J Sci Educ Technol (2011) 20:689-702
DOI 10.1007/s10956-010-9262-3

Studying Biotechnological Methods Using Animations:

The Teacher’s Role

Hagit Yarden - Anat Yarden

Published online: 30 October 2010
© Springer Science+Business Media, LLC 2010

Abstract Animation has great potential for improving the
way people learn. A number of studies in different scien-
tific disciplines have shown that instruction involving
computer animations can facilitate the understanding of
processes at the molecular level. However, using animation
alone does not ensure learning. Students sometimes miss
essential features when they watch only animations, mainly
due to the cognitive load involved. Moreover, students
seem to attribute a great deal of authority to the computer
and may develop misconceptions by taking animations of
abstract concepts too literally. In this study, we attempted
to explore teachers’ perceptions concerning the use of
animations in the classroom while studying biotechnolog-
ical methods, as well as the teachers’ contribution to the
enactment of animations in class. Thirty high-school bio-
technology teachers participated in a professional devel-
opment workshop, aimed at investigating how teachers
plan for and support learning with animation while study-
ing biotechnological methods in class. From that sample,
two teachers agreed to participate in two case studies aimed
at characterizing teachers’ contribution to the enactment of
animations in class while studying biotechnological meth-
ods. Our findings reveal marked teacher contribution in the
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following three aspects: establishing the “hands-on” point
of view, helping students deal with the cognitive load that
accompanies the use of animation, and implementing
constructivist aspects of knowledge construction while
studying using animations.

Keywords Animation - Biotechnology education -
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Introduction

Recent advances in information technology and graphics
have enabled the development of powerful visualization
tools for scientific phenomena and abstract information.
The enthusiasm for graphics of all kinds lies in the belief
that they can promote comprehension and foster insights
into abstract phenomena (Scaife and Rogers 1996). More
specifically, animation’s potential for promoting students’
understanding of diverse disciplines in science has been
discussed at length in the literature (Hegarty 2004; Hoffler
and Leutner 2007; Tversky and Morrison 2002). By ani-
mation, we refer to a simulated motion picture depicting
the movement of drawn objects (Mayer and Moreno 2002).

Instruction involving computer animations has been
shown to be most effective at facilitating an understanding
of processes at the molecular level (Ardac and Akaygun
2005; Barak and Dori 2005; McClean et al. 2005). Students
who had viewed molecular-level computer animations
were found less likely to demonstrate misconceptions than
students who had not (Sanger and Greenbowe 1997). In
another study, students who viewed animations illustrating
the molecular processes of diffusion and osmosis were less
likely to exhibit misconceptions and were less likely to
have anthropomorphic views of matter (Sanger et al. 2001).
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Similarly, in biology, students who viewed an animation on
cell death scored significantly higher on the subsequent test
than those who did not view it (Stith 2004). Similarly,
students who viewed a three-dimensional animation of
protein synthesis scored significantly higher in a follow-up
test than the group that had not viewed the animation
(McClean et al. 2005).

Molecular processes, such as protein synthesis and
molecular biology methods, are known to be an intellectual
challenge for high-school students (Bahar et al. 1999; Falk
et al. 2008; Lewis and Wood-Robinson 2000; Marbach-Ad
2001). The methods are completely unfamiliar to most
students because they are remote from their everyday
experience, and the students usually have no opportunity to
experience them hands-on in the school laboratory (Olsher
et al. 1999; Steele and Aubusson 2004). According to
Steele and Aubusson (2004), further research is needed to
identify ways of promoting the effective teaching of bio-
technological methods based on molecular biology pro-
cesses, because even though teachers regard this topic as
important and interesting to students, most choose not to
teach it because of the significant subject matter difficul-
ties. Animations that simulate processes such as biotech-
nological methods can allow learners to execute “virtual
experiments” that would otherwise be dangerous, costly, or
unfeasible in a school laboratory. The idealization of
complex laboratory experiments, as they appear in ani-
mations and simulations, is helpful in reducing error and
focusing attention on particular abstract concepts, or iso-
lating variables that are normally combined (Hennessy
et al. 2006; Newton and Rogers 2001). In our study, we
used animations that we developed to support biotechnol-
ogy majors’ learning of biotechnological methods in the
context of learning genetic engineering.

Theoretical Background

This paper is based on three theoretical frameworks. The
first refers to the cognitive basis of learning using visual-
ization tools (Mayer and Moreno 2002; Paivio 1986;
Sweller 1994). The second refers to the teacher’s essen-
tial role while enacting animations in class (Ardac and
Akaygun 2005; Hennessy et al. 2006; Tabak 2004), by
promoting meaningful learning (Ausubel 1963; Perkins
1993) while studying from multimedia environments in
general (de Jong and van Joolingen 1998) and animations
in particular (Soderberg and Price 2003). The third refers
to the importance of studying the teacher’s perspective
while enacting animations in class (Dori and Barnea 1997,
Hazzan 2003; Zacharia 2003), towards promoting their
effective implementation. These three theoretical frame-
works are discussed in detail below.
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The Cognitive Basis of Learning Using Visualization
Tools

In designing multimedia presentations involving anima-
tions, instructional designers base their decisions on theo-
ries of how students learn from words and pictures. Those
theories are relevant for learning and teaching in general,
and they appear to be most relevant in science education.
One of those theories is the cognitive theory of multimedia
learning (Mayer and Moreno 2002), which is based on
three fundamental assumptions. The first is the dual-
channel assumption (Paivio 1986), according to which
humans have separate channels for processing visual and
verbal representations. Therefore, information encoded in
both channels will be better remembered than information
encoded in only one of the channels. Since pictures, whe-
ther they are dynamic or static, may be coded both visually
and verbally, they are more likely to be remembered than
words. According to Hoffler and Leutner’s (2007) meta-
analysis, there is strong empirical evidence that learning
outcomes are improved by presenting the learner with
verbal and pictorial information in a coordinated fashion.
In science education, where we are dealing with phenom-
ena that are for the most part abstract, the integration
between verbal and concrete pictorial information seems to
be most significant.

The second assumption in this theory is the limited-
capacity assumption (Baddely 1998), which postulates that
only a few pieces of information can be actively processed
at any one time in each channel. This assumption goes
together with the cognitive load theory (Sweller 1994), in
that the working memory’s capacity sets very narrow
limitations. This is particularly relevant in science educa-
tion, where there is a burden of diverse concepts and pro-
cesses while learning, most of them totally new to the
learners (Yarden et al. 2004), as well as a requirement to
generate large conceptual frameworks (Trowbridge and
Wandersee 1996). In this situation, memory in particular,
and cognition in general, are faced with a considerable
challenge. Hence there is a need for tools that will assist in
reducing the inherent cognitive load as well as relievingthe
limited organic capacities.

The third assumption, the active-processing assumption,
states that meaningful learning occurs when the learner
engages in active cognitive processes, such as selecting
relevant material, organizing it into a coherent represen-
tation, and integrating it with existing knowledge (Mayer
1996; Wittrock 1974). This is most likely to occur when
the learner has corresponding pictorial and verbal repre-
sentations in his/her working memory simultaneously, and
thus this theory predicts that multimedia presentations such
as narrated animations are most likely to lead to mean-
ingful learning. The value of endorsing meaningful
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learning, as opposed to rote learning, is well known in
science education (Okebukola 1990).

According to the information delivery theory of multi-
media learning (Mayer 1996), the computer is an infor-
mation-delivery system for learners. When the information
is presented in words (such as narration), the learner stores
the information in his or her memory. According to this
theory, adding multimedia (such as animation) to the ver-
bal information should have no effect on what is learned, if
the pictures contain the same information as the words.
Thus, according to this theory, multimedia presentations
should not result in better learning than single-medium
presentations. However, in a mixed situation with learners
that favor visual presentations and others that favor verbal
ones, a multimedia presentation might be equally effective
in delivering information to both kinds of learners. We are
most familiar with students’ multiplicity of learning styles
(Felder 1993; Tobias 1990), and therefore tools such as
animation, which can be effective for visual as well as
verbal learners, could be extremely valuable.

Supporting Students’ Learning with Animation

Using animation alone does not ensure learning. It is
occasionally linked with unquestionable, sometimes sim-
plified models of a scientific process that give students
the impression that every variable is easily controlled
(Hennessy et al. 2006). Students appear to attribute a great
deal of authority to the computer, and accordingly may
develop misconceptions by taking animations and images
of abstract concepts too literally (Wellington 2004). Fur-
thermore, according to Kelly and Jones (2007), students
sometimes miss essential features when they watch only
animations.

Students in the studies reviewed by de Jong and van
Joolingen (1998) engaged in unplanned, inefficient, and
inconclusive experimentation while studying from simu-
lations and animations. Productive learning requires
staged, structured tasks and systematic experimentation
(Linn 2004). It is most important to make implicit rea-
soning explicit so as to highlight any inconsistencies
(Hennessy et al. 2006). According to constructivism
(Ausubel 1963), for students to learn the new concepts and
processes they encounter in a meaningful way, they must
relate the new knowledge and information they come
across with concepts and claims they already hold. Stu-
dents must also reflect on their actions to construct usable
knowledge (Hmelo and Day 1999).

In view of the above, the teacher appears to play a crucial
role in learning from animations. There is a strong necessity
for teacher’s support, together with the software support, for
the two to interact to produce a robust form of support
(Tabak 2004) According to Soderberg and Price (2003),

teachers should discuss and challenge students’ own ideas,
as well as highlight the limitations of the computer models
themselves. The results of Ardac and Akaygun’s (2005)
study imply that the effectiveness of whole-class instruction
with animations might improve if teachers would challenge
and question the inconsistencies and contradictions between
verbal explanations and the corresponding molecular rep-
resentations. From a constructivist perspective (Ausubel
1963; Perkins 1993), more effort should be made by the
teacher to engage students more deeply and thoughtfully in
any kind of subject-matter learning. Connections should be
made between students’ lives and the subject matter being
learned, between principles and practice, between the past
and the present. Students should be asked to think through
concepts and situations, rather than memorize (Ausubel
1963; Perkins 1993).

Studying Teachers’ Perspectives While Enacting
Animations in Class

The role of the teacher is central in the diffusion of cur-
ricular initiatives (Barab and Luehmann 2003; Remillard
1999). More specifically, the successful introduction of
computer-aided instruction as a tool for enhancing learn-
ing, as well as teaching, depends on the teacher’s having a
positive attitude (Dori and Barnea 1997). According to
Zacharia’s (2003) study, science teachers’ beliefs affect
their attitudes, and these attitudes affect their intentions to
incorporate computer-aided instructional tools in class.
Consequently, while examining the enactment of anima-
tions in class, it is important to study the teachers’ per-
spective, namely the teachers’ perceptions, challenges and
recommended pedagogical strategies.

The teacher’s perspective is also important in gaining
knowledge on how to successfully enact animations in
class. According to Hazzan’s (2003) study with high-
school mathematics teachers toward integrating computers
into their future classroom teaching, teachers reported that
students sometimes progress without understanding the
previous stages in the animations, which negatively affects
their learning from animations (Hazzan 2003). One
important issue to discuss with the teachers might be their
views on the timing of using animations in class, i.e., the
learning stage at which they should be implemented. The
technology is often used to follow up and apply theory,
such that students are first familiarized with key concepts,
terms, or procedures (Barton and Still 2004). Some
teachers prefer that all feasible experiments be carried out
manually first. Conversely, others use virtual experiments
as they appear in animations to predict and plan the sub-
sequent practical work (Hennessy et al. 2006).

In this study, teachers’ perceptions regarding the com-
plex relationships between theories, “hands-on” activities
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and the use of animations in class are investigated. In
addition, we introduce two central approaches used by two
biotechnology teachers, aimed to structure and support the
learning of biotechnological methods while using anima-
tion in class.

Research Goal and Questions

The study introduced in this paper is part of a larger study
aimed at exploring how the use of animation improves the
learning of biotechnological methods in the context of
learning biotechnology (Yarden and Yarden 2010). Our
goal is to characterize the different learning terms under
which the use of animation is most effective, focusing on
the characteristics of teachers’ classroom enactments while
teaching biotechnological methods using animations. Thus,
the variables of teachers’ challenges as well as their ped-
agogical strategies of enacting animations in class are
investigated in this paper. Accordingly, this paper was
guided by the following research questions:

(a) What are the teacher’s perceptions concerning enact-
ing animations in class while learning biotechnolog-
ical methods?

(b) What might be the teacher’s contribution to the
enactment of animations in class while learning
biotechnological methods?

The Context of the Study
The Curriculum

Biotechnology education has gained significant recognition
in a number of international curriculum frameworks
worldwide (Conner 2000; Solomon 2001; Steele and
Aubusson 2004). The Israeli Ministry of Education has also
acknowledged the relevance and importance of teaching
biotechnology at the senior high-school level, for both
biotechnology and biology majors (Israeli Ministry of
Education 2005, 2006).

At the end of the 10th grade, students in Israel choose to
major in at least one scientific or non-scientific topic,
which is evaluated in a national matriculation examination
at the end of 12th grade (16-18 years old). The syllabus for
biotechnology major studies, 90 h of teaching (Israeli
Ministry of Education 2005), includes compulsory core
topics as well as elective ones. One of the obligatory topics
is a unit in genetic engineering. Through this unit, students
are exposed to basic concepts and processes in molecular
biotechnology that involve comprehension of several bio-
technological methods.
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Visualizing Biotechnological Methods

At the molecular level, biotechnological methods are
completely invisible and intangible to students. To dem-
onstrate the mechanism behind those methods, we there-
fore developed animations which accompany a new
textbook which we developed in genetic engineering
(Michael and Yarden 2007). Each animation introduces,
sequentially, the procedure of the biotechnological method
being demonstrated: using restriction enzymes to digest
DNA, cloning a gene into a plasmid, creating a DNA
library, and the polymerase chain reaction (PCR).

According to the literature, it appears that one of the
most helpful and effective features of animations is their
interactive use (Hegarty 2004; Rebetez et al. 2004; Stith
2004). Stopping, starting, and replaying an animation can
allow reinspection, focusing on specific parts and actions.
Animations that allow close-ups, zooming in, alternative
perspectives, and speed control are even more likely to be
facilitative to learners (Tversky and Morrison 2002). In
view of this, each of the developed animations exists in two
alternative versions: a continuous version, showing the
whole procedure of the biotechnological method continu-
ously, and a sequential version, showing the process
gradually, or “step by step”. The animations were divided
into steps according to the way in which the various pro-
cedures are carried out in the lab, i.e., whenever a new
stage is encountered, such as heating, a new step is dem-
onstrated in the animation. In addition, the steps were
selected according to transitions from macro to micro
perspectives and vice versa.

Each animation includes written text, which appears
in close proximity to the animation and describes what
is being shown (according to the spatial contiguity
principle—(Mayer and Moreno 2002). In addition, each
animation is accompanied by components of active learn-
ing in the form of computerized tasks (according to the
cognitive theory of multimedia learning—(Mayer and
Moreno 2002). The tasks are aimed at identifying students’
attention to key issues in the biotechnological methods
being demonstrated, as well as to understanding the symbols
and images which appear in the animations themselves.

Research Design and Methodology

Sample

Teachers’ Focus Group

The teachers’ sample in this research includes 30 high-

school biotechnology teachers who participated in a pro-
fessional development workshop aimed at investigating
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how the teachers plan for and support learning with ani-
mations while learning biotechnological methods in class.
The participating teachers in this sample can be considered
a representative sample of biotechnology teachers, since
they can be characterized by diverse teaching experiences,
as well as having diverse formal education backgrounds in
science and science education. They also teach in diverse
high schools: urban, public and private.

The participating teachers were in various stages of
familiarity with the animations which were being intro-
duced and discussed—from biotechnology teachers who
were totally unfamiliar with the animations to teachers
who had already been briefly exposed to them, and those
who had already used the animations in their classes and
could share their experiences and insights with others.

Case Studies: The Teachers

Two teachers, Ravit and Dora (pseudonyms), were sampled
from the teachers’ focus group, to more closely explore
their teaching approaches and pedagogical strategies while
enacting animations during the teaching of biotechnologi-
cal methods. Since we were concerned with studying the
teachers’ contribution to the enactment of the animations in
class, we were looking for teachers who use animations
in their classes and believe in the power of this tool. Since
in addition to their initiative and motivation, they satisfied
these criteria, Ravit and Dora were chosen for this part of
the study. Moreover, these two teachers stood out during
the teachers’ focus group and each of them expressed an
alternative approach regarding the enactment of animation
in class. We therefore thought that it would be interesting
to perform a detailed study of their use of animation in the
classroom, in their own teaching environment.

Both Ravit and Dora have extensive teaching experi-
ence. Ravit has taught biotechnology in high school for
more than 10 years; she has a B.Sc. in biology, and a M.Sc.
and Ph.D. in immunology. Dora has been teaching bio-
technology in high school for 9 years; she has a B.Sc. in
biology and before becoming a teacher, she worked for
several years in laboratory research in a hospital. There-
fore, these two teachers in the two case studies could not be
considered a representative sample, but rather an extreme
sample of two exemplary teachers.

The Students and the Curriculum

The case studies were conducted in two 12th grade bio-
technology majors’ classes, in two secular, mixed, urban
high schools. There were about 25 students in each class
and their cognitive levels were estimated by their teachers
as average-high.

In Israel, at the end of the 10th grade, students choose to
major in at least one scientific or non-scientific topic,
which is evaluated in a national matriculation examination.
The syllabus for the biotechnology-major studies in Israel
requires 450 h of teaching (Israeli Ministry of Education
2005) and includes, in addition to an obligatory topic in
genetic engineering, two elective topics (i.e., immunodi-
agnostics, bioinformatics), hands-on learning in the labo-
ratory and an inquiry project (entitled Biotech), all assessed
in a national matriculation examination at the end of 12th
grade. In order to provide the necessary basic scientific
background to the learning of biotechnology, the biotech-
nology majors are required to choose one additional sci-
entific topic, physics, chemistry or biology, for their
matriculation examination.

Research Tools
Teachers’ Focus Group

To expose biotechnology teachers to the developed ani-
mations, as well as to discuss their views and insights about
teaching biotechnological methods using the animations,
we conducted a focus group during the course of a teach-
ers’ professional development workshop.

The focus group (60 min long) was managed by two
science education researchers, and was based on some
moderator questions. Those questions were: “How many
times do you use animation in class while teaching bio-
technological methods?”, “Which strategies do you employ
while enacting animation in class?” and “What are the
benefits from enacting animation in class?”. At the same
time, during the course of the focus group, the participating
teachers raised their own concerns and interests about the
use of animation for the teaching of biotechnology.

Teachers’ Interviews

Semi-structured 60- to 90-min long interviews were carried
out with the two exemplary teachers (Ravit and Dora). In
those interviews, we discussed their beliefs, aims and
instructional strategies, and their students’ outcomes during
the enactment.

Documenting Teachers’ Enactment of the Animations
in Their Classrooms

To document classroom events occurring while learning
biotechnological methods using the animations, we audio-
taped selected lessons in classrooms of the two exemplary
biotechnology teachers (Ravit and Dora). Throughout the
observations in the two classes, we focused in particular on
the specific teaching strategies employed by the teachers,
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which seem to promote students’ understanding of the
biotechnological methods being taught.

Data Analysis
Teachers’ Focus Group

The teachers’ focus group was audio-taped and fully
transcribed. Since the nature of the discussions was open,
we used the narrative-based theory (Shkedi 2003). The
transcripts were coded into categories under shared topics,
and consequently subcategories were united into key cat-
egories through the creation of mapped and focused cate-
gorizations, and finally a narrative description was written
(Shkedi 2003).

Class Observations

The enactments of the animations in the two exemplary
teachers’ classes of biotechnology majors’ were audio-
taped and fully transcribed. The transcripts were qualita-
tively analyzed according to the narrative-based theory
(Shkedi 2003). Following mapping and focused categori-
zation from class-observation transcripts, the two teachers
were interviewed. Accordingly, the transcripts from the
class observations were treated as a primary data source,
while the transcripts from the teachers’ interviews were
treated as a secondary source, aimed at supporting direc-
tions that had already been identified through analyzing
class observations.

Teachers’ Interviews

Teachers’ interviews were audio-taped and fully tran-
scribed. Through the interviews, the two exemplary
teachers were asked to explain representative episodes
from the focused categorization of the class-observation
transcripts.

Results

Teacher’s Perceptions of the Enactment of Animations
in Class While Learning Biotechnological Methods
(Teachers’ Focus Group)

Challenges Alongside Benefits

When the teachers participating in this study used anima-
tion in class in the course of teaching biotechnological
methods, they seemed to be aware of its challenges as well
as its benefits. Notwithstanding, all of the teachers
expressed generally positive attitudes towards the use of
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animation in class, and all of them employed animation,
albeit in various different ways, while teaching biotech-
nological methods.

One of the things the teachers seemed to be most aware of
was the cognitive load that might evolve while using visual
representations such as animations (Sweller 1994). On sev-
eral occasions during the focus group, a few teachers
requested clearer representation of objects, such as mole-
cules and chemical bonds, in the animations. Nevertheless, it
was noted that while these teachers were somewhat dissat-
isfied with the way objects were represented in the anima-
tions, at the same time they were aware of the constraints and
limitations of representations in animations, reflected in their
concern that the animations not be burdened with too many
details:

Miki: Maybe you [the developers] can add the hydrogen
bonds into this scene of the animation [where the
restriction enzyme is shown cutting the phosphodiester
bond]?

Eli: The hydrogen bonds are not connected to the story
of cutting the phosphodiester bond. They are not
involved. It might only make it more complicated to
watch this scene in the animation. There are details you
have to ignore while making a scene in an animation,
otherwise the burden will be too great.

Another aspect in teachers’ views of the visual repre-
sentations in the animations was their concern that while
watching animations, students might develop misconcep-
tions due to the way molecules and chemical bonds are
represented. For instance, some of the teachers expressed
their concern that students might grasp the concept of
phosphodiester bonds according to their representation in
the restriction enzyme’s animation:

In the animation, you see the DNA strand, and the
phosphodiester bond is mentioned as the bond
between the nucleotides, but only the nitrogen bases
are shown. So what the student sees is that base A
(adenine) is connected to base T (thymine), and from
that point on he might remember that a phosphodiester
bond is a bond between the nitrogen bases (Efrat).

Other teachers referred to misconceptions that might
evolve concerning the size and shape of the molecules that
are symbolized in the animation, as well as the movement
of objects, such as enzymes, as represented dynamically in
the animation:

There are problems, for instance, with the size of the
enzyme compared to the DNA molecule, and the way
in which the enzymes move and associate with the
DNA. It [the representation] is not accurate from a
biochemical perspective (Ran).
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Despite the complexity reflected by the teachers in their
statements regarding static and dynamic aspects of the
visual representations in animations, at the same time they
reported that animations constitute a beneficial tool for
learning biotechnological methods. The teachers described
the animations as very effective tools compared to other
teaching strategies or other visualization tools, such as
transparencies, mostly because of the dynamic and con-
tinuous nature of the visualization:

Last year I made transparencies. I drew sticky ends,
another transparency in which they were associated,
and another transparency with ligase. Visually, this is
completely different in animated format. It moves. It
is much more beautiful. The animation actually
demonstrates a process that starts and ends following
a specific order (Dora).

I show them the animation while explaining the
process to them. It shows them the entire process
continuously. It saves a lot of time in explanations
and in understanding (Ravit).

The teachers also use animations while teaching bio-
technological methods because they believe that this serves
as a good solution for specific difficulties encountered by
students learning biotechnological methods. In the next
example, the teacher refers to the animation’s unique
ability to zoom in on specific regions in the molecules and
the chemical bonds that are being represented in the
animation:

It is really hard for the students to understand the
concept of the phosphodiester bond. I keep telling
them that the phosphodiester bond is not between the
DNA strands, it is inside the strand. In the animation,
one “zooms into” the DNA strand and the phenom-
enon is demonstrated for them (Efrat).

In the following example, another teacher refers to the
progressive nature of the animation, which allows demonstrat-
ing processes such as biotechnological methods over time:

When I talk about using restriction enzymes the
students don’t always understand that this process
takes fime. In the animation they can see the whole
process, from beginning to end, with a clock on the
animation that is running the whole time (Dora).

The teachers also described the animations as a conve-
nient way of improving students’ internal mental models.
To construct those mental models effectively, most of the
teachers recommended using animations in combination
with other visualization tools:

Using animation can serve as an appropriate way to
test the models students already have in their minds

after looking at the illustrations in the textbook
(Heidy).

The Optimal Learning Stage and Format for the Use
of Animations

The challenges and benefits expressed by the teachers in
relation to using animations while teaching biotechnolog-
ical methods appeared to influence their views on how to
optimally integrate the use of animation into their teaching
practice. Most of the teachers recommended integrating the
animation in advanced stages of learning: when the stu-
dents have more prior content knowledge, they can better
cope with the details in the animation. The complexity of
the animation also affects teachers’ decisions on when to
integrate the animations into their teaching sequence:

Complex animations, like the PCR animation which
demonstrates a whole process, should be used
towards the end of learning the method. Showing it in
the beginning with so many details, when the students
still don’t know the purpose of all of the process, or
what factors are involved, makes it hard to under-
stand the animation such that they miss it (Ran).

Aside from its complexity, the format of the animation
was another factor raised by the teachers in relation to the
suitable learning phase for its use. The teachers referred to
the two alternative versions of each animation that were
available to them: a continuous version, which shows the
whole procedure continuously and a sequential version,
which shows the procedure gradually, or “step by step”.
Regarding the use of those two alternative versions, the
teachers expressed diverse preferences. While some
teachers stated that when learning a biotechnological
method first the students should be exposed to the process
in general, and only then get into the details of it, others
thought just the opposite: that only after understanding the
process gradually can the students see the whole picture:

When I’'m explaining a method to them, I first show
them the whole picture, using the continuous version,
and only then get into the details. Otherwise it is very
hard for them to construct what is going on from all
of the little details (Ravit).

I think that when they first learn the details, they can
then watch the continuous version and understand
how everything is integrated (Dora).

Teacher-Centered Instruction Versus Student-Centered
Instruction

Through the teachers’ focus group, two central approaches
to the teachers’ position while enacting animations in the
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classroom were noted: while some teachers indicated that
they control and lead the activity with the animations,
others said they tend to work in a mode in which the stu-
dents are more independent. One of the key factors in the
teacher’s decision of which approach to establish was the
time consumed for learning:

Eli: When I teach biotechnological methods using
animations I put it [the animations] inside my presen-
tations. I have a link to the animation. First I explain,
moving forwards and backwards, and it goes very fast.
Moderator: And you don’t let them work alone?

Eli: Hardly at all since there is no time.

In addition to saving essential time in the intense
schedule of the 11th and 12th grades, some teachers
believe that the teacher-centered strategy is more effective
in terms of students’ understanding. They believe that the
teacher as leader makes the learning from the animation
more meaningful:

I show them exactly the whole process while I am
explaining. It’s a must, I think. I also ask all the class
the questions that appear in the animation. Instead of
everyone answering individually, we all answer
together as a group (Rachel).

In contrast, other teachers in the group revealed that when
they use animations in their classes, the students work with
the animation alone. In this manner, the students are more
active as they navigate through the animation and the
teacher thus serves as a coordinator between the students
and the animation:

Dora: We let the students work alone with the animation
and all of the time we keep asking questions like: “What
do you have now in the test tube?” ‘What stage are you
on?’ and they worked! Right, it took three lessons.
Moderator: And they worked alone?

Dora: Yes, and in my opinion they knew it well, better
than... It was for three lessons, with an accompanying
worksheet that we prepared for them, and they knew
ELISA [enzyme-linked immunosorbent assay, a bio-
technological method]. A little while later we went over
the ELISA really fast in class and a discourse developed,
and they [the students] had an opportunity to check their
own understanding.

The teachers also mentioned that the students really like
working in an independent way and that they wait for such
occasions:

Yes, they [the students] love it; they keep asking me

when we will watch another animation in this way
(Dora).
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Even though those teachers supported the way in which
students work with the animations independently, they
remained aware of the time limitations. Consequently, they
recommended using this strategy at least a few times, and
believed that the impact of such experiences would be
broad and would have an effect on students’ future expe-
riences with animations:

Moderator: So this way you suggested [students learning
independently with animations] is the only way you use
animations in class?

Dora: No, you cannot do this throughout the entire year,
not with each of the animations we use. We can watch
animations in that way only occasionally, but once
you’ve done it [used the independent students’ strategy],
your students are in a different place.

Teachers’ Contribution to the Enactment of Animations
in Class While Learning Biotechnological Methods
(Two Case Studies)

Here we aimed to study the teachers’ potential contribution
to the enactment of animations in class, and our findings
were obtained by analyzing the two exemplary case stud-
ies. In those case studies, we observed how two biotech-
nology teachers enact several animations in their classes
while teaching a number of biotechnological methods. The
analysis revealed that the two biotechnology teachers’
contribution to the enactment of animations is pronounced
in the following three aspects: establishing the “hands-on”
point of view, helping students deal with the cognitive load
that accompanies the use of animations, and implementing
constructivist aspects of knowledge construction while
studying using animations.

Establishing the “Hands-On” Point of View

One of the things that was very obvious in analyzing both
class observations was that both Ravit and Dora talked a lot
with their students about how the biotechnological meth-
ods, which were introduced in the animations, are really
carried out in practice in the lab. For instance, they dis-
cussed the rationale as well as the practical procedure
behind various steps in the biotechnological methods
which were demonstrated in the animations. In her inter-
view, Ravit explained that the students should understand,
in each step of the animation they are watching, the reason
for doing it, and how it is really done in the lab:

In the animation that demonstrates the creation of a
DNA library, the blotting stage is being demon-
strated, but you did not give the rationale, why it has
to be done like that, using a filter. We want to give
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the students a feel for the lab and then show them
dynamically how things are done, but still we must
explain to them, for example, why we are not adding
the detector to the gel, or why it is important to add
the detector to the filter.

Another way of giving the students the “hands-on”
point of view was by discussion with the students and
making them aware of the existence of some steps that
were skipped in the animation, but are nevertheless
important when performing the relevant biotechnological
method in the lab. In the next example from classroom
observation, Dora and her students are discussing the
rationale of a step that is not present in the cloning ani-
mation they are watching:

Dora: Tell me, what should we do to the bacteria in order
to get an effective transformation?

Student 1: We should heat them.

Student 2: We should heat them more and more.

Dora: And in that way we’ll create more and more
temporal holes in the cell wall as well as in the
membrane, and that enables us to carry out the
transformation with plasmids.

Afterward in her interview, Dora explained that without the
accompanying discussion of the important steps in the
biotechnological method, being demonstrated in the ani-
mation, and their rationale, the students might learn the
biotechnological methods incompletely:

Those steps are missing in the animation but this is
not terrible because we discuss them together. If the
animations included all of the steps, the students
might not think about why there is a need to perform
each step and why it is important.

Guided Watching: Help Dealing with the Cognitive Load

Both Ravit and Dora tend to guide their students while
watching the animations. Ravit, as a “teacher-centered”
example, did this by leading her students’ navigation
through the animations. Dora, who tends to employ a more
“student-centered” approach, supported her students on
several occasions during the learning activity with the
animation, whenever they reflected misunderstandings they
had while watching the animation. Accordingly, both
teachers focused their students’ attention on important
details in the animation. They both kept asking the students
different questions about objects in the animation they
were watching. In the next example, Ravit is making sure
that her students understand the function of each site in the
plasmid, which is being introduced in the -cloning
animation:

Ravit: Now look, we have two test tubes. In test tube A
you can see there is a plasmid...

Student: It has an antibiotic resistance site.

Ravit: What site is it?

Student: The one that is named tetracycline.

Ravit: Right. What are the other sites?

Student: There is a restriction site.

Ravit: Right. What else?

Student: An origin of replication site.

In the interview, Ravit explains that by guiding students
through watching animations she is making the animation
much more comprehensible for her students:

Look, I could sit, read a book, and let them watch the
animation alone to the end. I believe that in that way
they would lose some important points which they
might miss because they did not notice them through
all the details and changes in the animation.

In addition to the nature of animations, with their dynamic
changes and intrinsic visual and cognitive load, Ravit
explains that she is directing the students while they watch
the animations because of the nature of the subject matter
(the biotechnological methods), which is abstract and
complex. According to Ravit, especially in animations on
this topic, careful watching is needed in order to identify,
for instance, fundamental differences between the struc-
tures of similar molecules:

I'1l tell you, in the case of the structure of carbons, at
first glance everything looks the same. The student
might notice the difference, but he might not under-
stand the meaning of the difference, and this is
exactly the crux of matter! This small difference
between molecules can make a huge difference in
understanding. That is why when students are looking
at two structures of substances in the animation the
teacher should focus them on the tricky spot.

The importance of identifying exactly what is shown in
the animation seems to direct Dora as well. In the next
example, she is reacting to some student comments, made
while they are watching the animation, and accordingly
asks some leading questions and supports them so they can
see the differences between different kinds of bacteria in
the cloning animation:

Student 1: There is one bacteria without a plasmid.
Student 2: There is one that has not perceived a plasmid
and one that has.

Dora: There is only one bacteria with an uncloned
plasmid? One of the plasmids is cloned. Which is it?
Student: This one.

Dora: Right. So what is this? And this? [pointing to the
screen]
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Student: This plasmid has resistance to the antibiotic
tetracycline.

Dora: Is it cloned?

Student: No.

Later in her interview, Dora summarizes the type of
support she believes she gave her students in this episode:

Focus is the key word here in order to cope with the
visual load while they watch. The students could
have looked over and over again at the different
kinds of bacteria in the animation, but they really
need my help to look for the five different plasmids,
to focus on each of the plasmids and on its unique
elements.

Implementing Constructivist Aspects of Knowledge
Construction

Both Ravit and Dora implemented elements of construc-
tivist teaching while using the animations in class. From a
constructivist perspective (Ausubel 1963; Perkins 1993),
more effort should be made by the teacher to engage stu-
dents more deeply and thoughtfully in any kind of subject-
matter learning. Connections should be made between
students’ lives and the subject matter being learned,
between principles and practice, between the past and the
present. Students should be asked to think through concepts
and situations, rather than memorize (Ausubel 1963; Per-
kins 1993).

Both Ravit and Dora treated the animation activity as an
important cornerstone in the broad construction of stu-
dents’ understanding of the biotechnological methods. One
of the things that Ravit did in this respect was to clearly
establish the animation activity on students’ prior knowl-
edge in biotechnology, in order to make this activity more
relevant and meaningful:

Ravit: Let’s see in the animation how to create a
recombinant plasmid. Can someone please tell us how
this is done before we watch the animation? How we
link a gene, a fragment of DNA into a plasmid?

Liron: You cut them both using the same restriction
enzymes.

Ravit: And then what happens?

Liron: You get sticky ends. And then you add the ligase
enzyme.

Ravit: OK. Now let’s see the animation and check
whether what Liron [the student] has just told us is true.

Another thing both Ravit and Dora did to make the
animation activity more meaningful was to connect it
explicitly to other activities in the students’ learning
sequence, such as lab experiences:
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Dora: Nofar [a student] is asking an interesting question
regarding the animation: “How can we tell which is the
insert at the end of the cloning?” Since we cloned two
plasmids, we really cannot tell which is the insert and
which is the recombinant plasmid.

Student: But when we deal with a DNA and a plasmid...
Dora: Right. In your next projects in the lab you will
take a fragment of DNA from a virus and clone it into a
plasmid. In that case the insert is the fragment from the
virus and the plasmid has received it.

Later in her interview, Ravit stresses why she believes it is
so important to link the animation activity to the other
learning activities the students have been exposed to:

It is most important to link the animation activity to
the trip, to experiences we have had in the Iab.
Otherwise the student might say: “this belongs to the
lab, this to the animation, there is no connection
between them.” That is why all the time, while
working with the animation, I keep going back to
what I have already taught on other occasions. The
student is curious: if he does not understand some-
thing from the animation he can go back to other
learning experiences he has had.

The next aspect of using animations in a constructivist
way was reflected differently in the two case studies. This
aspect was identified as supporting students’ understanding
of biotechnological methods while watching the anima-
tions. Since the teachers have different teaching styles, they
tended to perform differently with regard to this aspect.
Ravit, with her “teacher-centered” approach, supports her
students by explaining and expanding on the meaning of
concepts she believes are crucial for their understanding of
the biotechnological method being taught using the ani-
mation. In the next example, Ravit is opening a discussion
with her students while they watch the cloning animation,
by raising the transformation concept which she believes is
significant for their understanding:

Ravit: You saw the recombinant plasmids. Now what are
we doing with the plasmids after the recombination?
Student: We introduce them into bacteria.

Ravit: We are making transfor...

Student: ..mation.

Ravit: The process is called transformation. This is the
insertion of a recombinant plasmid into the bacteria.

Later in her interview, Ravit explains why conceptualiza-
tion of the process the students have just watched in the
animation is so important:

The students are watching a process in the animation
but they must know its name, the concept behind
what is being demonstrated in the animation.
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While Ravit bases her supporting efforts while enacting
the animations on her own pedagogical and content
knowledge, Dora bases her supporting efforts on students’
difficulties and misunderstandings which they are exposed
to during the enactment of the animations. In response to
the student’s question, Dora discusses the process of
plasmid replication, beyond what is shown in the anima-
tion, in order to make the processes in the animation more
understandable for the students:

Student: Dora, I don’t understand. Why do we need the
origin of replication in the plasmid?

Dora: Why is it important that the plasmid replicate?
Where does it replicate?

Student: I don’t know.

Dora: In a test tube? Inside a living cell?

Student: It can do that inside a cell.

Dora: Only inside a cell. What is needed in order to
replicate DNA?

In another example, a discussion concerning the concept of
sticky ends, which is being demonstrated in the animation,
is brought up once again by a student’s question. Dora takes
this opportunity to expand the students’ understanding
regarding the object of sticky ends which is being demon-
strated in the animation, in order to clarify it for them:

Student: Why is it called sticky ends?

Dora: To what does it stick?

Student 1: They stick to each other.

Student 2: They stick to the plasmids.

Student 3: They stick to the cloned region, which we
want to insert.

Dora: How does it stick? There is no “glue” so how does
it stick?

Later in her interview, Dora reveals that after examining
the animation with her students she became aware of places
in which they needed assistance to gain a meaningful
understanding. Her presence at that point enabled her to
support the students while they were watching the anima-
tion, whenever they encountered concepts or objects which
were not so comprehensible:

When I was exposed to students’ specific difficulties
through their viewing of the animation I had the
opportunity to spotlight objects and concepts in the
animation which are not understandable enough to
the students.

Discussion

Through this research we tried to identify teachers’ chal-
lenges, pedagogical strategies and potential contributions

to the enactment of animations in class while studying
biotechnological methods. In the course of the analysis of
two exemplary case studies, we recognized two alternative
teaching approaches to supporting students’ knowledge
construction while studying biotechnological methods from
animations.

Teachers’ Perceptions of the Enactment of Animations
in Class

Our aim was to shed light on biotechnology teachers’
perceptions of the practice of animations in their class-
room. Teachers’ perceptions and reflections on the enact-
ment of animations in class were elicited during a
professional development workshop for biotechnology
teachers, in which the teachers were exposed to newly
developed animations in genetic engineering.

In analyzing teachers’ statements during the workshop,
we noticed that the teachers reflected the complex reality
of enacting animations in class while teaching biotechno-
logical methods. This complex reality is influenced by
administrative aspects such as time limits, by cognitive
aspects such as handling the cognitive load, and by peda-
gogical considerations such as the optimal learning stage
for the use of animations, the optimal format of the ani-
mation, and the optimal teaching strategy for the use of
animations in class.

Data suggested that the biotechnology teachers in this
study attribute more advantages than disadvantages to the
use of animations in class while teaching biotechnological
methods. Due to the concrete, dynamic and continuous
nature of animations and to the way in which they can
demonstrate work that is carried out in the lab, the teachers
recommended using animations while teaching biotechno-
logical methods.

In Zacharia’s (2003) study, which dealt with enacting
computerized learning tools in class while teaching physics,
the teachers also acknowledged the utility of computerized
demonstrations: they reduce ambiguity by demonstrating or
modeling correct options, and they help the learner identify
the cause-and-effect relationship that might be obscured by
time or bulk of material. According to the teachers’
responses in Zacharia’s (2003) study, as well as in this study,
the use of computer demonstrations as animations or simu-
lations offers options when alternative approaches are not
available (owing to cost, danger or context). The reported
disadvantages were mostly focused on the fact that these
tools do not reflect reality (providing ideal conditions or
circumstances). According to Hazzan (2003), the teachers’
major didactic and cognitive concern, while using anima-
tions in class, was that learners may progress without
understanding the previous stages (Hazzan 2003). In our
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study, the teachers reported that the representations in the
animations might effect the evolution of misconceptions
concerning the nature of chemical bonds and the accurate
structures of molecules. It seems that although animations
can provide learners with explicit dynamic information, the
inclusion of a temporal change introduces additional infor-
mation-processing demands (Lewalter 2003). According to
de Jong et al. (1999), instruction through computer simula-
tions and animations should make use of further prompting to
support students’ regulative processes. Thus, the role of the
teacher while enacting the animations in class appears to be
extremely important.

Teachers’ Contributions to the Enactment
of Animations in Class

Most of the computerized tools enable students to proceed
in a trial-and-error fashion and finish the practice without
understanding the topic at hand. Due to the cognitive load
involved (Hegarty 2004 ), students sometimes miss essential
features when they only watch animations (Kelly and Jones
2007). In this study, we explored the teacher’s possible
contribution to the enactment of animations in class, by
analyzing two exemplary case studies. The analysis
revealed a marked contribution by the two biotechnology
teachers to the enactment of animations in the following
three aspects: establishing a “hands-on” point of view
while studying biotechnological methods from animations,
helping students comprehend with the cognitive load that
accompanies the use of animations, and implementing
constructivist aspects of knowledge construction while
studying using animations. In those two teachers, we also
recognized two alternative constructivist approaches in
terms of supporting students’ knowledge construction while
studying from animations. The two approaches, which had
to do with the teachers’ position while enacting animations
in class, were in fact initially recognized during the teach-
ers’ focus group: while some teachers indicated that they
control and lead the animation activity, others said they tend
to work such that the students are more independent.
Those two teaching approaches were re-exposed during
the case studies. One of the teachers, Ravit, supports her
students’ knowledge construction while studying from the
animations by explaining and expanding the meaning of
concepts she believes are crucial for their understanding of
the biotechnological method being taught using the ani-
mation. According to Soderberg and Price (2003), the
teacher’s role while studying from computer representa-
tions is to structure tasks and questions in ways that prompt
students to think about underlying concepts and relation-
ships being introduced in the simulations and animations.
This involves being available when learners are most
receptive to guidance, helping them reformulate their
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thinking, for instance, by rationalizing explanations with
everyday knowledge (Parker 2004).

In the case of the second exemplary biotechnology
teacher in our study, Dora, the supporting efforts were
based on students’ difficulties and misunderstandings,
which she picked up on during the enactment of the ani-
mations. This approach was also supported by Hennessy
et al. (2006), who claimed that teachers should be
encouraged to employ mini-plenaries to quickly identify
and address misconceptions, and to use students’ errors as
teaching points while studying from animations or simu-
lations. According to Tabak (2004), whole-class discus-
sions enable a teacher to explicate the demands of
constructing scientific knowledge and to synthesize ideas
across groups, in order to reach a consensus and approach
normative views. In light of the fact that Dora had planned
the animation activity by providing an accompanying
worksheet which was designed to focus the students on
certain issues in the animation while watching, it can be
said that such an instructional design sequence integrates
both socio-pedagogical and material supports (Krajcik
et al. 2000).

Both Ravit and Dora implemented elements of con-
structivist teaching (Perkins 1993) while they used ani-
mations in class, namely, they clearly established the
animation activity on students’ prior knowledge, and con-
nected it explicitly to other activities in the students’
learning sequence, such as lab experiences. Constructivist
teachers tend to explore how their students see any problem
or issue they encounter in any learning situation, and why
their path towards understanding seems promising to them
(Glasersfeld 1998). The findings of this study, concerning
teachers’ contribution to the enactment of animations in
class while studying biotechnological methods, strengthen
the expectations and recommendations raised by other
relevant studies (Ardac and Akaygun 2005; Hennessy et al.
2006; Kelly and Jones 2007). Accordingly, the role of the
teacher while enacting animations in class is critical in
rendering the animations more meaningful. We suggest
that students and teachers work together in transforming
knowledge while studying from animations, as in other
lessons and activities in school (Scardamalia and Bereiter
1991).

In this study, we also spotlighted teachers’ fundamental
involvement in, and contribution to the enactment of ani-
mations in class while studying biotechnoloigcal methods.
These results might have implications for the enactment of
animations in classes teaching a variety of disciplines, such
as helping students comprehend under the cognitive load
involved while studying from animations in general. It is
important to emphasize that this study was performed in a
natural classroom setting in the context of intensive biol-
ogy/biotechnology majors’ lessons, and does not represent
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an isolated experience, thus adding additional validity to
the findings.

The major limitation to be taken into account is that
the results regarding the teachers’ contribution to the
enactment of animations in class were obtained using a
qualitative research approach, with two case studies. Nev-
ertheless, these findings can be considered to have external
validity because the two exemplary teachers, and their two
classes of biotechnology majors who participated in this
study, can be considered an extremist sample. In other
words, since it was demonstrated that the teacher’s contri-
bution to studying from animations is essential for moti-
vating students in classes of experienced and constructivist
teachers, it might be assumed that in the case of less
motivated classes, the teacher’s contribution is significantly
higher. We suggest that in the future, the use of animations
for the students be mediated by their biology/biotechnology
teachers, and teachers’ input should be studied in practice
using an experimental design and a quantitative approach.
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