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Abstract
Addressing controversial issues in the science classroom demands that students understand the 
societal aspects of scientific research. A context-based digital teaching unit, “Cloning plants”, was 
designed in order to introduce cloning. The present study analyses students’ learning outcomes and 
the development of their interest in biology from using the unit. The study was conducted among 
Norwegian biology students aged 17-18. A pretest and posttest design with individual questionnaires 
and group interviews was chosen. The study shows that use of the unit resulted in a more nuanced 
understanding of cloning and an increased interest in cloning. About 80% of the students reported 
that the realistic context had a positive impact on learning about cloning and 60% reported that 
they had learned more about scientific research and societal aspects of research on cloning. Students 
also reported that the context enhanced their interest in cloning.

Introduction 
Genomics and modern biotechnology are set to become one of the most important scientific and 
technological revolutions of the twenty-first century (Kirkpatrick, Orvis, & Pittendrigh, 2002). 
Hence, the products of modern biotechnology processes such as genetic engineering, DNA testing 
and cloning will increasingly have an impact on society (Lappan, 2000) and will cause controver-
sies. It is essential that young people have a well-developed scientific understanding of these pro-
cesses so that they are able to contribute to public debate and make informed personal decisions 
(Dawson, 2007). Societal aspects of science are often neglected in teaching materials. This aspect 
is important when it comes to understanding controversial issues such as cloning. In an attempt to 
provide students with more information about the processes and societal dimensions of cloning, 
an interactive teaching unit called “Cloning plants” (available at http://viten.no) was developed. 
This paper presents the results of a small-scale study in which knowledge and interest outcomes 
of students that used the unit “Cloning plants” was explored.

Background
Cloning1 as a controversy in the natural sciences
Controversial socio-scientific issues, such as cloning, are the kinds of scientific issues typically 
reported in the media, and are therefore the kind of issues that students are likely to be confronted 
with in their daily lives (Kolstø, 2001). In itself, cloning is not controversial. Rather, it is its parti-
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cular application to humans that is problematic (Horst, 2005). Because modern society is increas-
ingly called on to address these types of controversial issues, they should be given high priority in 
science education (Kolstø, 2001).

Cloning as a product, a process and a social institution
Fewer and fewer young people seem to be interested in science and technology (Kjærnsli, Lie, Ol-
sen, & Roe, 2007; Osborne & Dillon, 2008). A possible explanation for this may be that many stu-
dents find it difficult to see the relevance of science issues. This may be related to the approaches 
used in teaching science, which traditionally have focused on science as facts and unquestionable 
knowledge (Kolstø, 2003). According to Sjøberg (2004), science consists of three dimensions: a 
product, a process and a social institution. In other words, learning about cloning has three as-
pects: 1) understanding what cloning is, 2) understanding the methods that lead to new theories 
and knowledge of cloning, 3) knowledge about the institutions and people that carry out research 
and make use of research results. To enhance students’ motivation to learn science and to prepare 
them to participate in a democratic society, it is important to pay more attention to the last two 
aspects (Kolstø, 2003; European Commission, 2007).

One important aspect of understanding science is to understand how science develops at its fron-
tiers (Kolstø, 2001). Associated with this is learning about argumentation (Kolstø, 2003; Osborne, 
2005). Even though argumentation is considered important in the development of students’ un-
derstanding of science (von Aufschnaiter, Erduran, Osborne, & Simon, 2008), activities promoting 
arguments are not common in science lessons (Mork, 2005).

viten.no as a mediating tool
A web-based platform called viten.no was used as a mediating tool to introduce the societal as-
pects of cloning to students. viten.no offers digital teaching programmes in science for secondary 
school (Mork, 2006a). The main aim for all Viten programmes is for students to learn about the 
processes and products of science (Jorde, Strømme, Sørborg, Erlien, & Mork, 2003). The Viten 
design model stresses the fact that students not only need scientific information when learning 
science, but also need to be able to apply that knowledge in actual situations, and learn how soci-
ety deals with scientific information in a broader context (Mork, 2006a).

According to Roschelle, Pea, Hoadley, Gordin and Means (2000), students who participate in 
computer-connected learning networks show increased motivation, a deeper understanding of 
concepts, and an increased willingness to deal with difficult questions. Roschelle et al. (2000) 
claim that technology may enhance the way students learn by supporting the following four funda-
mental characteristics of learning: active engagement, participation in groups, frequent interaction 
and feedback, and finally, connections to real-world contexts. All four characteristics advanced by 
Roschelle et al. (2000) are found in the web-based Viten unit called “Cloning plants”. In general, 
all Viten programmes are designed according to the Scaffolded Knowledge Integration (SKI) prin-
ciples: make science accessible, make thinking visible, help students learn from each other and 
promote autonomy and lifelong learning (Linn & Hsi, 2000; Mork, 2006b). The Viten programmes 
are all based on theories regarding the social construction of knowledge and the importance of 
talking about science (Jorde et al., 2003), which are described by Leach and Scott (2003) and Mor-
timer and Scott (2003). According to this socio-cultural approach, learning and meaning-making 
are portrayed as originating in social interactions between individuals, or as individuals interact 
with cultural products that are made available to them in the form of books or other sources (Säljö, 
2006).

Context-based approaches
In order to focus upon the societal aspects of cloning, a context-based approach was chosen in 
the present Viten unit. Context-based approaches to science teaching are becoming increasingly 
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popular, as they are seen as a means of providing pupils with more appealing and more relevant 
experiences in their science lessons (Ramsden, 1997; Jorde et al., 2003). Despite this agreement, it 
appears that context-based approaches are rarely used. According to Osborne and Dillon (2008), 
European students often feel that “science appears as a ‘catalogue’ of discrete ideas, lacking co-
herence or relevance, with an over-emphasis on content that is often taught in isolation from the 
kinds of contexts that might provide essential relevance and meaning”. In this way, students may 
find it difficult to transform scientific knowledge to their own everyday life.

Some courses and curriculum enrichment resources that have been developed to adopt a context-
based approach to science teaching have attracted international attention (Nentwig & Wadding-
ton, 2005). One important influence on these developments was the emergence of the ‘Science, 
Technology and Society (STS)’ movement (Solomon & Aikenhead, 1994). According to Aiken-
head (1994), good STS science teaching aims at preparing future scientists and citizens to partici-
pate in a society increasingly shaped by research and developments involving science and techno-
logy. The present Viten unit shares many of the characteristics of STS teaching. 

The Viten unit “Cloning plants”
The “Cloning plants” teaching unit was released in August 2004, and by September 2008 it had 
been used by 4615 students and 518 teachers. The content was chosen in accordance with the 
national curriculum for natural science and biology in upper secondary school (KUF, 1993; 
KUF,1996). The unit is based on traditional theories about cloning; these are presented in a real 
life context. The context is a research laboratory and an international research conference on 
cloning. The approach stresses providing insights into science as a social institution. The unit 
develops a virtual case, in which students are assigned roles as participants in a summer school 
located in the research laboratory. As a burglary takes place during the students’ stay in the labo-
ratory, they become involved in solving a crime mystery. After the burglary, a valuable powder was 
found to be missing. According to the police, investigating the crime, there are four suspects, all 
participants at the international conference on cloning. The police report and other information 
sources form the base of further investigations carried out by the students. To solve the mystery, 
they need to: 1) develop their knowledge about cloning, 2) assess the statements of the suspects, 
3) carry out analyses of samples of powder in a virtual laboratory. Finally, they present their con-
clusions, based upon scientific knowledge and argumentation. 

One of the objectives of the teaching unit was to show students that cloning can take place at dif-
ferent levels: genes, cells and whole organisms, such as plants, animals and humans. The media is 
an important source of students’ knowledge of biotechnology (Bonfadelli, 2005; Dimopoulos & 
Koulaidis, 2003; Shepherd, Barnett, Cooper, Coyle, Moran-Ellis et al., 2007) and the media tend to 
associate cloning only with animals and humans (Gunter, Kinderlerer, & Beyleveld, 1998; Horst, 
2005). However, cloning has been commonly used for decades to grow potatoes, as one example, 
and cloning of cells takes place in our body every day. In “Cloning plants”, the students also learn 
about modern techniques in biological research, various aspects of stem cell research and ethical 
issues. This is expected to contribute to a more in-depth understanding of cloning and stem cells, 
providing students insights into the role that research laboratories play in creating new scientific 
knowledge.

Research questions
The “Cloning plants” unit was designed to introduce the societal aspects of cloning to school 
science. Since it is difficult to understand these societal aspects without having content-specific 
knowledge, the aim of this initial study was to see whether a context-based approach improves the 
needed knowledge base and interest or not:

1. How does the use of the unit affect students’ learning outcomes?
2. How does the use of the unit affect students’ interest in cloning?
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Methods
Sample 
The present study was undertaken in five biology classes from three different upper secondary 
schools in Norway. Four of the classes represented two culturally mixed city schools, while one 
class was from a small town school. A final sample of 44 students, age 17-18, participated in all 
written tests: 16 from second grade (2BI) and 28 from third grade (3BI) for a total of 39 girls and 
5 boys. Three groups of 4 students each were interviewed. The interview groups were formed by 
the teachers, using representation of good communicative skills and different levels of knowledge 
and interest among the students in the group as main criteria.

Experimental design
All students spent 2-4 hours working through the programme at the Resource Centre for Mathe-
matics, Science and Technology Education at the Norwegian University of Science and Techno-
logy. All students worked together in groups at the computer, with two or three students in each 
group. Discussion and cooperation among the groups was ongoing throughout the session. 

Individual questionnaires and a pretest/posttest single group design (Robson, 2002) were chosen 
so that student achievement before and after use of the teaching programme could be compared. 
The pretest was conducted the week before and the posttest was performed within one week after 
the programme’s completion. 

Semi-structured group interviews (Robson, 2002) were undertaken to obtain supplementary com-
ments and to check whether the students’ answers on the paper and pencil tests were in accor-
dance with their oral statements. The group interviews were also specifically used to obtain infor-
mation about students’ interest levels and the effect of the context-based approach, since these two 
aspects are more difficult to measure with a test. The interviews were carried out the week before 
and the week after the students’ work on the computer, they were tape-recorded and transcribed. 

A pilot version of the questionnaire and interview schedule was tested in one class with 17 students 
in second grade (2BI). Results from the pilot class are not presented.

 
Achievement tests and interviews
Ten open-ended questions (Table 1) and seven multiple-choice questions, identical on both tests, 
were used to compare students’ answers at the two points of time. Additionally, the posttest con-
tained six questions that were unique to the test, where alternative statements presented on a 
Likert scale had to be valued. The students had to reflect on their own knowledge and interest, 
and explain their achievement and interest with respect to the construction of the programme. 
The last question was included with the purpose of checking internal consistency within students’ 
judgements.

The multiple choice questions were given code 0 for wrong answers and code 1 for right answers. 
A coding scheme (Table 1) was developed for open-ended questions, categorising answers from 
code 0-3, where 0 represented wrong answers and 3 represented the highest score. To assure ac-
curacy during categorisation, criteria for each question were established. The criteria were chosen 
partly according to expected answers and partly in the light of the students’ actual answers. Crite-
ria for questions 6, 9 and 10 were specifically developed according to the students’ answers. The 
Likert scale used assigned answers a number from 1 – 6, where 1 represented “strongly disagree” 
and 6 “strongly agree”. For all questions, missing answers were given code 9.
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Table 1. Coding scheme for open-ended questions identical in all tests. Wrong answers = 0, Right 
answers = 1-3, where 3 is the highest score. Missing answers were coded 9.

QUESTIONS Code 0 Code 1 Code 2 Code 3
1 What is cloning? Wrong answer. Examples instead 

of explanation, 
imprecise, or use 
of emotional 
words.

Simple and 
incomplete 
explanation.

Good 
explanation, 
remembering 
that cloning 
occurs at 
different levels.

2 Can you give any 
examples of cloning? 
What?

No examples or 
wrong answer. 

1 example. 2-3 examples. 4 or more 
examples.

3 What are stem cells? Wrong answer. Examples instead 
of explanation, 
imprecise, or use 
of emotional 
words.

Simple and 
incomplete 
explanation.

Good 
explanation, 
often used other 
biological terms.

4 How can we use stem 
cells?

Wrong answer. 1 area of 
application.

2 areas of 
application.

3 or more areas 
of application.

5 Do you know any 
methods that can 
be used to clone 
animals? If yes, 
explain these 
methods.

No knowledge 
about methods 
or wrong 
answer.

1 method, 
no or wrong 
explanation.

1-2 methods 
and correct 
explanation of 
at least one of 
the methods.

3 or more 
methods 
and correct 
explanations.

6 Can you name any 
plants that are able 
to naturally clone 
themselves? Explain 
how.

Wrong 
answer and 
explanation.

1-2 examples, 
no or wrong 
explanations, 
or just an 
explanation.

1-2 examples 
and simple 
explanations.

2 or more 
examples 
and good 
explanations.

7 How can we use 
plant hormones? 

Wrong answer. 1 area of 
application.

2-3 areas of 
application.

4 or more areas 
of application.

8 What do you think 
about cloning? 

No thoughts 
about cloning.

Little 
understanding, 
imprecise 
expression, use of 
single emotional 
words.

Some interest 
could be seen, 
a personal 
opinion was 
given.

Obvious interest, 
reflection, was 
able to see the 
case from more 
than one side.

9 What kind of risks 
can be associated 
with cloning? Give 
reasons for your 
answer.

No risk or 
reasons.

1-2 examples, 
no or wrong 
explanations.

1-2 examples 
and simple 
explanations.

2 or more 
examples 
and good 
explanations.

10 Do you remember 
having seen, heard 
or read something 
about cloning in the 
news? Explain what it 
was about and what 
you remember.

Remembered 
no cases or 
cases that 
dealt with 
something 
other than 
cloning.

1-2 examples 
(often Dolly), no 
explanation. No 
interest shown.

1-3 examples, 
simple 
explanation. 
Moderate 
interest 
shown.

2 or more 
examples, 
expanded 
explanations. 
Obvious interest 
in the news.
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The group interviews each lasted approximately 30 minutes. The questions focused on the stu-
dents’ knowledge of and interest in cloning, research in general, research in cloning, as well as 
their appreciation of the context-based approach. The majority of the questions were the same 
before and after the computer work, but the post interview also contained three questions about 
knowledge gained, interest and the context. To ensure that all students in the interview groups 
participated in the interview, a direct request was given each of them during most of the questions. 
The interviews were analysed using ad hoc meaning generation (Kvale, 1996).

Research question 1 was addressed by 10 open-ended questions, 11 multiple choice questions, 
and the group interviews. Research question 2 was addressed by 3 open-ended questions, 4 mul-
tiple choice questions, and the group interviews. The importance of a context-based approach 
in students’ learning and interest was highlighted in 5 multiple choice questions and the group 
interviews.

Statistical analysis
Statistical tests were performed using SPSS 15.0 (SPSS Inc., 2006). Student numbers allowed 
comparisons between pretest, posttest and interviews.

Reliability of the questionnaire
Cronbach’s alpha calculated for the 17 questions common to both tests (questions 1 – 17) showed 
high internal consistency between items (α=.849). Appropriate reliability was also found when the 
Likert scale questions were included and the items were split with regard to the themes for the 
two research questions: knowledge (α=.815, 20 items) and interest (α=.651, 7 items). Items that 
were meant to explain the effect of the different parts of the programme were not included in these 
calculations. The Cronbach’s alpha for interest is relatively low, and some caution must be made 
when interpreting these data.

Results
Students’ knowledge of cloning
In an attempt to see how the context-based approach affected students’ learning outcomes, achie-
vement tests were used to measure students learning gains. Statistical tests show that the score on 
the posttest was significantly higher than on the pretest (p<.001) (Figure 1). Only 6 students had 
5 or more correct answers on multiple-choice questions in the pretest, while 21 students had 5-7 
correct answers in the posttest (maximum score = 7) (Figure 2). 

Figure 1. Results from achievement tests, given as 95% confidence intervals (CI) for mean score. 
N = 44. Maximum score = 37. Data include results from the questions common to both tests: 10 
open-ended questions and 7 multiple-choice questions.
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In order to understand more about students’ responses to the tests and the data behind Figures 1 
and 2, some examples of individual answers will be presented (Examples 1 – 6). These examples 
are representative for a large group of students. There was a qualitative difference between the stu-
dents’ answers to open-ended questions before and after the work with the programme. Example 
1 and 2 show that the students associated cloning with “copying” something and that “Dolly the 
sheep” was the familiar example before they worked on the programme. Afterwards they knew 
that cloning occurs at different levels.

Figure 2. Student scores on multiple-choice questions on the two tests. N = 44. 
Maximum score = 7.

Example 1:
Question 1 What is cloning?

Pretest Posttest

Student 14
To copy DNA.
Student 20
When you make two 
identical individuals. 
Copying.

Copying of a gene, a cell, a plant or an animal.

Copying of a living individual or a part of a living individual, such that the 
copy becomes identical. Gets the same hereditary material. Cloning of hu-
mans, animals, plants, cells, genes.

As part of the goal to increase students’ knowledge of cloning, it was desirable to increase the 
students understanding of stem cells. Example 3 shows answers from two students who achieved 
this goal.

Example 2: 
Question 2 Can you give any examples of cloning? Which?
Pretest Posttest
Student 14
Dolly the sheep

Student 21
Dolly the sheep

Dolly the sheep, potatoes, strawberry plants, cells that copy themselves.

Cloning of Dolly the sheep. Some people think that humans have been 
cloned as well, but there’s no evidence of that. Of course a lot of other ani-
mals, many invertebrates have been cloned. Plants: The strawberry plant 
has natural cloning – runners. The potato plant has natural cloning 
– cuttings.
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Example 4 and 5 show answers that illustrate increased knowledge of animal and plant cloning. 

Example 3: 
Question 3 What are stem cells?

Pretest Posttest

Student 3
I don’t know.

Student 46
Contain the DNA?

Stem cells are cells that theoretically can develop into all cell types in a new-
born individual because they are not specialized.

Stem cells are the “original” cells. A foetus consists of only stem cells. Some 
stem cells can develop into any other kind of cells (totipotent), while others 
are specialized.

Example 4: 
Question 5 Do you know any methods that can be used to clone animals? If yes, explain these met-
hods!
Pretest Posttest
Student 15
No Yes, I remember a part of the explanation of how “Dolly” was made. An or-

dinary body cell from the animal that was to be cloned was placed into a 
“glass”. Then an egg cell from a donor sheep was taken out. The nucleus from 
this egg cell was removed, and the “rest” of the cell “I believe” was placed in 
the glass together with the ordinary cells. Then they “melted” together and 
afterwards it became an embryo. This was then placed into the uterus of the 
sheep that would carry the lamb.

Example 5: 
Question 6 Can you name any plants that are able to clone themselves naturally? Explain how!

Pretest Posttest
Student 14
No

Student 46
I don’t remember the 
name. Releases seeds 
that are identical with 
the plant.

Potatoes and strawberries. The potato plant makes potatoes under the 
soil with the same cells as itself. Then the potato germinates and a new 
potato plant with the same genes grows up. The strawberry plant shoots 
up a stem that attaches to the soil and makes a new plant.

Potatoes, strawberry plants. If you set a potato in the soil the bulbs of 
the potatoes will grow and develop new potatoes. This happens without 
sexual propagation.
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The students’ assessment of their learning outcomes was in accordance with the test results. The 
majority, 79.5%, agreed (4 - 6 on the Likert scale from 1 - 6) that the programme had given them 
more knowledge about cloning, and 60% agreed that they knew more about the way researchers 
work. In addition, 72.5% agreed that they had improved their understanding of ethical issues re-
lated to cloning and the research in cloning. The most frequently selected reasons given for their 
increased knowledge were simple and good explanations (88.2% agreed), good figures and ani-
mations (94.1% agreed), and good questions and exercises (97.1% agreed). In general, all students 
were positive to these three aspects of the programme, whether they improved their knowledge 
or interest or not. The figures and animations were particularly valued as instructive. This was the 
explanation with highest mean score: the mean score was 5.21 as the reason for knowledge gain 
and 5.07 as the reason for increased interest, with 6 as the maximum possible score. One student 
explained her increase in knowledge during the interview question in this way:

It was the laboratory analyses that were in a way exciting, because it was something that you had 
to do. It wasn’t only reading or seeing a movie, you worked with it yourself. That was maybe what 
I found exciting. What I learned most from, maybe. (Student 12)

Students’ interest in cloning
To see how the “Cloning plants” unit affected students’ interest in the controversy around cloning, 
achievement tests and interviews were used. In general, the analyses showed that their interest was 
a little higher in the posttest than in the pretest (p=.033). Dividing the students into two groups, 
depending on their interest score on the pretest (low score = 0-3 points, high score = 4-9 points, 
maximum score = 9) showed that students with lower scores enhanced their interest significantly 
more than those with higher scores (p<.001) (Figure 3). Among the students with lower scores, 
45.4% increased their interest score by 2 or 3 points, while the most common improvement among 
students with higher scores was 1 point, and representing 31.8% of students. In addition, a positive 
correlation was found between knowledge and interest (r=.748, p<.001) and between knowledge 
increase and interest increase (r=.678, p<.001) (Figure 4).

Figure 3. Increase in interest from pretest to posttest, given as 95% confidence intervals (CI) for 
mean, in relation to interest level before using the “Cloning plants” unit. The students were di-
vided into two groups with regard to their interest level in the pretest: low (score 0-3 points on 3 
questions, N = 22) and high (score 4-9 points on 3 questions, N = 22).
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Two answers that illustrate increased interest and a better understanding of cloning are given in 
Example 6.

The majority of the students, 72.7%, indicated that their interest in cloning had increased after 
working through “Cloning plants”, and 60% agreed that they became more interested in the way 
researchers work. The interviews showed, however, that students were quite enthusiastic and in-
terested in cloning as a subject even before they worked through the programme, especially with 
regard to animal and human cloning. For example one student said:

If something comes up in the media about cloning, I would actually read it no matter if it was 
before or after I spent time with this programme. But now, however, I actually risk understanding 
what is written…compared to earlier. In this way I have learned something. (Student 12)

Figure 4. Increase in interest (increased score on 3 questions from pretest to posttest, maximum 
score = 9) in proportion to increase in knowledge (increased score on 17 questions from pretest to 
posttest, maximum score = 37). N = 44. 

Example 6: 
Question 8 What do you think about cloning?
Pretest Posttest
Student 4
I don’t like it. What do we 
need 2 copies of a thing 
for? But if it can be used 
for something valuable 
it may be good.

Student 21
I think it is ethically 
indefensible to clone 
things.

I am actually really against cloning. I think it is to tamper with nature, it 
doesn’t make that thing real. I think that mostly about cloning humans and 
animals. Plants propagate themselves as well, but we don’t have a very close 
relationship to plants, compared to animals and human. It is fine if cloning 
manages to find treatments for serious diseases.

Cloning is an exciting field, where much is still unanswered. Cloning can be 
useful in regards to medicine, by cloning cells and organs. We can make plants 
that are extra viable! But it raises many ethical questions.
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The importance of a context-based approach in students’ learning and interest
The aim of this study was to see if a context-based approach would either facilitate or complicate 
scientific learning and interest. Therefore the students were asked to clarify whether or not they 
thought their knowledge and interest had improved. Six alternative statements presented on a 
Likert scale were used to assess this question. Fully 79.4% of the students who stated that they 
had learned about cloning claimed that the realistic context had a positive effect on their learning, 
and 81.8% believed that the use of the mystery as a teaching tool had positive effect on their lear-
ning. The majority of the students that felt their interest had improved also agreed that the context 
and mystery had a positive effect. Out of the students that disagreed about greater knowledge or 
interest, 88.9% and 100% disagreed (1-3 on the Likert scale from 1-6) that the context-based ap-
proach was the reason for less knowledge gain and less interest improvement, respectively. Among 
all the students, 16.6% claimed that the contextual case distracted their attention from gaining 
knowledge of and/or interest in cloning. The following quotations from interviews illustrate the 
impact of the context-based approach. This first student tries to explain why she actually learned 
something from the programme: 

It is a bit funny. You have to use the knowledge you get while you are sitting there, you have to 
use it for something. In a way, you have to know it in practice. It is not often you need to know 
something in practice when you are in a classroom, sort of. Then you learn something about how 
it works, and then you just have the one example in the textbook, for example. You don’t learn 
to use it outside. I think it was fun that we had to use our knowledge…that the whole setting 
became fun, sort of. (Student 22)

Two other statements show that the students may approach a subject more easily if they involve 
themselves or reduce their own distance to the subject or context:

It was interesting that it was younger researchers that were doing something. It seemed like it was 
a younger researcher that kept it going and that it was new. Not only old fellows with long, white 
beards, glasses and big stomachs. (Student 22)

It was something new to me and was a different way of learning things that I have never tried 
before. This makes it even more interesting. That the situation was so in touch with reality as 
it was, that no aliens and things like that were included. It was so concrete, and you were in a 
surrounding that you knew pretty well, you were in Trondheim city, where you live. It was under-
standable. (Student 22)

Before they tried the “Cloning plants” unit, the students were asked if they thought it was inte-
resting to learn how researchers work. The following answers indicate that these societal aspects 
of science seldom appear in science teaching:

Actually I haven’t heard anything about it, so I can’t tell you much. (Student 21)

I think it is interesting to hear how researchers work, because I have no idea how they do it. 
(Student 22)

I think it is interesting. The way they do it and why they do it. (Student 16)

After their work on the unit, the students were asked if they thought the cloning issue had become 
more interesting when they had learned about it through researchers. Three answers are given 
below:

After we were included, and had seen that researchers are working with it and that a really large con-
ference was about it and that it actually is real….A bit more interesting because of that. (Student 32)
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We are certainly not experts in cloning. Anyway we managed to use the little knowledge we had 
and what we had access to. We manage to solve the mystery about it. So, I thought it was a little 
fun. You didn’t need to be a researcher to understand it, in a way. To figure out things, think nearly 
in the same way as the researchers have to. That was fun. (Student 22)

I didn’t know much about how researchers work. Now I have more insights into how it happens... 
it is easier to learn about cloning through the researcher, because it is more trustworthy. After all, 
they are people that have worked a lot with it and know what they know, in a way. (Student 15)

Discussion
Students’ knowledge of cloning
One goal for using the “Cloning plants” unit was to help students to understand cloning so they 
could make informed personal decisions and participate in public debates. According to von Auf-
schnaiter et al. (2008), it is necessary to consider the nature of and extent of students’ content-
specific knowledge prior to asking them to engage in argumentation. The results from this study’s 
achievement tests show that the students actually improved their scientific knowledge significantly 
after working through the programme (Figures 1 and 2). The student evaluations also indicated 
that their understanding of scientific research improved. In general, the students gave more elabo-
rate answers in the posttest. Our results are in accordance with evaluations of the other Viten pro-
grammes, Earth Processes, Wolves in Norway and Radioactivity (Jorde et al., 2003; Mork & Jorde, 
2004; Mork, 2006b), in which differences found between pre and posttest results were striking. 

One objective of our programme was to show that cloning occurs at different levels, from genes, 
to cells, to whole organisms. Examples 1 and 2 show that many students associated cloning with 
“copying” and “Dolly the sheep” before they tried the programme. This is similar to what was 
found among Australian high school students. According to Dawson (2007), these students as-
sociated cloning with ‘copying’ or ‘duplicating’ something. The most common example of cloning 
for all year groups was “sheep” or “Dolly the sheep”. Posttest answers in our study indicated that 
the “Cloning plants” unit succeeded in imparting the different levels of cloning (Example 1 and 2, 
answers to posttest), especially with respect to plants.

Some students appeared to be confused about the difference between cloning and genetic enginee-
ring2. One of our students explained that “Cloning is to make identical organisms by tampering with 
DNA” and animals can be cloned “by changing dna in the animal” (Student 40). Other students 
mentioned “Cloning of tomatoes, so that they can last longer” (Student 28), “Cloning food” (Stu-
dent 22) and “Belgian blue” as examples. The tomatoes are clearly the genetically modified Flavr 
Savr tomatoes. The other examples may be linked to the fact that about 25% of Europeans claim 
that “Genetically modified animals are always bigger than ordinary ones” (Gaskell, Allansdottir, 
Allum, Corchero, Fischler et al., 2006). Dawson and Schibeci (2003) also reported that 13.5% of 
their Australian students gave food as an example of cloning. Dawson and Schibeci (2003) found 
that 28.7% of 15-year-old students from Australia were confused about the difference between clo-
ning and genetic engineering, believing that Dolly the sheep was genetically engineered.

The teacher resources that come with the “Cloning plants” unit suggest that students need 4 – 5 
lesson hours to complete the programme. It is also suggested that these lessons be divided between 
two or more days. For practical reasons the teachers involved in this study allocated from 2.5 – 4.5 
hours (about 3 – 6 lesson hours) concentrated during only one day. This time was also spent on 
information, breaks and concluding remarks. Due to the limited time allocated, not all students 
completed the programme, particularly the closing activity, which involved writing and presenting 
a summary of their findings, with scientific arguments and evidence in focus. Additionally, the 
teacher resources recommended holding a debate after the unit is finished. This was not done by 
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any of the classes before the posttest. Spending more time with these tasks might have influenced 
student learning outcomes. During interviews students pointed out the high amount of scientific 
content and hence a need for two or more days to complete the programme.

Students’ interest in cloning
One aim of the “Cloning plants” unit was to enhance student interest in cloning. Our study sho-
wed that students with little interest in cloning enhanced their interest after working through the 
unit (Figure 3), and a positive correlation was found between increased knowledge and increased 
interest (Figure 4). This correlation is in accordance with the findings of Reeve and Hakel (2000) 
and Bonfadelli (2005). There is some disagreement in the literature, however, about the causal 
link and whether it is affective factors, such as interests and attitudes, or achievement that is the 
dependent variable (Osborne, Simon, & Collins, 2003). According to Harms (2002), an interest 
in the particular topic to be learned is very important in determining learning outcomes. Earlier 
experiences and achievements have also been shown to serve as major influences on academic in-
terest or attitudes (Nergård, 2008). Supplementary investigations are necessary to further analyse 
correlations as shown in our study.

Approximately half of the students were quite interested in cloning before this study started and 
did not enhance their interest (Figure 4). Cloning is the kind of subject that people are likely to 
be concerned about. According to Gaskell et al. (2006), 71% of the European public “definitely 
would” or “probably would” read articles or watch TV programmes on biotechnology, including 
cloning. Moreover, the students in our study have chosen to study biology in upper secondary 
school, suggesting that they have a special interest in issues related to biology.

The majority of our students achieved a more nuanced picture of cloning. Initially many students 
associated cloning with reproductive cloning and saw no real benefits, as was found by Shepherd 
et al. (2007). After their exposure to the material, the majority were able to describe both positive 
and negative aspects of cloning. The students perceived cloning as acceptable if the techniques 
were useful with regard to medicine and treatment of diseases, similar to what Calnan, Montaner 
and Horne (2005) and Sáez, Niño and Carretero (2008) found in their studies. Nevertheless, the 
majority of our students considered the cloning of animals and humans as ethically indefensible. 
This is similar to the findings from Cavanagh, Hood and Wilkinson (2005) in a study of Australian 
secondary school students’ views of biotechnology.

The importance of a context-based approach in students’ learning and interest
In the light of our study, which featured a small sample and no comparison with a more tradi-
tional approach to the subject, it is not possible to conclude whether the increase in knowledge 
and interest were caused by the interactive and context-based approach or just by the hours the 
students spent with the subject. Student answers indicate, however, that there might be a connec-
tion between their increased knowledge and interest and the context-based approach. Among the 
students who improved their knowledge, about 80% believed they learned more because of the 
context and the mystery, while five students actually were distracted by the contextual case, and 
thus were prevented from learning about cloning, plants and regulations. Statements from intervi-
ews indicate that the focus on societal aspects of cloning enhanced students’ interest in research 
and cloning. Wierstra (1984) and Ramsden (1994, 1997) also found some benefits associated 
with a context-based approach in terms of stimulating pupils’ interest in science and motivation in 
lessons.

Evaluation of the experimental design
The pretest/posttest single group design is widely used (Robson, 2002). According to Robson 
(2002), however, our design is considered to be quasi-experimental, because no control group of 
students following a more traditional approach was included. No control group was used because, 
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firstly, it is difficult to find science classes that can act as reliable control groups. Making such ar-
rangements would represent considerable challenges in terms of involving teachers and students 
in a fixed design. Secondly, the lack of a control group was compensated by assess to additional 
information from the interviews, providing detailed information on the significance of different 
aspects and parts of the teaching unit in development of knowledge and interest.

The pretest in itself might affect results. Possible validity threats, including history and maturation 
between measures, should also be taken into consideration. Since the study included a limited 
number of respondents, generalizations have been avoided. Group interviews may be an effective 
method for gathering information, but the students are often active in different parts of the inter-
view, and it may be difficult to judge the progress of individuals. Despite these facts, our study may 
be of value as part of a wider study, or as a pilot phase for later experimentation. The results of our 
study demonstrate some trends and patterns which may be valuable to further research into the 
field of the Viten programmes and context-based teaching materials that focus on societal aspects 
of science.

Conclusion
If one is to understand the scientific issues surrounding cloning, one has to understand the body 
of knowledge that science has generated on cloning (“products”), the ways in which research in 
cloning takes place (“processes”) and the societal aspects of the development of knowledge about 
cloning (“social institutions”). Traditionally, science teaching has focused on science as facts and 
unquestionable knowledge, but this sole focus seems to make young people lose interest in science. 
Furthermore, school science does not prepare students to understand scientific research and to 
actively engage in debates they encounter in the media and in society as a whole. To give stu-
dents an overall and realistic picture of science, and to prepare them to understand the scientific 
dimensions of controversies, they need to learn how knowledge is generated and how it is acco-
unted for. This can be achieved by introducing context-based approaches that focus on research. 
If the subject is to be of interest for students, they need to see its relevance. By working through 
the interactive and context-based “Cloning plants” unit, a majority of the students increased their 
understanding of and interest in scientific research. The participants improved their knowledge 
of cloning and obtained a more nuanced picture of this controversial issue. Students that initially 
showed low interest increased their interest in cloning.

Further research should focus upon true experimental designs. To be able to document the ef-
fects of learning from the interactive and context-based approach, the students’ scores should 
be compared to students who receive traditional instruction only. Furthermore, the long-term 
effect of students’ learning outcomes should be investigated for the two approaches. It might also 
be interesting to study whether and to what extent the students’ skills are transferable to other 
cases – whether the two approaches foster higher-order thinking skills, and whether interactive 
and context-based learning materials alone would contribute to foster scientific and technological 
literacy.
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Notes
1 Cloning is here defined as the process that creates a copy of some biological entity (a DNA sequ-
ence, a cell or an organism) (http://www.thefreedictionary.com/cloning).

2 Genetic engineering is here defined as the process of altering the genetic material of a cell or 
organism (http://www.geron.com/technology/glossary/screening.aspx).
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