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Abstract  
Animations have a great potential for improving the way people learn. A 
number of studies related to different scientific disciplines have shown that 
instruction involving computer animations can facilitate the understanding of 
processes at the molecular level. However, using animations alone does not 
ensure learning. Students sometimes miss essential features when they watch 
animations alone, mainly due to the cognitive load involved. In addition, 
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 the contribution of the teacher 
to the enactment of animations in class. Two exemplary biotechnology 
teachers participated in two case studies, aimed to characterize teachers' 
contribution to the enactment of animations in class while studying 
biotechnological methods. Our findings reveal that teachers' contribution is 
pronounced in the following three aspects: establishing the "hands on" point 
of view, helping students deal with the cognitive load that accompany the use 
of animations and implementing constructivist aspects of knowledge 
construction while studying using animations. We have also recognized two 
alternative approaches of teachers in terms of supporting students' knowledge 
construction while studying from animations. 
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Introduction 
Animations have a great potential for improving the way people learn (Mayer and Moreno 
2002; Hoffler and Leutner 2007). A number of studies related to different scientific disciplines 
have shown that instruction involving computer animations can facilitate the understanding of 
processes at the molecular level (Williamson and Abraham 1995; Sanger, Brecheisen and 
Hynek 2001; Stith 2004; Yarden and Yarden 2009). However, using animations alone does not 
ensure learning. It is occasionally linked with simplified models of the scientific process, that 
can give students the impression that every variable is easily controlled (Hennessy, Deaney and 
Ruthven 2006). According to Kelly & Jones (2007), students sometimes miss essential features 
when they watch animations alone, due to the cognitive load involved (Hegarty 2004). In 
addition, students seem to attribute a great deal of authority to the computer and may develop 
misconceptions by taking animations of abstract concepts too literally (Wellington 2004). In 
order for students to learn new concepts and processes they encounter in animations in a 
meaningful way, according to constructivism (Ausubel 1963) they should relate the new 
knowledge and information they come across with concepts and claims they already hold. For 
that purpose, we believe that the way in which a teacher enacts the animation in class plays a 
crucial role. In this study we attempted to study the contribution of the teacher to the enactment 
of animations in class, while studying biotechnological methods.  



95 Hagit Yarden, Anat Yarden  

Methodology 
Context 
In this study we used two animations we previously developed for the use of high school 
biotechnology majors. Those animations are aimed to introduce the following biotechnological 
methods: gene cloning and the construction and use of genomic DNA library 
(http://stwww.weizmann.ac.il/g-bio/geneengine/animations.html). The animations include 
interactive features and accompanied by computerized tasks.   
 
Sample  
Two exemplary biotechnology teachers participated in two case studies, aimed to explore 
teachers' contribution to the enactment of animations in class while studying biotechnological 
methods. Two biotechnology major classes (culturally non-deprived population, each class 
about 25 students) were chosen according to their teachers' initiative and motivation to take part 
in this study, as well as due to their extensive teaching experience (more than ten years). Both 
teachers, Ravit and Dora (pseudo names), possess previous formal knowledge in molecular 
biology and laboratory research. 
 
Procedure  
During the lessons being documented, in Ravit's class the animations were viewed 
simultaneously by all of the students, through the guidance of Ravit. In Dora's class however, in 
one lesson the students worked in pairs, while in the other lesson the animations were viewed 
simultaneously by all of the students, through the guidance of Dora. In both cases, the lessons 
were based on the animations being used, and both teachers employed specific strategies 
developed before-hand for using the animations. 
 
Data analysis 
The enactments of the animations, in two exemplary biotechnology majors' classes, were audio - 
taped and fully transcribed. The transcripts were qualitatively analyzed according to the 
narrative constructivist procedure recommended for multiple-case analysis (Shkedi 2005). 
Following mapped and focused categorizations, the two teachers were interviewed. In the 
interviews the teachers were asked to explain representative episodes of the class observations 
transcripts, illustrating the main categories resulting from the focused categorization. Teachers' 
interviews were audio - taped and fully transcribed. 
 
 
Results 
The analysis revealed that 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 accompany the use of animations and implementing 
constructivist aspects of knowledge construction while studying using animations. 
 
Establishing the "Hands on" Point of View  
Both Ravit and Dora emphasized how the biotechnological methods, which were introduced in 
the animations, are carried out in practice in the lab. In her interview, Ravit explained why it is 
important to discuss with the students the rationale behind different stages of a biotechnological 
method, being demonstrated in the animation. She believes the students should understand what 
is the rationale behind each step they see in the animation, and how it is really done in the lab: 
"In the animation that demonstrates the creation of a DNA library the stage of blotting is being 
demonstrated, but the rationale, why it has to be done like that, using a filter, can not be fully 
described.  We want to demonstrate the biotechnological methods dynamically to the students, 
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and we also 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 establishing the "hands on" point of view was by discussing with the students 
and bringing up to their awareness the existence of some steps that were skipped from the 
animation, still important while performing the relevant biotechnological method in the lab. In 
the next example from classroom observation, Dora is discussing with her students the of a step 
that is not present in the cloning animation they watch:  
 
Dora rationale: Tell me, what we should do to the bacteria in the lab in order to get an effective 
transformation? 
Student1: We should heat them 
Student2: We should heat them more and more 
Dora: And in that way we'll create more temporal holes in the cell wall as well as in the 
membrane, which enables us the transformation with plasmids. 
 
Afterward in her interview, Dora is stating that without the discussion on the steps of the 
biotechnological method and their rationale, the students might learn incompletely the 
biotechnological methods as they are being demonstrated in the animations:  "Those steps are 
missing in the animation but it is not terrible at all because we discuss them together. Even if the 
animations had included all steps, still the students might not think why there is a need to 
perform each step". 
 
Helping the Students Deal with the Cognitive Load 
Both Ravit and Dora tend to guide their students while watching the animations. They focused 
their students' attention on important details in the animation, and kept asking the students 
different questions about objects in the animation. 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 antibiotics 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 more? 
Student: An origin replication site.  
 
In her interview, Ravit explained that by guiding students through watching animations she is 
making the animation more comprehensible for her students: "look, I could seat, read a book, 
and let them watch the animation alone till it ends. I believe that in that way they will lose some 
important points because they have not noticed them through all the details and changes in the 
animation". 
 
The importance of identifying exactly what is shown in the animation seems to direct Dora as 
well. In her interview, Dora summarized the kind of support she believes is essential while 
watching: "Focus is the key word in order to cope with the load while watching animations. For 
example, the students could have looked over and over again on the different kinds of bacteria 
in the animation, but they really need my help to focus on each of the plasmids inside the 
bacteria, and on its unique elements." 



97 Hagit Yarden, Anat Yarden  

Besides the dynamic changes and the intrinsic 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), that is abstract and complex. According to Ravit, 
especially in animations of this topic, carefulness is needed during watching in order to identify, 
for instance, fundamental differences between the structures of similar molecules: "I'll tell you, 
in the case of the structure of carbons, in a first look everything looks the same. The student 
may notice the difference, or not. This small difference between molecules can make a huge 
difference in understanding". 
 
Implementing Constructivist Aspects of Knowledge Construction 
Both Ravit and Dora implemented elements of constructivist teaching while they used 
animations in class. They both considered the activity with the animation as important in the 
construction of students' knowledge and understanding of the biotechnological methods. For 
that purpose, one of the things that were done by Ravit was to establish clearly the activity with 
the animation on students' prior knowledge: 
 
Ravit: Let's see in the animation how to create a recombinant plasmid, but before that, can 
someone please tell us how it is done? How we link a gene, a fragment of DNA into a plasmid?  
 
Another thing both Ravit and Dora did, in order to make the activity with the animations more 
meaningful, was to connect it explicitly to other activities on the students' learning sequence, 
such as lab experiences: 
 
Dora: Nofar [a student] is asking an interesting question regarding the animation: 'How can we 
tell who the insert in the end of the cloning is?' Since we cloned here two plasmids, we really 
can not tell which the insert is and which the recombinant plasmid is. 
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 in a plasmid. In that case the insert is the fragment from the virus and the plasmid has 
received it. 
 
In her the interview, Ravit is stressing why she believes it is so important to link the activity 
with the animation to the other learning activities the students are exposed to: "It is most 
important to link the activity with the animation to the tour, to experiences we had in the lab. 
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 I work with the animation, I keep 
going back to what I have already taught in other occasions. The student is curious, if he does 
not understand something from the animation he can go back to other learning experiences he 
had." 
 
While the constructivist aspects being introduced so far were common to both Ravit and Dora, 
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 studying using animations. In her interview, Ravit explained 
why, for instance, the conceptualization of processes the students had just watched in the 
animation is so important: "The students are watching a process in the animation but they must 
know the name of it, the concept behind what is being demonstrated in the animation. For 
example, you can not study the process of taking a gene and inserting it into bacteria without the 
concept transformation, and without the concept that the bacteria who received the gene is a 
transformant".   
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While Ravit bases her supporting efforts while enacting the animations on her own pedagogical 
knowledge, Dora is basing her supporting efforts on students' difficulties and misunderstandings 
she is exposed to during the enactment of the animations. In her interview, Dora reveals that 
after examining the animation with her students she became aware to the places where the 
students needed assistant in order to gain meaningful understanding. Her presence in those 
points enables her to support the students through studying the animation, whenever they 
encounter concepts or objects which were not so comprehensible: "When I was exposed to 
students' specific difficulties through their watch of the animation I had the opportunity to put a 
spot light on objects and concepts in the animation which are not understandable enough to the 
students". 
 
 
Discussion 
Learning from animations is not a simple task, even though it might seem like. Although 
animations can provide learners with explicit dynamic information, the inclusion of a temporal 
change introduces additional information-processing demands (Lewalter 2003). In this study we 
have identified teachers' essential support in universal aspects, such  as helping students 
comprehend while studying from animations, despite the cognitive load involved, as well as in 
particular aspects for studying biotechnological methods from animations, as establishing the 
"hands on" point of view. We have also recognized two alternative approaches of teachers in 
terms of supporting students' knowledge construction while studying from animations. The 
teacher’s role seems critical in terms of promoting students' thinking while studying from 
animations about underlying concepts and relationships being introduced. 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). 
 
 
References 
Ausubel, D. P. (1963). The psychology of meaningful verbal learning. New York, Grune & Stratton. 

Hegarty, M. (2004). "Dynamic visualizations and learning: Getting to the difficult questions." Learning 
and Instruction, 14, 343-351. 

Hennessy, S., Deaney, R. and Ruthven, K. (2006). "Situated expertise in integrating use of multimedia 
simulation into secondary science teaching." International Journal of Science Education, 28(7), 
701-732. 

Hoffler, T. N. and Leutner, D. (2007). "Instructional animation versus static pictures: A meta-analysis." 
Learning and Instruction, 17(6), 722-738. 

Kelly, R. M. and Jones, L. L. (2007). "Exploring how different features of animations of sodium chloride 
dissolution affect students' explanations." Journal of Science Educational Technology, 16,  
413-429. 

Lewalter, D. (2003). "Cognitive strategies for learning from static and dynamic visuals." Learning and 
Instruction, 13, 177–189. 

Mayer, R. and Moreno, R. (2002). "Animations as an aid to multimedia learning." Educational 
Psychology Review, 14(1), 87-99. 

Sanger, M. J., Brecheisen, D. M. and Hynek, B. M. (2001). "Can computer animations affect college 
biology students' conceptions about diffusion & osmosis?" The American Biology Teacher, 63(2), 
104-109. 

Scardamalia, M. and Bereiter, C. (1991). "Higher levels of agency for children in knowledge building: A 
challenge for the design of newknowledge media." The Journal of the Learning Sciences, 1, 37–68. 



99 Hagit Yarden, Anat Yarden  

Shkedi, A. (2005). Multiple case narrative: A qualitative approach to studying multiple populations. 
Amsterdam. 

Stith, B. J. (2004). "Use of animation in teaching cell biology." Cell Biology Education, 3, 181-188. 

Wellington, J. (2004). Multimedia in science teaching. Teaching secondary science with ICT. R. Barton. 
Cambridge, England, Open University Press. 

Williamson, V. M. and Abraham, M. R. (1995). "The effects of computer animation on the particulate 
mental models of college chemistry students." Journal of Research in Science Teaching, 32,  
521-534. 

Yarden, H. and Yarden, A. (2009). "Learning using dynamic and static visualizations: Students' 
comprehension, prior knowledge and conceptual status of a biotechnological method." Research in 
Science Education, In press. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Right
  /CalGrayProfile (sGray)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColorForImages
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /TUR <>
    /HEB <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [841.890 1190.551]
>> setpagedevice


