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Abdract

Whatare best practices learning methods7That question habeen and is stilltoday still a
much discussed topiSome say learning by doing, some say read and memorize and some
are not sure and try to think in new methods. One of these methods is a theory called the
Example Choice theory.

The purpose of this study is tovegigate the effects othe Examples Choice theory in

leaming with the use of animation8y setting up an experiment we might be able to
determine if the theory caenforce andmprove learning outcomesn the first part of the
paperwe willgothrdzZa K (2RI 28Qa a0K22f FyR 221 |0 K2g
at different learning theories. The cognitive science also a part of this study evamgt &

the focus in thigaper it is inportant to understand learning.

To find out if there waany hold in the theory we made an experiment. Our subjects in the
experiment were 50 people in aggoup24-28 years The subjects were randomly selected

to go through a learning program with pre and ptssts to measure the outcome. The

results in this sudy provide some support for the Examg@#oice theory but also raise some
guestions thainheedto be put under thdoupebefore making any final conclusions about the

theory.
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1 Introduction

This master thesis is intended to give tleaders a new perspective about learning and how
learningcould be improvedvith some newtools andideas By using interactivanimations

we will test thelearning effect example choice theory has a group of peopleThisisthe
foundationinthispaper9 ELJX 2 NAy 3 ySg st ea 2F fSIENYyAy3a NBJ
at the start of writing this thesis but whictwiill have to apply in order to write iResearch

fieldslike psychology and pedagogics are strangemmémnow, but duringthis projectsome

of the fields within the agas will be more familiar to me, and at the end | will know more

things than | did befre about all of this.

{GdzRSyGa G2RF& IINB GF2NOSRe (2 f Qhnds o0& GKS
paperl hope to cast a light over the effects examples choice could have, and if it proves to
have an effetit should be put to use. To hefirhieve this wamy contributionwhen writing

the thesisand is a huge motivating factor to me.

1.1 The problem

All over the world children are learning formal mathematical and scientific contents, for
examplebasic arithmetic operations, fraction, probabylicalculus, the periodic table of
elements, laws of physics, to name just a fénvschool performance surveys on
mathematical and scientific knowledge Norwegian students are not doing well compared to
other countries(for PISA, see Kjeernsli, Lie, Old&Roe, 2007; for TIMSS, see Grgnmo,
Bergem, Kjeernsli, Lie, & Turmo, 2004; Grgnmo & Onstad, 2008)example of TIMSS 2004
that made the headlines of Norwegian tabloids was that only 30% of the Norwegian 4th
graders were able to calculate 9 * 15 (see GnanBergem, Kjeernsli, Lie, & Turmo, 2004, for
details of the study).

The decrease of mathematics and science skills has different reaSomsmo et al. (2004)
points atthe Norwegian reform of the educational objectives in 1997 (k®Thave given the

students more freedom to construct their own knowledge, which is a postulate of



constructivist approaches to learning (see Shuell, 2001), and that formal contents are
combined with everyday experiences, which is a postulate of situated learning approaches
(see Lave and Wenger, 1991). Thecatled Kunnskapslgftet (Ko6) added mathematics
lessons in elementary school and focused attention on natural scifilmig might have
improved the situation when you look at the results in TIMSS 200The results are s

below OECD average (Gronmo & Onstad, 2008 is this and what came done to help

the situation?

From the first years at school students have access to computers. This tool enables other
learning ways then pure text or one way driven communicatrom a blackboardTheuse

of animations in learning is getting more used as you read this paper, but with stronger
learning theories that arsupporting learning with animations will make them much more

welcome and used.

The purpose of thiprojectis to showhow animations and the exampt#oicetheory could
be used at schosltoimprove thelearning offormal principles ando help students in

improvingtheir skills andn that wayperform better in tests like TIMSS

1.1.1 What we offer

In this pger we will investigate if context of examples given by iiattive animations could
help toimprovea i dzR Bafring i@sults. Students will be tested to see if the example
choicehasany effectwhen it comes to learning and understandingw principles

The thesiswill undertakea small part of a bigger project called ExampleWtkich is not the
main focus in this stud¢Se next pafjt However this study is a part of it and can be seen as a
contribution to ExampleWiki hence the bigger picture isvalg. The next pages will give a
short presentation of ExampleWiki and present the main parts of it to help understand the
guestions asked in this paper and how this paper could give valuable information to

ExampleWiki project.



1.2 Example Wiki-Project

The Example WHgroject is aarge projectdrivenby my supervisors Rolf Reber and Weiqin
Chen. This project is not what my paper is about, however it has some relevance both for the
choice of theme and my paper might give more insight in the Exampleetheory and
examples for the Example WABroject. Below the project is described in four stages and

afterwards we will look which one that has relevance in this thesis.

Example Wikiproject short description

(1)First the study will identify formalrpciples and how these problems could be tackled,

either by the use of ICT in teaching, or by new teaching methidus focus will be on two

often neglected aspects in science teaching: First, how formal rule systems can be combined

with the students persnal interests; and second, how the rules could be partitioned into
O2YLRySyida GKFG FINB FTRFLWGSR (2 (GKS aiddzRSyidawv
2000).Although we focus on the combination of formal contents and personal interest, which

is the imovative part of the project, we take care that the ExampleWiki is crafted according

to the knowledge and cognitive capacities of the students (see Magetr).We shall focus

on mathematics teaching, with applications in science.

(2) Then we begin toudld a network of school partners that help plan, build up, and
evaluate the content of the ExampleWiki. In the network group will be researchers from
different backgrounds and mathematics teachers. In the forprosjelet nistwork group is
responsiblefor (1) contributing contents an@) quality monitoring. Although both Weiqin
Chen and Rolf Reber are university teachers and work with examples in their teaching,
feedback from practitioners in the field will certainly enhance the quality of both form and

content of ExampleWiki.

(3) ExampleWiki will be built, which is the main part of the forprosjekt. The objective is to
provide a platform that allows entering, editing and retrieving formal principles and
examples. We build a prototype of the wiki, with alidwelve formal principles and2to 20

examples each. The system architecture will include three main components: examples,

9



short explanation of the formal principles linked to the related exaapband the formal
principlesthemselves. This design refls the principle of example choice (Reber et al.,
accepted for publication). The prototype will be based on MediaWiki or other free software
wiki package which was originally for use for the vietsed encyclopediaWikipedia

project. A web server with backend MySQL database which includes the wiki pages will be
used. Of course, activities listed in Pairftheoretical elaboration) and Poirt(networking)

will continue while building the platform.

(4) The quality of ExampleWiki is continuously mamitbby the network group. The group
identifies strengths and weaknesses; first formative evaluations with a few students are

done in order to improve ExampleWiki.

The ExampleWiki project is as mentaha larger project, and in this paper we wilkt try to

fill in a small piece of the puzzle. Mainly this study will undertake two of the parts about
from ExampleWiki project; Part one and three.

Testing the combination of formal contents and personal interest be done in this project
and is part 1 irexampleWiki. &t three, the construction of a prototype could not be done
without any examples to populate it. Constructing examples is a big part of this study and
could be used in such a project if wanted. When referring to ExampleWiki later in thes pap

the information in this chapter is relevatd understand the context

1.3 Problem description
This paper needs to narrow the scope down. And to do that we withtwee specifiand

present one primary question followealhypothesighat we can tesin the project.
Primary question:

Canselfchosen examplegnprovelearning of formal principlesompared to given
example®

From theprimary questionve can form hypothesizes

Primary hypothesis

10



HO: Students that can choose their own learning exalepdoes not perform better tests
than students that get random examples
H1:Students that can choose their own learning examples performs better in tests than

students that get random examples

Operationalizingor making outprimary questiormeasurable by turning into hypothesizes
enales usto explorg testand measure the effect® answer oumquestiors in this study
Thehypothesis simplgerves the questioif there is any point of making mamxamples for
student to choosdo help improve thdearning qualityor is it the same iéveryone has the

same materialike in schools today.

1.4 Different outcomes
If the data analyses indicate our suspicions that teaching formal principles with example

choices will improve learning, ExampleWiki will most likelgdeveloped further and the
research on this teachingethodwill continue. Another déct of a positive outcome is that
this way of learning potentially also becomes a trend, and schools investynaorttime in
education systems that ugbe example choicéheory in practice If science proves the
effect of example choice ExampleWiki da@one of these resources that are used for
educational purposes. Should the data show no significant improvement of leafaitiger

studiesis needto make sure if this study is correct or wrong in its conclusions

1.5 Motivation for the study
Educationisin my mindthe most important part of societysince it is whatlevelops people

and makes us able tiake on professionkke teacher, doctor, nurse and other important
occupationsThe reason | choode look at learning theories imy masterthesis vas to

learn more about educatioand the theories that is controlling the ways we educate people
G2RIFeé® L R2y Qi GKAY1 K SnNoségiddgchoblFandi A (dzl GA2Y
LINPOIF 6t & Al 62y Qaking & aeW ihedmhnd tésk i it codild lidpsve
learningwas for me the perfect projecthe usefulness of what you are doing is for me

important. My study is not about a computer ganmemputer software, how to get most

points in wordfoud, my paper is about people, educatiangd how people could learn easier

11



gAUK2dzO RNRLILAY3I 2dz0 FNRBY aOKz22f 2N 3AQAy3 d
anything is too hardf you put your mind to itbut sometimes you need to preseptoblems

in a way that fits to the individual you ag®ing to teach, and that is what | wantedamine

in my paperFor me three things needs to be present if | should be 100% motivated: It

should be geful, it should be important to theociety and finally it should be within an area

of my personal interes Thisprojectd dzLJLJ2 NIia | ff GKNBS 2F Y& Y2aG4A

1.6 Research method
In this project | will use experiment and quantitative method to get the data needed.

Quantitative method isised when you wantata that can be quantified or said amother

way data that can be translated easy into numbers and is measurBisereason why |

choose experiment was because of my problem description which was to measure learning
effect by using pre and posésts.l was also considering other methodselitesign science
since a big part of the project is to create examples, but | choose to focus on one method
and not do any triangulation in this paper since the learning part is the most interesting for

me in this paper.

1.7 Organization of the thesis
In the next chapters in this thesis related fields gv@viousresearch will be presented’he

next step is to look at thdesign and devepment choices we have made to test the
problem.We will also explain the tools we have been usimgl &dow those whergut to use
during the projectFinally we will go through the evaluation processes in this project and
take a closer lookt the expeiment, data analyses anfinally aconclusiorand discussion of

the findingsbased on the data collected.

2 Related reserech

In this chapter we will go through some essential theories and literature that affects this

study. Some of it will be more about the brain and how cognitive psychology affects the way

12



we need to make examples that work good, and other parts will beerabout design and

what principles oguidelines that exists to use when making the animations.

2.1 Constructivist & situated learning approaches
Both constructivist and situated learning approaches have been heavily criticized by

cognitive psychologistSome onstructivist methods, such as pudescovery learning has
proven ineffectivgMayer,2004a). Even if some studies can document better understanding
of arithmetic operations when they were performed in everyday situati@ng., Carraher,
Carraher& Schliemann, 1985), situated learning is often inefficient (see Anderson et al.,
1996).1t might be that some of the assumptions of the L97 thweoretically plausible, but

not evidencebased.Studies on learning to throw darts to targets underwater Jutb08

or sexing chickens (Biederman & Shiffrar, 1987) are examples of a proven learning method
that combines teaching of basic principles with practice in relegattings. In sexing
chicken,novices learned a formal principle that enabled them to parf the task within 20
minutes at an expert level; practitioners who never have learnt the formal principle needed
years to attain expert performance from mere practi¥éhen constructivist approaches
apparently fail to provide higquality science teach@m Shouldschools go back to traditional
modes of teaching, e.g., teaching formal principles and presenting an example which often is
unattractive to studentssuch as teaching probabilibalculus with an example from

gambling (see Buckley, 2009, for ex#es from computer science)? Modern information
technology makes possible what would not have been possible two decades ago. For
example, a teacher could not think of giving different examplesuited to individual

interestst for every student. Teacherdten do not know the individual interests of their
students; even if they do, they do not know good examples connected to each topic of

interest; even if they do, they are not able to present all examples simultaneously.

2.2 Example Choice
The exampleviki-project undertakes the building of a database that provides different

examples for formal principles. That will enable teachers with a chBekre or after
presenting the basic principle, they either can let students work on their favorite example
or they can print out examples and distribute them to the studenfisachers could also give

students a task to present their favorite example in front of class so that all the students gets

13



to see multiple examples that illustratbe principle to bdearned(Atkinson, Derry, Renkl, &

Wortham, 2000 Reber, Hetland, Chen, Norman, & Kobbeltvedt (ptee for publication)

call this principle of choosing among several examgiesnple choicand conducted an

experimental study, discussed in more detail below, which showed that example choice
SyKFy0Sa (KS fSIFNYyAy3a SELI®MNS:IS yedd@madpiinciple/ ONB I & A
The example wikproject gives the environment needed to use the example choice theory,

this thesis will test its effect with animations.

2.3 Background
In the last four decades cognitive perspective has dominated teeareh in educational

psychology. This has led to a deeper understanding on how to shape instruction in

accordance2 (G KS &addzRSyadwa O23yAGAGS OF LI OAGASE |y
review).Newly there has been more focus in trying to understaev to shape instructions

G2 FAG GKS aidzRS gée@itricy, 3003}, dntelest iR cosiiaies AR A (1 &

positive emotion by someesearches (Fredrickson, 2003). If a person actively relates to an

object, he is showing interest tg and he $ then both enjoyingnd valuing that relationship

(see Dewey, 1913; Krapp 2002 for further discussions about the defioitionerest).

When students are at school, they relate to formal scientific themes that might not be

interesting for them. Even if is well known that education in science is important, students

are commonly not motivated to follow these topics, or they might find them difficult to

learn(e.g., Hidi & Harackiewicz, 2000).

The longterm goal is to developninternet-based learing process that will help the
instructor to make things interesting for the students by connecting what students are
learning with what they are usually interested in. This project of a new wkpaofing

would work like this (see Reber et al., acceptedpublication): The learner might be able to
choose from different examples and questions which all are related to confirmation bias.
This variety of examples involves: belief in astrological predictions; biased information
search in anxiety or jealousgtereotype and prejudice; perseveration bias in rumors; wrong

suspects in criminal investigations. Students would also have the possibility to choose if they

14



want to work on the assignment individually or in groups. Once the student has answered a
gueston that has to do with confirmation bias, the student would get a feedback and then is
instructed in class about confirmation bias. This learning process offers more variety in
teaching than the instructor could give only with his own effort, and it algpbes the

educators with several valid examples related to the same theme.

{2YS 20KSNJ F2NX¥If O2yiSyda (GKIFG O2ddZ R 2001 Ay
probability calculus, statistics, genetics, or organic chemistry. In addition, this mathed

to connect topics that might be indifferent or even repulsive intrinsically to topics that are
interesting in themselves; this way, fascination for a formal topic would be raised by the fact

that it helps to understand more in depth the things tiaate is really interesteth.

accorddyd (2 5S¢gSe omdpmol GKS 2yfeé& LINRPLISNI gl & 2

Hoffmann (2002) published a study similar to the tool it is being planned, but it did not
introduce the example choice. It was mentioned how basic physics could be taught as a
training in high school to make it more interesting to both boys and girls. Afterwards she
connected formal contents to contents that the learners had said they were interesting to
them and compared the interediased learning to more traditional ways of learning
Hoffmann discovered that interedtased learning helped increasing physical achievement in
apprentices and made them more interested into the theme. A different focusing also allows
the student to create examples (Watson & Mason, 2004). The concemtisihderstanding
ishelped along by creating own examples. The proposal exposed here by us, does not
preclude that students later construct their own examples and even submit it to
ExampleWiki, but befora student can create his/her own exampiieis necessary that her

she has a basic knowledge about the formal principle.

In line with criticisms from the viewpoint of cognitive psychology (Mayer, 2@@é)roject
begins by guiding the students to elaborate on the formal principle, before they caallyct

start to create their own example, as proposed by Watson & Mason (2004).

Hundred and fortyfour students from thdirst year atuniversitywere given an online
lecture about confirmation bias (Klayman & Ha, 1987). The students had all the time they

wanted to have to go through the presentation. One group of participants was given 14

15



guestions they could pick from (Choice grouphpics included stereotyping, jealousy, halo
effect, pseudoscientific practices, rumors, and errors in criminal invesgiigatA different
group of participants was given one of the questions, matched to the ones chosen by the
former group (Nechoice group). The last group was only given the presentation
(Presentatioronly group). Bottihe group that had been given the opganity to choose
(Choice group) and the one that had no choice-¢hoice group) had to answer the first
guestion. Afterwards, the tree groups were given the presentation; duration of viewing the
presentation was assessed as a measure of attentional pemnsis (see Hidi2001, for a

critical review of the relationship between interest and attentioAjnong other things, we
assessed interest and control with eleven questions used by Chen,,Ralmkem, & Stokke
Olsen (2004). Theesults were that the studes forming the first group were, first, more
motivated, and second, seemed to be more persistent in attention than the second group.

This test, tried to move the example choice from the laboratory to educational scenarios.

2.4 Cognitive science

Cognitiveas a term refers to perceiving and knowing, and cognitive scientist seek to
understand mental processes such as perceiving thinking, remembering, understanding
language and learnin@tillings Weisler, Chase, Feinstein, Geld, & Rssland 1995). We

can by looking at that definition see why a closer look into the area of cognitive science

would be a very relevant and important supplement to this project.

Much of what is happening in the creation of multimedia instructions could prevent learning
rather than promote learning in computdrased trainingdSorden 2005. Sorderclaims this
because of the brains capacity and way to work when it comes to the working memory and
the cognitive load theory should be important consideration for the designer wisdda

think about these things when designing and not use things because they are available or

looks flashy or exciting.

16



2.4.1 The working memory & cognitive load theory

The working memory sometimes referred to as the short term memory (Atkinson &ighiff
1968) is a system in the brain that holds temporary information and processes it so that
verbal and visual information can be stored and integrai@dddeley (1986But the

working memory hags limitations in how much data it cgorocess and herewe are talking
about another theory, the cognitive load theory (CLT). The CLT states that the working
memory is limited in its capacity to selectively attend to and proves incoming sensory data
(Chandler &Sweller,1991). When it comes to problem solvirand understanding things,
humans have a max capacity level according to the CLT.

L¥ LS2LXS YI 1S SEFYLXtSa GKIFIG R2y Qi O2y&aARSNI
could cause an opposite effect then wanted. The layout should be visually appealing a
intuitive, but the focus should be on the learning and the concepts rather than on the
entertainment Sorden 2005. According td&orden (2005he working memory can be
overloaded by the entertainment or activity before the learner gets to the conoepkill to

be learned However themain goal should not be only to minimize the cognitive load but
rather to strive anddevelopa teachingool which uses the least amount of cognitive load
appropriate to the learner with the prieknowledge he/she posssss.

In this project there will be focus on minimizing the cognitive load by takingeearch

that has been done and putting it to use in the design process.

2.4.2 From brain to design

I FGSNI € SENYyAYy3I | 62dzi (KS tedde practical knowledge off A YA G |
how to creating efficient learning exampleSorden(2005 puts it in a simple way that you

should avoid putting unnecessary activities into a lesson that requires full attention or
concentration to avid overloading the wanlg memory, so that most of the brain focuses on

the essential information that should be obtained.

One of the easy ways of reducing extraneous cognitigd is to eliminate redundant text

(Chandler & Sweller, 1991 Based oaddeley's (1986hodelof the working memory

Swelleret al (1998) proposed several instructional design technigues based on Cognitive

load theory.

17



The first technique/principle is thgoalFree effectWith this Swellesuggesthat problems
should not haveanend-goal. One examplSweller gives is that instead of asking for the
value of a particular angle in geometry task you could ask the student to find the values of as
many angles as they can. Then the student does not have to maintain several conditions in
his working memory rad therefore reduces the cognitive load.

Principle number two is called tiveorked example effectf a student gets a problem made

in a good way and so that (i dzR &ti¢rifid® d&sfocused on solving it the result could be

more effective learning than todve the students find the problems themselves and then
solving them.

Another example is theplit-attention effectwhich states that one should design teaching
instructions in such a way that tie S I NJ/ S NikeR ® $éuy dd inore than one task at a
time. One example is reading a manual while solving a problem, in thi$ cds@&tar if you

read themanual first and then solve the problem.

Modality effectsuses Baddeley's (198@)eory that claims that working memories capacity
can be increased by ung auditory and visual working memory together then one alone. The
information that goes on both channels should be made in that way that they are not giving
same information but work together giving meaningful content to the learner.
Theredundancy effeds another principle Sweller suggests. This principle states that you
should try to avoid having the same information in many channels (audio & video) and you
should use the right amount of information based on the users. One examgteaspert
photogt LJK S NJ ie2dSaikyo® @ll info in a photo editing software, while a person
unknown to photography will need more info. In the first case more info will be redundant
but for the second user not. If you find the perfect balance between information the

cognitive load will not be overloaded.

Sweller’s last principle is thariability effect This simply states that you should try to
variatesituations and task so that the learner will recognize the problems in different
conditions and use the materitd solve problems more conditions then a static given

example.

18



2.5 Multimedia learning & design principles

Meaningful learning is when the student can use what he has learned in new situations, and
the performance is better when they learn by problemvaag transfer tests then when they
learn by pictures and text alor@®layer 2001).Two important ways to achieve meaningful
e-learning ae according to Mayer, Fennel, Farmer &tbel (2004) first to reduce cognitive
load by designing activities that free®rking memory capacity during learnirfgecondly to
increase the learnes interest which according tdlayer et al., 2004ehould encourage the
learnerto use the freed capacity to degpocessingluring learning.

In these studies everything points tbat when you want to achieve efficient/good learning,
you should reduce the cognitive load in this case in our examples and then also make them
interesting to the learners.

The science of-Eearning includes three elements: evidence, theory and applinaiiayer
2003).Elementof evidence simply means that there should be research based theories,
evidence of theory, that there should be research based theories of how people learn with
the possibilityto put those to the test. The last element of appliceis Mayer states there
should be theory based principles of how to design electronic learning environments, which
can be tested imesearchstudies.

As aresult o I & Sstudie® he has found nine effects that are importaBibme of these
effects are he same aSorden (2005)ike the modality principle and redundancy principle.
But Mayer has also found some other interesting things in his studies that we can apply in
this paper. We will now present some of the most relevant effects/principles foptoigct

(Principle from now).

Modality & the redundancy principle se@flen Q005) earlier.

Contiguity Principle is divided in two kinds of contiguity; Tempetath means that
corresponding elements in this example words and pictures should be pextanthe
same time. Spatial contiguity means that elements should be placed clesekoother
Multimediaprinciples se&orden 2005) earlier

With PersonalizatiomprincipleMoreno & Mayer (2010hasfound thatA (b&xi#r to use a
personal style rathethan formal style in the narration in examples.

Coherence principle
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All theextrasound, text, picture or video should be removedatthievebetter transfer.

Moreno & Mayermoints outthat thoseinstructional designesshould pay extra attention to

this prindple. Pacing principld & G Sf f Ay 3 G KI { anede@rding anratiorSNJ A ¥
controls the speed himself than that the software itself. This is important so that the

animation is performing as fast as the user wants and think is comfortable.

These principles will be used and referred to later it the paper when we look at the design

choices made in making examples in this pageii Q& A Y thigkNfihkesg firincipi2s as

guidelines when designing asometimes they gebroken Sorden2005).

3 Example @sign and Development

The design of examples and process of making them is a time consuming part of this project.
Even with the use of templates (described later) #mountof examples that needs to be
created is a huge process.ths chapter we will be looking closer at the design and

development of some of the examples used in this project.

3.1 Design of examples

In this part of this paper we will look at the design of examples and discuss what choices we
have done and how wikave been using previous research done to make a design that
should support the learning theories we have chosen to rely on in this study. This can of
course not guarantee any success but it should function as a more secure wasigf theen
random desigr{(Sorden, 2005

Many examplesire needed in the process so it is essentiahttveeverything arranged and
a good structure is a must dealing with all this informatibnthe picture below you can see

how the file structure for each category will lookd.
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FILE STRUCTURE (ONE CATEGORY)

e

—

|

P | ;i 3 d - 1
Indonteri e iyt e iz ke it hend ey

WE AR

Tack 1-4

Figure 1: Example file system

Thethree different principles shares one folder with pictures to make it easipeople want

to add or replace pictures in future changes

3.2 Use of templates

The examples will have 720 x 480 in resolutiBimereasonfor this is that it can be seen on

all screens and there will be a suitable size to implement into ExampleWiki or other
platforms which needs space around to have other functions. As the picture below shows
one of the examples in a Wikipedia sansbot (which could be quite similar &xampleWiki
you can see that the space around is needed in case you want to have text or expand the

menu systems.
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All the small pictures will be kept in 70x70 and bgr@und 720x480 both in 120 dpi which
should make them look nice in every screen on the market today. A reason why focusing on
the quality is that for the web this is important to avoid hours of loading, even if that should
not normallybe a problem with denloading pictures to the computer one can imagine if

this should be used in other less developed countries with much lower speeds.

To do this project we will use twelve different categories, and then each category will have
three exanples each (averagenean andnode). This will add up t86 examplesn total

making the creation of examples a lot of work. But to help with this we will condinuee
templates and then change thentent thatgives us less but still considerable amount of
work.

Since36 examplesare too much | will presenthree examples using th#éhree different
templatesto show the difference in the design and thoughts behind th&me examples are

made using many different toolsopls section).

Template number one shows five windswhighlight window, storage window, in use

window, text window and result window. The highlight window in top left shows where your
mouse is over owhere the user haslicked In having that window the usdras control of
where he is at and what he is thg. The storage window keeps teements thatis not in

use, and the in use window is where all ttl@osenelements go into. The text window gives
the user a short explanation about what the user should do and what the goal result should

be. The result wmdow shows the result of what the user has dropped into the in use window
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to give him a feedback this changes as soon as he drops or removes something. Same is if
the user is correct, then the box will blink to tell the user he is done and has solved the

exercise.

Jupiter 280 Antall i bruk: 3

Meter

Skap en gjennomsnittsavstand Ditt gjennomsnitt:

Klikk-dra ikoner over i "bruk"-ruten. I en malestokk

hvor solen er 50 cm i diameter vil avstanden til de andre
planeten vzere som oppgitt i tabellen til hoyre. Sett
sammen en gruppe med planeter slik at
gjennomsnittsverdien blir 40 Meter.

Picture2: One astronomy example

In template number two you can see all the same windows except that the storage window
has been removed. This means that the user can not add or remove any elements. But what
the user can do in template nurebtwo is to change the value of the elements by clicking

+/-in the highlight window the value changes ahe result will be different.
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Afrikanskvillhund 22

Finn en median pa 40. Din median:

Klikk-dra ikoner over i "bruk"-ruten.
Hvert av dyrene har en oppgitt max-fart. 8 O

Gjennomsnitlig max-fart for de brukte dyrene vises

Picture3: Nature category example

In the third template you see the same as in the first only that in this tatepfou can

change the elements and change the value they have. This is a kind of mix between template

one & two.

| -
<

Antall i bruk: 3

1011 i

\
(

] n|-‘.~,| 0 |

Disse kjente Norske forfatterne har alle bidrat til og
sette norge pa kartet internasjonalt.

AR TRAH]

Picture4: Literature category example
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3.3 Code design

Since this are hopefully examples that would be used in the ExampleWiki ptagect i
important to create easy changeable exampBg.using XML to plot the essential
information we keep things very simple in case people want to change some data or
elements.

As you can see on pictuge it isnot very complicated to see where the imfoation should

go since the example info is already there you can just replace to change the content and

thereby the example.

<general>
<task type="1" goal="40" toclerance="0.1" step="1" minVal="20" maxVal="52"/>
<metatext find="###" replace="40"/>
<metatext find="#**" replace="Meter" />
<imagefolder>../astronomi_images/1</imagefolder>
<3tage_img> background.jpg </stage_img>

</general>

<itemlist>

<item value="21" icon="merkur.jpg">
<label>Merkur</label>

</itemr

<item value="3%" icon="venus.jpg">
<label>Venus</label>

</item»

<item value="54" iccn="j::den.jpg"4
<label>»Jorden</label>

<«/item>

<item value="82" icon="mars.jpg">
<label>Mara</label>

</item»

«item value="280" icon="jupiter.jpg">
<label>Jupiter</lakel>

</item>

<item value="513" icon="saturn.jpg">
<label>Jaturn</label>

</item»

<item value="1031" icon="uranus.jpg">
<label>Uranus</labels

</item>

<item value="1&l6" icon="neptun.jpg”>
<label>Neptun</label>

</item>

=

Picture5: Code examples, XML file.

The code is a bit longer for each example but you get an idea of the com@asgigmount
of work that is needed to make one exampberk and with rightvalues.
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3.4 Tools

To accomplish our goals we needed to make our examples using different tools that we
choose based on our needs in this project but also on previous experiences usimdrthe
this project we have used various types of tools and languages including java, html, xml,
action script Adobe Flash, Photoshop and Dreamweavarthe next part wewill explain

shortlyabouthow, why and where thes¢ools whereput to use during liis project

3.4.1 Software & languages

Photoshop

Photoshop was thebviouschoice for editing the pictures in the examples though you could
use any softwaravailablehowever one function that wasspeciallyhandy and timesaving
was the batch edit modeThis makes it possible to process many pictures in one sessidn,

helpedme a lot when minimizing and making the same size in a total of around 150 pictures.

Adobe Flash
In order to create the examples we used adobe flash CS5. Flagkrsasileprogram where

you can combine mogile formatsinto one file. The prograrfanguagen flash is called
Action-script which is a very logical and easy understandiriguagelt should therefore
be easy for most people to make changes though in this profecXtML files contains the

material that professors or other might want to change.

Dreamweaver
To create and edit java, xml and html you have plenty of choices. Dreamweaver was just my

option since | have the adobe suite atieéreforeR2 y Qi Y & §dfve 8r@riy bthea

editor.

26



4 Evaluation

To evaluate we will first look at the experiment design and what our thoughts where when it
came to picking subjects and the choices made in that process. In this chapter we will also

look at the procedure of tb data collection and how it was designed.

4.1 Experiment design
Getting good an@nough data makes a good experiment design very important.

The goal with the experiment is to test if group A (Free choice) managed better than group B
(Given examples).c&ording to the example choice theory group A should prontioge
learning effect since they could make the choice after their own interest. To find out if this

was the case | needed comparative date, before and after the learning period.

4.1.1 Subjects
In this experiment | decided to havdatal of 40 peoplearticipating. | could not know if

that was being too optimistic but | set a goal getting that many pedpilece my fellow
students and friends are all in the 20's | decided to test people fronageeof 24 to 28
years old. By having test subjects within a small age group would make things easier, for

but would also rule out age differen@es a factoifor spread resultén the experiment.

4.1.2 Pre & post-test
The pretest was made at the santene as the postest to make sure they are the same in

appearance but more importantly in difficulty. That said they areanobpy ofeach other
but in terms of difficulty they should be ingéhsame level to observe changéany after the

learning peiod.

Two pages of 5 tasks in categories average, mode and mean where given to each person that
participated.Also three papers explaining the principles (Se appendix C) where handed out

before to help explainThe material from this was extracted from teanatikk.org (Vedeld &
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Venheim 2012Yheparticipants were atiwed to use a simple calculator, blank paper and a
penif they wanted since the understanding of principles is the main focugalculatingor
putting them up right During both the pre and @b-test the participants were given 10

minutes to complete the tasks.

When the tests was made and animations completed | started to test people that had the
time both at the school area but also friends and family members that was in the right age
group & mention earlier. The first 20 people | tested now referred to as group A was given
the option to choose threeut of the 12categorieq9 out of 36 examples)f their choiceto
support their learning. After group A had been tested the last 20 peoplerszfdrom now

to as group Bvas going to be tested, only that group B participants would not have any
choices regarding their learning period but woudtteivethe same learning as group A.
Meaning that nr 1 in group B had the same examples as nr 1 ipgpB2 the same as A2
and so.Reason for dointhe selection this ways to make he selection in group B random
andeven if the examples are the same, one can assume that the interest and choice of

example would not be identical in both groups.

4.2 Goal
The goal with the experiment is to test if groug{iA&ee choice) managed bettdran group B

(Given examples)According to the example choice thegmsoup A should promote the

learning effect since they could make the choice after their own interest.

The pretest will be given to each subject to test their pskills.To be able to measure if any
learning has been achieved during the time, there needs to be data from before and after so
that we getcomparativedata. Therefore the participants willsa get a postest that is very

similar to the pretest.
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4.3 Procedure
Since theestingin this project is a huge undertakifigr one personcomprehensive

planningwas neededIn this section | wikxplain the procedure from tesdtart to finish how

| addressedhis phase

4.3.1 Preparation
This experiment has a relative big mass of participants and given that they have time | tried

to do as much pravork as | could to make things easy for both the participants and myself.

Having the tests and animatisrready on a computer, usually my laptop or a school

computer wasa part of the preparations each day during the data collection peritftien |

approached people in the hallway or elsewhere | always presented myself and my mission to

make them people knoMRA IKG gk & Y& AyiSydaAazyaldmanded § SNI 3¢
out apreparedsingle agpaperthat | gave beforéo make them understand the experiment
processandwhat is required of them befordeciding whether or not to participate. This

trick proved to work very well since all of asked people did not have any guesstr doubts

before saying yes, except a few that said no because of lack of time/motivaatso

needed to make sure that the environment | used for testing was optimal. In myl casel

rooms with no people in and minimal disturbance of noise or other factors.

4.3.2 Pre-test & post test
Whenthe person hasgreed to participte we walked to thdest room and started with the

pre-test. GroupA participans were given another procede then group B participants.

Group A participants were giverategories andime to choose which one they like the most.
Group B participants did not receive any such questonlthe examples wergeadyin the
computer sinceeach participant was giveexamplesDuring thetest of group A and B
participantsl waspresent inthe room observingtaking notes and answering questions if

any doubts.

After the pretest, participants would receive thkearning examples and the explanation

schemesAppendix ¢ When time was up | gave the participants a ptest to see if there
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was any improvement in scores or not. The subjects filled out the paper and then | thanked

them for their time and said goodbye.

4.4 Data analysis
For thedata analyses | used word ekcThis program was alreatmown for me and not as

complicated as other more powerful statistical tools like SR@ich | have tried before to

Excel lets me create graphical figures and do the most basic statistic calculédonsining

t-test with my data, sadhe programshould cover my needs for this projeghen it comes to
dataanalysist KS aidl G6AOQa gAft O2y il Ay &42YS b2NBS3IA

Norwegian but there should be no problems understangdihe results

All the analysishat is done can be rebuilt using the radata that is found in Appendix
The results will sometimes refer to the appendix or to tables in the appendix part.

In all the ttests performed in this analysis chapter alpha value is set to standard valug. (0,05

Group A: Pre and Posest results

T-test: Pairedwo sample for mean

Pre-est Posttest

Gjennomsnitt 10,16 14,16
Varians 19,39 1,4733333¢
Observasjoner 25 25
Pearsonrkorrelasjon 0,49392898¢

Antatt avvik mellom

gjennomsnittene 0

Fg 24

t-Stat 5,066403971

P(T<=t) ensidig 0,0000175¢

T-kritisk, ensidig 1,7108820¢

P(T<=t) tosidig 0,0000351=

T-kritisk, tosidig 2,063898562
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Figure 2 T-test

Figure 2 is the result of a paired two samplkest that has been made by the pre and pos
test results of group A (the free choice gpm. The p value here is 0,00003513 and shows
that the results is statistical different since it is below the alpha value (/@&)can see in

the figure that group A in total has gained 4 point each fromghesto the posttest.

Group B Pre and Postest results

T-test: Paired two sample for mean

Pretest Posttest

Gjennomsnitt 9,96 13,2
Varians 19,54 5,16666667
Observasjoner 25 25
Pearsonrkorrelasjon 0,65188921¢

Antatt avvik mellom

gjennomsnitene 0

A 24

t-Stat 4,755117561

P(T<=t) ensidig 0,00003870(

T-kritisk, ensidig 1,7108820¢

P(T<=t) tosidig 0,00007740C

T-kritisk, tosidig 2,06389856:

Figure 3 T-test

Figure3 is the result of a paired two sampleédst that has been madey the pre and post
test results of grougB (the given example grouyp The pvalue here is 0,0000r40and shows
that the results is statistical different since it is below the alpha value (d®%3\erage the
subjects manage to score 3,24 more correatlyhe posttest which means that the group

was improving even if they had no choice of examples.

Group Aand B Pretest results

T-test: Two-sample Assuming Unequal variances

Group A Group B

Gjennomsnitt 10,16 9,96
Varians 19,39 19,54
Observasjoar 25 25
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Gruppevarians 19,465
Antatt avvik mellom

gjennomsnittene 0
fg 48
t-Stat 0,1602720¢
P(T<=t) ensidig 0,4366696¢
T-kritisk, ensidig 1,6772242
P(T<=t) tosidig 0,87333937
T-kritisk, tosidig 2,0106347¢

Figure 4 T-test
Figure 3 is theesult of a paired two sampletest that has been made by the ptest results

of group A & B. The-palue here is 0,8733937andis overthe alpha value (0,05)The

average of 10,16 and 9,96 shows that the groups where quite similar in thiegtre

Group Aand B Posttest results

T-test: Two-sample Assuming Unequal variances

Gruppe A Gruppe B

Gjennomsnitt 14,16 13,2
Varians 1,4733333% 5,16666667
Observasjoner 25 25
Antatt avvik mellom

gjennomsnittene 0

fg 37

t-Stat 1,8627612¢€

P(T<t) ensidig 0,03522501

T-kritisk, ensidig 1,68709362

P(T<=t) tosidig 0,0704500z

T-kritisk, tosidig 2,0261924¢

Figure 5T-test
Figure 3 is the result of a paired two samplest that has been made by the passt

results of group A & B. Thevalue here is 0,07045002 and is over the alpha level (0,05).
Here both groups improved as shown in previous figures, and group A is the best with 14,16

againstB groups 13,2 average score.
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4.4.1 Findings
Based on the-test results we can start by lookirag figure 2 and 3 which both reveals the

same results for both groups; that the subjects was learning! This of course is also revealed
in the results of pre vs posests in both groups but now we have the numbers.

We also found that group A's results ebetter than groups B's in both the pre and post

tests and that A was the one with the best improvements from pre to post test.

Figure 4shows that there was no statistically difference between the groups in theégqste
something that could mean that éhgroups where more or less similar when it came to pre
knowledge about the themes.

Finallyfigure 5 compared the results of the pesist showing a difference between the

groups though not statistically difference and we have to keepOhypothesis

HO: Students that can choose their own learning examples does not perform better in tests
than students that get random examples
H1: Students that can choose their own learning examples performs better in tests than

students that get random examples

Whenwe]l] SSLJ I n Al R2Sa y2i4 YSIy G§KI GvadwaOl y Qi

0,07 and is not far from the alpha value.
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5 Conclusion and Future Work

In order to get to a short conclusion in this paper lets headkito our starting point, the

primary question in this paper:

Canseltchosen examples improve learning of formal principles compared to given

examples?

Based on the data we got in this experiment it is not possible to draw any conclusion. We
can see trends that subjects that camoose examples perform bettavith better results
than the given group. B statistically wecannot say if that is the case and further studies

needs to be done to do so.

5.1 Future work
In future studies Wwould get more test subjects to get significant results. Another problem

with my study might be that it simply was too easy for subjects and therefore you get the
floor-ceiling effect, in this case the floor which simply means that the task is so singple th
too many can do it effortless. Of course you might also be able to get around that problem

by picking younger people to the experiment.

The last thing not mention earlier is that this study is not looking into long term learning, and
to measure the d&ct of that one might get different outcomes. Afté@rS S in&ybe

students have forgot and some remembered, this could be the next addition to this paper.
In sumL Ch¥ppy having done this thesis even if the resultsrbt give any clear results

statidically we got god pointers to where things might go with some adjustments

mentioned.
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Appendix A: Early sketches of examples

oXfatiar

O¥etier med
mulighel for Jilde
med {etst adr
man Aar peterea
ever

Kan Lsien ofsd vere
dynamisk stk ai man
Faks kan Bruke 8 cd
plate som 3akgrunn
of forandre £va som
shyer adr slemenicas
stppas pd dea.

SVAL
OKRADE

Kan man lage stike olakiar pd sceasa at dat or muligheter stk at da
tifpasser s6q atier hver mange do ar. £ks minsder 12 stk, destidor &
ST o3v osv..?  Datis gier b6l rammevarkel mer flaksidell san Avis
dat ar ez st mengde

+ of - Kuapper, helst med

mulighet il & funne Sruke 6t ’:S’ L/"AE"
Bilde il bvis detia yaskas (for &

oppad mor auimorts of miadre

matis tigneads symboler

OYationas tilstand gir svarat hor

37



Kmze vi faget e Lell
ke med veriikals
Lafer ogsd? Burda ke

Y®r8 no8 S®riid mer
Yod3 siden dei er
Samme Kode I Funn.

Vertital egner 564
Bedre Uil Faks party

aatall of ting som
mdles I meagde of ikke
Fart teaker jed.

O¥atiar

Svar

O¥ekiar

KART med punkicr som man kan akiivere eaion
ved & {rykke pd oXakicns aller dra dJem ian.
Har ar det GI¢ wlite karl, meén om man fager
punkior £lare s fan man fo Bare sKiFl8 ui farl
of lpasse.
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Appendix B: Pre and post-tests

Pre-test

Hjelpemidler tillatt: Kalkulator
Tid tilgjengelig: 10 minutter

1. Finn gjennomsnittet

30+22+14+4= 17,5

6+7+16+15 = 11 |
2+5+2+4+5+8+2= 7
45+5+25+4+2+6+11= 14

10+7 +12+15+5+8+9+2+5+ 7= 8

2. Finn median

5-3-10-56-3-10-10 = 5
2-2-43-32-22-3-45 = 22

50 -15-20-20 -16 -20 - 16 - 15-15 -51 = 18
13-13-17-12-11 -15-13-17-20 = 13
300 - 13 -220 - 180 - 14 - 250 - 13 - 320 = - 190
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Pre test

3. Finn modus

1 2 2 1.3 67 87 6 4 1= 1
2 3 4 55 48 9 9 4 3 7= 4
7 11 11 3 45 6 6 5 6 6= 6
1M 12 22 22 11 54 3 1 1 1=
2 10 10 22 3 4 4 10 2 1 1= 10

Deltaker opplysninger:

Navn:

Epost:
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Post-test

Hjelpemidler tillatt: Kalkulator
Tid tilgjengelig: 10 minutter

1. Finn gjennomsnittet

23+27+8+30= 22

12+4+7+13 = 9 |
5+43+2+3+6+10+6= 7
4+6+24+35+2+24+10= \T
5+42+15+13+4+4+12+11 +22+ 2= 9

2. Finn median

7-13-7-4-13-4-13 =

33 -26-5-22-5-5-33=

9-13-47 -9 -11 -9-13-13 -9 -48 =
20 -17 -17-14-19-18-17 -14 -20 =
16 - 340 - 19 - 355 - 230 - 255 - 16 - 190 =
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