, students with a science major had a slightly 
better understanding of osmosis and diffusion, and they 
were even more likely to be able to provide an answer 
than students without a science major. 

First-year students had a largely superficial 
knowledge of the processes of diffusion and osmosis; 
that is, poorly understood and fragmented knowledge. 
It therefore follows from what has been said that 
misconceptions about diffusion and osmosis need to be 
identified and addressed in the first year of university 
study to further improve the knowledge of pre-service 
teachers. Diagnostic tests on basic science concepts 
should be used repeatedly in teacher education, and this 
study provides some exemplary tasks that could be used 
in testing. This recommendation is particularly 
important where entry into the academic program is 
open to students from different types of secondary 
schools with very different levels of prior schooling and 
academic success, such as in the Slovenian education 
system. For pre-service science teachers, understanding 
the basics is important for developing pedagogical 
content knowledge (PCK): combining pedagogy and 
content effectively to make it understandable to learners 
(Shulman, 1986).  

It is important to direct proper attention to teaching 
approaches and pursue innovations in this area, such as 
the use of animations and simulations to help students 
better visualize concepts such as diffusion and osmosis. 
This would help students alleviate the difficulties in 
understanding processes at the submicroscopic level 
that are evident in the results of task 3, in which they had 
to represent the movement of salt molecules in an 
aqueous solution. More attention should be paid to the 
importance of integrative teaching and learning to help 
students make connections across the curriculum. The 
knowledge acquired about diffusion and osmosis will 
enable students to connect the findings of different 
natural sciences (biology, chemistry, and physics) and 
everyday experiences (e.g., the importance of diffusion 
and osmosis in food preservation) and hopefully apply 
integrated learning principles when addressing other 
complex, interdisciplinary topics. 

This study had some limitations that should be 
considered when interpreting the results. First, only one 
generation of prospective teachers from the Faculty of 
Education at the University of Ljubljana participated in 
this study, so the results cannot be generalized. 
Generalization of the results should also be made with 
caution due to the small sample size of science major 
students. In a future study, it would be important to 
collect some additional data (e.g., school grades in 
science subjects, interest in science subjects) to better 
understand the background and experiences of students 
in science education 
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