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ACROSS. AGE STUDY OF HIGH SCHOOL STUDENTS'
UNDERSTANDING OF DIFFUSION AND OSMOSIS

Melek TARAKÇI* Senem HATİPOGLU** Ceren TEKKAY A*** M. Yaşar ÖZDEN****

ABSTRACT: The aim of the study is to determine the
misconceptions of the ninth and eleventh grade college
students in diffusian and osmasis concepts by using two-
tier diagnostic test, developed by Odom and Barrow [31].
The first tier examined content knowledge while the se-
cond tier examined understanding of that knowledge.
The test consisted of 12 multiple choice items and was ad-
ministered to 108 college students (56 ninth grade and 52
eleventh grade, respectively). The students participating
in the study had completed the unit on diffusian and osmo-
sis. Each item was analyzed to determine student unders-
tanding of, and identify misconceptions about diffusian
and osmasis. While eleventh grade students selected the
desired answer combination in the range of 15.4%-
96.2%, this range was reduced to 8.9% - 85.7% in the ca-
se of 9th grade students. Mareaver, 10.8% - 87.5% of
9th and 1.9% -44% of the II th grades had no understan-
ding of concepts. The analysis of the results revealed that
9th grade students had more misconceptions related to dif-
fusian and osmasis and greater difficulties in understan-
ding these concepts than II th grade students

KEY WORDS : Misconceptions, osmosis, dijjitsion, two -
tin diagnostic test.

ÖZET: Bu alışmanın amacı 9. ve ll. sınıf kolej öğrenci-
lerinin difüzyon ve osmoz konularındaki kavram yanılgı-
larını Odom ve Barrow [31] tarafından geliştirilen iki aşa-
malı leşhis testi kullanarak tespit etmektir. İlk aşama konu
bilgisini, ikinci aşama ise bu bilginin anlaşılırlığını ölç-
mektedir. 12 adet çoktan seçmeli sorudan oluşan teşhis tes-
ıi 56' sı 9. ve 52'si ll. sınıf olmak üzere toplam 108 ko-
lej Öğrencisine uygulanmıştır. Araştırmaya katılan öğrenci-
ler difüzyon ve osmoz konularını daha önce işlemişlerdir.
Her bir madde, öğrencilerin difüzyon ve osmoz konusunu
anlayıp anlamadığını ve bu konu ile ilgili kavram yanılgı-
larına sahip olup olmadıklarının tespiti için analiz edilmiş
ve sonuçlar öğrencilerin testin her iki aşaması için en az ve
en çok bilinen soruların yüzdelik aralıkları alınarak yorum-
lanmıştır. Soruların her iki aşamasını doğru yanıtıama
oranı IL. sınıf öğrencilerinde %15.4 - %96.2 aralığında
değişmekte iken, bu oran 9. sınıflarda %8.9 - %85.7 aralı-
ğındadır. Ayrıca, ii. sınıf öğrencilerinin testin her iki aşa-
masına verdikleri yanlış cevaplama oranı % 1.9 - %44 ara-

sında değişmekte iken, 9. sınıf öğrencilerinde % 10.8 -

%87.5 arasındadır. Sonuçlarının analizi 9. sınıf öğrencile-
rinin ıı. sınıflara oranla konuyu anlama bazında daha faz-

la zorluk çektiklerini ve kavram yanılgılarına sahip olduk-
larını göstermiştir.

ANAHTAR SÖZCÜKLER: Kavram yanı/gı/arı, osmoı,

dilliıyon, iki aşamalı teşhis testi.

1. INTRODUCTION

In recent years, there has been an increasing
interest in science education to determine the stu-
dents, misconceptions or alternative conceptions
in many scientific phenomena [1,22]. These mis-
conceptions have been shown to be pervasive,
stab1e and often resistant to change through class-
room instruction [3, 22, 23, 24, 25]. These desc-
riptions of student concept understanding have be-
en instructive and have suggested that classroom
science instruction has not been sufficient to help
students build correct conceptions or to alleviate
misconceptions. The u1timate impact of concept
research will be measured by resulting changes in
the science classroom.

Cross-age studies provide an opportunity to
observe the shifts in concept development that oc-
cur as students mature, increase in intellectual de-
velopment, and experience additional coursework.
Studies indicated that although children' s notions

of scientific phenomena change over time, certain
alternative conceptions persist from preschool
through university [1, 26, 27, 28, 29].

Diffusion and Osmosis are the keys to un-
derstanding many important life processes. Diffu-
sion is the primary method of short-distance trans-
port in a cell and cellular systems. An understan-
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Choice on Reason Total
first tier

a b c d

9th Grade a 8.9 30.4 19.6 14.3 73.2
b 14.9* 3.6 7.1 1.8 26.8

II th Grade a 5.8 19.2 15.4 1.9 42.3
b 44.2* - 5.8 7.7 57.7

1999 ] Cross-Age Study of High School Students' Vnderstanding of Diffusion and Osmasis 85

ding of osmasis is the key to understanding water
intake by plants, water balance in land and aquatic
creatures, turgor pressure in plants, and transport
in living organisms. These concepts are easily de-
monstrable in the classroom and are readily expe-
rienced in the student's everyday life. In addition,
diffusian and osmosis are closely related to key
concepts İn physics and chemistry such as perme-
ability, solutions, and the particulate nature of
matter [30].

2. THE AIM OF THE STUDY

In this study, the occurrence of misconcepti-
ons at each level and patterns of student unders-
tanding of across the grade levels were examined.
Moreover, the effect of developmental level on
understanding was evaIuated.

3. METHOD

3.1. Sample : The sample of this study inclu-
ded 56 ninth and 52 eleventh grade high school
students. The students at each level had been se-
lected from one of the college s in Ankara. They
were aIready familiar with diffusion and osmosis
concepts in lecture and engaged in some labora-
tory activities.

3.2. Instruments : The items for the diag-
nostic instrument were based on the two-tier mul-
tiple choice format described by Treagust [32].
The first tier consisted of a content questions with
two, three, or four choices. The second tier con-
sisted of four possible reasons for the first part :
three alternatiye reasons and one desired reason.
The alternatiye reasons were based on misconcep-
tions detected during the multiple choice test with

free response reason and the interview sessıons
[31].The Diffusion and Osmosis Diagnostic Test
consisted of 12 items. The areas covered by the
test were: the particulate and randam nature of
the matter, concentration and tonicity, the influen-
ce of life forces on diffusion and osmasis, kinetic
energy of matter, cell membrane, the process of
diffusion, and the process of osmosis (Table 1).
The Guttman split half reliability was found to be
0.54. Each item in the test was evaluated as :
complete understanding (if students give correct
answers in 2 tier), partial understanding with spe-
cific misconceptions (if students give correct ans-
wers in the first tier, wrong in the second tier),
and specific misconceptions (if students give
wrong answers in both 2 tier; the student's res-
ponse indicates a complete misunderstanding of
the concepts). Table 2 offers an example of an
item assesing understanding of the process of dif-
fusion.

Table ı. Item Numbers and Topic Areas Tested by the
Diffusion and Osmosis Diagnostic Test

Item
number Topic area

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
lL.
12.

The process of diffusion

The particulate and random nature of matter

The particulate and random nature of matter

Concentration and tonicity

The process of diffusion

The particulate and random nature of matter

Kinetic energy of matter

The process of osmosis

Concentration and tonicity

The process of osmosis

Influence of life process on diffusion and osmosis

Membrane

Table 2. Percentage of 9th and II th Grade Students Selecting Each Response Combination for Item 5 on the Diffusion and

Osmosis Diagnostic Test



Table 3. Percentages of 9th and 11 th grade College Students Selecting the Desired Content Choice and Combination Con-

tent Choice, and Reason

2ı1ı Grades II
ılı

Grades

content content
ltems choice combination choice combination

53.6 39.3 67.2 59.6
2 78.5 21.4 98.1 15.4

3 62.5 16.1 96.2 38.5
4 75.0 35.7 96.2 65.4

5 26.8 14.3 57.7 44.2

6 69.6 30.4 90.4 40.4

7 96.4 85.7 90.1 96.2

8 33.8 8.9 6.0 25.0

9 64.3 35.7 88.5 73.1

LO 50.1 35.7 84.6 69.2

IL 12.5 8.9 69.2 61.6

12 89.1 64.3 98.1 69.3
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Note : The test question was:

5a.If a smaIl amount of sugar is added to a
cantainer of water and allawed to set for a very
lang period of time whithaut stirring, the sugar
molecules will

a) be more concentrated on the bottom of
the container

b) be evenly distributed throughout the con-
tainer

5b.The reason for my answer is because :
a) There is mavement of partides from high

to law cancentration
b) The sugar is heavier than water and will

siıık

c) Sugar dissalves poorly or not at all in wa-
ter

d) There will be more time for setting

4. RESULTS

According to Gilbert [33], if a multiple choi-
cc İtem has four to five distractors, understanding
is cansidered satisfactory and if 75% of the stu-

dents answer the item correctly. With a typical

multiple choice test with foUf possible selections,

there is 25% chance of guessing the correct ans-

wer. Using a two tier item with two selections on

the first tier and faUf selections on the second one,

there is 12.5% chance of guessing the carrect

answer combination.

For the first tier of the test, the range of cor-

rect answers was 12.5% - 96.4% for the 9th gra-

des and 6.0% - 98.1 % for the llth grades. When

both tiers were combined, the carrect respanse

was reduced 8.9% - 85.7% for 9th grades and

15.4% -96.2% for llth grades. Results of the Dif-

fusian and Osmasis Diagnostic Test suggest that

neither 9th grades nar II th grades acquired a sa-

tisfactary understanding of diffusian and osmasis

concepts.

Twenty three misconceptions in 9th and 14

misconceptions in llth grade students were iden-

tified through analysis of items on the Diffusian

and Osmasis Test (Table 4).



Miseoneeptions 9thürades II ıhürades Item

The particulate and random nature of matter

1. Partides moves from high to low eoneentrationbeeause:

a. Partides tend to move until the two areas are isotonie 28.6 53.8 2

And then the partides stop moving

b. There are too many partides erowded intoone area, 23.2 28.8 2

Therefore they move to an area with more room

2. As the difference in eoneentration increases between two

areas, rate of diffusion :

a. increases, beeause of the mo1eeuleswant to spreadout 30.3 36.5 3

b. increases, if the eoneentrationis high enough, the 12.5 13.5 3

partides wiIl spread less and the rate wiIl be slowed

e. deereases, if the eoneentrationis high enough, the 25.0 3

partides will spread less and the rate will be slowed

3. When a drop of dye is plaeed in a eontainerof clear water the:

a. dye moleeules continue to move aroundbeeause if dye 14.2 23.1 6

moleeules stopped, they would settle to the bottom

of the eontainer

b. dye mo1eeulescontinue to move aroundbeeause this is a 19.6 25.0 6

liquid if it were solid the moleeules would stop moving

e. dye moleeules have stopped moving beeause the entire 23.2 7.7 6

eontainer is the same eolor; if they were still moving,

the eontainer would be different shades of blue

Concentration and tonicity

1. A glueose solution can be made more eoneentratedby

adding more glueose beeause;

a. eoneentrationmeans the dissolving of something 21.4 28.9 4

b. the more water there is, the more glueose it wiIl 12.5 1.9 4

take to saturatethe solution

2. Side i is 10% salt solution and side 2 (15% salt solution)

a. side i is hypotonic to side 2 beeause water moves from 26.8 13.5 9

high to low eoneentration

b. side i is hypertonic to side 2 beeause there are fewer 12.5 5.8 9

dissolved partides on side i

Influence of life forces on diffusion and osmosis

1. If apıant eell is killed and plaeed in a salt solution,.

diffusion and osmosis,

a. wiIl not oeeur beeause the eell wiIl stop funetioning 35.7 9.7 II

b. only diffusion would continue, beeause osmosis is not 19.6 3.8 11

random, whereas diffusion is a random process
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Table 4. Pereentages of Miseoneeptions Deteeted by the Diffusion and Osmosis Diagnostie Test
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Process of diffusion (Continued)

i. The process responsible for a drop of blue dye becoming

evenly distributedthroughouta containerof clear water is;

a. a reaction between water and dye because the dye separates 21.4 9.6
into smail particles and mixes with water

b. a diffusion because the dye separates 8.9 3.8
into smail particles and mixes with water

c. osmosis because the water moves from one region 7.1 3.8

to another

2. If a smail amount of sugar is added to a containerof water

and allowed to set for a long period of time without

stirring, the sugar molecules will be:

a. more concentrated on the bottomof the container 30.4 19.2 5
because the sugar is heavier than water and will sink

b. more concentrated on the bottom of the container, because 19.6 15.4 5
sugar dissolves poorly or not at all in the water

Process of osmosis

i. Two columns of water are separatedby a membranethrough

which only water can pass. Side i contains dye and water; side 2

contains pure water. Af ter 2 hours, the water level in side i

a. the same height because water will become isotonic 26.9 21.1 8
b. will be lower because water will move from hypertonic to 23.2 9.6 8

hypotonic solution

c. will be higher because water moves from low to 17.8 15.5 8
high concentration

d. will be higher because water will move from hypertonic 7.1 9.6 8
to hypotonic solution

2. lfa fresh water plant cell were placed in a beaker of 25%

salt-water solution, the central vacuole

a. increase in size because the salt will enter the vacuole 17.8 5.8 LO
b. would increase in size because salt absorbs the water 12.5 1.9 LO

from the central vacuole

c. decrease in size because salt absorbs the water from the 5.4 15.4 LO
central vacuole

Membrane
ı. Aıı membranes are semipermeable because they allow some 14.2 26.9 12

substance to enter, but they prevent any substance from Ieaving



1999 ] Cross-Age Study of High School Students' Understanding ofDiffusion and Osmosis 89

4.1. Particuiate Nature and Random
Motion of Matter

The ability of students to ascertain that diffu-
sion is a result of random interaction of partides
was insufficient as measured by items 2, 3 and 6
(Table 1). ltem 2 which is related to the process
of diffusion to partides moving from high to low
concentration as a result of random interaction.
Although 78.5% of 9th and 98% of llth grades
se1ected the correct answer, only about 21 % of
9th and 15% of 11th grades selected the desired
reason. The most common misconception for that
item was "partides general1y move from high to
low concentration because partides tend to move
until the two areas are isotonic and then the par-
tides stop moving, " (28% for 9th and 54% for

11th grades). These students may have memori-
zed the prefix iso, which means "the same" and
interpreted this item to mean that partides would
continue to move until theyare "the same" con-
centration throughout. Other common response
was " there are too many partides crowded into
one area and therefore they move to an area wİth
more room," ( 23% for 9th and 29% for 11th gra-
des). In the İtem 6, 30.4% of 9th and 40.4% of
the II th grade students selected the desired ans-
wer combination. Most common misconception
was " the molecules of dye continue to move aro-
und randomly" because " this is a liquid; if it were
solid the molecules would stop moving" (19.6%
for 9th and 25% for llth grades). Other common
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alternative response was that "the molecules of
dye continue to move around randomly" because

" if the dye molecules stopped, they would settle
to the bottom of the container" (14.2% for 9th and
23.1 % for 11th grades). Moreover, 23.2% of the
9th and 7.7% of 11th grades thought that" the
molecules of dye have stopped moving" because "
the entire container is the same color; if they were
still moving, the container would be different sha-
des of blue" (Table 4). Approximately 21.4% -
37.3% of the 9th and 1.9% - 3.8% of 11th grade
students' response indicated a complete misun-
derstanding of particulate nature and random mo-
tion of matter (Fig. 1).

4.2. Concentration and Tonicity

Students' understanding of concentration and
tonicity was measured by items 4 and 9 (Table
1). In the first İtem, 9th grades had more diffi-
culty than 11th grades in determining the increa-
sing concentration of a solution resulted in more
dissolved partides. A majority of students (75%
for 9th and 96% for 11th grades) chose the correct
answer, only 35.7% of 9th and 65.4% of 11th
grades selected the desired reason (Table 3). The
most common misconception was that " adding

more glucose would increase the concentration of
the solution" because " concentration means the

dissolving of something" (21.4% for 9th and 29%
for 11th grades). The second item assessing the
students' understanding that tonicity refers to the

87,5

68,2

49,9
1.9th-Grade

iIoII11 th-:!!rade

7 8 9 10 11 12

Figure ı. Percentages of Responses by High School Students with Specific Misconceptions Detected by Diffusion and Os-
mosis Diagnostic Test
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relative number of dissolved partides restrained
by a semipermeable membrane. In this question, a
diagram illustrated a two-sided container separa-
ted by a membrane. Side 1 contained 10% saltwa-
ter and side 2 contained 15% saltwater. Again 9th
grades had greater difficulty than 11th grades in
selecting the desired answer combination 35.7%
and 73% respectively. The question involves the
prefixes hypo-' hyper-, and iso-, and ask about the
tonicity of side 1 relative to side 2. The most com-
man misconception was that side 1 was "hypoto-
nic" because "water moves from a high to a law
concentration." (27% for 9th and 13% for 11th)
(Table 4). Approximately 25%- 35.7% of 9th and
3.8% - 11.5% of the llth grade students had
complete misunderstanding related to this concept
(Fig. 1).

4.3. Influence of Life Forces on Diffusİon
and Osmosİs

This concept was examined by one item. The
analysis of results showed that 9th grades (8.9%)
had much more difficulty than 11th grades
(61.6%) in determining whether "diffusian and
osmasis would continue in a death plant ceU".
The common alternatiye response was that diffu-
sion and osmasis would stop after the plant cell
was killed because the cell was no longer functio-
ning ( 36% for 9th and 9.7% for 11th grades). Ot-
her comman response for 9th grades (-20%) was
"only diffusian would continue" because "osma-
sis is not random, whereas diffusian is arandam
process." 87.5% of 9th and 30.8% of llth grade
studcnts indicated a complete misunderstanding
conceming influence of life forces on diffusian
and osmasis.

4.4. Process of Diffusİon

The ability of students to understand process
of diffusian was assessed through 2 items. For
example, in the item 1, a drop of blue dye was
placed in a container of de ar water, and over time
the dye becomes evenly distributed throughout
the water. Only 39 % of 9th and 59.6% of llth
grades selected the desired answer combination
that is "the process responsible for blue dye be-

coming evenly distributed in the water is diffusi-
on" because "there is mavement of partides bet-
ween regions of different concentrations." The
most comman misconception in 9th grades was
the process was "diffusion" (53%) because "the
blue dye separates into smaıı partides and mixes
with water." (30%). However, in 11th grades,
this ratio was reduced to 67% and 19% respecti-
vely. In item 5, a smaU amount of sugar was ad-
ded to a container of water and aUowed to set for
a very long period of time without stirring. The
desired response combination was, "the sugar mo-
lecules wiU be evenly distributed throughout the
container" because " there is mavement of partic-
les from a high to law concentration." A minority
of 9th grade students ( about 14%) and 44% of
11th grades students selected the desired answer
combination. The most comman misconceptions
were, "the sugar molecules will be more concent-
rated on the bottom of the container" because "
the sugar is heavier than water and will sink"
(30.4% of 9th and 19.2% 11th gradcs) (Table 4).
While 73.2% - 46.4% of 9th grade students sho-
wing complete misunderstanding of process of
diffusian, this ratio was reduced to 32.8% - 42.3%
in 11th grade students (Fig.1).

4.5. Process of Osmosİs

This concept was evaluated through 2 items.
In each item, students were asked to determine the
net directian of water mavement through a mem-
brane. In the item 8, the two columns of water we-
re separated by a semipermeable membrane thro-
ugh which only water could pass. Side 1 contai-
ned water and dye, and side 2 contained water.
Only 8.9% of 9th and 25% of the 11th grades se-
lected the desired combination. A majority of
llth grades (56%) determined the correct net di-
rection of water mavement but 20% selected the
correct reason that "after 2 hours the water level
in side 1 will be higher than side 2" because " the
concentration of water molecules is less on side

1" (Table 4). Most comman misconception was
that "after 2 hours, the water level in side 1 wiU
be higher" because" water will move from law
to high concentration. Item 10, assessed the pro-
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cess of osmasis in a plant celI. This item showed a
picture of a plant cell that lives in fresh water and
was placed in 25% saltwater. Students determined
what happened to the size of the central vacuole.
The desired response was that" the central vacuo-
le would decrease in size" because "water will
move from the vacuole to the salt water solution."
A majority of students determined the correct di-

rection of water ( 50% for 9th and 85% for 11th
grades) whereas 35.7% of the 9th and 69% of
11th grades selected the desired reason. The most
comman misconception in 11th grades was, "salt
absorbs water from the central vacuole." Approxi-
mately 49.9% - 68.2% of 9th and 15.4% - 44% of
11th grade students' response indicated comp1ete
misunderstanding in the process of osmasis.

4.6. Kinetic Energy of Matter

This concept was assessed by one item which
measures the effect of temperature on the rate of
molecules. 85.7% of the 9th and 96.2% of the
11th grade students selected the desired answer
combination was that "A drop of green dye is ad-
ded to beakers with equal amounts of clear water
at two different temperatures (beaker 1, 25°C and
beaker 2,35°C). Beaker 2 became light green
first" because "the dye molecules move faster at
higher temperature." Since 75% of the students
selected the correct answer combination, we conc-
luded that both 9th and 11th grade students comp-
letely understood the concept of kinetic energy of
matter.

4.7. Membrane

This item measures the ability of students to
understand the structure of cell membrane. 64.3%
of 9th and 69.3% of the 11th grades selected the
desired answer combinatian was that " all cell
membranes are semipermeable" because " they al-

law same substances to pass." Most comman mis-
conception in the both grades was that "all cell
membranes are semipermeable" because " they al-

law same substances to enter, but they prevent
any substance from leaving" (14.2% for 9th and
26.9% for 11th grades) (Table 4).

5. DISCUSSION

Diffusion is a concept that students in high
school biology should understand. Yet there is
much evidence to the contrary. For example, in
one study of Marek [13] only 1.8% of the high
school biology students demonstrated an unders-
tanding of diffusion while 62.5% had no response
or exhibited misunderstandings about diffusion.
More recently, Westbrook and Marek [21] de-
monstrated that despite instructian, misconcepti-
ons about diffusion persisted. They found that col-
lege freshmen in zoology expressed as many mis-
conceptions about diffusion as seventh-grade life
science students (37% and 38%, respectively).
Simpson and Marek [34] examined differences in
concept understanding between students in large
and smaIl schools. They found that approximately
50% of the students sampled had no understan-
ding of (or gaye no response) the diffusion con-
cept. Marek examined 8th [13] and 10th grade
students [15] for their understanding of the diffu-
sion concept. Almost 90% of 8th grade students
and over 50% of the 10th grade students indicated
no understanding of the diffusion concept.

Diffusion and osmasis, a fundamental pro-
cess in the mavement of biological materials, are
one of the most commonly misunderstand proces-
ses taught in biology. The results of the Diffusion
and Osmasis Diagnostic Test suggest that neither
9th grades nor 11th grades acquired a satisfactory
understanding of diffusion and osmasis concepts.
75% of both 9th and 11th grades selected the de-
sired answer combination only on 1 of the 12 test
items. The analysis of results revealed that there
was an appreciable difference among the grade le-
vels in complete understanding and specific mis-
conceptions. An analysis of the misconceptions
exhibited by the sample showed that many of the
misconceptions could be traced to a misunderstan-
ding of scientific terminology and misunderstan-
ding of the concepts, such as diffusion, osmasis,
concentration, tonicity. Moreover, the results of

our interviews with biology and science teachers
revealed that these misconceptions mainly depen-
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dent on instructional strategies of biology courses
which based on memorization of concepts; time
limitation, it is not enough for students to estab-
lish a complete set of understanding of concepts;
and lack of adequate laboratory experiences
which is necessary for students to relate their
knowledge to real life.

The Diffusion and Osmosis Diagnostic Test
appears to provide a feasible approach for evalua-
ting students' understanding and for identifying

misconceptions of diffusion and osmosis con-
cepts. Identification of misconceptions about dif-
fusion and osmosis is vital to make meaningful
problem solving accessible to more students. Furt-
hermore, identification of misconceptions is nee-
ded to develop strategies to provide students with
the accurate conceptual knowledge required for
scientific problem solving. The focus of this type
of instrument is to help students reason and to de-
tect common misconceptions. Typical multiple
choice items usually require students to recall spe-
cific content. No reasoning is required. This type
of assessment sends the message to the students
that memorization of content is important. Reaso-
ning is not required. This type of assessment
sends students the message that reasoning and/or
thinking is important. Multiple choice test have
been used to evaluate students' content knowled-
ge, but they had limitations with the determining

students' reasoning behind their choices.
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