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Abstract

In 2016, the ATLAS experiment at CERN released data from 100 trillion proton-proton
collisions to the general public. In connection to this release the ATLAS Outreach group
has developed several tools for visualizing and analyzing the data, one of which is a
Histogram analyzer. The focus of this project is to bridge the gap between the general
public’s knowledge in physics and what is needed to use this Histogram analyzer.

The project consists of both the development and an evaluation of a learning resource
that explains experimental particle physics for a general public audience. The learning
resource is a website making use of analogies and two perspectives on learning: Variation
Theory and Cognitive Load Theory. The evaluation of the website was done using a
survey with 10 respondents and it focused on whether analogies and the perspectives on
learning helped their understanding. In general the respondents found the analogies to
be helpful for their learning, and to some degree they found the explanations based on
Variation Theory to be helpful. The implementations of Cognitive Load Theory were
considered to be helpful by the respondents who noticed them, but the majority did not,
implying that improvements of the design are needed. The results indicate that analogies
and the two perspectives on learning can be helpful for explaining experimental particle
physics, but there might be other learning theories more suitable for this purpose.

Keywords: CERN, ATLAS Outreach, ATLAS Open Data, Analogy, Variation Theory,
Cognitive Load Theory, Experimental Particle Physics, Histogram Analyzer, Learning
Resource, Curiosity, General Public, Website



Sammanfattning

ATLAS-experimentet p̊a CERN släppte år 2016 data fr̊an 100 biljoner proton-kollisioner
fritt till allmänheten. I anslutning till detta har ATLAS Outreach-grupp utvecklat ett
flertal verktyg för att visualisera och analysera datan, varav en är en analys med hjälp
av histogram. Fokus för detta projekt är att överbrygga klyftan mellan allmänhetens
kunskaper i fysik och vad som behövs för att kunna använda Histogram-analysverktyget.

Projektet best̊ar b̊ade av utvecklandet och utvärderingen av ett läromedel som förklarar
experimentell partikelfysik med målgruppen allmänheten. Läromedlet är en webbsida
som använder sig av analogier och tv̊a perspektiv p̊a lärande, Variationsteori och Kog-
nitiv Belastningsteori. Utvärderingen av webbsidan gjordes med en enkät med tio re-
spondenter, med fokus p̊a huruvida analogier och perspektiven p̊a lärande hjälpte deras
först̊aelse. I allmänhet fann respondenterna analogierna hjälpsamma för deras lärande,
och de fann Variationsteori hjälpsamt i viss utsträckning. Implementeringarna av Kog-
nitiv Belastningsteori ans̊ags vara hjälpsamma av de respondenter som lade märke till
dem, men majoriteten gjorde inte det, vilket tyder p̊a att förbättringar av implementerin-
gen krävs. Resultaten indikerar att analogier och de tv̊a perspektiven p̊a lärande kan
vara hjälpsamma för att förklara experimentell partikelfysik, men det kan finnas andra
lärandeteorier som uppfyller syftet bättre.

Nyckelord: CERN, ATLAS Outreach, ATLAS Open Data, Analogi, Variationsteori,
Kognitiv Belastningsteori, Experimentell Partikelfysik, Histogramanalys, Läromedel, Ny-
fikenhet, Allmänheten, Webbsida
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Chapter 1

Introduction and Background

Although results have always been publicly available, experimental particle physics is a
research field to which the general public has had limited accessibility. There can be
multiple reasons for this: many persons might not be interested in the field or think
that the subject is too difficult, or maybe there are not sufficiently suitable platforms
available for people who want to understand experimental particle physics. However,
in 2013, when the Nobel Prize in physics was awarded François Englert and Peter W.
Higgs following the discovery of the Higgs boson particle (Nobel Foundation, 2013), a
rise of interest and curiosity could be noticed in parts of society that were previously not
familiar with experimental particle physics (Kahle, Sharon & Baram-Tsabari, 2016).

1.1 CERN - The European Organization for Nuclear

Research

CERN is a research collaboration in the field of experimental particle physics and ever
since it was founded in 1954, their policy has been that all their results should be made
publicly available (CERN, 1971). There are several experiments performed at CERN,
and in this project focus has been on the ATLAS experiment.

CERN has developed resources for learning the details of experimental particle physics de-
signed for physicists, researchers or university students who have already studied physics
for a few years. CERN has also developed resources for young children with the pur-
pose of introducing the field. According to CERN’s Communications Strategy 2017-2020
(CERN, 2017a), there are several target groups that the organization wants to engage
and communicate with. Four of these groups are mentioned above and another group is
the general public. Two of the motivations for reaching the general public are to increase
their wonder and their curiosity (CERN, 2017a).

However, CERN has a lack of learning material available that both explains the basic
theories of particle physics and connects the science to the experimental research being
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performed at CERN in a way that is suitable for the general public. This project therefore
intends to harness the recent rise in wonder and curiosity for experimental particle physics
by providing easily accessible learning material adapted to the general public.

In the development of the learning material, focus has been on six of the eight messages
that CERN wants to convey to the general public which were considered appropriate to
integrate in a physics learning resource:

• CERN is a unique place that contributes to our understanding of funda-
mental questions of humankind.

• CERN has built and runs some of the largest scientific instruments in
the world.

• Fundamental scientific research is a driving force for technological inno-
vations that impact on our lives, such as the World Wide Web.

• At CERN, people from all over the world collaborate, transcending bar-
riers of age, religion, gender and nationality.

• The results of the work carried out at CERN are available to everyone.

• We take our place in society seriously. We want to engage citizens with
our work.

(CERN, 2017a, p. 13)

1.2 Explaining Experimental Particle Physics

Explaining abstract concepts and phenomena that cannot be observed with human senses
is complicated and means that different perspectives on learning have to be considered.
However, there does not seem to be any perspectives which claim to work specifically in
the field of experimental particle physics. Therefore this study investigates the effects
of using some perspectives on learning and explaining methods, originally used for other
situations and related subjects, to make experimental particle physics understandable.
These are analogies, Variation Theory and Cognitive Load Theory.

An analogy is a relationship between two processes used to understand the process the
learners know the least, based on what they know about the other, more familiar process
(Harre, 1972). Thus, analogies are a way of explaining abstract concepts by comparing
them with concepts and phenomena that are familiar to the learners. Variation Theory is
a pedagogical theory that was originally developed from phenomenography, meaning that
its perspective is largely based on the learners’ perceptions (Kroksmark, 2007). However,
in this study, the focus will be on how meanings are formed according to Variation Theory:
that they are derived from differences, not sameness (Lo, 2012). Cognitive Load Theory
is based on the assumption that there is a limit to the capacity of the working memory of
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the human brain and that it is therefore important to minimize any unnecessary cognitive
load that originates from the design of learning activity or resource (Sweller, Ayres &
Kalyuga, 2011).

These theories and methods were chosen because they were considered interesting and
seemed to be able to complement each other. Since experimental particle physics was con-
sidered to be complex and difficult to understand, the use of both analogies and Variation
Theory seemed like useful strategies because they have different methods for explaining
difficult concepts. Cognitive Load Theory was considered a suitable complement as it
focuses on the design and presentation of the explanations.

1.3 Public Data from the ATLAS Experiment

One of the starting points for this project was a website based on a tool to produce
histograms of data from the ATLAS experiment at CERN (ATLAS Experiment, 2016).
The website was created by the Data and Tools group in the ATLAS Outreach group
and uses the released data from 100 trillion proton-proton collisions, called ATLAS Open
Data. The website has an associated documentation page (ATLAS Experiment, n.d.)
containing explanations of the histograms and some of the particle physics related to
them. The explanations are adapted for physicists and physics students and when this
project started, the website was a work in progress. The ATLAS Outreach group intends
to extend the Histogram analysis website and adapt it for the general public as well, and
this is what became the focus of this project.

The Challenges of Studying Fundamental Particles

Since fundamental particles, that are studied at CERN and in the ATLAS experiment,
are so small and some of them so short-lived, it is impossible to measure all of their
physical properties directly. Instead, some properties are measured, and reconstructions
and simulations can be made based on previous data and physics theory. Physicists
can then analyze the data and these reconstructions, and together with the simulations
figure out the most probable explanation to what happened. One of the fundamental
principles that analysis in experimental particle physics is based on is that some physical
properties (e.g. momentum, electrical charge and energy) will always be conserved.
Because of these conservation laws, the measured quantities can be used to understand
which kinds of particles has decayed (spontaneously transformed into other particles)
before reaching the detector and if there were any particles that passed the detector
without being detected. (CERN, 2017b)
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The Histogram Analysis Tool is Interactive

The Histogram analyzer contains data from proton-proton collisions that resulted in four
kinds of events (producing either: a Higgs-boson that decays into two W-bosons; two
W-bosons; a top quark and an anti-top quark; a Z-boson) in the ATLAS detector, one
of the detectors at the Large Hadron Collider at CERN. All of the histograms show
different physical quantities that are used in the ATLAS Experiment to analyze data.
The histograms can be modified by the user, by the selection of a value interval in either
histogram. When a selection is made in one of the histograms, all of the other ones
changes, showing only the events that meets the selected criteria. Making these selections
are called making cuts, and is part of the physics analysis process used by physicists at
CERN to exclude background events. In Figure 1.1, the Histogram analyzer with cuts
made in three of the histograms are shown.

Figure 1.1: The ATLAS Experiment’s (2016) Histogram analyzer.
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Chapter 2

Purpose of the Study

The purpose of the study is to investigate how a tool developed by the ATLAS Outreach
group at CERN, targeted at physicists, could be adapted and developed for a curious
general public audience. Furthermore, the project aims to develop an accessible resource
that can make these curious members of the general public understand experimental
particle physics.

2.1 Research Questions to Investigate

How can experimental particle physics be made understandable for members of the gen-
eral public with curiosity for physics?

• To what extent are analogies helpful for the understanding of experimental particle
physics according to members of the general public?

• To what extent are explanations based on Variation Theory helpful for members of
the general public’s understanding of experimental particle physics?

• How are implementations based on Cognitive Load Theory, with the intention to
improve the conditions for understanding experimental particle physics, perceived
by members of the general public?

2.2 Delimitations of the Study

This study is thus limited to how helpful analogies, explanations based on Variation
Theory and implementations based on Cognitive Load Theory are for the general public’s
understanding of experimental particle physics. Furthermore, the study is limited to
evaluating these explanations and implementations, and does not compare them with
learning resources based on other learning perspectives.
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Chapter 3

Theoretical Framework

In the study analogies and two perspectives on learning were used, namely Variation
Theory and Cognitive Load Theory. These will be further described in the following
paragraphs, along with their key concepts.

3.1 Analogies Relate Abstract Concepts to Familiar

Phenomena

Guerra-Ramos (2011) discusses the importance of analogies to foster the understanding
of scientific ideas, and argues that analogies can serve as an essential and necessary tool
in explaining theories and scientific processes. Guerra-Ramos uses different definitions of
analogies. One definition is Harré’s (1972), which states that an analogy is a relationship
between two processes and that it serves to make conclusions about the process we know
the least, based on what we know about the other, more familiar process. Maharaj-
Sharma and Sharma (2015) describe that an analogy consists of two components: a
target and an analogue. The target is the unfamiliar concept or process that is aimed
to be explained and the analogue is the familiar concept that can be compared with the
target. Maharaj-Sharma and Sharma’s study found that students used the analogue to
remember the target when analogies had been used for explaining abstract concepts.

Guerra-Ramos (2011) points out that an advantage of using analogies for explaining
abstract concepts is that they can increase the students’ interest in the subject, and
summarizes some of Venville and Treagust’s (1996) views on analogies as being able to
serve as:

• A sense maker to transfer the basic structure from a familiar domain to
an unfamiliar one in order to establish intelligibility of the new science
material being taught

• A memory aid to help students recall a concept which is difficult to
remember

(Guerra-Ramos, 2011, p. 31)
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According to Guerra-Ramos (2011), when working with analogies, it is vital to keep in
mind that they can easily lead to misunderstandings of the target. This can happen if
the learners are unfamiliar with the analogue. To overcome misunderstandings, a key
feature is to choose an analogue that is familiar to as many of the learners as possible.
When working with analogies it is also necessary to point out the similarities, as well as
the differences, between the target and the analogue. (Duit, 1991, Harrison & Treagust,
1993, summarized by Guerra-Ramos, 2011)

Bobroff (2013) highlights the importance of considering which analogies to use. Bobroff
argues that if established tools and explanations in science are used, only people already
familiar with the field will engage in the subject. Instead, using well known phenomena
or processes in analogies can get the general public to engage in the field.

Guerra-Ramos’ (2011) further discusses that when learning from analogies, the learners
need to be made aware of weaknesses and strengths of the comparison, to benefit from
the learning opportunity. One conclusion from Guerra-Ramos’ study is that an analogy
is effective if students are involved in the mapping of the relations between the analogue
and the target. Another conclusion from Guerra-Ramos’ study is that analogies are
useful for providing conditions for the understanding of science but are not applicable on
all levels of the subject (Guerra-Ramos, 2011).

3.2 Variation Theory Assumes that Meanings are

Derived from Differences

Variation Theory was developed from Phenomenography, which is a research method
founded by Marton (1981). Phenomenography focuses on people’s perceptions of phe-
nomena, based on the assumption that they are perceived differently by different persons.
The purpose of phenomenography is not to find an objective truth but to understand the
diversity of how phenomena can be perceived from a human perspective. What it means
to “gain knowledge” in phenomenography is to understand what is experienced - implicit
or explicit. Although, combining different conceptions might lead to inconsistencies.
(Kroksmark, 2007)

However, this inconsistency should appear as a merit in the sense that the
phenomenography adapts to a changing reality and to different contents, in-
stead of using a narrow theory frame and trying to adapt the reality to a
scientific model.

(Kroksmark, 2007, p. 5, authors’ translation)

Phenomenography has subsequently been developed into Variation Theory, which uses
variations in a systematic way for explaining phenomena based on the learners’ percep-
tions of them (Lo, 2012).

Furthermore, Variation Theory is based on the assumption that meanings are formed

7



based on discerning differences (Lo, 2012). Thus, when learning a new concept it can be
just as important to be introduced to what the concept does not include, as it is to learn
what it includes: “meaning derives from difference; not from sameness” (Lo, 2012, p. 93).
According to Lo, the key to using Variation Theory for an object of learning is to identify
its critical or defining features and vary them in a way that make the learners able to
discern these features as well as the dimensions they represent. Marton and Pang (2006)
also highlight the importance of identifying and varying the critical aspects of an object
of learning, whilst keeping other aspects invariant, to enable learning. Furthermore,
Marton and Pang point out that although variation and invariance are already used by
all teachers, a systematic approach based on Variation Theory increases the students’
learning.

An example of how to use Variation Theory that Lo (2012) describes is the introduction of
the concept of triangles. Lo writes that without considering Variation Theory, teachers
can show the learners a range of different triangles (maybe different sizes, colors or a
combination of blunt and pointed triangles). This might result in some students making
the intended conclusions on the defining features of a triangle whilst others might develop
misconceptions through focusing on non-discerning features. Instead, Lo advocates the
use of Variation Theory, and consequently to vary the focused aspect without changing
other aspects. In this case the focused aspect would be the geometrical form. Varying
it would mean showing a triangle and other geometrical figures side by side, without
changing any other features (like color or size), pointing out which one is the triangle.
When this critical feature has been discerned, generalization of this aspect can be made
by keeping the geometrical form invariant and varying the other aspects, one at a time.

Marton and Pang (2013) studied the effects of using Variation Theory when teaching
how pricing depends on supply and demand, and concluded that redundant information
that varies along with the critical features leads to fewer learners being able to discern
the critical features, than when keeping the background invariant. Similarly, Lo (2012)
points out that varying more than one aspect at a time before the learners are able to
discern the critical features of an object of learning, will make them more difficult to
discern. However, varying them simultaneously after the learners have figured out what
it means to vary them one by one, can lead to a deeper understanding of how the critical
aspects relate to each other, as well as to the overall concept (Lo, 2012).

Lo (2012) also highlights the importance of understanding the learners’ preconceptions
of the object of learning since these need to be addressed in order for the learners to
achieve the intended learning outcomes. Lo therefore emphasizes the importance of
communicating with the learners to realize which critical features are most important to
focus on for the current group of learners.
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3.3 Cognitive Load Theory Aims to Minimize the

Load on Working Memory

Sweller et al. (2011) describe two categories of Cognitive Load: Intrinsic and Extraneous
Cognitive Load. According to Sweller et al. Intrinsic Cognitive Load refers to the load
on working memory imposed by the learning subject itself, and does not depend on the
teaching method. Extraneous Cognitive Load on the other hand refers to the unnecessary
extra load on working memory imposed by the specific design of a learning resource or
a teaching sequence. Because there is a limit to a person’s working memory, Sweller et
al. argue that the Extraneous Cognitive Load should be minimized, to maximize the
possibility of learning. One of the situations they highlight that generates Extraneous
Cognitive Load will be described in the following section.

The Split-Attention Effect Increases the Extraneous Cognitive Load

Sweller et al. (2011) write that the Split-Attention Effect arises when essential informa-
tion in a learning situation is split into at least two sources that are separated in time
or space. The Split-Attention Effect leads to Extraneous Cognitive Load that could be
eliminated were the sources to be integrated (Sweller et al., 2011). An example of tem-
poral separation leading to the Split-Attention Effect could be giving oral instructions
of a task before handing out the material. In contrast, giving the oral instructions once
the learners have received the material, enabling them to see and hear what is intended,
could eliminate the effect.

An example of spatial separation leading to the Split-Attention Effect could be having a
text to read with a glossary on the reverse side of the paper. To eliminate the effect in this
case, the translations or explanations could be included in parentheses (text integration)
or, in the case for digital resources, could be shown when hovering (pop-up method) over
a specific word or passage of the text (Sweller et al. 2011). Furthermore, Sweller et al.
(2011) refer to previous studies when indicating that the Split-Attention Effect imposed
by spatial separation could be equally helped by segmentation and signalling techniques.
In an example of a text describing a diagram, this would mean that the explanatory
text is split into shorter segments corresponding to different parts of the diagram and
both the segment and the corresponding part in the diagram are labelled with the same
number, thus reducing the imposed load on the learner’s working memory.
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Chapter 4

Methods for Development and
Evaluation

The project consisted of both the development of a learning resource that explains ex-
perimental particle physics and an evaluation of this resource. The learning resource was
a website and the evaluation was made in the form of a survey.

4.1 Methods for Developing a Learning Resource

To develop the learning resource, a thorough review of the field of experimental particle
physics had to be made. On the basis of the review, and the intention that the learning
resource should build up to the Histogram analyzer provided from the ATLAS Outreach
group, required topics were identified. These topics were then categorized into subjects
and these subjects were ordered with respect to the prerequisites needed to proceed to
the next subject. Related topics that were considered to be hard to understand and
not necessary for the Histogram analysis, like Feynman diagrams and luminosity, were
excluded.

Since the Histogram analysis tool (ATLAS Experiment, 2016) was written in JavaScript,
HTML and CSS, and an integrated format was considered to be the best option to avoid
the Split-Attention Effect, it was suitable to make the learning resource in the form
of a website. The subjects were made into different HTML files, with a menu linking
them together in the previously decided order. For the analogies and explanations a few
different themes were considered. Animals were chosen as the theme because it allowed
for many different analogies in particle physics, it is a theme to which a lot of people can
relate and it was considered to be neutral and non-controversial. A concern was that an
animal theme might make the learning resource seem less serious, or even childish, since
the target group is people of all ages. To see if this was a problem, the perception of the
theme and how serious it felt was part of the evaluation.

The HTML file for each subject was filled with explanations, illustrative pictures, ani-
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mations and films appropriate for the topics of each of them. Some related topics that
were considered to be interesting for the general public were added. The physics material
on the website was gathered from our knowledge in particle physics, several educational
material and from some sources on the internet. The pictures, animations and films used
were credited in the appropriate way according to their licenses. The perspectives on
learning were applied continuously during the development process. Analogies were used
when topics were abstract, considered unrelatable for the general public and an appro-
priate analogue could be found. Variation Theory inspired the introduction of some of
the concepts, by varying one aspect at a time and contrasting the concept to what it did
not include. Cognitive Load Theory was used both in the incorporation of pictures in
the pages, by making it clear in the text when to look at them and what to focus on in
them, and for explaining words and abbreviations in close proximity to them, by using
the pop-up method, making a textbox with a description appear when the user holds the
mouse over certain words.

4.2 Methods for Evaluating a Learning Resource

Bjørndal (2005) embraces Vilhelm Aubert’s definition of a method, that it is “a course
of action, a means to solve problems and to gain new knowledge” (Bjørndal, 2005, p. 22,
authors’ translation). To be able to gain new knowledge, a strategic choice of method was
made to evaluate the produced resource and answer the research questions. The research
questions that were supposed to be answered by this evaluation regarded to what extent
analogies and the two perspectives on learning helped members of the general public to
understand experimental particle physics. To evaluate this, the learning resource had
to be used and evaluated by people from the target group, which then evaluated the
passages that were strongly influenced by the learning perspectives. Based on this it
was decided that the evaluation should either use the interview method or the survey
method.

Reasons for Using a Survey to Evaluate the Learning Resource

Bjørndal (2005) highlights some advantages of doing a survey: it can save time, since
many answers can be received in a short amount of time, and the quality of the answers
can be high since the respondents can take the time they need to answer the questions.
The disadvantage of using the survey method is that it is hard to clarify questions and
concepts enough so that there are no misunderstandings (Bjørndal, 2005). In interviews
on the other hand, clarifications can be made immediately by the interviewer. However,
interviews are more time consuming than surveys, both during the interview phase and
the transliteration phase and will therefore not allow for as many participants in the
study.

Since the project consisted both of the development and the evaluation of the learning re-
source, the time aspect was considered to be of high importance and doing the evaluation
with a survey was decided to be the best option.
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The Use of Quantitative and Qualitative Methods

In social sciences there are two different kinds of methods that are the most prominent
tools for gaining new knowledge: quantitative and qualitative methods (Bjørndal, 2005).
Bjørndal explains that in quantitative methods, numbers and calculations are considered
most important. In contrast, the aim of qualitative methods is to gain a deeper under-
standing by analyzing words and processes rather than measurable quantities. Examples
of a question that can be asked when using a quantitative method is “grade on a scale of
1 to 6 how much you like these pictures”, while a qualitative method would more likely
phrase the question “describe what you think of these pictures”. Bjørndal recommends
using a more pluralistic approach to methods, where each situation has to be analyzed
prior to strategically choosing whether a quantitative or a qualitative approach is most
suitable.

Surveys tend to be suitable for quantitative analysis, since their format enables many
respondents answering the same questions. Surveys can also be of qualitative character
since the questions can be formulated in an open way, which enables the respondents
to use their own wordings and views on the subject. If closed answers are used, the
researcher can instead compare answers easily and the questions can be perceived as
being more concrete. (Bjørndal, 2005)

The questions in this survey were of both quantitative and qualitative character, meaning
that there were both questions with predefined answer alternatives and questions where
the respondents had to answer in their own words. The character of each question was
chosen strategically depending on the subject of the question as well as on which research
question it meant to answer.

The Operationalization of the Research Questions

To translate the research questions to something that can be measured, there are several
tools to use. When designing a survey, a useful tool to have in mind is “MECE -
mutually exclusive, collectively exhaustive” (Blomkvist & Hallin, 2015, p. 86). This
method is a way to make sure that the questions in the survey cover all concepts in
the research questions. Mutually exclusive means that one question should not belong to
different concepts of the research questions, they must be disjoint. Collectively exhaustive
means that all the questions together should cover all concepts connected to the research
questions. Blomkvist and Hallin (2015) also give other recommendations for creating an
appropriate survey; the questions should have simple formulations, should not include
negations and should be divided in sections in an appropriate order. Bjørndal (2005)
emphasizes the importance of receiving as reliable answers as possible in a survey, which
can be achieved by following these three principles:

• Use clear and unambiguous words and formulations.
• Give the respondents clear and sufficient information, so their answers respond to

what is intended.
• The respondents should know in which way they are supposed to answer the ques-

tions.
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In the operationalization of the survey, the different concepts of the research questions
were identified. For each of the perspectives on learning, as well as the analogies, some
representative explanations and implementations were identified from the website. The
survey was then based on this, with the MECE-method, in the way that questions of
different topics divided the survey into different subjects. The subjects dealt with ques-
tions about the physics, questions of specific parts of the website and overall opinion and
impression of the website. To make sure all concepts were covered, there was at least one
question in the survey for each of the research questions.

The questions were intended to be clearly formulated and did not include negations. To
make sure the respondents gave answers to what was intended, there was a description
of how to answer each question. There was also a description of the analogy or the ex-
planation when a question regarded these. In order to receive feedback for improvements
of the website, there were separate questions formulated.

Furthermore, the survey consisted of questions about the respondents’ understanding
of physics concepts, questions about the respondents’ opinions and self-perceived learn-
ing related to specific analogies and passages of the website, and lastly, questions about
the respondents’ overall opinions of the website. The questions in the evaluation were
designed to answer the research question regarding whether analogies and the chosen
learning perspectives were helpful when used in learning material in the field of experi-
mental particle physics, as well as to get feedback for improvements of the website.

The participants were instructed to answer the first three questions in the survey before
they went through the learning resource, and then they were to return to the survey and
answer the rest of the questions. These instructions were stated in the email that all of
the participants received as well as in the survey form, and the participants had about
one week to complete the evaluation. The entire survey is included as Appendix A.

The Respondents of the Survey were Members of the General Public

According to Blomkvist and Hallin (2015) the selection of respondents should reflect the
population that is supposed to be studied, both with respect to reflecting its diversity
and by only including participants from the chosen population. Furthermore, Blomkvist
and Hallin explain that if the response rate is low, the reasons the non-responders have
for not responding should be investigated.

To evaluate how well the website could help non-physicists to learn experimental particle
physics, 18 people were asked to test the website and participate in a survey. The
respondents of the survey were chosen based on having at least some curiosity for physics
as well as preferably not having a higher education in physics. This selection was chosen to
reflect the target group for the developed website; curious members of the public without
deep knowledge within physics. Out of convenience the respondents were acquaintances,
and friends of acquaintances.

The survey consisted of two background questions, where the first one was a question on
the respondents’ educational background and the other one their curiosity about physics.
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The background questions in the survey were compulsory, to ensure that the respondents
matched the target group; the respondents were not considered to be part of the target
group if they had taken physics courses at university level corresponding to more than a
year of studies, or if they rated their curiosity about physics at 3 or less on a scale from 1
to 6. The rest of the questions in the survey were voluntary to ensure that no inaccurate
answers were given as a consequence of lack of answer alternatives, and thereby increasing
the validity.

The Survey had an Ethical Approach

The Swedish Research Council (2002) states four requirements for ethical research: the
information requirement, the consent requirement, the confidentiality requirement and
the data usage requirement.

1. The information requirement means that the participants of a study have to be
informed of the terms of their participation and that they can discontinue their
participation at any time.

2. The consent requirement means that all participants in a study have to give their
consent to participate and that the decision of discontinuation should not lead to
any negative sanctions for the individual.

3. The confidentiality requirement means that all information that could be used to
identify a participant should be handled in a way so that no outsiders can acquire
it.

4. The data usage requirement means that information gathered for research cannot
be used for purposes unrelated to the research.

(The Swedish Research Council, 2002)

In the beginning of the survey, prior to using the website, the respondents were informed
of the purpose of the study and the terms of their participation. The terms stated that
the respondents would use the website and participate in the 15-minute survey, that
their answers would be analyzed and presented anonymously in the report as well as
used for improvements for the website, and that they were allowed to discontinue their
participation until the report was supposed to be published in the middle of June 2017.
This approach met the Swedish Research Council’s requirements for ethical research.
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Chapter 5

The Developed Website and Results
of its Evaluation

The website was developed with explanations and implementations based on the theo-
retical framework and the survey asked questions on how well these explanations, as well
as other aspects of the website, helped the respondents’ understanding of experimental
particle physics, the answers to which can be found below.

5.1 The Developed Website

The subjects that were included on the website were CERN, mass, conservation laws,
particles of the Standard Model, fundamental forces, the Large Hadron Collider, particle
detectors, analysis methods, and finally, some of the histograms from ATLAS Open Data.
Topics related to each subject were identified and were included if they either were needed
to be able to use the Histogram analyzer in the end, or if they were considered to be
fascinating and would keep the user interested. Examples of topics that were added only
for maintaining the user’s interest are dark matter, dark energy, Big Bang, the history
of the universe, Grand Unification, Theory of Everything and the Higgs-boson field. All
of the selected subjects became pages of the website, and were joined by a start page
with an introduction to the website and an end page with fun facts about CERN. Most
pages ended with a quiz question that the user could answer to see whether they had
understood some of the key concepts of that page. An example of a quiz question from
the website is shown in Figure 5.1.

Analogies and the two perspectives on learning were applied to different sections and
parts of the material. Analogies were used most extensively, they were used to explain
abstract concepts and phenomena if an appropriate analogue could be found to compare
them with. Most analogies related to the animal theme, but not exclusively; were there a
better analogy with another theme, it was used. Some of the analogies were created by us,
and some were inspired by or taken from other sources. The most difficult target concept
to explain using analogies were the key aspects of bosons, compared with fermions. Out
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Figure 5.1: An example of a quiz from the website.

of the perspectives on learning, implementing Variation Theory presented the biggest
challenge. Explanations inspired by Variation Theory were used both to illustrate the
concept of conservation of momentum and to explain the differences and similarities
between the fundamental particles. The Variation Theory principle of changing critical
features whilst keeping a background of sameness, was used to make the Histogram
analysis easier; histograms with identical format and function, but containing data on
animals instead, were presented before the histograms with physics data and can be seen
in Figure 5.2e. To keep the background as invariant as possible, the property of animals
that was presented in each histogram was chosen to mimic the aspect in the corresponding
physics histogram. Cognitive Load Theory was mainly used in two different ways: a
hover-function was implemented, making explanations appear when the user held the
mouse over certain words, and for one of the pictures, showing a cross-section of the
ATLAS detector, the description of each part of the detector was highlighted when the
user held the mouse over it in the picture. Both of these features were implemented to
reduce the Split-Attention Effect.

Some examples from the website are shown in Figure 5.2. The entire website is included
as Appendix B.
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(a) An illustration of the analogy comparing the masses of fundamental particles and
animals.

(b) The illustration of an analogy from the website, comparing the Higgs-boson field
and the Higgs particle with a crowded room. Illustration created by CERN.

(c) An analogy from the website, comparing finding data on specific particles from
large data samples with finding data on wild ducks.

Figure 5.2: Examples of implementations of analogies and the perspectives on learning on the
website.
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.

(d) An explanation from the website, using varied examples to explain con-
servation of momentum.

(e) The histograms with animal data used on the website.

(f) An example of the hover-function from the website.

Figure 5.2: Examples of implementations of analogies and the perspectives on learning on the
website, continued.
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5.2 Results of the Survey

Out of the 18 people who were asked to participate in the study, 14 answered the survey,
giving a response rate of 78 %. The selection for the target group was based on the
respondents’ answers on the questions:

• Which of these alternatives most closely resembles your educational background in
physics?

• How curious are you of physics?

Out of the 14 respondents, 10 were considered to be part of the target group and it is
their answers that are included in the diagrams. These 10 will henceforth be referred to
as the respondents.

Half of the respondents had learnt physics in upper secondary school, the rest had taken
physics courses at university level corresponding to less than a year of studies. In average
they rated their curiosity about physics at 4.5.

Using the Website Improved the Respondents’ Understanding

Questions regarding how well the respondents knew four central topics of the website
were asked both before and after they used the website. As can be seen in Figure 5.3,
there was an improvement for all four topics. None of the respondents answered that they
knew less about any of the four topics after having used the website, they either gave
the same answer or answered that they knew more. On the question of how much they
had learnt on a scale from 1 to 6, where 1 corresponded to not having learnt anything,
and 6 corresponded to having learnt a lot, the average answer was 4.7. The respondents’
answers to this question can be seen in Figure 5.4.

The respondents were also asked to describe a subject that they had learnt something new
about on the website in their own words. There was a wide range of answers, some gave
detailed answers of facts, some gave a summary on a subject and a few misunderstood
the question and stated a subject without describing it. Out of the answers that gave a
description of a subject most of them were factually correct, but a few seemed to show
misconceptions. One of the free-text answers that seemed to show a misconception was:
“I learned more about conservation. The example with the penguin family improved my
understanding of conservation of velocity”. Other answers to the question, not implying
misconceptions were: “I [...] had not given a thought about the relationship between mass
and energy, that you actually can see mass as energy. It makes more sense now.” and
“I have learned about different kinds of elementary particles called fermions and bosons.
Fermions is divided into Quarks and Leptons. The different particles have different mass,
size and charge. I also learned that the bosons are force carriers.”
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(a) A bar chart showing the respondents’ self-perceived knowledge of the
Standard Model, before and after using the website.

(b) A bar chart showing the respondents’ self-perceived knowledge of CERN,
before and after using the website.

Figure 5.3: Four bar charts showing the respondents’ self-perceived knowledge of key concepts
before and after using the website.
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(c) A bar chart showing the respondents’ self-perceived knowledge of the
Large Hadron Collider, before and after using the website.

(d) A bar chart showing the respondents’ self-perceived knowledge of exper-
imental particle physics, before and after using the website.

Figure 5.3: Four bar charts showing the respondents’ self-perceived knowledge of key concepts
before and after using the website, continued.
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Figure 5.4: A bar chart showing the respondents’ self-perceived learning from using the
website.

The Respondents Agreed that Analogies Helped Their Understanding

The analogies on the website were developed with the intention to compare physics
concepts with phenomena and processes known by the general public.

The survey included questions about five analogies used on the website. For each analogy
the respondents were asked if they had understood the analogy and if it had helped
them understand some specific physics concept. Then they could add comments to their
answers. One of the comments that applied to analogies in general was that “analogies
are always helpful, not just for understanding but also for memorizing material”.

There was an analogy comparing the masses of fundamental particles with masses of an-
imals on the website, with an illustration that is shown in Figure 5.2a. As can be seen in
Figure 5.5, most of the respondents understood this analogy and most respondents also
agreed that the analogy helped them understand how different the fundamental particles
can be. One comment on the comparison was that the differences in mass between the
different particles became less abstract by comparing with the animal masses. Another
comment said that the analogy was helpful for the understanding and maintaining of in-
terest. A third comment said that the analogy was ”really helpful because those numbers
are so difficult to imagine otherwise”.

The analogy comparing bosons as force carriers with dogs and balls was understood to
some extent by most respondents, which can be seen in Figure 5.6. The respondents
agreed to some extent that this analogy helped them understand that bosons can occupy
the same quantum state of energy and were mostly neutral to whether it helped them
understand the difference between bosons and fermions.
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Figure 5.5: A bar chart showing the respondents’ answers regarding the analogy comparing
fundamental particles’ masses with animal masses.

Figure 5.6: A bar chart showing the respondents’ answers regarding the analogy comparing
bosons with dogs.

An illustration of the analogy explaining the Higgs-boson field and the Higgs particle by
comparing them with a crowded room, used on the website, is shown in Figure 5.2b. This
analogy was originally created by physicist David Miller (Symmetry Magazine, 2013). It
can be seen in Figure 5.7 that the respondents understood this analogy and that it
predominantly helped their understanding of the Higgs particle and the Higgs-boson
field. This analogy was the most well understood out of the analogies on the website and
was also rated as having helped most for understanding the physics concepts.
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Figure 5.7: A bar chart showing the respondents’ answers regarding the analogy comparing
the Higgs-boson field with a crowded room.

The analogy comparing the strong force with a rubber band was mostly understood by
respondents. The respondents agreed that this analogy helped them understand how the
strong force can strengthen when the distance increases, and that it to some extent helped
them understand the strong force. The respondents’ answers can be seen in Figure 5.8.
One comment pointed out that at first it seems illogical that the force strengthens the
farther away something is, but that the rubber band analogy offers a new perspective.
Another comment said that “It is not clear whether the ‘new’ quarks are half the size of
the old one or if they are more of an exact copy, regarding size etc”.

Figure 5.8: A bar chart showing the respondents’ answers regarding the analogy comparing
the strong force with a rubber band.
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Figure 5.2c shows the analogy comparing finding data on specific particles with finding
data on wild ducks. As can be seen in Figure 5.9, the respondents agreed to some extent
that they understood this analogy. Furthermore, the respondents agreed to some extent
that the analogy helped them understand why and how selections are made in data
samples.

Figure 5.9: A bar chart showing the respondents’ answers regarding the analogy comparing
finding data on specific particles from large data samples with finding data on wild ducks.

The Respondents Agreed to Some Extent that Explanations Inspired by Vari-
ation Theory Helped Their Understanding

The survey included questions about two explanations on the website that were inspired
by Variation Theory. For both of the explanations the respondents were asked if they
had understood it, if it had helped them understand some specific physics concept and
if they found the way of explaining helpful. Then they could add a comment to their
answers.

The first explanation inspired by Variation Theory regarded conservation of momentum
and can be seen in Figure 5.2d. Most respondents understood this explanation and half
of them agreed completely that it helped them understand conservation of momentum, as
can be seen in Figure 5.10. One respondent did not agree to some extent that this explana-
tion helped them understand conservation of momentum and commented “I understood
the things said about the penguins but not the connection to the momentum-thing”. Re-
garding the way the explanation used examples, where the speed of the penguins varied
in each example, half of the respondents completely agreed that it was helpful, and the
rest found it to be helpful to some extent or were neutral.
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Figure 5.10: A bar chart showing the respondents’ answers regarding their understanding of
an explanation of momentum.

The other explanation inspired by Variation Theory regarded the page describing the
particles of the Standard Model, which can be found in Appendix B. The page includes
a table of the particles of the Standard Model and then describes the different types
of particles in different paragraphs. The explanation systematically varies the type of
particle, row in the table, mass and electrical charge. Most respondents understood this
explanation to some extent and agreed to some extent that it helped them understand the
difference between the fundamental particles, as can be seen in Figure 5.11. Regarding
the way the explanation pointed out the properties of the different rows and columns in
a figure of the Standard Model, the respondents found it helpful to some extent. One
respondent commented that it was too abstract to understand and several commented
that there was too much text, the explanation was too long and that the whole page was
hard to understand.
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Figure 5.11: A bar chart showing the respondents’ answers regarding their understanding of
an explanation of the particles of the Standard model.

Most of the Respondents found the Histograms Based on Animal Data Help-
ful to Some Extent

The respondents were given questions about the Histogram analyzer presented at the end
of the website. There were both histograms with CERN data, and similar histograms
with animal data (see Figure 5.2e) giving the user the opportunity of figuring out how
the Histogram analyzer works. The histograms with animal data were developed using
principles from Variation Theory, changing only the quantity of the histograms whilst
keeping design and functionality invariant. A general comment to the Histogram analyzer
from a respondent was that it would have been better if the histograms opened in a new
window, to be able to read the associated instructions whilst looking at the histograms.

There were a few questions in the survey about the histograms with animal data in the
survey. In Figure 5.12 the answers on two of these questions can be found. Almost
all of the respondents agreed completely or to some extent that they had understood
these histograms. Four respondents completely agreed that these histograms helped
them understand the histograms with CERN data, two respondents agreed to some
extent and one respondent did not agree at all. This respondent commented that “I
didn’t quite understand the explanation on how I could change the histogram, and I
also did not understand what the histogram with CERN data was showing me exactly”.
Other comments regarding these animal histograms were “I liked this part a lot. It
helped correlate the data collected in the LHC with relatable statistical data” and “clear
explanation of what a histogram is. Easy to understand!” (authors’ translation).

27



The respondents were also asked whether they thought that all the physics theory in-
cluded on the website was relevant as a basis for the Histogram analyzer in the end, to
which seven answered yes, one answered maybe and one commented “maybe everything
was not relevant specifically for the analysis, but it was still good that it was included!”
(authors’ translation).

Figure 5.12: A bar chart showing the respondents’ answers regarding the histograms with
animal data.

Implementations Based on Cognitive Load Theory were Perceived Helpful by
the Respondents who Noticed Them

In order to evaluate whether a structure based on Cognitive Load Theory was helpful for
the understanding of experimental particle physics one question was asked regarding the
hover-function, i.e. that a textbox with an explanation appeared when holding the mouse
over certain words on the website, as shown in Figure 5.2f. As can be seen in Figure 5.13,
none of the respondents found this function distracting, although half of the respondents
had not noticed the function when using the website. Two of the respondents that had
not noticed the function commented that now that they went back and looked at it, they
liked it and regretted that they had not noticed it previously. Three respondents found
the function to be helpful for them, and the last respondent did not choose any of the
alternatives and instead commented that the function seemed to be helpful.
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Figure 5.13: A bar chart showing the respondents’ answers regarding the hover-function on
the website.

The Respondents Liked the Theme of the Website

There were three questions in the survey regarding the animal theme of the website. Half
of the respondents completely agreed that the examples and analogies based on animals
made the content more understandable, and the rest agreed to some extent. Most of
the respondents completely agreed with the statement that they liked the theme. On
the question regarding the seriousness of the website due to the animal theme, none of
the respondents thought that the theme had a negative impact; they either thought that
the theme made the website feel less serious in a good way, or that it did not make the
website feel less serious. The respondents’ answers can be seen in Figure 5.14. There
were also comments saying: “Big plus for the animal theme!” and that “it was whimsical
and helpful”.

Figure 5.14: A bar chart showing the respondents’ answers regarding the animal theme’s
contribution to the seriousness of the website.
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The Respondents Thought that there was Too Much Text and Asked for
Interactive Resources

There was a question regarding what the respondents thought of the amount of text
relative to the amount of pictures on the website. Three respondents thought that the
balance was good, and the rest thought that the website had too much text to some
degree (see Figure 5.15). The average answer was 3, on the scale from 1 to 7, where 1
corresponded to too much text, 7 corresponded to too many pictures, and 4 corresponded
to a good balance between text and pictures. Furthermore, there were some comments
saying that it was hard to read the text about the particles, that they lost interest in the
beginning and that “the explanation was long and with too much text. To be honest, I
got tired of reading it and skipped most of the page”. Another comment said that “some
things I understand and other sentences is hard to put in relation with everything else”.

Figure 5.15: A bar chart showing the respondents’ answers of the balance between text and
pictures on the website.

Something that was brought up by three of the respondents was that the website should
have contained more animations and videos to facilitate the learning and make the website
more fun to use. One respondent suggested that an interactive animation could have
illustrated the explanation of conservation of momentum with the penguin family, to
make it more understandable.
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Chapter 6

Discussion and Conclusions

The purpose of the study was to investigate how a learning resource from the ATLAS
Outreach group at CERN, targeted at physicists, could be adapted and developed for
a curious general public audience. Furthermore, the project aimed to develop an acces-
sible resource that can make these curious members of the general public understand
experimental particle physics.

To achieve this goal and investigate how well the theories helped, a learning resource in
the form of a website was developed and evaluated with a survey. The response rate
(78 %) of the survey was high, considering that using the learning resource and filling out
the survey required between one and two hours of work from the respondents.

6.1 Discussion of the Results in Relation to the Re-

search Questions

The research questions of the study are:

How can experimental particle physics be made understandable for members of the gen-
eral public with curiosity for physics?

• To what extent are analogies helpful for the understanding of experimental particle
physics according to members of the general public?

• To what extent are explanations based on Variation Theory helpful for members of
the general public’s understanding of experimental particle physics?

• How are implementations based on Cognitive Load Theory, with the intention to
improve the conditions for understanding experimental particle physics, perceived
by members of the general public?

In the following paragraphs, these research questions, together with the theoretical frame-
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work, are central for the discussion of the results of the study.

The Learning Resource Increased the Understanding of Experimental Particle
Physics

According to the responses of the survey the respondents consider themselves to have
learnt quite a lot from the learning resource. All of the respondents answered that they
either knew something or a lot about experimental particle physics, the Standard Model,
CERN and the Large Hadron Collider after having used the learning resource. Before
they had used the learning resource most respondents did not know more than the name
of these topics, except for CERN, of which most respondents knew something beforehand.

When the respondents described what they had learnt in their own words, only a few
of the descriptions indicated misconceptions; most of the respondents understood the
physics that they considered themselves to have learnt well enough to describe it cor-
rectly. However, the respondents who showed misconceptions in their description might
have understood other parts of the material perfectly, and those who did not show any
misconceptions may have misconceptions about other parts of the material. A descrip-
tion of only one of the topics each respondent learned about in the learning resource is a
rather small selection to base conclusions on.

One answer that seemed to show a misconception was “I learned more about conserva-
tion. The example with the penguin family improved my understanding of conservation
of velocity”. An interpretation of this answer could be that there is a misconception of
velocity being conserved, instead of momentum, energy and electric charge, which were
the physical quantities that were described on the web page on conservation. Another
interpretation could be that the statement means that the person understood how con-
servation and velocity are interrelated, that the person gained understanding of velocity
as a non-conserved quantity, which would be correct. It could further be interpreted as a
misconception of the concept of velocity and momentum, maybe the respondent believed
that they are different words for the same physical quantity. This highlights one of the
disadvantages of using a survey compared with an interview; there was no possibility of
asking follow-up questions to get a clearer picture of the misconception as there would
have been in an interview.

Based on Variation Theory, this explanation could be further improved by not only
pointing out the quantity that is conserved, but also pointing out the quantities that are
not.

The Analogies were Considered Helpful for Understanding Experimental Par-
ticle Physics

The analogies used in the learning resource were considered to compare physical phe-
nomena with concepts that are familiar and relatable for the general public: the masses
of fundamental particles compared with masses of animals, bosons as force carriers com-
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pared with dogs carrying balls, the Higgs-boson field and Higgs-particle compared with
a crowded room at a cocktail party, the strong force compared with a rubber band and
finding data compared with wild ducks. The result showed that all of these analogies were
predominantly understandable and helpful to understand the target. The only analogy
that had responses of disagreement regarding understandability and helpfulness was the
analogy with bosons as force carriers compared with dogs and balls, where 20 % of the
respondents disagreed. The reason for this could be that the differences and limits of the
analogue were not clearly pointed out as Guerra-Ramos (2011) states that they should.
In this case, there were no limits clearly pointed out in the presented analogue and the
connection to the target could have been perceived as being vague. This could have been
improved, had the learner been involved in the mapping of the relations between the
bosons and the dogs, as suggested by Guerra-Ramos. Another possible reason for an
analogue not being understood in the comparison with its target can be that the ana-
logue is unfamiliar to the learner. However, dogs carrying balls, and the fact that puppies
can be in a dog basket at the same time can be considered established concepts among
learners, which makes this an unlikely explanation to respondents not understanding this
analogy. It could be that an analogy is not suitable for explaining this target, which could
very well be the case since Guerra-Ramos argues that it is not a panacea. An indirect
argument that an analogy might not have been the best option to use in this case, was
the fact of the difficulty to find an appropriate analogue to it.

As can be seen from the survey results, the majority of the respondents felt that the
analogies were understandable and helpful to understand the target, which can be ex-
plained from Bobroff (2013), who argues that the use of familiar concepts increases the
interest in the field.

The importance of pointing out the differences between the target and the analogue, as
emphasized by Harrison and Treagust (1993), was highlighted by the comment on the
rubber band-analogy saying that “it is not clear whether the ‘new’ quarks are half the
size of the old ones or if they are more of an exact copy, regarding size etc”. In this
analogy the limits of the comparison was not pointed out clearly enough, leading to a
confusion of which aspects were shared, and which were not, between the target and the
analogue.

According to one response, a reason for using analogies is that “analogies are always
helpful [...] for memorizing material”. This is supported by Maharaj-Sharma and Sharma
(2015), whose study shows that analogies can be used to easily remember concepts.
Although this project did not have the purpose of making the respondents memorize the
content, analogies have an indirect consequence of helping the learners to remember the
content. This could also help further understanding of the subject.

Explanations Based on Variation Theory were Considered Helpful to Some
Extent for Understanding Experimental Particle Physics

According to the responses of the survey, the explanations drawing on Variation Theory
were mostly understandable and, with the exception of one respondent who did not agree
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to some extent, and a few that were neutral, these explanations helped the respondents
understand the topics that were explained. Most of the respondents found the way of
explaining - that were somewhat inspired by Variation Theory - to be helpful to some
extent or completely. The explanation of momentum was considered to be more helpful
than the explanation of particles, which can be due to that the latter was considered too
long and having too much text as mentioned by some of the respondents.

Thus it seems that explanations based on Variation Theory are helpful for the under-
standing of experimental particle physics, but maybe not for everyone. The critical
aspects of the different explanations using Variation Theory could have been identified
more clearly. To do this, the perceptions of the learners would have to be identified,
which was not a part of the project.

The Histograms Containing Animal Data were Considered Helpful to Some
Extent for Understanding the Histogram Analyzer

The respondents had different opinions about the Histogram analyzer and whether the
histograms with animal data developed using principles of Variation Theory, helped them
understand the histograms with CERN data. In general the respondents understood
the animal histograms and found them helpful and there were a few comments on how
the explanation helped. However, one of the respondents did not agree at all that it
was helpful and commented that they neither understood the instruction on how to
manipulate the histograms or what the CERN data was supposed to show. Thus it
seems like the histograms with animal data were helpful for those who understood the
associated instructions on how to manipulate the histograms, but for those who did not,
it did not help in their understanding of the CERN histograms. Therefore, changes
clarifying the instructions are needed, further discussed in the next section.

Implementations Based on Cognitive Load Theory Can be Helpful for Un-
derstanding Experimental Particle Physics

The hover function that was used in the learning resource was helpful for all of the
respondents who noticed it, and a few people said that it would have been helpful, if they
had noticed it. This function used the pop-up method to reduce the Split-Attention Effect
that can lead to Extraneous Cognitive Load (Sweller et al., 2011). Thus this function
seems to be helpful but the implementation of it has to be improved; the users should
be informed in the beginning of the learning resource that this function is implemented
and how they can use it.

One of the respondents requested the histograms and their associated instructions to
be opened in separate windows so that they could look at them simultaneously. This
implies that the Split-Attention Effect occurred when this respondent had to scroll back
and forth to read the instructions and try them out in the histograms. Whether the
Split-Attention Effect occurs for this section depends on the size of the computer screen;
on bigger screens the histograms and the instructions can be viewed simultaneously but
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for smaller screens another solution is needed to avoid the effect.

Thus it seems that a structure based on Cognitive Load Theory can be helpful for the
understanding of experimental particle physics, however, in this case there is room for
improvements in the implementation of it.

6.2 Discussion of Other Results

There were other findings from the result, except from the findings regarding the research
questions. These were that the animal theme was favourable to use in a learning resource
in experimental particle physics, and that more animations could have been improved
the understanding. These will we described further in the following sections.

The Animal Theme was Favorable

The animal theme in the learning resource was appreciated and the respondents thought
that the analogies and examples based on the animal theme made the content more
understandable. Having this theme also helped in the development process since it made
it easier to create explanations and analogies that related to well-known phenomena. The
concern that an animal theme would make the learning resource seem less serious was
partly confirmed from the survey. However, all of the respondents who thought that the
theme made the website feel less serious thought that this was in a good way. Based
on this, the animal theme seems both appropriate and helpful for creating a learning
resource in experimental particle physics.

More Animations Would have been Favorable

In general, the respondents thought that there could have been less text or more pictures
in the learning resource, especially on the web page explaining particles of the Standard
Model. They found it hard to stay focused when reading the page, and one respondent
commented that they lost interest in the beginning. This could be due to the fact
that the text introduced lots of new concepts. Furthermore, the use of the theoretical
framework was maybe not extensive enough to make the content understandable for
everyone. There was use of analogies for comparing the masses of the particles, and
Variation Theory in presenting the properties of each type of particle, however, the
beginning of the page contained a lot of facts, presented without any specific use of the
theoretical framework. Guerra-Ramos (2011) advocates that analogies increases interest;
if they would have been used, perhaps users would not lose interest quite as easily.
However, Guerra-Ramos also highlights that the use of analogies do not work for all
aspects of a subject; analogies might not be applicable for solving this problem, and they
risk creating additional misconceptions. This might also be interesting to analyze from a
Cognitive Load Theory perspective; seeing that they are about to read a very long text
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might increase a person’s Extraneous Cognitive Load.

The conclusion from this is that the explanation of the particles of the Standard Model
perhaps has to be improved by using other presentation strategies, in order to make the
content both understandable and interesting.

There were also comments from the respondents saying that there should have been more
animations and interactive resources on the website. That this could help the learning
is supported by Cognitive Load Theory: the Split-Attention Effect could be minimized
if the users are given oral instructions at the same time as they look at the associated
material, which is possible through videos and animations. This would reduce the spatial
separation of the content and increase the learning affordances and was mainly not done
because of the time limit for the project.

6.3 Criticism of the Method

According to Blomkvist and Hallin (2015) the assessment of quality of a scientific study
is based on its reliability and validity. The reliability of a study refers to whether the
study uses the right methods and that it would produce the same results if repeated.
The validity of a study refers to whether it investigates what it aims to study; that the
purpose, method and discussion are aligned. (Blomkvist & Hallin, 2015)

There are several aspects of the method of this study that would need improvements to
be able to come to more certain conclusions. First of all, the immense width of the target
group, the general public, cannot be represented by 10 people: both a larger number of
respondents and a more diverse selection would be needed for reliability of the study. For
this study, the total population is too big and widespread over the world to be able to get
a sample that fully reflects the diversity of the entire population. This limits the possible
conclusions that can be made from the study. Furthermore, to draw valid conclusions
regarding how well analogies and the perspectives on learning help, there would be a
need for comparing the results of people learning from them, with a control group using
material not based on this theoretical framework.

There are also uncertainties in the validity of the study originating from using a survey
method. There might have been misunderstandings of the questions leading to wrong
answers. A source of error when choosing formulations for the questions is the fact
that people have different connotations to the same words (Bjørndal, 2005). Also the
fact that the material was written in english, with (almost exclusively) swedish-speaking
respondents for the survey could also be a source of error for the understanding of the
material.

There might also have been respondents unable to choose an appropriate answer if they
felt that none of the alternatives fit their opinion. Some measures were taken to avoid
these sources of uncertainties: the respondents were asked to send an email if anything in
the survey was unclear, there was often an opportunity to add a comment if none of the
answers fit, and all but the two background questions were not compulsory. However,
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none of the respondents sent an email with questions, and only a few of them skipped
questions other than those of additional comments. On the other hand, there were many
additional comments describing the respondents’ views in more detail, which were used
extensively in the data analysis.

Criticism can be given regarding that the use of Variation Theory in this study was de-
coupled from its context, by not being based on the learners’ perceptions of phenomena.
Thus, the theory might not have been used fairly, in the way that it is derived from phe-
nomenography. The theory was difficult to implement, which could be another argument
for that Variation theory, taken from its context in the way done in the study, might not
be appropriate in this kind of learning resource.

6.4 Conclusions and Further Studies

The study aimed to answer how experimental particle physics can be made understand-
able for members of the general public with curiosity for physics. The research questions
with conclusions are stated below.

To what extent are analogies helpful for the understanding of experimental
particle physics according to members of the general public?
All but one of the analogies used in the learning resource were helpful for the understand-
ing of experimental particle physics. The last analogy was considered helpful to some
extent by most respondents.

To what extent are explanations based on Variation Theory helpful for mem-
bers of the general public’s understanding of experimental particle physics?
Explanations based on Variation Theory are to some extent helpful for the general pub-
lic’s understanding of experimental particle physics. However, the theory would probably
be in better use and give improved explanations if learners perceptions were assumed to
be the basis of the explanations.

How are implementations based on Cognitive Load Theory, with the intention
to improve the conditions for understanding experimental particle physics,
perceived by members of the general public?
Implementations aimed to minimize Extraneous Cognitive Load originating from the
Split-Attention Effect were helpful for the people who noticed them, however, instructions
of the implementation has to be clearly stated so that everyone can use them.

Further Studies

It would be useful to go deeper into what people actually have learnt instead of focusing
on their perceptions of what they have learnt. This could be done by using the quiz as
a formative assessment, where the teacher could understand the learner and their way
to gain new knowledge. In people’s understanding of new concepts, perceptions as well
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as misconceptions come along. To be able to discern and control these, interviews could
be made in which the researcher would be able to make clarifications immediately and
get qualitative answers from the respondents on more subjects. To develop the use of
Variation theory, answers retrieved on the respondents’ perceptions of phenomena can
be used during the development of the learning resource to identify critical aspect of
the concept. In this way, Variation Theory could be used in a way closer to its original
purpose.

Another further project to undertake would be to develop the website in Swedish, to
get the possibility of reaching a broader target audience in Sweden. This was an idea
from the ATLAS Outreach group at CERN, because they would like to reach a broader
audience by using language as a tool.
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Appendix A

Survey

This appendix includes the English version of the survey sent out to the respondents.
The Swedish version of the survey only differed in the instructions, clarifying what some
words meant in Swedish, the questions and answer alternatives were identical to the
English one.
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Survey about a learning material for experimental
particle physics
Thank you for taking the time to evaluate our learning material about experimental particle 
physics. This survey will take about 15 minutes to fill out.

The purpose of the study is to investigate how a learning material about experimental particle 
physics can be designed for people who are curious about physics, but does not have a 
higher education in the subject.

The answers will be analyzed and described in the master thesis report and will also be used 
for making improvements on the website. You will be completely anonymous in the report 
and you may at any point, before the report is published in the middle of June 2017, decide 
to withdraw from the study.

If it says "Övrigt" anywhere in this Survey, that means "Other", as in if you have an alternative 
answer than the provided options.  (We were not able to switch the language of the google 
form.) 

Once again a great thanks for contributing to our master thesis project!

*Obligatorisk

Background

Which of these alternatives most closely resembles your educational background
in PHYSICS? *
Add your own answer under "Övrigt" if the options do not cover your background.
Markera endast en oval.

I learned physics in Compulsory education

I learned physics in Upper secondary school

I have taken physics course(s) on University level corresponding to less than a
year of studies (<60 ECTS)

I have taken physics courses on University level corresponding to more than a
year of studies (>60 ECTS)

I have a PhD in physics

Övrigt:

1. 

How curious are you of physics? *
Markera endast en oval.

1 2 3 4 5 6

I am not at all
curious of physics

I am very curious
of physics

2. 
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How well do you know these subjects now, before you have used our website?
Markera endast en oval per rad.

I have never
heard about it

I have
heard about

it

I know
something about

it

I know a lot
about it

The standard model
CERN
The Large Hadron
Collider
Experimental particle
physics

3. 

Before you continue this survey, go through our website

http://sekelin.web.cern.ch/sekelin/start.html

How well do you know these subjects now, after you have used our website?
Markera endast en oval per rad.

I have never
heard about it

I have
heard about

it

I know
something about

it

I know a lot
about it

The standard model
CERN
The Large Hadron
Collider
Experimental particle
physics

4. 

Questions about the physics
This is not a test to judge your physics skills, but a test of how well our explanations improved 
your understanding.

Please choose a subject you learned something new about on the website and
describe it in your own words
Examples of subjects you could describe are fundamental particles, fundamental forces,
the ATLAS detector, or an overview of experimental particle physics. We appreciate if you
give a detailed description of the subject.

5. 

Questions of specific parts of the website

What did you think about these analogies?
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Analogies are used to explain difficult concepts, by comparing them with something familiar 
(well known) sharing some features or properties. For example: the atomic structure with 
electrons orbiting the nucleus can be compared with our solar system where planets orbit the 
sun.

What did you think of the analogy comparing the masses of fundamental particles
and animals?
To what extent do you agree with the following statements, from the page:
https://sekelin.web.cern.ch/sekelin/particles.html ?
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

I understood this
analogy
This analogy helped
me understand how
different the
fundamental particles
can be
I liked this analogy
I think this analogy
should be kept on the
website

6. 

Do you have any additional comments on this analogy?7. 
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What did you think of the analogy comparing bosons as force carriers, with dogs
and balls?
To what extent do you agree with the following statements?
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

I understood this
analogy
This analogy helped
me understand that
bosons can occupy
the same quantum
state of energy
This analogy helped
me understand the
difference between
bosons and fermions
I liked this analogy
I think this analogy
should be kept on the
website

8. 

Do you have any additional comments on this analogy?9. 

What did you think of the analogy comparing the Higgs particle and the
Higgs-boson field with a crowded room?
To what extent do you agree with the following statements?
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

I understood this
analogy
This analogy helped
me understand the
Higgs-boson field
better
This analogy helped
me understand the
Higgs particle better
I liked this analogy
I think this analogy
should be kept on the
website

10. 
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Do you have any additional comments on this analogy?11. 

What did you think of the analogy comparing the strong force with a rubber band?
To what extent do you agree with the following statements?
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

I understood this
analogy
This analogy helped
me understand the
strong force better
This analogy helped
me understand how
the strong force can
strengthen when the
distance increases
I liked this analogy
I think this analogy
should be kept on the
website

12. 

Do you have any additional comments on this analogy?13. 
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What did you think of the analogy comparing finding data on specific particles
from large data samples with finding data on wild ducks?
To what extent do you agree with the following statements?
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

I understood this
analogy
This analogy helped
me understand why
and how selections
are made in data
samples
I liked this analogy
I think this analogy
should be kept on the
website

14. 

Do you have any additional comments on this analogy?15. 

What did you think about these parts of the website?
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The penguin explanation of momentum
To what extent do you agree with the following statements about this explanation: "The
momentum is another example of a conserved physical quantity - in an isolated system
its value and direction will remain the same. As an example, if two adult penguins of 20
kg standing still on ice push away from each other, they would start moving at the same
speed in opposite directions. So before the push their total momentum was zero (since
neither of them were moving), and after the push their total momentum is still zero
(because their individual momenta cancel out). If, on the other hand, a younger penguin
of 10 kg would push away from its 20 kg parent the child will get a speed twice as big as
the parent's, still in opposite directions. Since the young penguin's speed would be twice
as big, and its weight is half of the adult's, their momenta will have the same value but
opposite directions, and thus cancel out to zero, the same as before the push."
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

I understood the
explanation
This explanation
helped me
understand
conservation of
momentum
The explanation
makes use of
examples, where the
speed of the
penguins varies in
each example - I
found this way of
explaining helpful
I liked the explanation

16. 

Do you have any additional comments on this explanation?17. 
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The explanation of particles of the standard model
To what extent do you agree with the following statements about the entire explanation of
the particles of the standard model on the following page: http://sekelin.web.cern.ch
/sekelin/particles.html
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

I understood the
explanation
The explanation
helped me
understand the
differences between
the fundamental
particles
The explanation
points out the
properties of the
particles in different
rows and columns of
figure 11 - I found this
way of explaining
helpful
I liked the explanation

18. 

Do you have any additional comments on this explanation?
Please specify which parts of the explanation that were good/bad according to what you
answered in the previous question.

19. 
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What did you think of the histograms with animal data?
To what extent do you agree with the following statements?
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

I understood these
histograms
These histograms
helped me
understand the
histograms with
CERN data
I liked these
histograms
I think these
histograms should be
kept in the website

20. 

Do you have any additional comments on the histograms?21. 

Overall opinion and impression of the website

What did you think of the quiz and the questions associated to each page?
To what extent do you agree with the following statements about the quiz on the bottom
on many pages of the website?
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

I understood the
questions
I chose the right
answers
The quiz was
necessary
The quiz helped me
understand the
content
I liked the quiz

22. 
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What did you think of the pictures on the different pages?
Markera endast en oval.

1 2 3 4 5 6

I did not like them I liked them

23. 

What did you think of the amount of text relative to the amount of pictures?
If you thought the balance between text and pictures was good, choose the middle value.
Markera endast en oval.

1 2 3 4 5 6 7

Too much
text

Too many
pictures

24. 

What did you think of the "hover"-function for some words?
I.e. that a text box appeared when holding the mouse over certain words. Tick all the
options you agree with, and add your own answer under "Övrigt" if the options do not
cover your opinion.
Markera alla som gäller.

I did not notice this function

This function was helpful for me

This function could have been helpful, but the implementation of it has to be
improved

I thought this function was distracting

Övrigt:

25. 

Did you think the website had an appropriate structure?
Add your own answer under "Övrigt" if the options do not cover your opinion.
Markera endast en oval.

Yes

No

Maybe

Övrigt:

26. 

Did you think that all the physics theory included in the website was relevant as a
basis for the histogram analysis in the end?
Add your own answer under "Övrigt" if the options do not cover your opinion.
Markera endast en oval.

Yes

No

Maybe

Övrigt:

27. 
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What did you think about the animal theme?
To what extent do you agree with the following statements?
Markera endast en oval per rad.

I completely
agree

I agree to
some
extent

Neutral
I do not
agree to

some extent

I do not
agree at

all

The examples and
analogies based on
animals made the
content more
understandable
I liked the animal
theme

28. 

How did the animal theme contribute to the seriousness of the webpage?
Tick the option you agree with, or add your own answer under "Övrigt" if the options do
not cover your opinion.
Markera endast en oval.

It made the website feel less serious, in a good way

It made the website feel less serious, in a bad way

It did not make the website feel less serious

Övrigt:

29. 

How much did you learn by using the website?
Markera endast en oval.

1 2 3 4 5 6

I learned nothing I learned a lot

30. 

Was there anything in the website that was too easy or too difficult, that you think
should be removed/further explained?

31. 
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Tillhandahålls av

Did you think that a website was a suitable type of learning material for learning
this subject?
Compare website to other ways of learning such as movie, classroom teaching, booklet
etc. If you choose no, please motivate in what way under "övrigt". If you choose yes you
are also free to motivate your answer under "övrigt".
Markera alla som gäller.

Yes

No

Övrigt:

32. 

General feedback
Please tell us any feedback you have not gotten the opportunity to give in any of the
questions, or clarify the feedback you have given on previous questions.

33. 
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Appendix B

Website

This appendix includes pictures of each page of the website. In the future, the website will
be hosted by the Particle and Astroparticle Physics Division of the Physics Department
at KTH, and it will be included on the ATLAS Open Data Website as an external
resource.
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