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Working Paper 4
Understanding The Genetic Basis Of Cells: The Written

Probes

Jenny Lewis, Johm Leach and Colin Wood-Rebirson

Abstract

In this paper, we report findings from a survey of alimost 500 students aged 14 - 16, Their knowledge
and understanding of the genetic basis of cells was elicited through wrillen questions requiring
individual written responses. Findings showed a poor understanding of the processes by which genetic
information is transferred - cither from cell to cell wilhin an organism or from parents to offspring us a
result of sexual reproduction. Few consistent or coherent alemative conceptions could be identified
but uncertainty and confusion were widespread. Understanding of the basic structures involved (gene,
chromosome and celly and their relationship o each other, was poor. A summary of the detailed
findings is presented and implications for the wwaching of genetics, inheritance and gene technology ars
dizcussed,

Introduction

I'he work reported in this paper is part of a larger research project on “Young Peoples’
Understanding of and Altitudes lo, The New Genetics ', The overall mm of this project
was to produce baseline data on the understanding of genatics, awareness of DNA
technology and attitudes towards DNA technelogy which young people have at the
end of their compulsory science education.

DNA technology is developing at a rapid pace. DNA data bases have been set up,
DNA fingerprinting is a routine forensic tool, screening for genetic disease is
becoming commenplace and genetically modified food is now on sale. Each of these
uses of DINA technology raise important social and ethical issues, Tor the individual as
well as for society. We were interested in the extent to which the National Curriculum
prepares voung people in England and Wales for the dilemmas and decisions which
they will be faced with as a result of these developments. COur focus was therefore on
the students’ understanding of general principles - that all living things contain
genetic information, for example - rather than the detailed recall of content which
might be required for exams. We were also interested in the extent to which students
could come to a reasoned opinion about specific uses of DNA technology (through
identification, discussion and evaluation of relevant issues), and in the scientific
knowledge which they might need to draw on in order to do this.
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Maore than 700 voung people aged 14 - 16 ok part in the whole study, which was
based on four main research questions -

. What knowledge and understanding ol genetics do young people have at the end
af their compulsory science education?

2. What knowledge and understanding of new gene technologies do these same
voung people have?

3. What issucs do they perceive as being raised by the application ol new gene
technologies in particular contexts?

4. What opinions and aftitudes do these voung people form concerning the
application of these technologies?

lesearch questions | and 2 relate W students” knowledge and understanding of
genetics and gene fechnology, This was investigated through a written survey of
almost 300 yvoung people and through a series of audie taped group discussion tasks
involving 36 young people. Findings from this section of the research are reported in
three papers. This paper (Working Paper 4) reports swrvey findings on students’
knowledge and understanding of gene action within the cell. Understanding the
penetic bazis of cells was also the focus of the audiotaped group discussions, which
are reported in Wood-Robinson et ol (1997), Working Paper 2 (Lewis ef of, 1997a)
reports findings relating to students” understanding of basic genetics and DNA
technology. All of the written probes produced for this part of the project - cach one
accompanied by a commentary on its use within this research project, a briel summary
of the findings and suggestions for its wse within the classroom - are published as a
separale photo-copy free booklet (Lewis er af, 1997h).

Research questions 3 and 4 relate to students’ awareness of 1ssues raised by DA
technology and its applications, and their opinions and attitudes towards these issues.
These were investigated through a second set of written probes and through two
different audio taped group discussion tasks, led by an interviewer. Findings from the
audio taped discussion tasks are reported in Working Paper 5 (Leach ef af, 1996) and
Working Paper 7 (Lewis ef al, 1997c). Findings from the written probes are not yet
availahle.

Those aspects of genetics which are taught in government funded secondary schools
in England and Wales are defined by the National Curriculum. Tor the students
invalved in this study the version of Science in the National Curriculum which they
had experienced was that published by the Department of Education and Scicnce
(DES 1991, Unless otherwise stated, all references to the National Curriculum within
this paper relate o the 1991 National Curmmiculum for Scicnce, Kev Stages 3 and 4.
Attainment Tarpet 2 : Life and Living Processes. A new version of the National
Curriculum has since been introduced (DDfE 1993). Details of the design and
methodology for the whaole study, together with a discussion of (he issues raised by
the development ol a science cumeulum designed to increase scientific literacy within
the general population and a discussion of genetics within the National Curriculum,
are presented in Working Paper 1 (Wood-Robinson er al, 1996).

This paper (Working Paper 4) focuses on voung peoples” knowledge and
understanding of the genetic basis of cells and the genetic relationship between cells,
2
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All the data presented i this paper were collected through a series of wrtien
questions to which students gave individual written responses. Almost 300 young
people [rom across the ability range were surveyed for this part of the project. The
majority of the sample had been taught genetics at Key Stage 4.

A review of the literature can be found in Working Paper 2 (Lewis ef af, 1997a).
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Design, Methodology And Administration Of The Written
Probes

Design Of The Written Probes
As a first step in designing our writlen research probes we made a conceptual analyvsis
of the areas covered by our first two research questions:
1. What knowledge and understanding of genetics do young people have at the end
ol their compulsory science education?
2, What knowledge and understanding of new genetic technologies do these same
young people have?
In making this analysis we took into account both the regquirements of the 1991
National Curriculum for Science at Key Stages 3 and 4 and also the background
knowledge and understanding of genetics which an individual might need m order o
develop a basic understanding of DNA technologies and the issues which the use of
these technologies might give rise to, For a more detailed discussion of the conceptual
analysis see Working Paper 1 (Wood-Robinson ef af, 1996). Details of this analysis
can be found in Appendix 1.

A preliminary investigation of students” knowledge and understanding of these key
conecepls was made using free response questions and small discussion groups. On the
basis of this work a number of writien research probes were produced, designed to
cover as many of the conceplual areas as possible, These probes were piloted with
almast 100 students of all abilities and evaluated for effectiveness, comprehension and
tuming. Finally, a revised set of 8 written probes - Size Sequence, Living Things,
Binlogical Terms, The New Genetics. Cells, Cell Division, Reproduction and
fnformation Transfer - were produced for the main smdy. Each of these probes were
made up of two or more sections and each section often contained several related
guestions, The areas of our conceptual analysis coversd by these eight probes are
shown in Table 2.1, Many ol these conceplual areas were covered by more than one
probe. allowing us to assess the consistency of our Ondings across different contexts.
Further details can be found in Appendix 2.

Only two of the conceptual arcas which we listed were not covered in any way by
these cight probes. Area B2a relates to possibilities and limitations in the application
of DNA technology and is covered by a series of ‘stap press’ probes which will be
discussed in a future paper. Area AS5(ilc was not coversd at all within this project.
This area relates to the effect of selective pressures on gene frequencies and the genc
pool - or more correctly, allele frequencies and the allele pool! When draft probes
covering this aren were trialled, students showed little awareness or understanding of
it and gave very few meamnglul responses. As the time available for collecting data
from any individual was limited, we concentrated on those areas most likely 1o
provide meaningful data and excluded this area from the probes.

Findings from the first four of these probes - Size Sequence, Living Things, Biological
Terms and The New Genetics - were reported in Working Paper 2 (Lewis o al,
| 9974}, Findings from the remaining four probes - Cells, Cell Division, Reproduction
and fmformation Trarsfer - are reported in this working paper.

]
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Writlen questions requiring a wrillen response were used in this part of the study as it
allowed us o gather a large amount of data in a limited time. The main disadvantage
in using pencil and paper probes, especially when our main interest was in conceptual
understanding rather than content knowledge, was in the potential for
misunderstanding. Mot only were the students’ responses open to misinterpretation by
the researchers, there was also the potential for the researchers’ questions to be
misinterpreted by the students (see section 6.1.3), Prehminary work and piloting help

to reduce this potential for misunderstandings bul cannot overcome it.

Table 2.1 - Conceptual areas covered by the written probes

Conceptual Area

Specific Topic
{see Appendix 1 for more
details)

® Probes reported in Working Paper 2
2 Probes reported in this working paper

A: Genetics Ala - hasic genetics . &
Al. Terminology Alh - range of arganisms .
A2. Location, B AZa - penes OTZanIsms * O
Relationship AZb - genesieells * ¢ O
hetween structures AZe - range . ® @
A2d - site of mitosis 0O D
A2e - gite of meiosis )
A3, Gene funetion Ada - protein synthesis ]
A3b - replication * O )
A4, Mechanisms and | Ada - alleles ®
factors influencing | Adb - environment O
gene expression Adc - universal code L
Add - mutotic cell division Do O O
Ade - meiotic cell division 0
A4l - fertilisation i
AS5. Similarities and | i) within organism
differences between | ASia - somatic cells D D
cells A3ib - gene switches )
Ade - germ cells 2 0
ii} within species N
ASlia - variation, germ cel a0
ASiib - variation, alleles o

B: DNA technology

Bl. Technigques

ASlic - variation, population

iii) hetween specics
AS5lila - genetic information

ASiiib - nueleie acids

Adnie - protein synthesis

ASiiid - replication

Bla - terminology

B1b - understanding

sle|o|elele

B1. Applications

B2a - real or potential
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Within the written probes, both fixed response and free response questions were used,
Fixed-response questions can be answered relatively quickly and yield a large amount
of data in a form which is easy 1o code and analyse. The disadvantage ol this approach
ia that students must choose Irom a limited set of predetermined responses which may
not reflect their own ideas very accuralely. They do not have the opportunity to
express their own ideas in their own words. This type ol question gives limited insight
into students” underlying rcasoning or conceptual understanding. Free-response
questions allow students to respond in their own way and in their own words,
providing the researcher with a better insight into the students’ underlying reasoming
or conceptual understanding. However, free response questions take students longer to
answer and the coding and analvsis of responses is very time consuming. Whether
fived or free response gueslions are used, there is always a problem of
misinterpretation. To validate findings from the writlen guestions and 1o probe the
students’ reasoning in more depth, audiotaped small group discussion tasks were used
{ Wood-Robinson et al, 1997).

Administration

All eight krowledge and understanding written probes were presented as a single pack
of questions which was administered to whole classes at one time. Because we wanted
to collect data on the knowledge and understanding of individuals, students wers
asked to work on their own, without dhscussion with other members of the ¢lass. To
encourage this, three different versions of the pack were produced. Each contained the
same probes but in three different sequences, although all three versions began with
‘Nize Seguence’. All three wversions were administered within any one class with
neighbouring students having different versions. As a result, individuals usually found
that at any given time they were working on a different guestion from their
neighbours. In addition this ensured that all prabes were answered within each class,
even if time was limited and individual students were unable to answer the whole
pack. A further benefit of using three versions was that the same probes were not
always answered last, when students might be bored or tirel.

Sampling

The twelve schools [rom which data were collected for the main study were all co-
educational comprehensive schools under local education authority control. They
were drawn from the West Yarkshire region of England and covered a range of rural,
urban and suburban catchment areas. § schools participated in this part of the project
concerned with knowledge and understanding of genetics and DNA technologies.
Within each of these schools the sample was drawn [rom across the ability range, with
leachers selecting three classes - upper ability, middle ability and lower ability - w
complete the probes. Altogether responses from 482 students in 24 classcs were
collected (see Table 2,2),

Our intention had been to work with a representative sample of the school population
who had all completed the genetics component of their science education, In practice
this proved difficult. Genetics is perceived to be difficult by some teachers and there
is a tendency to leave this component of the syllabus until the end. In many schools

7
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there iz little time between completion of the genetics component and commencement
of GUSE exams, and rescarchers are not always welcome such a short time hefore
public examinations. As a result it was impossible to collect an ideal sample in which
all students had followed the genetics components of the National Curriculum
programme of study. For the majority (72 % of this sample) teaching about genetics
had been completed. The remaining 28% had been taught those arcas of the
curmculum which covered the structure and funetion of the cell, variation and ils
environmental and genetic causes, the transfer of information between generations in
the form of genes and the basic principles of selective breeding. They had not
completed work on cell division, the monohybrid cross (dominant and recessive
relationships) or the molecular structure of genes (DMA replication, protein synthesis
and the genetic code).

The levels of achievement within these schools, as measured by the percentage of A -
C passes in GCSE sciences in the preceding year, ranged from 58% to 11.8%.

Using the DES Ethnic Monitoring Survey schools indicated their ethnic mix. Belween

1% and 16% of the intake in these schools were from minority groups, These included
students of Indian, Pakistani, Bangladeshi, Afrocaribbean and Chinese ongin.

Table 2.2 - Survey sample, the knowfedge and understanding pack

number of students per class
school YOeAr upper ability | middle ability | lower ability | total
] 11 BT 15 14 43
(3 11 29 22 I 62
7 11 ) 15 18 11 44
B 11 26 25 24 15
g 11 29 24 22 75
10 11 23 13 12 48
12 11 31 24 12 a7
] 10 26 2] 19 i)
total 195 162 125 4832
Of these 482 students -

o 416 (86.3%) were in Year 11 and aged 15 - 16,
66 (13.7%) were in Year 10 and aged 14 - 15,

s 229 (47.5%) were female,
253 (52.5%) were male,

s 351 {72%) had been taught most of the genetics specified in Key Stage 4,
131 {28%) had been taught either very little or none of the genetics specificd
in Key Stage 4 at the time of the survey.
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Coding And Analysis

Fach fixed response question was scored according to the alternative ticked, with each
alternative being given a code, The frequency with which each code was uscd was
then determined.

Because our main interest was in the ideas and understandings which students used 1o
explain particular situations rather than in the students’ factual recall of taught
knowledge we adopled an ideographic approach to coding the semi-structured and
free response questions. Instead of developing a coding scheme based on the scientilic
explanation we developed a coding scheme based on the students’ own responses. As
the coding of a question progressed these schemes developed, through an iterative
provess of reconsideration and discussion, so that all types ol response could be
categorised. The coding schemes therefore represent the types of reasoning present
within the population and as such. in addition to providing a means of analysing the
data, they are an important research finding in themselves.

Reporting The Data

Not all students attempted to answer all the guestions. In any one case it was not
possible to know for sure 1t this was because the student couldn™ answer the question,
hecause the student didn’t have enough time to answer the question or because of
some other reason. As a result it was sometimes difficult to report key findings as a
percentage of the total population (i.e. as a percentage of those asked the question). To
overcome this, and to provide some consistency in reporting the data, the following
criteria were used. I a student had attempled to answer some questions within a
section of a probe (for example any of the four guestions within the section on ‘genes’
in the 'Miedogical Termys™ probe, see Appendix 5a) bul had nol answered all the
questions within that section then it was assumed that the student had read the
questions but had been unable to answer some of them i.e. it was assumed that the
student had been asked the guestions. It a student did not respond to any of the
cuestions within one section of 8 probe then 1t was azsumed that the student had not
had time to read and respond to that section i.e. it was assumed that the student fuod
not heen avked the questions.

Depending on the use that is being made of numerical data, they are presented cither;

- as munbers,

- as a percentage of the total number of students responding to a specific
question (i.e. as a percentage of those who attempted to answer the
quesiion),

- a5 8 percentage of those who attempted that part of the probe (in efTect, those
who were avked the question),

- as a percentage of those who allempted some part of the whole probe,

Percentages are recorded as decimal numbers in the appendices but within the 1exi
thev are rounded up or down to the nearest whole number for easier reading.

In presenting the data. ideas commonly held within the sample population are reported
on. Ideas held by only one or two individuals are not. In most analvses there were
also a small residue of unclassifiable responses - those which were ambiguous,

9
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incomprehensible or unreadable, In many cases the coding is not exclusive {(one

person may have expressed more than one of the listed views) therefore totals may
add up to more than 100% at times.

Although data were collected at the individual level, they were analysed and reported

at the population level. However, individual responses are sometimes used by way of
illustration.

10
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The Cells Probe

The probe

Design of the probe

This probe (see Appendix 3a) was designed to investigate students’ understanding of
the transler of penetic information within an individual - that all somartic cells contain
the same genetic information and that cach sperm contains a unigue combination of
genetic information. It gives insights into students” understanding of the purposes of
mitosis and meiosis and of the possibility of differential gene expression (that genes
are switched on In response to a need for the gene product). It covers the following
conceptual areas (see Appendices 1 and 2):-

Ad - mechanism of gene action {swilches/codes/variafion)

b. gene expression depends on environment (internal and exlernal) to “trigger’
switches,

o, mmtoelic cell division (somatic cells; lor growth) results in new cells containing
identical numbers of chromosomes and exactly the same genetic information,

e: metolie cell division (germ cells; [or reproduction) results in new cells
containing hall’ the chromosome number and different genetic information
{increases variation),

A3 - similarities and differences between cells
i within one organism
b different cell structuredfunction (somatic cells) is achieved by differential
activation of genes (notion of gene “swilches™) - see 4b,
¢ germ cells contain different genetic information even though they are the same
type of cell -see 4e,
i) between organisms, within speciey
a: prodduction of germ cells results in varation (see 4e/3ic); random combination of
germ cells at fertilisation leads (0 even greater variation; the result is thar cells
from different organisms always contain  different  geoetic  information
(exception = monozygous lwins - they arise from the same fertilised egp),
b: alleles are the source of variation {in the gene product),

Awareness of these points has important implications for understanding  of
inheritance.

Strueture of the probe

This probe consists of two parts. Part | was designed to probe students” understanding
ol the genelic relationship between cells within one individual. Students were asked to
compare the genetic information in 4 pairs of cells from the same individual (a male).
These pairs were:

s 2 somatic cells of the same type (cheek cells),

» 2 somatic cells of different tvpes (a check and a nerve cell),

= | somatic cell and | germ cell (a cheek and a sperm cell),

o 2 germ cells (sperm cells).

11
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Part 2 was designed to check the consistency of student’s views, as expressed in Part 1
and Part 2, and to probe students” understanding of the difference between “gene’ and
‘genetic information’, Students were asked to compare 2 somatic cells of the same
type (cheek cells) from two different individuals, both male.

Each comparison followed the same format (see figure 3.1) beginmng with a hixed
response question and then asking for an explanation.

Figure 3.1 - Part of the ‘Cells" probe

Please amywer the following questions by Scking ONFE box.
Explain your Fearons.

a) If vou could take two of Bobert™s cheek cells would the penetic information in them be -

Tick ONE Bax

the same |:|
dilTerent I:l

dion’t know D

Please give the reavony for your anywer -

Critique of the probe

Part 1 of this probe was very effective in revealing the student’s understanding of the
genetic relationship between cells within one individual, providing that =students
responded to all 4 questions. It also allowed inferences to be drawn regarding the
students’ understanding of the purposes and products of cell division.

Part I was less eflective in probing students understanding of the difference betwesn
‘gene’ and “genetic information’. While it exposed the inconsistency of many
student’s reasoning, it added litile w0 our understanding of their reasoning, However, it
would probably be an eflective teaching tool, if used to alert students 1o the
inconsistencies in their reasoning and to promote discussion of these.

[t would have been interesting to ask aboul egg cells as well as sperm cells in Part 1,
and to compare the student’s responses. However, we could sce no way of doing this,
within this probe, without reducing the overall ceffcctivencss of the probe, 11 we
included a second set of questions, this time referring to a female, we were asking
students to duplicate their responses to 3 of the 4 guestions. If we simply added one
cxtra question referring to egg cells, it didn’t make sensc in the context of the whaole
series of questions, A second set of questions, referring to a female, were included in
the pilot but dropped from the final study due to the mixed response of students and

12
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the restrictions on time and space. Students could see no reason for being asked what
they perceived to be a duplicate set of questions and this atfected thenr athitude toward
completing them. This perception also had some effect on how they felt about
completing the pack of questions as a whole, especially as a similar problem arose in
the ‘Cell Divigion' probe, with many students failing to recognise that the first set of
guestions referred to mitosis and the second set referred to meiosis.

While a comparison between a male and a female in Part 2 would have brought out
ideas relating to sex differences it would have made the analysis difficult.

Coding and analysis of the probe

Our interest was in the student’s understanding of the continuity of genetic
information within and belween generalions. For this reason the patlern ol responses
to all four guestions in Part | was as important as the frequency of responses to
individual questions.

In the first instance. responses to cach of the 5 guestions were coded and the
frequency of different responses noted (see Appendix 3b).

A second analysis was then made, based on responses o all four questions in Part 1.
To avoid making assumptions about the student’s pattern of thinking, only those cases
in which the student had given an explicit tick response (either “same’ or *dillerent”)
to all four guestions were included (see Appendix 3c).

Analysis of the data
Our sample size for this probe was 478 (99% of those taking part). For a breakdown
of exact numbers responding to each part of the probe sce Appendix 3b.

Comparison of genetic information within an individuoal
All students responding to this probe attempted Part 1 but only 290 (61%) @ave an
explicit ticked response to all 4 questions. The majority of these seemed to hold a
clear and consistent {although not necessarily correct) view of the nature of genetic
information within different cells in an individual. Their views appeared to stem from
one of three basic premises;
» (hat all cells contain the same genetic information
# that all cells contain different information
fin same cases they seemed fo be suggesting that information from the fertilised
egg was shared out at each cell division) or
e that each type of cell conlains just that information which it nesds in order to
perform its function.
The most frequent premise (172; 59% of this group) was that each type of cell
contains just that information which it needs in order to perform its function.

While one third of this group (99; 21% of the sample) made some distinction between
somatic and sperm cells, only 20 (4% of the sample) correctly recognised that all
somatic cells carry the same genetic informarion, regardless of function, that sperm
cells do not carry the same genelic information as somatic cells and that each sperm

13
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cell carries a different combination of genetic information. The majority (171; 39% of
this group) made no distinction between somatic and sperm cells. A small number
(20; 4% of the sample) held inconsistent 1deas that were conlused or contradictory, A
summary of these findings can be found in Table 3.1

Table 3.1 - understanding the relationship between genetie information in
different cells of the same individual

Basic premise concerning the genetic information in cells
Responses 1. same 1. different 3. function related
(n= 3@} n-—42) (=172}

| do not distinguish

| belween somatic 9.6% 9.6% 39.6%
and sperm cells [28; 5.8%]* [28; 5.8%] [115; 23.9%]
do distinguish -
between somatic 2. 4. 8% 1%.6%
and sperm cells [8; 1.7%] [14; 2.9%3] [537; 11.8%]
correctly I
distinguish between 6.9% - =
somatic and sperm [20; 4.1%]
cells

give contradictory |

- explanations 6.9% [20; 4.1%]

number of students asked - 478

number giving 4 explicil responses - 290 [(51%)
* [28; 3.8%¢] denotes 0 = 28; which comesponds to 3.8% of the whale
samplc

The remaining 188 responses included one or more responses of “don’t kmow'. OF
these, one quarter (41; ~9% of the sample) showed no discernible reasoning and
appeared to have no idea aboul the genetic relationship between cella. The remainder
(147: 31% of the sample) expressed a range of different ideas but seemed to lack a
coherent line of thinking which could explain all cases.

Lings of thinking lound in responses to Part 1 are illustrated in Table 3.2 and
summanised I Appendix 3c. Further details of these findings, including written
responses to individual guestions, can be found in Appendix 3b.

Comparison of genetic information between two individuals

475 students responded Lo Part 2 of the probe and the majority view (407; 88% ol the
sample) was that genetic information in two check cells from different individuals
would be different.

While most students were well aware that no two individuals (with the exception of
identical twins) carry exactly the same genetic information this view conflicted, for
many, with their reasoning in Part 1 - that each type of cell contains just that genetic
information which is required to carry out its function,

14
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Table 3.2 - An illustration of different lines of thinking using student’s full

written responscs

stodent 7111.14

Correctly distinguishes berween somatic cells and gametey (sperm cells).

COMparison TCSpOnse reason

cheek:check same ‘hecause all of his cells contain the same genefic informaion,
anfy different bits of the mnformartion is wed in different cells’

cheek:nerve same ‘as hefore, all of his cells contain the same information, bui
different parts of if are wsed in his nerve cells”

cheek:sperm don't know ‘the sperm cell would only contaln half the information because it
is a gamete, bul thet information may be the same as in a half af
ane of s otfer cells.’

spermesperm | different because sperm cells only contain half the clhromosomes of the
other cells, it is ‘chance " which decides which information is in
which sperm celll’

student §111.25

Consistent and explicit view thar genetic information ix relaved fo fimction; no distinction hefween
somatic and germ cells,

‘because they remenhar what he is like and what shape to fum 5o

‘because the cheek cells need fo know how fo form cheek celly and
the nerve cells need to be able tn form nerve celly’

‘because all types of cells which are the same fe.g. sperm cellsy

COMpATiSon rESPOnSe rERason
cheek:cheek same
they all need to he the same’
cheek:nerve different
cheek:sperm different WEITE 8 previons '
Sperm:sperm sAMme

contain the same informarion’

stodent 12111.25
Conflict between ‘ol celly carry the xame information’ ond “genelic information is related to
fumction’; no distinciion belween somalic and germ celly.

| comparison rESpONse | reason
| check:cheek SHME | “Because they are from the same person and all the seretic
information is the same’
check:nerve different ‘hecause they cortain info on that part af the bodv and if is wo
good the rerves Roving cheek cell info”
cheek:sperm Eme ‘because the sperm carries all the genetic information so it would
_ cantain the cheek cells’
| Spermisperm SHITIE ‘hecause they are from the same person’
student 711209

Conflict and confusion: basic view appears to be that penetic information is related to function, but
alve considers all cells to carry the same information; confused between pene and chromosome
Heading o concept of male and female penes?).

COMPATIEON FCSpPONSE reason
cheek:cheek SAITE ‘s 2 genes and therefore all celly f'.'ﬂ.l‘?:}' the same informarion’
check:nerve different ‘both have different funciions’

| cheek:sperm difforent ‘both have different funcitons (partly the same?)’

| sperm:sperm same ‘both conrain information on male and female genes. Not sure if

egy and sperm have male and female gene - think egg has female
and sperm has both'

15
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There was little recognition ol this conflict, Only 7 responses (less than 2% of the
sample) clearly recognised the conflict and tried (o resolve it:

‘Although they are both the same tvpe of cell they would contain different
informalion o produce different cheeks'
student1111/2

‘They are two different people. Though some information would probably be
the same. '

sludent 3111715
The cells are a different size and from different parents and would therefore
confain different informetion,”

student 3111718

A further 19 responses (4% of the sample) were ambiguous but could have been
interpreted as recognising and trying to resolve the contlict:

‘Theyre two different people with two different cheeks.’
student 3111/14
‘Because they are different people they will have different face shape 5o the
cells will be adapted in different ways’
student 3112/1

The majority (249; 52% of the sample) simply maintained that different people have
different genetic information. A further 90 responses (19% of the sample) also
expressed this view but gave a justification based on differences in parents, sperm,
cell nucleus or DNA.

Just 7 responses (less than 2% of the sample) explicitly distinguished between genes
and genetic information in their reasoning:

They don’t have the same information becawse the cells hoth reed to do the
same fobs but will have different alleles cawsing different reactions’
student 11117

Of the 10 students who said that the genetic information would remain the same the
most common justification (5; ~1% of the sample) was that cells of the same type
would need the same information.

Discussion of results

From this analysis of the ‘Cells " probe it is clear that a substantial proportion of this
sample had no coherent view of the genetic relationship between cells, within one
individual. One possible explanation is that teaching had led to a fragmentary
knowledge of *facts” but had not provided a conceptual framework which could
explain these facts. Without such a framework it was difficult for these students to
make sense of ideas which were counter intuitive. Even amongst those whe did hold a
coherent and consistent view, the proportion showing a scientifically correct
understanding was very small. The majority made no distinction between somatic and
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sperm cells and the most common view was that genetic information within a cell 15
determined by the structure, function or even position of that cell.

These findings, which were supported by interview data (Wood-Robinson ef af, 1997),
suggest that students in this sample had a very poor understanding of the purposcs,
processes and products of cell division and made little distinction between mitosis
and meiosis, Their previously documented difficultics with the concepts of gene and
chromosome (Lewis et al, 1997a) might account for this. These included:

- a general uncertainty about the nature and role of chromosomes;

- confusion about the relationship between chromosomes and genes and, in particular,
- & failure to recognise that a gene has a specilic physical location on a chromosome.

Given this uneertainty and confusion about genes and chromosomes it is difficult to
see how these students cowld recognise the implications of cell division - that as
chromosomes replicate, genes replicate; that when the new cell receives a copy of the
chromosomes it also receives a copy of each gene on those chromosomes; that as a
result, each new somatic cell must contain the same penetic information as the parent
cell. Without these basic concepts, and in the absence of any notion of gene *switches’
- the idea that genes can be swilched on or off according 10 need - the idea that cells
with different siructures and functions should have the same genetic information is
counter intuitive.

It was also clear [rom (his analvsis that fow students understood the distinction
between a gene (a length of DINA at a specific location on the chromosome) and the
genetic information encoded within that gene (which determines the precise nature of
the gene product). Without this understanding it is difficull 10 see whal concept of
alleles these students might have, or how they mighlt understand the penetic
determination of characteristics.

It 15 generally recopnised that many students find the topic of inheritance difficult
{Wood-Robinson, 1994}, On the evidence presented here this is not surprising. Their
limited understanding of the basic concepts underpinning this complex concept would
make it difficult for them to develop a coherent explanation of the whole.
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Working paper 4 Understanding the genetic hagis of calls: The writien probes

The ‘Cell Division’ Probe

The probe
Deszign of the probe
This probe (see Appendix da) was designed o investigate student’s understanding of
the functions, processes and products of cell division and their understanding of the
distinction between mitosis and meiosis - that mitosis results in new somatic cells
containing the same number of chromosomes and the same genetic information as the
parent cell; that meiosis results in the production of gametes with only half the usual
number of chromosomes and with different genetic information. [t also probes their
awareness that these processes are common to both plants and animals. It covers the
following conceptual areas (see Appendices 1 and 2):-
A2 - location (relationship between structures)

d) site of mitosis (somatic cells).

e) site of meiosis (germ cells),
AT - function of genes

b) genetic information must be copied (o pass on to new cells during cell division.
Ad - mechanivms of gene action

d) mitohie cell division (somatic cells, for growth) results in new cells containing
1dentical numbers of chromosomes and exactly the same genetic information,

g)] meiotic ¢ell division (germ cells, for reproduction) results in new cells
containing hall’ the c¢hromosome number and different genetic information
{(increases varation),

A5 - similarities and differences between cells
i) hetweer species

d) genetic information is copied and passed on during cell division in all

Qrganisms.

Structure of the probe

This probe consists of two parts, Part | was designed to investigate student’s

understanding of mitosis through a consideration of the production ol skin cells and

Part 2 was designed to investigate student’s understanding of meiosis through a

consideration of the production of an egg cell. Each part followed a similar format and

usesd 8 mix ol free and fixed response questions (see Appendix 4a), Students were

asked to:

- compare chromosome number and genetic information in the original and the new
cell (see figure 4.1},

- identify where, in the body, this type of cell division takes place;

- say whether or not such cell division also occurs in plants.

Critigque of the probe

Crriginally 4 more open format was used, in which students were asked to draw in the
chromosomes which the new cell would contain. Many students found this difficult to
do and as a result the fixed format was adopted. In doing this we limited the range of
wdeas that we might uncover, but increased the sample size, A fow students drew
chromaosomes into the empty cells instead of (or as well as) giving a tick response

These were ignored for the purpose of analysis.
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Students’ lack of awareness of the two types of cell division sometimes presented
problems in Part 2, which they perceived to be a straight repeat of Part 1. In these
cases they were directed to re-read the introductory sentences to cach part, which
explicitly referred to skin cells in Part | and egg cells in Part 2.

The range of confused and ambiguous responses that were produced made coding the
free response sections difficult. Despite this it was possible to pick out a number of
ideas with reasonable certainty.

Figure 4.1 - part of the “Cell Division' probe relating to chromosome
number in skin cells

If the onmnal skin cell contained the chromozomes shown in the diagram above, what
chromosomes do you think the new skin cells would contain?
Lok ai the dicgroms below and tick ONE box o show which chromosomes
vou dhink would be forrd fn the NEW SEIN CELLS,
Plecrse pive Feasons for YOUF THEWER,

ek CIVE Box
AT O
= .
X

Don™t Know

e Ei =

Coding and analysis of the probe

For each fixed response question in Part 1, the frequency of responses to each option
was noted. The types of reasoning used to justify each option, and the frequency with
which they were used were then recorded. To gain a more complete insight into the
student’s understanding of mitosis, tick responses to the guestion on chromosome
number were compared with tick responses to the question on genctic information
using crosstabs, Tick responses relating to the location of mitotic cell division were
arouped according to whether somatic cells only, germ cells only or a mixture of both
were ticked and these new groupings were used in the subsequent analysis. The same
process was repeated for Part 2 (meiosis). Details of this coding can be found i
Appendix 4b.
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While this analysis gave insights into the students’ understanding of each process, it
gave no indication of their understanding of the difference between the two processes.
For this purpose a second analysis of the date was made. Responses to fixed response
guestions in Part 1 were compared with responses to the same fixed response
guestions in Part 2, using crosstabs (see Appendix 4c).

Analysis of the data

Our sample size for this probe was 481, The proportion of students who didn't know
or didn’t attempt any one question within this probe varied but was never more than
1% (see Table 4.1). This suggests that this population of students felt reasonably
comfortable with, and confident aboul, the concept of cell division - a suggestion
which is supported by the reasonably high proportion of students who gave reasons
for their response. This confidence was not a reflection of the extent to which they
understood the science (see sections 4.2.1 - 4.2.3). Owverall, questions relating to
meiosis generated fewer explicit responses and fewer reasons for those responses than
did questions relating 1o milosis. The main types of reasoning about specific aspects
of mitosis and meiosis, and an analvsis of the student’s understanding of the general
principles of mitosis and meiosis, are given under separate sub-headings below.

Tahble 4.1 - breakdown of responses to questions on cell division

Types of Response
| didn’t know or | zave an explicit tick | gave a reason lor
(ruestions: didn’™t answer | respofse their respoise
Part 1: Mitosis | ’
a) chromosome number | &0 | 401 362

b genetic information

o) location

d) oceurrence in plants

| {17% of sample)

100
(2 1% of sample)

76
[ 16% of sample)

i
(7% of sample)

| (83% ol sample}

in
(790 of sample)

405

| (54%0 of sample)

| 446
(93% of sample)

(9050 of responses}

328
(7% of responses)

not requested

33l

[ 74% of responscs)

Fart 2: Meinsis
ay chromesome nuimber

b genetic information

o} location

d) nccurrence in plants

151
(31% of sample)

140
(29% of sample)

11
(23% of sample)

i)
i 14% ol sample)

330
(6%%% of sample)

31
(71% of sample)

370
(T7% of sample)

416
(86% of sample)

AT
BL% ol responses)
[ P |

263
[ 77% of responses]

not requested

277
(07 of responses)

For a breakdown of the exact numbers responding to each part of this probe, and for a
more detailed analysis of the sudent’s reasoning, see Appendix 4b.
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Understanding of mitosis

a: chromosome number

There were 401 explicit tick responses 1o the guestion How mary chromosomes
world e found in the new skin cells? of which 90% gave reasons for their response
i Table 4.2).

Table 4.2 - reasoning related to chromosome number in the new skin cell

chromosome | number giving | % of these giving
| number main lines of reasoning this reason this responss

8 » confusion - about the terminology 26 26

TEspRINSes: o confusion - cell or chromosome? 26 20

n=101:% =25 |« depends on age‘health of cell 11 11

4* N | » compatible with the science: 83 42

TEEQOTISES ' chromosomes copiedshared

n=210; % =55 | cellsofsame typefunction a0 k1

2 . Is chromosomes shared {hut not 43 ad

Te3pOnses replicated)

n = 8 % =20

¥ correct respoRse

Orver half the tick responses were correct - chromosome number would remain the
zame. However, the justifications for this were not alwavs compatible with the
scientific view. Crwver one third of those giving this response said that the chromosome
number would remain the same because the cells were of the same fyee (skin cells). A
number of other responses were ambiguous,

Amongst those who said that the chromosome number would double, there was
considerable confusion. One guarter seemed unable to distinguish between cell and
chromosome. A further quarter were confused by the terminology (“splitling’ and
‘copying’ for example) and unsure which structures these terms referred 10 (cells or
chromosomes);
‘hecause cells divide, making twice ax many ay vou had hefore’
student 13101710

The original gquestion referred to ‘new” cells and one in ten of these responses
suggesied thal young, healthy cells would have more chromosomes than old or
unhealthy cells:
‘hecause the skin celly are new and yvoung and so have mare chromasome '
student 811278
‘hecatse the chromosomes will everiually start to die so the number will start
o reduce
student 811313

More than half of those whoe thought that the chromosome number would halve
understood that chromosomes are shared out at cell division but seemed 1o be unaware
that they arc copicd first:
"Thiz is half of the original skin cell”
student 91114
The new cell will divide the old cell into rwo and take half of its cell”
student 1126
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b: genetic information

There were 377 explicit tick responses to the question "Wouwld the new skin cell and
the orlgingl skin cell contaln the same or different geretic information?’ of which
B7% gave reasons for their response (Table 4.3).

Table 4.3 - reasoning related to genetic information in the new skin cell

|| genetic - number giving | % of those giving |
| information main lines of reasoning this reascn this response
the same® o new cell is copied from original 110 35
FESPONSes: ccll 43 14
{n=312;% =183 | » aflccllscontain the same genetic
infermation 21 16
» new cell is of the same tvpe
different o depends on age'health of cell 9 14
rESpOnSes:
| m=55;%=17 B N

* COFFECT FESPORNSE

The majority gave the correet response - that the genetic information in the two cells
would be the same. Apan, theirr reasoning was not always compatible with the
scientific view. but in this context the differences were less clear cut. The most
frequent justification was that the new cell was copied from the original cell. This
could he taken to reflect a scientific view of mitotic cell division but, equally, it might
include those who held the view that cells of the same type contain the same geneiic
information. Fewer than one sixth of those giving this response explicitly stated that
el cells would contain the same genetic information. Even amongst this group a
cormect svlentific understanding could not be assumed. Several responses sugpested
that all cells contain the same information even if the number of chromosomes varies:
W wowld carry the same [genetic information] bt would have less
chromosomes in the new skin'
student T112:17

There was no evidence to suggest that this group understood that cells produced by

meosis would have different information. There was some confusion between genetic
mformation and the genetic code:

The genelic code would be the same it would just contain move chromosomes’

studant K112717

About one sixth explicitly stated that genetic information would be the same because
the cclls were of the same type.

Of those who held the opposile view - that the genetic information would be different
m the new skin cell - reasoning was diverse or ahsent in many cases, The most
common view was that genetic information depends on the state of the cell (age or
health), This was often linked to the number of chromosomes:
they will contaln the same genelic information because the new skin cells will
have less chromosomes’
student 13102/18
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Confusion over the terminology of cell division (splil, divide, multiply) was again
apparent.

¢: location of mitosis

There were 405 explicil responses o the question “Which of the following paris of the
bady would divide in ihis way? ', Responses, grouped with reference to somatic tissues
and/or gonads, arc shown in Table 4.4, Students were not asked to give reasons Tor
their response 1o this question.

Tahle 4.4 - location of mitosis

| number af % of explicit % of the sample
location rESPONSCs TCEPONSES (n=481)
_ (n = 405)
somalic lissues only® | 140 33 29
ponads only 102 23 2
mixiure of both | 163 40 34

® cimrrect FPEEfAse

Responses were relatively evenly divided between the three categorics. One third
correctly suggested that mitosis only took place in somatic tissues but no reasons were
asked for and it cannot be assumed that all of these students understond the science
correctly. Slightly more suggested a mix of somatic tissues and gonads and a further
guarter suggested gonads only.

d: mitotic division in plants

There were 446 explicit tick responses to the question 'Does the same type of cell
divisian, for the same purpose, occur in plants? " of which 74% pave reasons for their
responses ( Table 4.5),

Table 4.5 - reasoning related to mitotic cell division in plants

oeCUrrence in number giving | % of those giving this
plants main lines of reazoning this reason Tesponse

yes® ¢ plants are living, like 157 33
FCSPONSCs; animals | & 7

n=299;% =67 |= thereisnoother tvpe of
cell division in plants

no » plants are not like G4 a4
FESpOnses: animals 2 1
n=147; %% =33 ¢ plants are mot ]iv_ing

® covreet FexfMIRNe
Two thirds of the responses correctly indicated that mitotic cell division also eccurs in
plants and the main justification for this view was that planis are living, just like
animals. Some clearly understood the hiological basis of this:

‘Plants also comtain cells with living chromosomes”’

student 131039
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‘Because they [plants] would not stop growing '
student 13101/8
‘Because if the cells had lesy than the chromosomes the original cell had they
would lack some genetic information’
student 12111/19

A fow responses showed confusion with reproduction and a small number stated that
no other tvpe of cell division was possible in plants but the majonty of thesc
responses were ambiguous, Most of these students appeared to be puzzled by the
question and o be wondering what other types of cell division there might be:
‘because there is no oither way they can divide?’
student 911177
‘The plant cells are produced by plants, This is ahout the only way this can
happen.”
studemt 911123

Of those who did not believe that mitotic cell division occurred in plants the majority
of responses sugpested (hat plants were not like animals. In two cases the respanses
were quite explicit - plant cells do not divide:
‘Cells in plants are rigid so they cannot divide’
student 9112720
‘Bulhs divide (T have seen douhle bulbs)”
student 10111711

Twi individuals did not consider plants to be living.

Understanding of meiosis

a: chromosome number

There were 330 explicit tick responses o the question “How many chromosemes
wauld be found in the egg cell? " of which 84% gave reasons for their response [ Table
4.6)

Table 4.6 - reasoning related to chromosome number in the egg cell

chromosome number % of those
number main lines of reasoning giving this giving this
TEas0n rEspons:
8 o confusion: processes and 13 |8
| responses: structures 7 10
=7l %=1} o confused meiosis with fertilisation 10 14
= sex cells need more chromosomes .
4 » no differentiation between somatic 63 a7
TESpOnNSes: and germ cells
n=110;% =33
2 » chromosomes are split or shared 69 48
TespOnses: equally
n=148:% =45 | « confused about the role of sex 9 . &
chromosomes

* carrect response
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Almost one half of the responses correctly stated that the egg would contaimm hall the
number of chromosomes, The most common  justification for this was that
chromosomes are split or shared equally during cell division. More than half of these
responses (407 explicitly mentioned the need for a reduction division in preparation
for lerthhsation:

If they both had two sets of each in the sperm and the ege then they 're child

wendd have double of everything'

student 211374

However il 15 possible, given the hindings [rom other probes (g.g. the 'Celis " probe),
that some students giving this justibeation made no distinetion between mitosis and
meiosis and thought that all cell divisions resulted in an equal sharing of
chromosomes. There was some confusion about the role of sex chromosomes in this
process:
‘Fary cells have only two chromosomes (XX}
student 10111715

The egg cell would only have two chromosomes in it to say whether the baby
would be a girl or a boy’
student 13 101/140

Of those who said that the number would stay the same, the majorily appeared to
make no distinclion between somalic and germ cells. Some students appeared to be
confusing the process of ege production with the processes of fertilisation.

Of those who thought that the chromosome number would double, the majority
appeared to be confused - some by the processes (copying and splitting) andior
structures (eell and chromosome) of cell division others with the process of
fertilisation:

‘When a cell divides ity chromosomes double”
student 10111/14
The cells [referring to chromosomes | muliiply by meioyis’
Sludent 1111415

It’s got bigger - chromosomes form 2 cells (M and F) join together’
student 9112/23
‘the sperm chromosanies have joined the epg’

student 1310118

Some students had a clearly held helief that sex cells contained more chromosomes
than somatic cells. As one explained:

There are move chances of the chromosome being passed on o the new child

[ - | if ore is produced’
student 9112/4
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A more typical explanation was:

“These chromosomes come from your hody and will cantain the same munber
as in the original cell because this is how yvour baby looks like you’
student 13101/24
There is a possible human inside the egg’
student 8112/14

b: genetic information

There were 341 explicit responses to the question 'Wowld the egg cell and the origingl
cell contain the same or different genetic information? ' of which 77% gave reasons
for their response (Table 4.7),

Table 4.7 - reasoning related to genetic information in the ege cell

| genetic number giving | % of those giving |
| information main lines of reasoning this reason this response |
the same s all new ¢ells contain a copy of the il 3d
responses: original information
n=178; %a =32 » the genctic information is related to 15 10
cell function
¢ eop cells contain all the a 3
information for the next peneration
| = genetic information cannct be ! 4
changed
differemt* s made link with variation in 74 43
TEsPUNSEs: offspring L] 4
n=163 % =48 s the genetic information is related Lo
cell function 13 b
| » confused meiosis and fertilisation

Y corvect FENTHTRE

Just under onc half of these responses correctly recognised that the penctic
information in the ege cell would be different. Of these, the most common
justification was a recognition that each egg cell needs different penetic information if
there is to be variation in the offspring. About half of these responses explicitly refer
to the processes which give rise to variation:

‘Because the DNA during meiosis becomes different because the DNA strands

.‘|"I-'I-'I'.:Ip LT,

student 8112/14

The argument that the genetic information will depend on the type or function of the
cell was used to justify both types of responses. In a way it is reasonable to argue thar
in epp cells, because of their very specific function, genetic information is related to
lunction. However, most of those giving this type of reason seemed to be suggesting a
more generally applicable rule.

In a number of cases there appearcd to be confusion between the process of
lertilisation and the process of meiosis.
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Of those who maintained that the genetic information would remain the same, a few
stated explicitly that genetic information could not be changed. This suggests a lack
of understanding about the processes and products of meiosis and a confusion
between changing the information in the DNA and re-assorling and sharing out that
information during meiosis.

¢: location of meiosis
There were 370 explicit responses to the question “Which of the following parts of the
body would divide in this wap? (see Table 4.8),

Tahle 4.5 - location of mitosis

number of % ol explicil responses %o of the
location [ESPOMNSES (=370 | sample
{n=481)
somatic fissues only Tl 19 15
eonads only® 119 2 25
mixture of both S T/ R T 37

= oorrect ERFRNE

The most common view was that meiosis occurred in hoth types of tissue but almost
ong third of those responding (one quarter of the whole sample) recognised that
meiosis only ok place in the gonads.

d: meiotic division in plants

There were 416 explicit tick responses to the question 'Does the same hipe of cell
divizion, for the same purpose, occur in plamts?” of which 67% pave reasons for their
response [ Table 4.9),

Table 4.9 - reasoning related to meiotic cell division in plants

DCCULTEnNce in numher giving % of those |

plants main lines of reasoning this reason giving this
response

yes® » plants are living, like animals 1 () 47

!'I:F.]'ICII'I SCE

n=212; %o =5]

nn » plants are not like animals o7 47

FI:F.TIIL'II'I SEED

n=204; % =49

= SO rECE FeEpoRse

Responses appeared 0 be cqually divided as to whether or not meiosis occurs in
plants and the same type of reasoning, based on the extent 1o which plants and animals
are similar, was used to the same extent by both groups. The two groups also showed
a similar level of uncertainty and confusion with the majority in each case either
unable to give reasons or giving a range of confused reasons.

Of those who said that meiosis did occurred in plants, because plants are like animals,
the majority referred explicitly to sex cells and/or the process of reproduction:
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“Plants grow seeds which are similar to sex cells’
student 10113713

It is likely that those who were less explicit included some who did not distinguish
between mitosis and meiosis and who used the same line of argument in each case.

Of those who said that meiosis did nol occur in plants, because plants are not like
animals, the most frequent justification was that there is no sexual reproduction in
plants:
‘Plants grow from roots, they don't male fogether
student 13102715

Others suggested that there was sexual reproduction, but it was somehow different:
‘Planis don 't make contact when reproducing so the way the planl reproduces
is down fo the way it Is contacted’

student 10113/8

Understanding of the differences between mitosis and meiosis (a comparison of
responses to mitosis and meiosis)

a) on the basis of chromosome number

When responses to the fixed response question on chromosome number were
compared, 59% of the sample appeared to recognise that there was some dillerence
between the two types of cell division, but many were unclear what that difference
might be, This was reflected in the proportion who appeared to distinguish cormectly
between mitosis and meiosis compared with the proportion who gave the correct
response in relation to one type of cell division (usually mitosis) and a different. but
ineorrect, response in relation to the other type of cell division (see Table £,10),

28% made no distinetion betwesn mitosis and melosis on the basis ol chromosome
number in the new cell,

Table 4.10 - comparison of responses to the question on chromosome number

number giving %o of the sample
this response (=481}
make no distinction between mitosis 140 29
and meiosis
igave the same response in both
cases)
carrect for mitosis but not for meiosis 134 2R
carrect for meiosis but not for mitosis 62 13
v:;-r:rr:ctl}r differentiated betaeen B 18
mitesis (407 and meiosis (20
*didn’t know’ or didn’t respond 55 11
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b) on the basis of genetic information

When responses o the fixed response question on genetic information were compared
the proportion of the sample who appeared to distinguished hetween the two types of
cell division dropped to 39% but a greater proportion of these appeared 1o distinguish
correctly between mitosis and meiosis (see Table 4.11),

Almost one third made noe distinction between mitosis and meiosis on the basis of
genetic information in the new call.

Table 4.11 - eomparison of responses to the question on genetic information

number piving %o responding to this probe
this response in=4%1)
make no distinction between milosis 145 30
and meicsis (in both cases
information will be the same)
correctly differentiate between 106 22
mitosis (same) and meiosis (different)
“didn’t know”" or didn't respond to (%) 14
both questions
correcl [or mitosis but didn™ know Tor o1 13
meiosis _
" correct for meiosis but didn’t know 17 4
for mitosis

¢) on the basis of location

When responses to the hxed response question on location were compared, 36%
appeared to make some distinetion between the two types of cell division but this time
a greater proportion of these gave the correct response in relation (o just one type of
cell division (usually mitosis) and a different, but incorrect, response in relation to the
other type of cell division (see Table 4.12). Of those who made a clear distinction
between mitosis and meiosis on the basis of tissue type, about one sixth reversed the
locaton, placing meiosis in the somatic tissues and mitosis in the gonads,

11% located all cell division in just onc type of location - either somatic tissues or
gonads, This group appeared to recognise that there was an important distinction
between gonads and somatic tissue in terms of cell division but unclear aboul the
nature of thar difference - perhaps because they made no distinction between the two
types of cell division. A further 19% made no distinction between mitosis and meiosis
or between somatic tissues and gonads.

34% of the sample either didn’t know where either type of cell division took place or
showed no discernible pattern of responses.
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Table 4.12 - comparison of responses to the question on location

number giving % of the sample
this response in=4s81)
clearly distinguished between mitosis and 79 16
meinsis on the basis of tssue (ype |
no distinction between mitosis and meiosis B9 19
| or somatic tissues and gonads )
correct [or mitosis but unsure about 71 15
meiosis -
carrect for meiosis but unsure aboul 260 )
mitesis _
distinguished between ponads and somatic 51 11
tissues bul nod betwesn mitosis and
meiosis

d) on the basis of their response to plants

34% of the sample seemed to recognise that both types of cell division occur in plants.
However, given the levels of confusion about the processes of mitosis and meiosis
evident in response o other gquestions, whal this means in terms of these student’s
understanding is open to question. It cannot be assumed to reflect a good seientific
understanding.

For similar reasons 1t 15 difficult to know how to interpret the finding that 22 %6 of the
sample belicve that mitosis is the only type of cell division that occurs in plants and
8% believe that only meiosis occurs in plants.

The negative finding is less ambiguous. 18% of this sample do not appear to believe
that either type of cell division occurs in plants, This raises lurther questions. Do these
students think that there is some other form of cell division in plants? There is no
evidence to suggest this, If thev do not believe that anv form of cell division takes
place in plants. how do such students explain growth and what understanding do they
have of cells?

Table 4.13 - comparison of responses to the question on

number giving this % responding to this
TEEPONSE probe (n=481)
both types of cell division occur ]f:.i_. o o 14
only mitosis occurs in plants 107 22
only meiosis ocours in plants 40 i
nedtfer division occurs in plants HE 18

Discussion of results

Despite the willingness of these students to respond to both the fixed and the free
response questions in this probe, their actual understanding of cell division appears 1o
be very limited and confused.
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The belief that the genetic information in a cell is determined by the type or function
(or even the location or appearance) of the cell was again evident, as was the idea that
genctic information is shared but not copied at cell division. Similar ideas where also
held in relation o chromosome number, but reasoning aboul both genetic information
and chromosome number was not always consistent.

There was generally a lack of awareness of the relationship between chromosomes
and genetic information, as evidenced in the comparison of genetic information and
chromosome number in the new cell {see Table 4.14 a - ¢). While the majontly of
students seemed 1o be aware that there was some difference between mulosis and
meinsis, most were unclear as (o the nature of that difference in terms of either
chromaosome number or genetic information ( Table 4.14¢).

Table 4.14 - understanding of mitosis and meiosis

a) mitosis: comparison of new skin cell and original skin cell

correct response (o) | alternative view (%) | don't know (%) |
C=4 C=8or2
comparison of: IHPROTioR = famhe information = different
a) chromosome number 46 37 o 17 |
b) genetic information 65 14 21
) bath 40 = - -

b} meiosis: comparison of cgg cell and original cell

correct response (%) | alemative view (20) | don’t know (%)
o=2 C=8ard
comparison of: infarmation = different informalion = soame
a) chromosome number il i k3|
b penelic nformation 34 37 19
| ) buth 14 - -

el ability to distinguish between mitozis and meiozis

correctly distinguish | make no distinction | other responses®
on the basis of? (%) (%4) (%)
a) chromosome number 18 29 A
b} genetic information 22 38 40

* 10% were unable ta say anything about elther type of cell division in lerms of chromosome number
3% were unable o say arything about either e of cell division in ferms of gerstic Informalion

A small proportion of the sample consistently related chromosome number or genetic
information to the state of the cell - its age or health, This may have been as a result of
the wording of the questions, which referred to the *new’ cell (to distinguish it from
the original cell).

Of those students who were aware that chromosomes were copied during cell division
some thought that replication only occurred after the chromosomes had been shared
oul and the cell had divided. This clearly limits their ability to understand the
continuity of genetic information between cells.
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The proportion of students clearly showing a good understanding of the science
ranged from 10 - 25% depending on the particular question. This lack of consistency
across questions suggests that even when these students understood some aspects of
the cell division, they had no coherent conceptual framework which could explain the
whole set of processes.

There was widespread confusion about the different aspects of cell division. In many
cases it was difficult to identify the source of that confusion but a number of commaon
[actors did emerge. A major issue was terminology. In the absence of a coherent
conceptual framework students were confused by the words used to describe the
processes of cell division - replicating, dividing, copying, splitting, multiplying,
sharing - which could appear contradictory, Their difficulty with these words was
olten compounded by their inability to differentiate clearly between chromosomes and
cells, They appeared (0 be unclear as to when the words were being applied to cells
and when they were being applied to chromosomes. Some students were confused by
the similarity of the two words - mitosis and meiosis. This was apparent when
students clearly understood one of the differences between the two processes but
attributed it to the wrong type of cell division (Section 4.2.3¢). Many students seemed
to be unaware that there were two tvpes of cell division. In some cases this was
evident in their lmlure to make any distinction between meiosis and mitosis on the
basis of chromosome number, genetic information or location. In other cases they
seemed to make a distinction between mitosis and meiosis but only recognised mitosis

as cell division. Meiosis appeared to be linked with reproduction and confused with
fertilisation.

It is difficult w see how students with such a limited understanding of the purposes,
processes and products of cell division can understand the continuity of genetic
information within individuals and between generation - or how they might make
sense of inheritance,

These findings also raise a further question - what do these students understand by
“cell™?
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Working paper 4- Understanding the genetic basis of cells: The written probes

The ‘Reproduction’ probe

The probe
Design of the probe
This probe (see Appendix 5a) was designed to investigate student’s understanding of
the processes by which genetic information is transferred to a new ndividual. It
covers the following conceptual areas (see Appendices | and 2):-
A4 - mechanisms of gene action
) fertilisation gives continuity (genetic information passes from parents (o child)
and variation (mixing of alleles),
AJF - similarities and differences between cells
i) within species
a) production of germ cells results in variation (see 4e/5ia); random combination of
germ cells at fertilisation leads o even greater vanation; as a result the cells
from different organisms always contain different genectic information
(exception: monozygous twins - they arise from same fertilised cgg),
Hi) between species
d) genetic information is copied and passed on during cell division in all
Organisms.

Structure of the probe

This probe was in three parts. Part 1 was designed to investigate student’s
understanding of the process of fertilisation, in particular their awareness that the egg
and the sperm each contnibute an equal number of chromosomes to the fertilised egg.
There were two questions - 1a asked students to compare chromosome number in the
egg cell and the sperm cell; 1b asked students to indicate the number of chromosomes
that would be found n the fertilised egg (see Figure 5.1).

Figure 3.1 - part of the ‘Reproduction’ probe

IFthe egg cell contained the chromosomes shown in the diagram above, what
vlwmnosommes do you think the sperm. cedl would contain?
EE Look af the diagrams below and ok ONE box fo show whick chromosomes
Yo sk woun el be o i whe SPERV CREL.
Flense prve recesenes for vour aviswer.
Tick (INE Box

T

Chan'L Know

OO0 0O 0o g

Mease pove the reagons for pour auswer-
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Part 2 was designed to investigate student’s understanding of the purpose of sexual
reproduction and Part 3 was designed to probe their understanding of reproduction in
plants.

All questions had a fixed and a free response section. Students were asked to answer
the fixed response question and then to give reasons for their choice (Parts 1 and 3) or
an explanation (Part 2).

Critique of the probe

As with *Cell Division' a fixed response format was selected for the Lirst part ol each
guestion in Part 1 because many students found the more open format too difficull.
However, in this case the limited options restricted the student’s ability o give
consistent responses to the two questions. For example, a student who indicated that
there were 6 chromosomes in the sperm but was aware that chromosemes combine
when egp and sperm fuse would want to tick *9° in response to question 1b - but 9 was
not onge of the options. The option of ‘other response’ was needed, bul was not
included. For this reason tick responses to 1b need to be treated with some caution,
with greatest weight being given o the reasoning.

Fewer than one in five of the sample were able to give an explicit response to Part 2.
Although 1t was expected that students might find 1t ditheult to say why sexual
reproduction is important it seems likely that the poor wording of Part 2 contributed 1o
this low response rate.

As with "Cell Division' the range of confused and ambiguons response that were
produced made coding difficult but it was possible to pick out a number of ideas with
some cerlainly.

Coding and analysis of the probe

The imnal analysis ol each question followed the same pattern. The frequency of
responses to each option in the fixed response section was noled. The types of
reasoning used to justify each option, and the frequency with which each was used
were then recorded. Students sometimes used more than one justitication, so that
totals for any one response may add up to more than 100%, Details of this coding can
be found in Appendix b,

It might have been revealing to assess consistency of responses across the two
questions in Part 1 bul this was not possible (see section 5.1.3)

Analysis of the data

Owr sample size for this probe was 478 (99% of those taking part). Overall students
responded well to Parts 1 and 3, although they were less confident about the types of
reproduction that occurred in plants {Table 5.1). The lewer respense rate to 1b and the
very low response rate to Part 2 may have been a reflection of the problems identified
in 5.1.3,
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Table 5.1 - breakdown of responses to questions on reproduction

Types of Response o
didn®t know or gave an explicit tick gave a reason for

Questions: didn’'t answer rESpONSE their responsc

| Part 1:

| a) chromosome number 1324 344 278
in sperm (28% of sample) (T2% of sample) {#1% of responses)
bichromosome number in 161 317 262
fertilised epe (34% of sample) (66% of sample) {83% of responses)
Part 2:
reason for sexual 345 133 130
reproduction in animals {72% of sample) {28% of sample) {98% of responses)
Part 3:
reproduction in plants 112 lo6 2584

| (23% of sample) {77% of sample) ( 78% of responses)

For a breakdown of the exact numbers responding to each part of this probe, and for a
maore detailed analysis of the student’s reasoning, see Appendix 5b.

The process of sexual reproduction
a) comparison of egg and sperm

There were 344 expheil tck responses (o the guestion If the ege cell confains 3
chromosomes, how many would be found in the sperm cell?’ of which 81% gave
reasons for their response, The data were analvsed on the basis of more, less or the
same number of chromosomes in egg and sperm {Tahle 5.2).

Tahle 5.2 - reasoning related to chromosome number in sperm and cgg

chromosome
numhber

main lines of reasoning

[

numher giving
this reason

% of those giving
this response

more (3 or &)

n=02:%=27

sperm need more
chromosomes‘genstic information
explicit confusions

- terminoloey (11

- cell and chromosome (6)

- Fertilisation (4

11

21

12

34

*same {3)
n=213; % =62

recopnised the need for equal
numbers/matching sets of
chromosomes

explicit misunderstandings

- sperm acquires chromosomes
from the egg (7)

= number relates to functien of the
cell (23

explicit confusions

= galls and chromosomes (3)

= g% chromosomes (3

[43

a7

il

less (2)

n=3%%=11

sperm needs less
chromosomes/genctic information
confusion: sex chromosomes

* correct response
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Of the 39% of responses which did not recognise that egg and sperm contain the same
nmumber of chromosomes, the majority were confused - between cell and
chromoesomes: about sex chromosomes or by terminology generally:

‘Because sperm cells have more X-chromosomes’
[selected sperm conlaining 5 chromosomes]

student 8111716
‘They contain either X or ¥ chromosomes’
|selected sperm containing 2 chromosomes

student 8113/03
‘Chromosames keep splitling’
|selected sperm containing 6 chromosomes|

student 8112/17

‘Because the chromaosomes reproduce themselves before fertilising with the
cells’
[selected sperm containing 6 chromosomes)

gtudent 3112722

OF those who explicitly stated that sperm and egg are unequal, the majonity behievesd
that sperm needed more chromosomes or genetic information:

Ti [sperm] has the moxi chromosomes '
student 911202
‘because there is twice ax much information in this sperm cell than in the egyr
cefl’
student 1011119

Of those who cormectly noted that the sperm would have the same number of
chromosomes, commeon confusions and misunderstandings noted elsewhere were still
apparent in some of the reasoning, but the majority (67% of this group; 30% of the
sample) explicitly recognised the need for matching sets of chromosomes:
“They need to match to join together’
student 8113713
‘hecause in the fertilised cell the chromaosomes have to match up’
student 311/27

b} chromosomes number in the fertilised egp

There were 317 expheit tick responses to the question “How many chromosomes
would be found in the fertifised egg? of which 83% gave reasons for their response
(Tahle 5.3).

The majority of those giving the correct response showed an explicit understanding
that chromosomes and/or genetic information from the egp and sperm combine at
fertilisation and about one third of these recognised that this resulted in equal numbers
( full sets) of chromosomes:
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‘Because they contain 3 chromasomes from male and 3 from female’
student 8113716

The sperm chromosomes and the cgg chromosemes combine so that the cell is

cipdoicd’
student 311102
Table 5.3 - reasoning related to the fertilised egg

chromosome number giving % of those giving
number main lines of reasoning this reason this response
i + cells combine 31 13
n=202;%=64 |e chromosomes/information 116 57

camhbines
5 #  recopnise cells combine but don’™t 13 BEL)
n=39: =131 recognize need for equal

contrihutions
] . 'gcneml confusion about the process 14 34
n=40;% =13 of fertilisation
2 + explicit misundenstandings 15 42
n=36; H=11 - parental contribution = 1 (12)

- depends on state of the cell {3

¥ rovrect FENHIRys

Of those who recognised that the two cells combined, but who didn’t realise that this
would result in & chromosomes in the fertilised egg, the majority seemed unaware that
the egg and sperm made equal inputs:
T don’t know whai chromosomes were in the sperm, so [ canrot work omt this
question’
student 9111723

The number holding this view in response 1o this question was slightly higher than
found in response Lo question 1a - if the epg cell contains 3 chromosomes. how many
will the sperm cell contain?

OF thase who thought the number of chromosomes would remain the same, there was
widespread confusion but no clear reasoning or common misunderstandings or
contusions. However, of those who thought there would onlv be 2 chromosomes in
the fertilised egg the commen belief was that each parent contributed only 1
chromosome. This might represent a confusion between cell and chromosome or a
belief that each parent contributes just one chromosome - X or Y. Reasoning wasn’t
always clear but both of these belicfs have been noted in response to a number of
other questions:
It contains X and Y chromosomes’
student 3111715
‘A chromosome from the female and the male cells'
student 311124
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Confusion between cells and chromosomes was evident across all types of response:
‘the cells should all be in pairs and the[re] must be many (o produce an
individual’

[selected sperm containing 6 chromosomes]
student 3111712
‘reeds the nfo + also the sex cell’

[selected sperm containing 5 chromosomes|
student 3112715

The purposes and benefits of sexual reproduction in animals

Only 133 students thought they had some idea why ‘an arimal which can reproduce
asexually might also reed to reprodice sexually’ While some of these students did not
20 on to give an explanation, some who said that they had “no idea’, or who gave no
tick response, went on to give an explanation. In total 130 went on to give an
explanation {see Appendix 5h).

The majority of those giving explanations (44%) suggested that sexual reproduction

was important for mixing genes and most showed some understanding of why this
might be necessary (In order to increase variation):
So there will be a variation in the species’

student 8111116

The animal reproducing asexually can only produce a clone of itself’
student 311120

Almost half of this group (26 students) went on to explain that variation was important
for survival, adaptation or evolution:
these simple creatures wiso need to have mutation in some reproduction so
that the creature could adapt’
student 3111/01

‘Because all [each] new animal [produced asexually] would be identical 1o its
parents and so diseaye would spread guickly’
student 8§112/21

Muost of the remainder misunderstood the question or showed confused reasoning,
‘they would need to reproduce sexually as well as asexually so that they can
Sfeed their babies or so that their babiey come ouwr rormal L e. noi deformed’
student 8113717

A small number did not aceept that animals needed sexual reproduction.
Sexual reproduction in plants

366 explicitly recognised that reproduction of some kind wok place in plants,
of which 78% gave reasons for their response (Table 3.4).

40



Warking noper 4: Understanding rthe genetic hasiz of celly: The weitten probes

Table 5.4 - Reasoning related to reproduction in plants

tvpe of number giving | %o of those giving
reproduction main lines of reasoning this reason this response
sexual only s recognise a mechanism 17 42
n=41;%=11 » confusion: sexual and asexual 3 7
asexuoal only * rocognise asexual mechanism 4 3
n= 5% % =44 » don’l recognise sexual mechanism 3 2
* assume movement needed for Y 17
sexual reproduction
# assume external fertilisation cannot 17 11
be sexual
# misunderstand: seads produced 10 &
asexually
+ conflict: recognise sex cells but 14 g
can’t identify a mechanism
*hnth * purpose (scxual) - variation Q 3 |
n= 16, ¥=435 * purpose (asexual) - rapid 4 3
propagation
»  purpose (peneral) - survival 3% 0
# aware of mechamsms (sexual) 35 23
& aware of mechanisms (asexual) 8 5
+ misunderstand: seeds produced 5 -
asexually . ¥
* misunderstand: plants are sexual or .
asexual = 2
+ confusion: cross vs self pallination -
» conflict: sexual reproduction in e 20
absence of movement 4 2

* covrect FENfAIRYE

Tick responses were almost equally divided between those who recognised that both
types of reproduction o¢curred in plants ond those who thought that only asexuoal
reproduchion took place n plants (45% and 44% respectively) with a further 11%
believing that only sexual reproduction took place in plants.

Where students failed to recognise that both types of reproduction oceur in plants, the
most common reason was a failure to recognise a mechanism which might bring
sexual reproduction about. In many cases this was due to an incomplete or inaccurate
view of the process of sexual reproduction. As a consequence, many students took the
inability of plants 10 move about as evidence that plants could not reproduce sexually:
‘Planis can ' really make sexual contact’

student 8111701
There is no physical contact berween the plants because they cant move’
student 8113701

Some students maintained that sexual reproduction was not possible in the absence of
movement even though they could identify some ol the features of sexual

reproduetion:
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‘Well they car't exactly move to have sexual reproduction so they produce
both male and female sex cells to produce fruits o produce more of the
species’

student 12112714

Similarly, a number of studenls were aware that pollination was linked to

reproduction but because it was brought about by an external agent they did not
recognise il as sexual reproduction:

‘because planis are stationary and they use the technigues of pollination”
student 8113/14

A small number recognised secds to be important in reproduction but took them as
evidence of asexual rather than sexual reproduction:

‘becanse the seedy from planis grow when they have left the plarnis, they do noi
Join with anything else’
student &112/07

Where both lypes of reproduction were recognised, students often showed an
awareness of the different purposes of reproduction as well as an awareness of the
different mechanisms:

Asexual reproduction is easy, Mt sexual reproduction means that the
offspring have a different genetic code’ [confusion between the penetic code
and genetic information)

student 8112/21

However, even amongst this group there were several misunderstandings and
confusions, Some still believed seeds to be the product of asexual reproduction.
Others thought that plants either reproduced sexually or reproduced asexuvally but not
both, and that the plants attractiveness to insects was the deciding factor:

‘Because some reproduce by insects or wind carrving pollen onto other plants,
as well as asexual faking place in other, less bright plants.
student 1211129

There was confusion between cross pollination, self pollination and asexual
reproduction:

[sexual reproduction is needed] to stop inbreeding and inherited discases
coming fo gt

student 12111719
Lbright coloured plants reproduce sexually because bees bring pollen from
other plants to them, where as dark coloured plants make their own pollen
(sperm (7)) and eggs to fertilise logether (HERMAPHRODITE)'

student 1211130
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Discussion of results

While there was some understanding of the purposes of sexual reproduction (to
increase population size; 1o increase variation) this sample had only a limited
understanding of the processes by which these might be achieved.

Many of the difficultics and confusions noted elsewhere, relating o lerminelogy and
confusion between cell and chromosome were again apparent.

About one third of the sample recognised that the egg and the sperm make an equal
contribution in terms of chromosome number, resulting in matching pairs of
chromosomes in the ferfilised egg but there was some misunderstanding about the
type and role of chromosomes. The belief that chromosomes were all either X or Y
and that the only role of chromosomes was to determine sex was not uncommaon,
although how X and ¥ might be distributed in a way that resulted in both males and
females was unclear.

Of greater difficulty was the recognition that sexual reproduction refers 1o the fusion
of gametes through the process of fertilisation rather that the mechanisms by which
the gametes are brought together (copulation in ammals, pellination in plants). This
confusion had important implications for the student’s understanding of reproduction
in plants. Many students recognised that pollination was important for reproduction in
plants but in the absence of any direct contact between the two plants they did not
recognise it as the mechanism by which sexual reproduction was brought about. In
general, students needed to develop some understanding of the mechanisms and
purposes of reproduction (both sexual and asexual) before they were able 10 accepl
that sexual reproduction could take place in plants. Even then there were some
uncertainties and difficulties. These included:
» the 1dea that a plant 15 capable of sexual reproduction or asexual reproduction but
not both;
s the relationship between cross fertilisation and self fertilisation and between cross
fertilisation and sexual reproduction and self fertilisation and asexual reproduction
o (he origin of seeds.



Working paper 4. Understanding the genatle basis af cells: The writfen probes

44



6.1
6.1.1

6.1.2

Working paper 42 Understanding the penetic hasis of cells The h-r.‘ﬂe.*i-__ﬂ}rﬂbﬂ:

The Information Transfer probe

The probe
Design of the probe
This probe (sce Appendix 6a) was designed 1o investigate student’s understanding of
the transfer of genetic information within an individual. It covers the following
conceptual areas (see Appendices 1 and 2):-
A2 - the location of genes
b location of genes within cells
d) site of mitosis (somatic cells)
AZ - the function of genes
b) genetic information must be copied before it can pass on to new cells during cell
division
A4 = mechanisms of gene action
d) mitotic cell division (somatic cells, for growth) results in new cells containing
identical numbers of chromosomes and exactly the same genetic information
A - similarities and differences between cells
i} within one organism
a) different types of somatic cells all contain the same information

Structure of the probe

This probe was based on just one open format question - “When the fertilised ege cell
divides and grows into g new person, whal happens lo the genetic information?’,
Some explanation of the origin of that genetic information was presented, in the form
ol a brief statement and a diagram (see Figure 6.1,

Critigue of the probe

This probe was poorly designed for the purpose of providing population data on the
student’s understanding of the transfer and distribution of genetic information
between and within the cells an organism. This was because the open response format
allowed this question to be interpreted in a4 number of different ways and the
responses 1o locus on quite dilferent aspects of the process. For example while some
responses focused on the location of genetic information within the organism, others
focused the relationship between maternal and paternal input. Difficulty in
interpreting student’s responses were compounded by the confusions relating to
terminology (split, divide, multiply, copy, share etc.) and the confusion between cell
and chromosome already noted in Sections 4 and 5.

This probe would have been more effective if it had used a series of more specilic
questions rather than a single open question.

Coding and analysis of the probe

Because of the difficulties noted 1n 6.1.3 analysis of the responses to this probe were
of necessity superficial. Since students were, in effect, answering a number of
alternative questions only limited and cautious conclusions could be drawn at the
population level.
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I addition many responses - [or example ‘genetic information is transferred to the
riew baby' - added little to the information presented in the question and many others
were uncodeable due to the ambiguous use of terminology described in 6.1.3.

Codeable responses were grouped according to the guestion which the student
appeared to be answering. These were:

= ‘Where is genetic information found?

¢ What happens to the genetic information?

# What is the relationship between maternal and paternal input?

A fourth group - “additional 1deas’ - was used to pick up any additional responses,

Within #ach group the different types of reasoning, and the frequency with which they
were used, was noted.

Figure 6.1 - the ‘Information Transfer’ probe

When an egg and a sperm join together, genetic information from the father and
the mother combine, The fertilised egg, containing this informaiion, divides
many limes until eventually a new person is formed. This is shown in the
sequence helow,

B FPlegze look at the sequence below.

a sperm cell - conteining gemeric

mntormation trom the father

Lhd |

A

ferttlises

/

the fertilised epe cell - containing
genetic information from the father
and the mother divides many times

4

an egg cell - contaiming genetic
information from the mather

E @ Please arnnwver the following quesnon,

When the femilised eng cell divides and grows into a new person, what happens o the
wenetic mformation?
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Analysis of the data

In total, 432 students responded to this question:

130 [30% of the sample] referred to location of genetic information

259 [60% of the sample| relerred (o use'transter of genetic information
70 [16% of the sample] referred to relative maternal and paternal input

Location of genetic information

One third of the responses gave some indication of where genetic information might
be Tound {Table 6.1). OF these the majority indicated some region of the cell. About
one guarter were rather vague { ‘Ia the cells ) but more than one third located genetic
information within specific regions of the cell, most frequently the genes, While some
students explicitly recognised that genetic information was found in all cells, a few
thought that it would only be found in very specific locations such as blood or brain
cells.

Tahle 6.1: Where is genetic information found?

number givinge %0 of this group

o response this response (n= 130
In cells: 111 85

a) general

- eells 29 26

- PEMES 25 23

- chromosomes q i)

- ¢l nuelews 4 3
-DNA 2 2

) specific

- all cells 37 28

- blood 3 2

= brain 2 &

In the body of the new person 20 15

Use or transfer of genefic information

This, the largest group of responses, were closest (o the original infention of this probe
but almost half of these responses simply indicated that genetic information is
transferred, adding little to the information provided in the original question (Table
6.2}, Aboul one guarter showed a scientific understanding - that the information is
copied into each new cell but more than one in ten stated that genetic information in a
cell would change with each division due to the process of splitting, dividing or
sharing. A few did not appear to see any link between genetic information and cell
division, apparently belicving that the genetic information in the fertilised egg is
stored somewhere for future use, Many students were unclear as o what happened to
the genetic information,
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Table 6.2;: What happens to the genetic information?

number giving | % of this group

TCEPONECS this response (1= 2159)
all cells receive a copy of (the same) 62 24
information
the information is changed 31 12
- by splitting, dividing, sharing etc.
unclear whether intormation remains the 43 17
SHME Or varies
information is transferred 106 4]

isimilar to the original question;

adds litde to our understanding of their
ideas)

information is stored 12 5
i for later use; in sex cells)

Relative maternal and paternal input

This was the smallest group of responses, Almost half of this group recognised that
parents made an equal inpul (presumably in lerms of quantity) but that their input led
to new combinations and so to variation. Confusions identified in response to other
guestions were again evident, with one response showing confusion between gene and
chromosome, confusion about sex determination and confusion as to what happens 1o
the genetic information.

Table 6.3 - What is the relationship between maternal and paternal input?

TCEPONSES number giving %o of this

(these categories are not mutually exclusive) | this response | group (n = 70)
Parental contribution:
- Parents make an equal input 3l 44
- Parcntal contributions aoegual 1
{Jutcome: . o
= Inputs mix o give new combinations 34 | 449 I
= Inputs give rise to dominant recessiva 17 I 2

relationships
- The dominant gene determines the sex of 1

the child, the rest remain in the body

Additional ideas

There were 121 responses in this category, The majority (96; 79% of these responses)
recognised that genetic information determines growth and characteristics of the new
individual. A few (7) included personality andfor knowledge in this. Roughly one in
ten explicitly recognised that there is continuity of genetic information between parent
and child.

In addition there seemed to be a sense of genes or genetic information being “used up’
- a5 when a response indicated that some is used now and some is stored for later.
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There also seemed to be a fecling that the new baby somehow makes its own
contribution - an idea that the baby has its own DNA or genes in addition to that
which it inherits from its parents. Neither of these ideas was quantifiable.

Discussion of results

It would be unwise to extrapolate from these three groups to the whele sample but
these findings appear to support findings from elsewhere in this study. In addition to
common misunderstandings and confusions (for example terminology; gene,
chromosome and cell) there was evidence of a belief that only some cells or tissues
contain genetic information and that genetic information is shared out at cell division.
There was also some uncertainty about the extent to which genetic information can
determine characteristics,

In addition to the above, two new deas appeared - the 1dea that genetic information
could be stored in a particular region of the body for future usc and the idea that
babics generate their own genetic information in addition to that provided by their
parenls, It was not possible to determine the extent to which ideas occurred in the
sample population, nor to gain any clearer understanding of what was meant by them,
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Discussion

While there was somc awareness of the general functions of mitosis (growth and
repair) and meiosis (preparation for reproduction) and some awarcness ol the basic
features of fertilisation (egg and sperm combine, resulting in equal ‘sets’ of
chromosomes) there was little indication that students were aware of the processes by
which these functions were achieved, or the significance of these processes in terms of
the transfer of genetic information,

There was widespread uncertainty as to how genetic information is transferred from
cell to cell within an organism. Only a minority of students clearly distinguished
hetween somatic and sperm {or sex) cells and most were unclear as to the distinction
hetween mitotic cell division and meiotic cell division. Given this, it is not surprising
that while many students were aware that the newly fertilised egg should have equal
amounts, or matching sets, of chromosomes they were unclear as to how this 1s
brought about or why it might be necessary. There was widespread confusion between
fertilisation - the process by which genetic information is transferred to the next
generation - and the mechanisms which bring fertilisation about, Although there was
some recognition that sexual reproduction leads to an increase in genetic variation
there was little awareness that this is the main purpose of sexual reproduction and is
achieved through the processes of fertilisation - the fusion of genetic information from
twior different individuals. There was a widespread difficulty in differentiating between
the process of fertilisation {the fusion of cgg and sperm) and the mechanism which
brings this about in animals - copulation.

Inconsistencies in the findings suggested that the knowledge and understandings
which the students did have were insecure and influenced by the specific context, In
response to the ‘Cells” probe only 4% of the sample correctly distinguished betwesn
mitosis and meiosis on basis of genetic information while 5%%% made no such
distinction. In contrast, in response o questiomng in 'Cell Division', 22 % cormectly
distinguished on this basis and 38% made no distinction.

Amongst this sample, uncertainty. confusion and a lack of basic knowledge were as

common as altemative ideas. Common confusions, evident across a range of

questions, included:

s uneerfainiy aboul he relationship befween geney and chromosomes;

o meertaindy aboul the relationship befween penelic information and chromosomes;

& yncertainty about the relationship between chromosomes and cells;

o difficulties with the concept of ‘cell -
While this study did not set out to investigate voung people’s understanding of
cells, it scon became apparent that a substantial minority of the sample had some
problem with the concept. While the extent of this confusion is not easy to
quantify, cxamples of it occurred in response to all probes. The term itself was
regularly used interchangeably with ‘chromosome’ and even “gene’, there was a
lack of awareness that all cells have a common basic structwe and a lack of
awareness that cells are the basic “building blocks’ which make up an organism.
Depending on the form of the question, up to 6% of the sample confused cell and
chromosome.
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o confusion about the terminology of cell division and its mearning: -
Conlusien about this was evident, across a number of questions, in up to 6% of the
sample. Students seemed to have difficulty with the contradictory terms which are
used to describe the processes of cell division in terms of chromosomes and genetic
information - divide, replicate, copy, share, splil, reproduce and multiply. This
confusion was compounded by the students’ uncertainty, already noted, about the
relationship between cells and chromosomes and would not have been helped by
their lack of awareness of the relationship between chromosomes and genetic
information.

o Jdifficuln in distinguishing between processes; -
In responding to guestions about cell division and fertilisation, up W 5% ol the
sample seemed to be confused as to which process they were being asked about
and responded inappropriately for that particular question,

A small number of alternative understandings could be identified across a range of

contexts but individual students did not appear to be consistent in their use of these;

o cplly only confain the penefic information that they reed for their specific fimefion
This was the most frequent]y and consistently held allernative understanding.

s chromosomes ardior genelic imformation are shared but not copied during cell
civivion
This may have been related to the confusions about terminology noted above.
Examples of it occurred in response to many questions, with up to 9% of the
sample holding this view in relation to chromosomes.

e all chromosomes ave either X or ¥
Responses to questions relating to cell division and reproduction suggest that up to
4% of the sample believed that all chromosomes are either male (Y or female (3.
Students with this view believed that the distribution ol chromosomes during
meinsis or fertilisation was related to their sex and depended on the ype of sex cell
{egg or sperm) being produced or the sex of the newly fertilised egg (male or
female).

® chromosame numher Is related to age or health of a cell
This view was expressed in up to 2% of responses to some questions.

Given the size and structure of the sample there is no reason to suppose that these
findings would be atypical for the larger population from which this sample was
drawn. As a consequence these findings have important implications for teaching and
for curriculum design. These findings, together with the limited understanding of
basic structurcs and concepts identified in Working Paper 2 (Lewis er af, 1997h),
make it difficult o see how these sludents might understand the interpretation of
genetie information within an organism, resulting in the development of specific
characteristics; the inheritance of characteristics across generations or the basic
principles of genetic engineering. There seems litile point in attempting to teach some
of these more complex genetic concepts without ensuring that students have some
understanding of the basic ideas on which they are based. This might require explicit
provision of coherent conceptual frameworks in which to place the ideas. In the
absence of these it is difficult for smdents to make any sense of isolated “facts’
especlally when some of the basic ideas presented within these “lhels” are counter-
ntuitive.
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Appendix 1- List of Concepts Related to A Bagic Understanding of Genetics and
DNA Technology

A) Basic Genetics

1. Language

a) terms related to basic genelics (knowledge of terminology)
b) range ol organisms

2. Location

a) location of genes within organisms (relationship between structures)
b} levation of genes within cells

¢) relationship between structures, from gene 1o whole organism

i) sile ol mitosis (somatic cells)

) site of meiosis (germ cells)

3. Function of Genes

a) genes code for proteins (expressionreplication)

b} genetic information must be copied to pass on to new cells during
cell division

4. Mechanism of Gene Action

a) a single gene may exist in different (switches/codes aration) forms
(alleles) which may produce dillerent phenotypes; this results in
VAriation

b) gene expression depends on environment (internal and external) 1o
‘trigger” switches

¢) the ‘code’ 15 umversal - the same in all organisms

d) mitotic eell division (somatic cells, for growth) results in new cells

contaiming identical numbers of chromosomes and exactly the same
penetic information

e) meiotic cell division (germ cells, for reproduction) results in new
cells containing half the chromosome number and different genetic
information (increases variation)

i) fertilisation gives continuity, {genetic information passes from parents
1 child), and varation (mixing of alleles)

5. Similarities/Differences Between Cells

i} within one organism

a) different tvpes ol somatic cells all contain the same information

by different cell structure/function (somatic cells) achieved by
ditferential activation of genes (notion of gene *swilches™) - see 4b

c) germ cells contain different genetic information even though they are
the same tvpe of cell {see de)

ad
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i) between organisms/within species

a) production of germ cells results in varation (see 4e/5a) ; random
combination of germ cells at fertilisation leads to even greater
variation; result is that cells from different organisms always contain
different genctic information (exception = monozygous twins - they
arise [rom same fertihsed egy)

b) alleles are source of vanation

¢) selective pressures will alter the frequency of diflerent vanations
within the gene pool (i.e. alter the frequency of different alleles)

i} hetween different species

a) all organisms contain genetic (prokarvotic vi. eukaryolic; information
plant vs. animal)

b} the genetic information is always coded in the form of nuecleic acids

c) the code is understood or “read” {translated) in the same way in all
OTZANISMS

d) genetic information is copied and passed on during cell division in all
Organisms

B) DNA Technology
1. Technigues

a) terms used to describe techniques
b} understanding of the terms

2. Applications
a) real or potential
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Appendix 2 - Conceptual Areas Covered By The Written Probes

a) Probes reported in Working Paper 2

Arca

“Size
Feguence

'Lr'wrlg
Things'

Bielergical
Tearms"

The New
Cenelics'

Ala

b) Probes reported in this Working Paper

A

Cells'

‘Call
Dhagion”

“Heproducition”

Ynformation

Tronsfer”

Alh

Ala

Ala

Alb

Alb

Ada

Al

Ah

Add

Al

Ao

A2

Ada

Al

Alb

A3a

Ada

Adb

Adb

Hda

Adg

Adb

Add

Adg

Ade

Add

Adl

Ade

ASia

Aar

ASil

A Sia

ASic

ASiia

ASib

A S

M5k

ASiia

ASiic

ASnb

ASiia

A Sl

ASnib

A Siiia

ASidiic

A5k

ASiiid

Futel (11

Bla

A Shiid

Elh

BEla

B

Hlh

Bia

sagosd uaran Sy 590 B st NauaE sy Suypucisiap] Cp a0og Sunyao i
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Appendix 3a: Cells

‘Cells’

Part 1
This part of the question is about dilTerent types of cells from the same person -

Raobert.

Cells from Robert

cheek cells  nerve cells sperm cells

@ Please answer the following questions by ticking ONE box.
Explain vour reasons.

a) If vou could take two of Robert’s cheek cells would the genetic information in

them be :-
Tick ONE Box
the same []
different []
don't know [ ]
EW Please give the reasons for your answer -

A9



E@ Please give the reasons for your answer -

Pleose oive e reasons for vour aiswer -
=] N,

o Working Paper 4: Understanding the genetic basis of cells: The weitten probes

Appendix 3a: Cells continued

b) If vou could take one of Robert's cheek cells and one of Robert’s nerve cells
would the genetic information in them be -

Tick ONE Box

the same D

different D

don't know El

@ Please give the reasons for your answer -

¢} If yvou could take one of Robert’s cheek cells and one of Robert’s sperm cells
would the genetic information in them be -

Tick ONE Box
the same D

different D

don't know |:|

LT

d) If you could take two of Robert’s sperm cells would the genetic information in
them be -

Tick ONFE Box

the same D
different D

don’t know |:

&l
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Appendix 3a: Cells continued

Part 2
This part of the question asks you to make comparisons between the cells from

two different people - Danny and John.

a) Danny’s cheek cell John's cheek cell

(= &

If you could take one of Danny’s cheek cells and one of John's cheek cells would
the genetic information in them be -

Tick ONE Box
the same |:|
differen: D
don't know D

@ Reqsons

6l
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Appendix 3b: Cells - frequency of responses

Analysis Of Responses

The main responses 10 each question are set out part by part in the following pages.
Ambiguous or incomprehensible responses are not included. Nor are views expressed
bv very few (onc or two) individuals - unless grouped under ‘other responses’.
Occasionally the coding is not exclusive (more than one of the listed views may have
been expressed by one person) therefore the total may add up to more than 100% at
times.

Number of responses
sample size (number responding to some part of this probe) = 478

numbers attempting Part 1 = 478 [100% of the sample]
numbers attempting Part 2 = 475 [99.4% of the sample]

Part 1: cells from the same person

Ticked responses

Genetic information in the two cells would be.......
comparison: Same different don't know
2 cheek cells 330* T8 70
[69.0% | [15.9%] [14.6%]

| | cheek cell, 1 nerve cell TE* 320 B0
[16.3%)] [66.9%] [16.7%)]

| cheek cell, T sperm cell 63 323* 92
[13.2%] [67.6%] [19.2%]

2 sperm cells 237 1560% 7
[49.6%] [33.3%] [16.5%]

¥ correct answer

|x %] indicates %o of total responses 1o Part 1

Reasoning

This was coded under three headings:

(1) reasons relating to somatic cells (Parts 1a and 1b combined)

n = 401; 83.9% of responses to Part 1

(ii) reasons relating 1o sperm cells (Parts 1d)

n=1312; 65.3% of responses to Part 1

(111} reasons reflecting the relationship between somatic and sperm cells (Parts 1<)

n=335; 70.1% of responses to Part 1
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Appendix 3b: Cells Part I, reasons relating to somatic cells

number giving | %ol those | % responding
this response | giving reasons | to this probe
(401} {478)
(i) reasons relating (o somatic cells
consistent reasoning 273 68.1 ST
both types of cell have the same 6d 16.0 13.4
genetic information
-all cells from one individual contain 57 14.2 11.9
the same inlormation
[relate this to cell division] [10] [2.5] [2.1]
[recognise differential gene [2] [=1.0] [<1.0]
expression]
cells of the same fpe have the same 169 42.1 354
genetic information
- pells with different structure or 163 4i).6 341
function need different information
afl cells have different genetic 40 10.0 i 8.4
information
- all cells have slightly different 33 8.2 6.9
structure, function, size or shape and
50 have different information
" confused or contradictory 110 27.4 23,00
reasoning
conflict (learnt vs intuitive?): 32 8.0 6.7
| all cells have the same information
but cells of different types need
dillerent inlormation
uncertain: 35 8.7 7.3
cells of different tvpes need different
information; not sure about cells of
the same type
uncertain: 14 35 7.1
cells of the same type have the same
information; not sure about cells of a
different type
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Appendix 3b: Cells Part 1, reasons relating to sperm cells

number giving

% of those

% responding

this response | giving reasons | 1o this probe
(312) {478)

(ii) reasons relating to sperm cells
All sperm contain the same 173 55.4 36.2
genefic information
don’t appear to distinguish 126 394 26.4
hetween somatic and sperm cells
= all cells (from one individual) 27 B.7 3.6

contain the same genetic

information 9% 3.7 207
- cells of the same type contain the

same genctic information
don't appear (o distinguish i3 10.6 0.9
between genes and genetic
information:
all sperm need the same
information to pass on to the next [25] [8.0] [5.2]
generation

[cach sperm needs copy of each

of Roberl’s genes]
Different sperm contain different 141 45.2 29.5
renetic information
offspring show variation 37 1.9 1.7
recoznition of meiosis (various 12 38 2.5
levels)
gencs are mixed up (no indication 15 4.8 3l
of purpase or process)
differences relate to X and Y 39 12.5 8.2
chromosomes
don’t appear to distinguish | 11 3.5 2.3

between somatic and sperm cells: |

all cells contain different genetic
inlormation
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Appendix 3b: Cells Part 1, reasons relating to somatic and sperm cells

numher giving % of those ¥ responding to
this response giving reasons this probe
(iii) reasons relating to the (333} (478)
relationship between somatic and
sperm cells
the genetic information is different 272 81.2 5.9
don't appear to distinguish between 198 50.1 41.4
somatic and sperm cells
- cells of the same type contain the 191 57.6 40.1
same genctic information
- all cells contain difTerent genetic 5 1.3 1.0
information
difference is due to XY i 1.2 =1.0
chromosomes
difference relates to production or 26 7.8 5.4
function of sperm
- refer to variation in offspring 21 6.3 4.4
- refer to meiosis and oulcmmes 5 1.3 1.0
sperm contain half the genes, genetic 26 B 54
information, chromosome number
sperm contain more information i 14 4.2 2.9
- iy justification | 5 1.3 1.0
- sperm musl contain full set of 9 2.7 .9
information drawn form all the
different tvpes of cell )
the penetic information is the same 45 134 9.4
don*t appear to distinguish between 31 9.6 6.7
somatic and sperm cells
all cells (from one individual) contain
the same genetic information
don’t appear to recognise the 10 3.0 2.1
processes of meiosis and fertilisation
sperm need the same information as
the cheek cell to pass on to offspring
confused or conflicting reasoning 18 a4 3.8
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Appendix 3b: Cells Part 2, comparison betweeen individuals

I"art 2: cheek cells from two different people (n = 475)

Tick responses

[ESPOnss

number giving
this response

% responding to

this question
(= 475)

% responding to
this probe
(n=478)

genetic information is the same

1M

2.1

4.1

;{un-;:iil: information is different

407

L

85,7

dom't knoww

57

N0 FESROMSE

4

12.0

12.0

=1.10

* correct responsé

Reasoning

{n = 385: §1.1% of those responding to this question)

a) reasons why genetic
information is the same

(n=10)

<] .0

numher giving
this response

Yo of those
ZIVIN TEASOMNS

(385

% responding Lo

this probe
(478)

the two cells have the same
structure/function

1.3

1.0k

wiclear reasoning

na rcasom

b reasons why genetic
information iz different (n = 407}

number
giving this
response

| % ofthis
group (H7)

(385)

% of those
giving reasons

% responding
to this prohe
(478)

different people have different
genetic information
(no explanation of this)

249

1.2

6.7

324

as above; reason relales Lo
differences in parents, sperm,
nucleus

7l 17.4

154

14.9

as above: reasons relate to DA

19 4.7

relate difference o pene expression
- different physical appearance of
chook®

4.0

4.0

14

4.7

4.9

A

=,

distinguish betwean penes (similar

for both) and genetic information
(different for both)

try (o resolve conllict with answer
to Part |

- cells sfaghtly different re physical
appearance or funclion

1.7

1.7

1.8

1.5

L5

cther

9 2.2

N0 PEAS00SE

23

26 T 64|

.8

® ohix e of resporie may r:;ﬁmf soore andersionding of pene expression (recogrizing differevce
gone and gonetlc Information el might Be attempt 1o resolve conglior with Pave T - cells same tipe.
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Appendix 3¢: Cells - understanding of the science
Analysis was based on the combination of ticked responses, using students’ reasoning Lo
support the interpretation.

{i) only responding to some of the 4 parts
number = 188 [39.3% of responses; 39.0% of the sample|

number giving | % of this group | % responding

this response (18E) to this probe
{478)
no discernible reasoning 41 21.8 8.0
expressed a range of ideas but 147 78.2 30.8
uncerlaindingonsistent (reflected
in failure to complete all parts)

(ii) responding to all 4 parts
number = 290 [60.7% of responses, 60.2% of the sample]

| number giving % of these % responding
| this response | responses (290) | to this probe
(478)
do rot distinguish between 171 G0.0 1 35.3
sperm and somatic cells
- il cells contain the same 23 5.7 5.9
genelic information
- all cells contain ditferent 28 . 0.7 ' 5.9
genetic information '
- cells of the same 1ype contain 115 397 241
the same genetic information
io distinguish between sperm 79 27.2 16.5
and somatic cells
- all samatic cells contain the 8 2.8 1.3

same information; sperm cells
arc different from somatic cells
but the same as cach other

- all somatic cells are different 14 4.8 2.0
but sperm cells all contain the
sume genelic information

- cells of the same type have the 57 19.7 11.9
same genetic information
except for sperm cells - each of
these has diflerent genetic
information

correctly distingnish between 20 6.9 4.2
somatic and sperm cells
|somatic cells all contain the
same genetic information; sperm
cells are dilferent 1o somatic
cells and to each other|

contradictory reasoning 20 6.9 4.2

7
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Mo differentiation
between somatic
and sperm cells

Differentiation
between somatic &
sperm cells

Scientific
understanding

Appendix 3c: Cells - understanding the

science

1. biological reasoning?

1.1 All cells contain the
same genatic infarmation

1.2 All somatic cells are
genetically identical; all
sperm cells are genetically
identical; sperm cells are
genetically different lo
somaltic cells.

2 - different jobs need
different information ?

2.1 Cells of the same type have
the same genetic information;
each type of cell has different
genetic information.

2.2 Each type of cell is genetically
different to each other type of c=ll;
sperm cells are also genetically
different to each other

3 - shanng out fertilised eqq?

3.1 All cells are genetically
different

3.2 All somatic cells are
genetically different; sperm cells
are genetically different to somatic
cells but the same as each other

1.3 All somatic cells contain the same genetic
infarmation; saomatic cells are genetically
different to sperm cells, sperm cells are
genetically different to each other.

Foua1as ayy fo Surpupisiapun - a7y 12§ xapuaddy

sagoud uapLam 3y | 5a0 fo nog aieued syl Futpuni Ay | Sded Bunpaoy



Working Paper 4. Undersianding the genetic baziz of cells: The written probes

Appendix 4a: Cell Division

‘Cell Division’

This question is in two parts.
Part 1 asks about cell division lor growth and repair.
Part 2 asks about cell division for the production of sex cells.

Part 1

In animals, skin cells divide again and again to produce many new skin cells.
In the diagram below some chromosomes have been drawn into the original cell.

Original Skin Cell Many New Skin Cells

N Q N
= Q -

If the original skin cell contained the chromosomes shown in the diagram above, what
chromosomes do you think the new skin cells would contain?

Lok aaf the diaggrams below and ek QNI box o show which chRromaosomes
@ vou think would be found in the NEW SKIN CELLS.

Please give reasons for vour answer,

e

figk ONE Box

]

Don't Know e—m |:|

Meersorn-
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Working Paper 4: Understanding the genetic basts of celis: The written probes

Appendix 4a: Cell Division continued

Would the new skin cells and the originai skin cell contain the same or different genetic
information?

Please tick ONE box, then give your reasons.
@ Tick ONE box

ETRER

the same
different Il
don't know D

Heasons -

pikin

@ For each parr of the body listed helow please tick ONE box to show whether
or wat vate think the cells in thar part of the body would divide in this way.

- E ﬁ don't know
testis D |:| I:l
ovary o o 0O
kidney o O O
stomach [] ] ]

The questions so far have all been about animal cells.

Do vou think that this type of cell division for growth also ocours, in the same way, in
plants?

Please tick ONE box, then give your reasons.
@: Tick t?:iE Box

yes

o [

Reasons

70
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Appendix da;: Cell Division continued

Part 2
Cells also divide when sex cells (eggs and sperm) are being produced.

[n the diagram below some chromosomes have been drawn into the original cell.

Original Cell Egg Cell

J
.
i

|

|

-

2 —

If the original cell contained the chromosomes shown in the diagram above, what
chromosomes do you think the ezz cell would contain?
@‘ Lok ar the diagrams below and tick ONE box to show which chromosomes
v think would be found in the EGG CELL.
Please give reasons for your answer.

Tick ONE Box

Don't Know emee— D

Reasons-
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Working Paper 4: Understarnding the genetic basis of cells: The written probes

Appendix 4a; Cell Division continued

Would the new egg cell and the original cell contain the same or different genetic
information?

- Please tick ONE box, then give reasons for your answer.
EEF Tick ONFE box

the same

different []

don't know D

feasons -

@ For each part of the body listed below please tick ONE box to show whether
oF ned you think the cells in that part of the body wonld divide in this way.

LLLN

muscle E*] |":U| don’t know
Lests D D D
avary ] O 0
kidney S 0 -
stomach (] n =
skin D |:| D

So far, the questions in Part 2 have all been about animal cells.

Do you think that this type of cell division, for production of sex cells, also occurs in
plants?

Please nick ONE box, then give reasons for vour answer.
@ Tick ONE Box

Ves . |
ne | |

Heaqsons -




Waorking Paper 4: Undersionding the genctle basls of cefls: Tha weittan profber

Appendiz 4b: Cell Division - frequency of responses

Analysis Of Responses

The main responses to cach guestion are set out part by part in the following pages.
Ambiguous or incomprehensible responses are not included. Nor are views expressed
hy very few (one or two) individuals - unless grouped under “olher responses’
Oceasionally the coding is not exelusive (more than one of the listed views may have
been expressed by one person) therelore the wotal may add up @ more than 100% at
times.

Number of responses
sample size (number responding to some part of this probe) = 481

numbers attempting Part 1{mitosis) =481 [100% of the sample]

a) chromosome number =478 [ 99.4% of the sample]
brh genetic information =477 [ 99.2% of the sample]
¢) location =480 [ 99.8% of the sample]
d) in plants 453 [ 94.2% of the sample]
numbers attempting Part 2 (meiosis) = 481 1% of the sample]
a) chromosome number 479 | 99.6% of the sample]
b} genetic information 472 [ 98.1% of the sample]
¢) location =463 | 96.3% of the sample|
i) in plants =424 | 8E.1% of the sample]

This appendix is in several sections:-

Part 1: mitotic cell division

la - chromosome number in resultry cells
b - genetic information in resulting cells
le - location of mitosis

1d - mitosis in plants

I'art 2: meiotic cell division

2a - chromosome number in resulting cells
2b - genetic information in resulting cells
2c¢ - location of meinsis

2d - meiosis of plants



Working Paper d: Understanding the genetic basiz of celly: The weitten prodes

Appendix 4b: Cell Division, mitosis/chromosome number

Part 1: Mitotic cell division
1a) chromosomes number:

‘How many chromosoemes would a new skin cell have compared with the

original skin celll’

Tick responses (n = 47H)

number giving | % responding | % responding
this response | to this question | to this probe
number of chromosomes in=478 n=481
[ 4 (the same)* 220 46.0 43,7
& (double) 101 21.1 21.0 B
2 {half) &0 16.7 166 |
don’t know 17 16.1 16.0
[ticked don’t know| [75]
[multiple ticks] [2]
® et F"H.".:Il?-l'.'ﬂ.'i;!'?
Reasoning (n = 362; 76% of those responding to this question)
Number giving % of those % of those
this reason giving this aiving reasons
Keasons FCSpOnse [n=302)
the same number (o= 220}
eompatible with the science e, o3 42.3 257
chromosomes copicd/shared
[zeneralise (all cells; ne distinclion [17 [7.7 [4.7]
somatic and zerm) |
*cells of same type/function 20 6.4 22.1
®rave no reason 13 .0 =
double the number (o= 101}
“oontusgion:
- process and structure - splitting, 20 25.7 72
copyving; cell or chromosome
- hetween cell and chromosome 26 257 7.2
*misundersianding
- chromosome number depends on the 11 10.9 30
state of the cell {(ape or health)
* 0 FEasOn 16 158 -
halfl the number (n = 80) -
*chromosomes shared but not replicated 43 338 11.9
IO TEAS0M 13 6.2 -
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Warking Paper 4: Understanding the genetic basis of cells- The written probes

Appendix 4b: Cell Division, mitosis/genetic information

1b) genetic information:

‘Would the new skin cell and the original skin cell have the same or

different information?’

Tick response: (n =477)

number giving
this response

% responding
to this guestion

%0 responding
to this probe

nature of genetic information m=477) in=481)
the same 312 65.4 Hd 9
different 65 13.6 13.5
don’t know 10D 21.0 20.8

Reasoning (n =328: 69% of those responding to this question)

Number giving % of those % of those giving
this reason giving Lthis TEASOMS
reasons response (n=328}

the same information (n = 312) ]

*the cells are the same type 51 16.3 15.5

*ail cells contain same information 43 13.9 13.1
(no distinction somatic and germ
cells)

*information within hody 22 7.1 6.7
unchangeable

[even il C. numhber within cell [¢] [1.3] 1.2
changes]

*eopied from parent/original cell LI 35,3 33.5

(may include some implicit ‘cells
of same type’)

®no reason 33 1.6 .

b. different information (o = 65)

*depends on the state of the cell 9 13.E 2o
(ape or health)

*small numbers and unrelated ideas 11 - &
[note 1)

#*small numbers and confuzions & - -
(o 2

* M0 TeAson 18 27.7

note 1

No other commonly held ideas were apparent. Instead, a number of unrelated ideas were revealed:
= 4 thought that genetic information would relate to the appearance of the cell/part of hody

L]
L]
-
* | said that copying was ol exact

nobe 2

A number of confusions were also apparent:

*  aboul the type of cell division, with references to sperm and egg (2)
¢ Dbebween genelic code and genete information {173
#  about splitting, dividing, multiplyving in relation to C's and cells [3)

(L]

perhaps linked to this, 1 thought the genetic informarion would depend on the location of the cell
3 zaid that the infarmation would be different because the C number would be different
2 thought that genetic information was shared our at cell division




Warking Paper 4: Understanding the genetic basis af celly: The weiliten probes

Apprendix 4b: Cell Division, mitosisTocetion; in planis

1c) location of mitotie cell division: what combination of tissues do they tick?

Summary of tick responses (n = 480)

number giving | %o responding

this response | to this question
location (480)
somatic tissucs only? 144} 292
sonads only 102 21.3
| mixture of both 163 4.0
don’t know 76 15.8

* correc! aaswer

1d) plants:

‘Does this type of cell division also occur, in the same way, in planis?’

Tick response (n = 453)

number giving | % responding | % responding
this response | to this question to this probe
TEAPONSE (n=4533) (n=481)
VER 299 66.0 62.2
fio 147 323 30.6
don't know 33 - 1.3
[ticked don’ know] [7] [1.5] [1.5]
[didn’t respond| B | 28] - [3.8]

Reasoning (n = 330: 73% of those responding to this question)

Mumber % of those % ofthose | % responding
miving this | giving this giving to this prabe
reAsons FEAse responss [EASCNS m=4E8I1}
{n = 330)
a) yes, plant cells divide by mitosis
(n = 209)
*plants are living, like animals 157 §2.5 476 326
(meseded for growth, repair ete.)
*confusions
- relating to sex cells‘reproduction 13 4.3 10 2.7
* misunderstandings
= there is no other tvpe of cell & 20 1.8 1.2
division in plants
* 00 Peason TR 26.1 - -
b) no, plants do not divide by
mitosis
(n=147) 6 43.5 19.4 133
*plant are not like animals (2 are
explicit: plant cells do not divide)
*confusion 11 7.3 13 23
- about type of cell division?
*misunderstanding 2 .4 <1.10 =10
- plants arc not living 57 388 - -
| * no reason
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Working Paper 4: Understoanding the genetlc basls of calls: The written probes

Appendix 4b: Cell Division, meiosis/chromosome nuwiber

Part 2: Meiotic cell division

2a) chromosomes numhber:
‘How many chromoesones woildd the egg cell contain, compared with the

ariginal cefl?'
Tick response (n = 479)
number giving | % responding | % responding
number of chromosomes this response | to this question | to this probe
(479) (481}
4 (the same) 110 23.0 22,9
| 8 (double) 72 15.0 150
c: 2 (half)* 148 30.9 30,8
don’t know 149 il 30
[ticked don’t know] [144]
[multiple ticks ] [5]

* the correct response

Reasoning (n =277: 58% of those responding to this question)

Mumber piving % of those ¥ ol those
this reason giving this Ziving reasons
TEHSONS TESPONSE n=277
the same pumber (n= 110}
» don't appear to distinguish hetween i3 313 Ay
somatic and germ cells
¢ appearad to be confused with 3 2.7 [.1
fertilisation
*  EAVE N0 reason 19 173
double the numhber (n=T1) -
*confusion:
- process and structure: splilling, copying; 13 1%.1 4.7
cell or chromosaome
appearad to be confused with 7 0.7 2.3
fertilisation
*misunderstanding 10 13.9 3.5
- sex cells should contain meare
chrcmoscies 2 2T =140
- chromosome number depends on the
state of the cell (age or health) 21 202 .
* no reason
half the number (n = 144)
*chromosomes arc split‘shared equally 69 479 24.9
[Dexplicitly recognise need for reduction [40] [27.8] [14.4]
division belore fertilisation]
[1i)general - may relate to view of cell [29] [20.1] [190.5]
division as sharing but not copying
chromosomes)
*oonlusion
= abirt sex chromosomes e 6.3 3.2
| Yo reason 17 118 -
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Working Paper 4: Understanding the genetic basis of cells: The written probes

Appendix 4b: Cell Division, meiosis/genetic information

2h) genefic information:

‘Would the egg cell and the original cell kave the same or different

information?’

Tick response (n = 472)

number giving | % responding to | % responding 1o
this response this question this prohe
nature of genetic information (472) (481) |
the same 178 37.7 370
ditferent® 163 34.5 , 33.9
don't know 131 278 | 21.2

¥ the correct response

Reasoning (n = 263: 56% of those responding to this question)

Mumhber % of those | % of those | % of those
giving this | giving this giving answering
PERsOns reason response TEASONS this probe
{n=263) {481}
the same information (n =178 |
*new cell 15 8 copy of original tll KX 22.3 125
*relate penetic informaticn, fo funstion 18 0.1 0.8 37
*epa contains aff information needed for 9 3.1 34 1.9
next generation
*renetic information cannot be changed 7 3.9 2.7 1.5
" o PEason 36 20.2 - 7.5
different information (n = 163)
*linked genetic information and variation T4 45.4 28.1 15.4
in flspring
[} explicitly mention processes which is| [21.5] [13.3] [7.3]
bring this about]
*confusion with fertilisation? 13 8.0 4.9 2.9
*relate genetic information. to function & 3.7 23 1.2
ino distinction meiesis and mitosis)
* TIC) TERSOT 43 26.4 - 59

T8




Working Paper 4: Understanding the penstic basis of cells: The writier probes

Appendix 4b: Cell Division, meiosisTocafion; in plants

2¢) location of meiotic cell division: what combination of tissues do they tick?

Summary of tick responses (n = 46

3)

number giving | % responding | % responding
this response | to this question | to this probe
location {463) (481 |
somatic tissues only 71 15.3 14.8
gonads only* 119 25.7 24.7
| mixture of both 180 38.9 374 .
| don’t know 108 23.3 22.5 |

* correct aRywer

2d) plants:

‘Does this fype of cell division, for the production of sex cells, afso occar in plants?°

Tick response (n = 424)

number giving | % responding | % responding
this response | to this guestion | to this probe
PESPONSE {424) {481}

a) ves 212 50,0 : 441

b) no 204 48.1 42 4

¢) don’t know f5 - | 13.5

[ticked don’t know] 8 1.9

[didn’t respond] l' 57 -

Reasoning (n =277: 65% of those responding to this question)
Number | % ofthose | % of those | % of those
giving this | giving this giving answering
Tedason | response reasons this probe
o fH LT 1 (n=277] (n=-A81%
ves, plant cells divide by meiosis

(n=212)

*plants are living, like animals 104 47.2 36.1 20.8

- feawsion, may wol all be distinguishing e
twa fypes af division [70] [33.00 [25.3] [14.6)

[explicitly mention sex
cells‘reproduction| 15 7.1 %4 1.1

=confusions relating to type of cell
division? 0 13.0 - -

" 1o reason

no, plants do not divide by meiosis

(n = 204)

*plant are not like animals 7 47.4 35.0 202
Li} sex is different in plants] [27] [13.2] @7 [5.6]
[ii} explicit; there is no sex in plants] [31] [13.2] [11.2] [6.4]
[iii) implicit: no sex in plants) (8] [3.9] [2.9] [1.7]

*zonfusion about type of cell division? L] 4.4 3.2 1.9

* No PEason 86 42.2 - -
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Working Paper 4! Understanding the genetic baxis of cells: The written probes

Appendix 4c: Cell Division, comparison of mitosis and meiosis

For the purposes of the following analyses those ticking *don’t know', ticking more
than one option or not responding to the question have been grouped together as

*don't know’

a) comparison on the basis of chromosome number

chromosome number: meiosis

chromosome number: i q 2 don’t know
milasis
8 il 18 17 16
4 22 T3 &6 19
2 11 10 37 22
| don’t know ] o 8 55

b) comparison on the basis of genetic information

genetic information: meiosis

genetic information: SEME different don’t
milosis know
SAME 145 106 b1
difterent 11 40 14
don’t know 2 17 B

¢} comparison on the basis of location.

See tollowing page,

d) eomparison on the basis of response to plants

Does meiosis occur in plants?

Does mitosis occur in yes no don't
plants? know
Vs 1635 107 27
no 4 B3 5
don’t know T o 20
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Working Paper 4! Understanding the genetic bavks of cells: The written probes

Appendix 4c: Cell Division, comparison af mitosis and meiosis
¢) comparison on the basis of location

cross tabs: location of mitosis x location of meiosis

meiosis
1 2 3 4 5
1: ticked ol opticns 7 0 1 3 4
o 2: ticked somatic cell options only 2 25 | 67 | 23 | 23
IItosLs 3: ticked perm cell options only 1] 12 | 26 | 53 | 11
4: ticked a combination of both 1 2 I8 B2 T
5: other responses 0 14 7 o 46 |
From this the following can be identified. Those who:
i) do distinguishing between meiovis and mitosis on the basis of location
67 correctly located mitosis in somatic tissues ard meiosis in gonads [meiosis = 3;

milosis = 2]
48 correctly located mitosis but not meiosis (see also ‘distinguishing berween
somaltic and germ cells’, below)[meiosis not = 3; mitosis = 2]
26 correctly located meiosis but not mitosis (see also *distinguishing between
somatic and germ cells’, below ) meiosis = 3; mitosis not = 2]
12 showed reversal: located mitosis in gonads and meiosis in somatic tissues
[meiosis = 2; mibosis = 3]

(i} wol distinguishing bemween miciosis and mitosis on the basis of locarion
8% indicated that cell division {either type) can take place in either type of cell
[meiosis = 1 or 4; mitosis = 1 or 4]

[iii) distinguishing bemweeen somavic and germ cells, bl nof necessarily hehveen

mritosis and metosis

23 indicated that cell division (any type) only (akes place in somatic cells
(overlaps [meiosis = 2; mitosis = 2]
26 indicated that cell division (any type) only takes place in germ cells
[meiosis = 3; mitosis = 3]

(v} ather responses (fmeluding “don’t know')
183 confused, uncertain or didn't know

number giving | % responding
The findings above are summarised in this table this response | to this probe
(n=4381)
distinguishing between meiosis and mitosis on the basis of 153 318
Incation
- comectly located mitosis in somatic tissues and meiosis in 67 13.9 ,
gonads |
- comrectly located mitosis but not meiosis 48 10.0 I
= gorrectly located meiosis bul nol mitosis 6 { .4
- reversal: located mitosis in gonads and meiosis in somatic 12 2.3
tissues
nol distinguishing between meiosis and mitosis on the basis 89 18.5
of location B
distinguishing between somatic and germ cells, but not 51 1.6
necessarily between mitosis and meiosis
- all cell division cecurs in somatic tissues 25] [5.2]
- all cell division oeeurs in gonads 126] [5.4]
other responses (including ‘don*t know') 183 380
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Working Paper 4: Understanding the genetic basts of cells: The written probes

Appendix 5a: Reproduction
‘Reproduction’

This question is in three parts.

Part 1
In animals, when a sperm cell fertilises an egg cell a new cell is formed. This is the
process of sexual reproduction. This new cell then develops into a new animal.

In the diagram below some chromosomes have been drawn into the egg cell.
Sperm Cell

Mew Fertilised Cell

+

Egg Cell —— K\
f@'l N
2
If the ecz cell contained the chromesomes shown in the diagram above, what
chromosomes do you think the sperm cell would contain?

ook at the diagrams below and tick ONE box to show which chromosomes

@ e dhirek wonld be found in the SPERM CELL,

Plecase give reasons for vionr answer.

Tick ONE Box

+

/ IA =

2
!

é

OO o O 0O

§

o Doan’t Know

Please give e reasons for Your answer-
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Appendix Su: Reproduction continued

= Now look at the diagrams below and tick ONE box to show which
= chromosomes vou think would be found in the NEW FERTILISED CELL.
Please give reasons for your answer.
Tick ONE Box
AW
= 'K o
(4
\ “ “ []
U //'\
—
Ly
)=
- -H\ _/
| = | []
N &
Don’t Know |:|
Please grve the reasons for your answer- -
Parc 2

Some simple animals can also reproduce asexuvally - without the *combining’ of
cells described above.

Why do vou think an ammal that could do this would still need to reproduce sexually

as well 7
Please nck ONE box 1o show whether or not vou have any ideas about this.
{f vou have some ideas. please wounld vou explain them.

Tick ONE Box
I have no idea |:|

[ have some deas | 1

—_—

[ think that

=mma

54
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Appendix 5a: Reproduction continued

Part 3

Flants also need to reproduce.

The alternative ways in which they might do this are listed below.

FPlease tick ONE box to show how you think plants reproduce, then give
FEasons for your answer,

i

fick ONE box
sexual reproduction
asexual reproduction D
both sexual and asexual reproduction |:|
don't know D

£ @ Please say why you think planis reproduce in this way

= L




Working Paper 4 Understanding the genetic basis of cellz: The weitten probes

Appendix 5b: Reproduction - frequency of responses

Analysis Of Responses

The main responses 0 each guestion are set out part by part in the following pages.
Ambiguous or incomprehensible responses are nol included, Nor are views expressad
by very few (one or two) individuals - unless grouped under “other responses’
Occasionally the coding 1s not exclusive (more than one ol the listed views may have
been expressed by one person) therelore the total may add up to more than 100% at
hmes.

Number of responses
sample size (number responding to some part of this probe) = 478

Part Hprocess of sexual reproduction) =477
a) chromosome number in cgg and sperm = 476
b’} chromosome number in fertilised cgg =469
Part 2 {purpose of sexual reproduction) =470
Part 3 (sexual reproduction in plants) =473

This appendix is in a number of sections:-
Part 1: The process of sexual reproduction
la - comparison of chromosome number, egg and sperm

b - chromosome number in fertilised egg

Part 2: The purpose and benefits of sexual reproduction
Part 3: Sexuval reproduction in plants
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Working Paper 4: Understanding fhe genelic basis of cells; The weitien profes

Appendix 5b: Part 1, comparison of egg and sperm

Part 1: Process of sexunal reproduction

1a) comparison of chromosomes number in egg and sperm:
If the epg cell contains 3 chromosomes, how many would be found in the

sperm cell?

Tick responses (n = 476)

number giving Ve of these % responding 1o

TESPONSEE this response responses (476) | this probe (478)
& chromosomes (double) T T 118 11.7
5 chromosomes {more) 36 1.6 1.5
3 chromosomes (same)* 213 447 44.6
2 chromosomes (less) I 82 | 8.2
don’t know 132 7 27.6

* carrect aRswer

Reasoning (n = 278: 538.4% of those responding to this question gave reasons)

MNumber % of those | % of those | % of those
giving this | giving this giving answering
TEAson FESponss FEASONs thiz prabe
TEASONS n=278) {n=478)
more chromosomes (o = 923 - - - -
*uperm need more chromosomes or 11 12.0 4.0 23
genetic information
*oonfusions
- with terminology 11 12.0 410 23
- between cell and chromosome f 6.5 2.2 1.3
- with fertilisation 4 4.3 1.4 <140
*no reason 35 38.0 12.6 1.3
the same number of chromosomes (o=
213)
*need for equal numbers or matching sets 143 (7.1 51.4 209
of chromosomes
[explicitly: numbers in ega and sperm [63] [29.5] [22.7] [13.2]
halve before fertilisation]
*misunderstandings |
- sperm aguires chromosomes from egg 7 3.3 2.5 1.5
- number of chromosomes relates to tvpe 2 <1.0 <1.0 <].0
of function of cell
*confusions
- berween cell and chromoszome 3 1.4 .1 =140
- about sex chromosomes 3 1.4 1.1 <1.0
*no redason 32 15.0 1.5 6.7
less chromosomes (n = 39)
*sperm need less information than egg 3 7.1 1.1 <10
*ronfusion: sex chromosomes 12 0B 43 25
*no reason . 13 333 4.8 2.7
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Appendiv 5b: Part 1, the fertilised egg

1h) chromosomes number in fertilised egg:

How many chromosomes would be found in the fertilived egg?

Tick responses (n =469)

number giving % of these | % responding to
TESpONSE this response responses (469) | this probe (478)
& chromosomes {(doublc)* 202 43.1 ' 423
5 chromosomes (more) 39 8.3 82
3 chromosomes (same) 40 8.5 8.4
2 chromosomes (less) k] Bl 15
don’t know 152 32.4 31.8 |

* correct aRswer

Reasoning (n =262: 55.9% of those responding to this question gave reasons)

Mumber %o of those | % of those | %o of those
| piving this | giving this giving | answering
reason responss reasons | this probe
TCASONS (n=262) (n=47k)
chromozome number douhles
(n=202)
*chromosomes or information combine 116 574 443 24.3
[need for full sets or equal numbers] [34] [16.8] [13.0] [7.1]
*cells combine
*no reason 1 13,3 11.8 6.5
| 27 EE 10.3 5.6
more (3) chromosomes (o = 39) |
*recognised need to combine but didn't 15 385 3.7 1.1
recognise need for equal contributions
o reason 11 28.2 4.2 2.3
the same number of chromosomes (n =
4y |
*numerous confusions about the process i 14 330 53 29
of Tertilisation
*no reason 15 375 5.7 11
less chromosomes (n = 35)
*misunderstandings
- each parent contributes only 1 12 133 52 2.5
chromosome
- chromoesome number relates to age of 3 8.3 1.1 1.0
the cell
*no reason 12 333 5.2 2.5
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Appendix 5b: Part 2, the purpose of sexual reproducition

Part 2: The purposes and benefits of sexual reproduction in animals
‘Why might an animal which can reproduce asexually also need to

reproduce sexually?’

Tick responses (n = 470)

number giving % of these % responding to

response this response responses (470) | this prohe (478)
no idea 1312 70.6 69.5
some ideas 133 28.3 27.8

Meafer: el ol Phose who Hoeked sosne ldeas ' gave an axplaration; some of thase who gove no tick
response, ar who answered ‘o idea’ went on o give an explavation.

Explanation (n = 130)

number xiving

20 af those

% responding to

this reason giving reasons this probe

TeAsons (130) (478}
to mix genecs 57 43.8 11.9
[in order to increase variation] [31] [39.2] [10.7]
[necessary for survival, adaptation, [26] [20.0] [5.4]
evalution]
misunderstanding
- of the question (response 13 10.0 2.7
unrelated}
- asexual reproduction not possible 7 5.4 1.5
in animals
confusions
- between sex, sex cells and & 4.6 1.3
biclogical determination of sex
disagreements
- do not believe thot sexual 3 3.8 1.0
reproduction is necessary in
animuls -
note: categories not necessarily exclusive
Part 3: Sexual reproduction in plants
How do plants reproduce?
Tick responses (n = 471)

number giving % of these % responding to

response this response responses (471) | this probe (478)
sexual reproduction 41 8.7 8.0
asexual reproduction 159 i34 33.3
both types of reproduction® 166 35.2 14.7
don’t know 105 223 22.0

* correct answer

34
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Appendix 3b: Part 3, sexual reproduction in plants conifnied

Reasoning

{n = 284: 60.3% of those responding to this question gave reasons)

Mumber o of those | %ol those | % of those
giving this | giving this riving answering |
FEASON response redasons this probe |
FEASONS ) {n = 284) (n=478) |
sexnal reproduoction only (n=41)
*recognition of a mechanism for this |7 41.5 6.0 ih
[explicithy identify sex cells/organs] [11] [26.5] [3.9] [2.3]
*eonfusion
- don’t appear to differentiate between 3 7.3 1.1 <1.0
sexual and asexual reproduction
*ho reascn [ 268 19 23
asexual reproduoction only
{n = 159)
*swareness that one plant on its own can b 2.5 1.4 <10
reproduce
*no mechanism for sexual reproduction 57 158 20.1 1.9
- plants can’t move
*no mechanism for sexwal reproduction 13 8.2 4.6 2.7
- nir 8ex cella‘organs
*misunderstanding - fertilizsation is I7 10.7 f.0 3.0
| “external® {and so can't be sexual)
| *misunderstanding - seeds are evidence [0 0.3 1.5 2.1
of asexual reproduction
*confusions’conllicts 14 L 4.9 2.0
- recopnise sex cells bul don’t see a
mechanism for the process
*no reason i6 22.6 127 7.5
both types of reproduction
i{n = 166)
* purpose - increasing variation (sexual) 9 54 32 1.9
* purposc - rapid propagation (asexval) 4 24 1.4 =10
* purpose - maximize chances ol survival £ 19.% 11.6 6.9
*pwareness of a mechanism - sexual 35 21.1 12.3 T3
[pollination] [14] [8.4] [4.9] [2.9]
[sex cells‘organs) [23] [13.9] [8.1] [4.8]
*awarcness of a8 mechanism - asexual 3 4.8 2.8 1.7
*misunderstanding - seeds as evidence for 5 3.0 1.8 1.0
ascxual reproduction
*misunderstanding - plants can he sexual 3 1.8 [.1 1.0
or asexual but not both
*confusions - if cross pollination is 33 19.9 1.6 6.9
scxnal, is self pollination asexual?
*conflict - accept that sexual reproduction 4 24 1.4 1.0
occurs but confused as to how, given
lack of movement.
*HO reason 3& 21.1 12.3 7.3
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