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Abstract 
 
The purpose of this study was to explore to what extent interactive visualizations are              
applicable in the beer brewing domain specific area by measuring how the use of interactive               
visualizations can aid beer brewers in completing tasks related to their artisanal craft. The              
approach taken in researching said topic was through the cooperative collaborative creation            
of an interactive visualization dashboard system intended for the use in production brewing.             
This was created through the aid of previously proposed design frameworks and creation             
strategies that focused on the collaboration between visualization expert and domain specific            
partner. A visualization dashboard interface was created with thorough input from different            
brewers all around the world in the hopes of creating a general purpose tool that could                
indeed aid in the completion of creation and evaluation tasks. The final dashboard interface              
was scrutinized by brewers and received positive feedback in terms of its potential through              
evaluation sessions and personal interviews where the brewers were assigned tasks to            
complete. The completion of simple tasks such as quick recipe cognition and creation, batch              
parameter comparisons and fermentation tank analysis were all achieved while things such            
as variable fermentation analysis and reproduction evaluation strategies were more difficult.           
The conclusion drawn from the project was that the use of interactive visualizations can              
indeed aid and enhance beer brewer’s capabilities in completing some tasks but as per the               
altered frameworks used, it requires thorough collaboration from more than just the domain             
specific partners in the creation process of said visualizations in order to create the optimal               
tool.  
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Sammanfattning 
Avsikten med denna studie är att utforska i vilken grad interaktiva visualiseringar kan             
tillämpas inom den domänspecifika ölbryggeri-industrin där visualiseringens syfte är att          
stödja utförandet av bryggningsrelaterade uppgifter. Ett samarbete startades, där ett antal           
bryggerier runt omkring i världen deltog och där dessa bryggerier delade med sig av sina               
bryggningsmetoder och relaterade data. Tillsammans med bryggare togs specialdesignade         
visualiseringsmoduler fram som kan användas för att utföra uppgifter tillsammans med           
dessa domänspecifika experter. En stor förstudie gjordes med hjälp av existerande           
utvärderingsramverk samt olika visualiseringsstrategier där fokus lades på samarbetet         
mellan visualiseringsexperter och ölexperter. Den slutliga visualiseringen som skapades var          
i form av en instrumentbräda där användaren får en unik insyn i data samt nya möjligheter                
att utforska datat på ett enkelt och smidigt sätt. Bryggare fick testa verktyget i en kontrollerad                
miljö och såg stora möjligheter för att ett sådant verktyg skulle kunna fungera bra i en                
produktionsmiljö förutsatt att man får en grundläggande utbildning i att använda verktyget till             
sin fulla potential. 
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1 Introduction 
Brewing beer is an art form much comparable to the creation and composition of a classical                
piece of music. The creative process is built on a set of principles and rules that need to be                   
followed but also allows for considerable creative freedom. In music, two bands may             
interpret the same song in completely different ways. Similarly, two brewers may interpret a              
style of beer in infinitely different ways. Chord progression in music is the result of carefully                
arranged components that must follow a complex sequence in complete harmony. Similarly,            
a successful brew is the result of carefully selected ingredients treated with masterful             
synchrony. What makes brewing different, however, is that it’s also a living product that can               
be carefully calculated, measured and manipulated to the point of success whereas music             
generally tailors to more subjective observations [9]. As the living organism and its habitat              
are measurable, the key to success becomes the ability to identify mechanism and variables              
that are not only relevant at all stages of the brewing process but also critical when it comes                  
to flavor, quality and end result [8][9]. By using information visualization techniques there is              
the potential to have a meaningful impact on brewers’ understanding and inquiry skills when              
crafting their beers. 
  
When crafting a beer from scratch, the brewer must always be extremely precise in each               
step of the complicated process in order to achieve the intended result. The beer styles that                
exist range from the more well known lagers and IPAs to more complex styles such as                
dessert stouts or eisbocks, all with their own distinct special ingredients and tweaks             
throughout the brewing process. Despite the main four ingredients only being water, malt             
(malted grains), hops and yeast, it all comes down to the way you mix and treat each one                  
respectively that determines the final result. There are hundreds of different steps a brewer              
must not only thoroughly understand, but also always pay close attention to when both              
creating a new beer or when repeating the creation of an old beer. Simply using the exact                 
ingredients and techniques in two identical batches may not yield similar results. The general              
brewing process is: crushing, mashing, lautering, boiling, cooling, fermenting, possible cellar           
activities, and, finally, tapping. These steps afford significant data collection, presenting           
hundreds of different variables that need to be controlled, monitored and manipulated            
correctly.  
  
Since beer is a yeast product it is to be expected to have to lots of unpredictability [9]. By                   
using information visualization strategies, tracking said unpredictability and visualizing         
moments recorded during the process by pipelining data into visualization models, it is             
possible that it could help the brewer understand in a much more effective way how to tweak                 
parameters or, for example, make him/her learn how a new piece of equipment affects the               
final result. The project associated with this thesis aims to create interactive visual             
representations and data structures in order to enhance human cognition by combining the             
collected quantitative and qualitative data. Within the brewing industry, there is an interest in              
visualizing brewing data and gaining a better understanding of how processes change over             
time, how minor changes in certain variables might affect other parts of the process and how                
equipment changes impact the result when comparing different batches. Visualizing the           
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brewing data would allow for an opportunity to explore the process in unique ways that have                
never been seen. 

1.1 Research Question 
 
What are the main affordances and limitations of supporting the principal tasks of artisanal              
beer brewers in understanding and tracking their own creations and those of their community              
of practice when using information visualization tools for solving brewing related tasks as             
measured by focus group evaluations followed by semi structured individual interviews with            
the intended brewers focusing on perceived user satisfaction? 
  
The specified question will be analyzed through a series of evaluation sessions and             
discussions with domain experts. In our case, domain experts are independent brewers that             
work with data that deals directly with brewing beer. These sessions will not only be               
evaluated and taken into consideration when further improving the information visualization           
system, but will also be a telltale sign if the visualization systems aid in the completion of                 
principle tasks. The focus of the study will be on evaluating how the brewer reacts and feels                 
in terms of using the system. In collaboration with the brewers, we will search for solutions to                 
different tasks by visualizing different parameters in an attempt to find useful insights and              
further enhance the cognition of complex datasets in a domain specific environment. As the              
overarching goal of information visualization is to provide a different cognitive model for data              
comprehension, it is expected that the specific visualization structures can aid in the             
improvement of understanding data within a domain-specific industry. The desired outcome           
is to produce a deliverable that can analyze and visualize brewing data, enhancing the              
understanding of the patterns within the data.The tool should aid the brewer in finding trends               
and create stories (or tasks) within data – stories that can be explained through qualitative               
analysis and also shown in numbers. 
  
Having a tool like this specifically within the industry can be game-changing and provide a               
new way for not only brewers to look at data but also how domain specific approaches to                 
visualization creation could be performed. We live in a world in which data is overwhelming               
and therefore having efficient ways to scrub, process and visualize the important sets is              
critical and may provide new possibilities for future endeavors. Even looking beyond this             
domain-specific approach, the final project could also be a further testament to what extent              
visualizations can enhance human cognition within specific industries if created with care            
and in collaboration with the domain-specific party. The project will be completed after the              
deliverable has been evaluated and scrutinized by our evaluation subjects along with the use              
of professional information visualization expertise. 
  

1.2 Scopes and Limitations 
  
Due to time and efficiency reasons, the project limits itself to one major partner brewery and                
a smaller collection of different minor breweries for feedback and evaluation iterations.            
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Ideally, the best way to approach this project would be having more collaboration and              
discussions from a multitude of different breweries and industry people over a longer period              
of time. As the intention of the project is to test the feasibility of visual structures, when it                  
comes to information cognition, generally a larger test group should be applied. However             
due to each brewery having different database systems – some tracking close to nothing, I               
decided to work together with the ‘best’ option that allowed for the exploration of rich data.                
While there are many brewers at the collaborating breweries, having a more widespread             
reach would grant the project more authority in determining the effect of visual structures,              
especially if done longitudinally. 
  
The tool limits itself to, despite being designed for a large database system, using only a                
small ‘mock’ part of the data available in an actual brewing system. This is due to difficulties                 
in data extraction and scrubbing as per the poor nature of existing databases as well as                
existing secrecy agreements. A proper and real visualization system should have its own             
dedicated database that can be accessed through a backend module as this would not only               
greatly enhance the access speed of data but also system reliability and accessibility. The              
goal for this thesis specifically is to explore visualizations, the task accomplishment abilities             
and its cognitive benefits – not to redesign and create an entirely new separate database               
that mirrors the depth of the already existing one and therefore this compromise must be               
made. This goal would be more appropriate in a business setting where the actual system               
would be put into use – not just tested for its feasibility. 
  
A key parameter left out from the final visualization would be everything related to inventory,               
current stock and money related affairs. Due to the size of the available database, this               
compromise was made as the primary goal was to enhance cognition of said brewing data               
and the extra layer of money is only relevant as a business operation. We assume that from                 
the start the ingredients are available and plausible for use. For a commercial product，              
however, this could be something to be considered and of great importance as half the battle                
is sourcing scarce quality ingredients and utilizing these ingredients to their maximum            
efficiency. There exists the possibility for there to be a dedicated module for said topics               
which can themselves be explored through visualizations but this is left for future work.              
Another limiting factor is providing external details on demand information about specific            
ingredients and sourcing their origins. Despite beers needing the best ingredients for a             
successful product, localizing and sourcing the ingredient origins becomes a task in itself             
and thus such information will be left out.  

2 Background & Evaluating Visualizations 
This section intends to introduce the reader to data visualizations and their impact on              
information cognition, the beer brewing process, including the critical parts that are relevant             
to specific visualization models, thereby justifying their use, and finally a discussion of             
related work that this study is based upon. 

2.1 Interactive Visualizations 
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The adaptation of information visualization in a data environment that has clear            
comprehension issues seems natural as it allows for data to be browsed from a different               
perspective. The amount of information that needs to be processed in a clear and effective               
manner each day is far too much for a brewer to do manually – especially if they require                  
finding specific information without going through loops and wasting a lot of time [13]. With               
the help of interactive and dynamic visual design structures, information visualization is the             
key to data analysis and provides the possibility to extract the information the user needs [5].                
One pathway that leads to success in a progressive visualization project however is the              
unison collaboration together with domain specific experts whom clearly state their needs            
becomes what is most important. Combine this with the specialized visualization strategies            
that exist in data analysis that visualization experts know, we can create a model that allows                
for the possibility to understand any data a user might want to explore and also how to                 
extract and visualize this data in the most effective way [12]. As with any creative project, the                 
way this is can be approached varies depending on who the actor is and what subjective                
opinions are mutually created [11]. 
  
There have been many instances of success when it comes to enhanced cognition through              
data visualization, some of which will be mentioned later on as these were inspirations to this                
project [1][5][12]. Having a specific insight into how these strategies are applied onto a              
domain specific area and how those actors react to said visualization is of utmost interest. A                
visualization structure can vary from a simple line graph to a complex sunburst that can be                
navigated through the use of virtual modular knobs and a centralized map [14]. What makes               
interactive visual structures so interesting is that there is no one solution that works every               
time and, thus, the most important thing for the programmer is to analyze what information is                
available, what the demands of the client are and determines the level of ability when it                
comes to completing the intended task using the proposed visualizations [7]. Picking the             
correct visualizations and how to do so will be described in the methods section after               
thoroughly discussing the parameters that are most suitable to this domain specific problem. 
  
Each visualization have their advantages and disadvantages and, when deciding which to            
chose, it is important to focus on what operations are not only needed and essential but also                 
what makes sense and can be performed on the dataset that needs to be visualized [6]. For                 
any one data set, it is practically impossible to create a perfect representation and having               
multiple approaches through a number of different visualizations can be an answer to this              
problem [7]. As to not limit ourselves, these visualizations and operations can become fairly              
natural in, for example, a spreadsheet view and there are plenty of frameworks available              
[2][4]. There are, however, certain design constraints to this style of approach. For example -               
since each cell in this spreadsheet is its own entity with its own dataset, performing one set                 
of operations on a single cell may disrupt the data in another cell [4]. 

2.2 Brewing Process 
Understanding the fundamentals within the brewing process is critical to understanding the            
complexities that occur. As per the recommendation of many visualization experts, working            
closely together with the domain specific experts and creating the visual structure models             
together with them is the correct approach [12][3]. In this learning and understanding the              
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fundamental process of that which you visualize is required and will therefore be explained.              
Only then can the correct variables and parameters be handled properly [12]. 
 
We begin by discussing the overarching beer creation process as this is where the main               
data extraction and handling focus will lie. The main four ingredients in any beer will always                
be: water, malt (malted grains), hops and yeast [8]. The differences that arise in different               
beers come from when the brewer manipulates the main four ingredients or adds additional              
ingredients (such as cacao nibs for a chocolate stout or tea leaves for a hefeweizen). The                
manipulation of ingredients could be anything, from using different hop types to purifying the              
water by adding special minerals in order to give it a crisp flavor [9]. In both a homebrewing                  
environment and the professional one the actual brewing process starts with first crushing             
the malt (or use malt extract). The crushed malts is the base to all beer that contains the                  
enzymes that are required to extract the sugars needed for fermentation [13]. The crushed              
malt is mixed with warm water (ranging between 65-75°C depending on the malt type and               
the intended final style of the beer) in a process called ‘mashing’. The most critical part                
during this step is to keep the mash at a steady temperature for around 60-90 minutes – this                  
also being style dependent [8][9]. 
  
When the mash is ready, you proceed to drain and ‘lauter’ the remaining liquid from the                
grains. This liquid is called ‘wort’ and contains all the sugars needed for when the beer                
ferments together with the yeast. This is how alcohol is created. The fermentation             
specifically is, however, done at a later stage as the liquid first needs to go through boiling                 
[9]. During the boil, hops are added to the mixture and is done so at specific time intervals                  
depending on the hops type and preferred outcome (commonly differed by “bittering” or             
“aroma” hops). When the boil is complete, which once again takes different amounts of time               
depending on the desired style outcome, the brew will need to cool down relatively quickly to                
room temperature. Once at room temperature, the brewer may pitch the yeast for final              
fermentation [8]. 
  
Once the yeast is pitched, the fermentation begins and the beer will need to sit isolated at                 
desired pressure and room temperature in darkness for approximately 2-6 weeks [13]. Once             
this is complete, the beer will finally be ready for bottling and possible consumption. It is                
possible that the beer may need to sit and mature for another 2-3 weeks in order for natural                  
carbonation to occur but it is also possible to produce forced carbonation by the use of                
external CO2 tanks [8]. Certain steps that can be taken within a professional brewery that               
are used and experimented with for more advanced beers and more difficult styles would be               
filtration, certain ‘cellar’ operations such as dry hopping or also extended barrel aging. While              
these options exist and are in fact needed for certain styles they are not part of the primary                  
brewing pipeline for your average pale ale [13]. 
  
For each stage, there are multiple variables that need to be controlled and calculated in               
order for the brewer to create a consistent final product. One of the database systems               
provided and worked with for this project had sufficient and detailed data recording for every               
stage of the process which was stored in a spreadsheet-like database. This literal             
spreadsheet-like database did however have no easy way to explore variable correlation,            
temporal changes or pattern exploration among not only batches of the same beer but also               
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different styles. Food science and quality assurance requires extreme fines and strict            
variable control to create the same product multiple times [9]. The reason why the beer               
production process as well as the procedures surrounding it are such suitable candidates for              
a larger information visualization project is due to their complex nature and strong need for               
precise control. 
  
Determining what variables are of key importance and have the largest impact is critical as               
there is much data when in combination with each other becomes irrelevant and distorted.              
According to George Fix, one can identify a rank ordering of material in terms or relevance                
for just this purpose. Relevance in brewing exists on the following three levels - primary,               
secondary and tertiary [9]. Primary effects are effects that have the most significant impact              
on the brew and thus are the most important to consider while secondary and tertiary effects                
amounts to varying degrees of fine tuning. For professional brewers, however, it all comes              
down to how they deal with secondary and tertiary effects, as this is what differs a good                 
brewery to a great one. The primary elements generally have to be ‘perfect’ in order for the                 
product to be sellable to begin with [8][9]. 
  
Primary relevance revolves around the fermentation stage. The fermentation of the beer            
determines the beer flavor and is generally considered to be the most volatile [8][9][13][15].              
The major metabolic pathway is the Embden–Meyerhof–Parnas pathway where each          
molecule of glucose is transformed into two molecules of ethanol and two molecules of              
carbon dioxide. The carbon dioxide needs to be released in a safe and sanitized manner so                
that no external oxygen enters the wort. By following certain guidelines, it is during the stage                
of fermentation where brewers can exert the greatest control over the outcome of the final               
product [9][13].  
 
First and foremost the yeast used must be healthy and in superb physiological condition.              
The brewing environment must be exceptionally clean and sanitized as to not contaminate             
the live yeast. All exterior bacteria that may come in contact with the fermenting liquid can                
have a negative impact. Secondly, it is crucial to have an appropriate and carefully              
calculated amount of yeast as to not overwork the organisms during the fermentation. The              
third point deals with oxygenation of cooled wart as this in turn is the primary source of the                  
yeasts nutrient [9][15].  
  
Minor pathways that, although are small to the eye, have a huge impact on flavor and quality                 
also has a number of key points that need to be taken into consideration. The two major                 
ones are what yeast strain the brewer picks and also the issue associated with non-cultured               
yeast or, in other words, as mentioned briefly above - external bacteria that spoils the beer                
[9]. It cannot be overstated how ​keeping a sterile work environment is the one most crucial                
part when brewing [15]. 
  
Oxidation is the second primary relevance. It affords the added benefit that it can be               
accurately calculated and controlled. Flavors can and will be destroyed through uncontrolled            
oxidation as side effects such as diacetyl, which can be created when the yeast becomes               
contaminated [9][11]. Consistently successful brewers are invariably the ones who operate           
low oxygen systems and ones that can maintain controlled pressure and temperature. The             
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secondary relevance’s may determine the difference between first and last place in a             
brewing competition. Generally, in commercial brewing, the control on the primary relevance            
is done through excellent science and advanced equipment and, therefore, the secondary            
and tertiary are what play a the most important role in monitoring and controlling [9][13].               
According to George Fix, brand loyalty among beer drinkers is mostly determined by             
secondary effects and thus these are the important factors to focus on when creating a               
suitable visualization system for variables that need monitoring throughout the brewing           
process [9]. 
  
Beyond the oxidation, it all finally comes down to ingredients control. Malts is the first area of                 
focus – more specifically the choice and quality of the malt itself. Controls on how they’re                
sourced, produced and manipulated during the early stages is critical to success. Luckily,             
there are variables available for control of just this [9]. Maillard products is another area of                
focus. These malliards are formed during the hot stages of the malting processing (the              
kilning or drying the malt that happens prior to production, the mashing and finally during the                
wort boiling [8]). This, in turn, on a molecular level, deals with how all the sugars are                 
released in each stage of malt handling. Intermediate and complex maillard products bring             
special flavors to beer that may or may not be desirable. The part the brewer has full control                  
is for them to pay serious attention to the overall heat treatment that takes place during                
malting, mashing and wort boiling [9][15]. This guides us once again to lay heavy focus on                
temperatures and to ensure that this is one of the highlights in the visualizations. The third                
and last focus is hops and hop chemistry. Controlling the stability of hop flavor and aroma by                 
using it correctly will have a great impact on the final result. Once again we bring up the                  
terms ‘bittering’ and ‘aroma’ hops and how these are subsequently treated and managed.             
The decision between using fresh hops or pellet hops that have been freeze dried also make                
a difference [9]. 
 

2.3 ​Collaborative Creation Study 
One interesting way to create visualization structures with domain specific intent is by using              
controlled user co-creations methods. There are plenty of studies that show when creating a              
successful visualization model doing so together with the intended audience creates a better             
tool. The process requires plenty of iteration, evaluation and reconstruction by working close             
to the domain specific partner. The protocol designed for this particular study will follow              
those guidelines closely. 
  
The project will use a mixture of Shneiderman and Kveladze’s suggestions for conducting             
the study as both provide valid points as to how to successfully create an appropriate               
visualization structure. Shneiderman’s rules includes the following four stages: [3] 

1.​     ​Preparation 
2.​     ​Field Study 
3.​     ​Analysis 
4.​     ​Reporting 

 
Kveladze’s rules divert slightly and are divided into three sections [12]. 
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1. Problem  
a. Establish workflows and scenarios for visualization strategies 
b. Knowledge elicitation from domain experts 

2. Solution 
a. Literature studies and consultation with domain experts beyond the client. 
b. Analysis of data complexity 
c. Operation diagrams 

3. Evaluation and Iteration 
a. Domain experts revisited to confirm workflows previously established. Think         

aloud interviews, screen logging. 
b. Evaluate the variables and design choices by judging the effectiveness of           

revisitation of domain experts.  
c. Iterate and do more testing. 

  
The first two stages from Shneiderman are done prior to starting any visualization creation.              
The preparation entails getting a prior understanding of the domain specific area including             
not only the organization itself but also the systems and its history, prior to commencing and                
evaluation sessions. This also includes preparing specific questions and materials before           
meeting with the potential users. A conducted field study is also required to form a               
relationship with the intended users (if appropriate) and to see exactly how they work and               
how they lay their preference [3]. Precisely this is the reason why it becomes difficult to                
adapt one visualization model for the entire brewing industry as every workplace will be used               
to different norms and habits that may not correlate well elsewhere. 
  
The analysis and reporting phases rely on iteration and communication between the two             
partners. By first specifying research questions, tasks and goals the visualization expert has             
guidelines to follow and will be able to construct the intended visualization model to a better                
degree. This is similar to both 1 and 2 from Kveladze’s proposed solution [3][12]. This is then                 
analyzed and tested by the domain specific partner while under observation of the             
visualization expert who takes detailed notes of ‘events’ or other situations that arise from              
the demo session. It is important to not only document the successes of the system but also                 
the failures as this is where improvements need to be made [10]. 
  
According to Schneiderman and Plaisant, there are a number of key considerations that             
need to be made in order to create a successful evaluation session [11]. Identifying the               
research questions and the goals that are achievable by using the tool is the first step. This                 
includes identifying what “successful use” would be for the user. By having these identified it               
becomes much easier to measure whether or not it successfully meets the requirements of              
the user and whether or not we fulfill the research question of our own study. Their                
guidelines also make it clear that having 3 to 5 users is plenty for a long term evaluation                  
experience. It is then important to keep a logbook that tracks every aspect of the earlier                
identified questions and goals that are attempted by the test subject. Finally, they propose              
conducting a formal interview with the subject and identifying their thoughts and feelings             
about using the tool [11]. This style of evaluation works both as a continuous process as it                 
allows for iteration and further development on specific parts that perhaps need changing as              
well as allowing for a final sit down evaluation test. In this project’s specific case, the test                 
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subjects will not be contaminated by already having tested the product as the intention is in                
fact to create something that they themselves feel comfortable using and is to their              
specifications. 
  
Having a final usability study done in an official manner together with the principal and fellow                
brewers on site will be most appropriate and suitable. A successful evaluation session             
includes but is not limited to presenting the subject with different tasks and watching how               
they solve said tasks. It is important to ensure that these tasks and the utility of program is                  
proved in a real setting using real data [9]. 
  
It will be clear whether or not the research question has been fulfilled when progress is made                 
on the visualization and by determining the level of satisfaction by the intended users. While               
it is difficult to measure satisfaction one can use the quantifiable approval of the users – did                 
they find the system useful? Would they use it in the future? What changes could be made                 
to make it better? These are all questions that should be answered in a positive manner. As                 
computer scientists can at the very least ensure that the visualization structures we present              
do indeed follow the frameworks and guidelines that have been proven to work in the past                
and thus granting us better authenticity of success. The success will also depend on the               
level of commitment the domain specific expert is willing to put in as per most previous work                 
states – the process would be impossible without the principals  

2.4 Related Work 
Research within domain specific approaches to data visualizations has been done in the             
past as well as how to approach problems such as this from an analysis and evaluative point                 
of view. As there are a multitude of variables to visualize within beer creation and a million                 
different visualization strategies, using appropriate data structures or frameworks that have           
been scrutinized in the past is one way to go about exploring the affordances and limitations                
of supporting the principal tasks of artisanal beer brews in understanding and tracking their              
own creations. There are a few different type of articles that are relevant to this particular                
study as it does not only focus on the visualization creation itself but also the insight gained                 
from the use of said visualizations. There are also articles that prove visualizations can aid in                
understanding the complexities of the brewing process. 
  
The paper “A Spreadsheet Approach to Information Visualization” [4] proposes a solution to             
displaying multidimensional data of not only high complexity but also volume, similarly to the              
problem faced within this thesis. It suggests that a visualization spreadsheet enables            
exploration of visual forms of information and has different benefits compared to the more              
standard spreadsheet approach. The approach shows how domain experts can perform           
intended operations on their data set while seeing subsequent updates in all sectors. 
 
“A Methodological Framework for Researching the Usability of the Space-Time Cube” [12]            
analyzes and looks at how the adaptation of the space time cube can be done for different                 
domain specific areas of interest. Instead of adapting the visualization models to the problem              
at hand, they analyze how one type of visualization model can be done differently depending               
on the dataset and also explore different operations that make sense to the data displayed.               
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Their conclusion was that given the dataset has temporal components with other complex             
parameters, the space time cube is applicable to most datasets.  
 
Beyond working with pure visualization articles, those that have to do with beer, food or taste                
when it comes to variable control are also of interest and extremely relative to this study.                
“Dynamic Simulation and Visualization of Fermentation: Effects of Process Conditions on           
Beer Quality” [20] suggests that fermentation is the single most important stage within the              
brewing process but is also fairly unexplored in terms of how parameters affect beer quality               
and flavors. The article proposes a simulation system with complex visualizations that            
simulates fermentation and allows for exploration when it comes to changing certain            
parameters. Their simulation results show the affirmation that sugar concentration does           
indeed affect intended alcohol outcome and that visualizing the effects of changing these             
parameters shows interesting results.  
 
“Multi-objective Optimisation of Flavour and Processing Time in Beer Fermentation via           
Dynamic Simulation” [21] similarly to the previous also suggests that fermentation is the             
most critical stage in which affects quality and temperature being the key component. Over a               
period of time ethanol and harmful by-products such as diacetyl were monitored in order to               
minimize fermentation time by the use of visualization systems. By visualizing this they were              
able to discover that the fermentation time of certain beers can be reduced by so much as                 
15 hours when an acceptable sacrifice is made to by-product concentration. 
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3 Method 
This section will introduce and discuss the components specific to the appropriate data that’s              
available for testing purposes as well as proposes new formalized appropriate guidelines            
that should be followed when creating the intended system based on previous research and              
methods that are known to work. 
  
Based on the background study and all the raw data available, the creation of a complex                
web interface that uses visualization structures to great effect proves to be difficult. As there               
are multiple components and datasets that need to be monitored, one should design a              
system that divides tasks into independent modules which allows for subsequent additions of             
new content that may be of use to the brewer over time [7]. In approaching the research                 
question this collection of interactive visual structures – all of which have their own              
advantages and disadvantages, structured in a dashboard like fashion appears to be the             
most appropriate choice [1][4]. There are a number of steps that need to be taken into                
consideration when designing each individual model such as picking the proper parameters            
to display and highlighting the correct information. The following sections will attempt to             
describe and justify how the significant variables are displayed. 
  
The system that was actively worked with for the project associated to this thesis consisted               
of a Microsoft Access database with a limited, slow and busy GUI built-in app written in VBA.                 
Due to Microsoft Access limitations and only being able to work with the large dataset on                
site, the data itself had to be manually extracted, converted and transformed into a more               
appropriate format. This was done through the creation of a Access plugin that pipelined the               
raw data into a Java CSV conversion program that produces the appropriate data files for               
the visualization module program. As per the visualization pipeline this data would be first              
considered ‘raw data’ and needed plenty of data transformations as to convert it into more               
appropriate data tables that suit the needs of the visualizations [16]. 

3.1 Beer​ ​Specifics 
We begin by looking at the different components within the database that can be visualized               
and how different variables as well as sections could correlate to each other. The most               
important part of brewing a beer is the recipe itself [8]. As previously noted, all beers use the                  
same type of equipment and ingredients but the way the ingredients are treated and              
manipulated using these tools is what determines the quality of the beer. When presented              
with a beer recipe it looks very similar to a normal food recipe. It has an ingredients list, a                   
mash/boil schedule (how the ingredients should be handled) and other notes that play a role               
in creating the intended beer. There may also be additional timeline notes in terms of when                
dry-hopping should occur or perhaps if an additional additive or specific filtration needs to              
happen [13]. For some certain beers there may even exist specific instructions on fruit              
additives or if chocolate and marshmallows should be added to the boil or barrel aging               
stage. Displaying and creating visual mappings of these variables, highlighting that which is             
most important is the primary challenge of the recipe section. As per the research done by                
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George Fix most of that which is presented here lies under the secondary order of relevance                
and plays a huge role in the end product [9]. 
 
Another critical component that needs to be displayed as to not only create structure within               
the actual brewery itself but also to monitor each individual brews’ progress is visualizing the               
fermentation tanks. As part of creating a perfect beer, knowing what is currently fermenting              
in a busy brewing environment which most likely has more than one beer going on at the                 
same time and the status of said fermentation is vital to success. Visualizing a collection of                
fermentation tanks requires displaying their content – what beer is inside, bottle date and              
potential dry hopping or additive comments. It can also link to temperature schemes and              
other additional tasks such as pressure over time, pH levels or oxidation levels. By using               
Shneiderman's approach of “Overview first, zoom and filter, then details on demand” [17] this              
visualization module can provide an interface that is not cluttered and easy to navigate.              
Compared to the already existing list of information, this system requires an additional click              
on the ‘correct’ tank in order to get full information of its content. To achieve this we will be                   
using operations as per mentioned earlier in the background section [18]. Finding a middle              
ground where it’s easy to both get an overview of each tank while not making the                
visualization too cluttered will be key to success. 
  
The third critical component to visualize is the batch list. Certain things that I have left to                 
remain unchanged but that are still essential to the core central idea would be the batch log.                 
Having this log as a list only makes sense. A way to enhance cognition and list                
comprehensibility would be to add certain features that allow for example sorting based on              
different variables ascending or descending, the allowance of hiding specific parameters or            
selection highlights [17]. This way it’s possible to assure that information is still easy to               
retrieve, browse and sort while also having an intuitive GUI. With specific detail-on-demand             
functions individual items can link to their respective brew pages and thus create an intuitive               
flow [10]. 

3.2 Visualization Handling 
There are two things one needs to consider when deciding upon the appropriate data              
visualization for a specific set of data. First, the visual structure needs to display all               
parameters that are necessary. The way the data could be categorized is through temporal,              
quantitative, qualitative or a combination of all three and as so not all visual structures are                
appropriate [5]. Second, once you have decided on a visual structure, you need to ensure               
that all the required information is easily accessible and browsable through different view             
transformations that are not only intuitive but also powerful [3]. 
  
One approach in designing a specific visual structure is, as previously stated and cannot be               
reiterated enough, directly working together with the domain specific partner [10][11][12]. In            
order to create a successful visualization it is also critical to identify the problem and to                
specifically define the tasks that need to be completed by the user [12]. An example of a task                  
would be comparing mash temperatures of subsequent batches while also simultaneously           
being able to track and noticeable changes at a later stage of the brew. Another task is                 
simply to identify measurements within a recipe. The users should fairly easily be able to               
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identify specific features or domain specific information in the visualization as this is crucial in               
solving a specific task that the designer may perhaps not know. Once these example tasks               
are established the proper structures can be identified and picked. The specific tasks             
performed can be found in section 4.3. By initially presenting a preliminary version of what is                
possible in terms of visual structures and showing other similar examples, the two partners –               
the brewer and I - can further develop, discuss and build the continuation. When you get                
their input based on multiple iterations of prototypes you will eventually create something             
that is suitable for their tasks [12].  
  
Data navigation is another strategy that needs to be taken into consideration when dealing              
with domain specific datasets of large quantity. These navigation techniques generally lie            
and depend directly on the structure itself but there are still some ground rules that need to                 
be followed. There are three primary navigation design strategies that can aid us in making               
the correct choices for the end user: Zoom and pan, Overview and detail, focus and context                
[19]. Zooming and pan respectively allow the user to zoom in on specific data points and                
also scroll across data space without zooming (which is especially important when dealing             
with a larger visual structure). Overview and detail differentiate between allowing the user to              
have great overview of what the visual structure has to offer while also offering detail on                
demand when the user needs it (generally to solve the task assigned). Finally focus and               
context deal with expanding specific focus regions within the dataset and allowing for the              
user to navigate areas within specific contexts [18][19]. 
  
Ben Shneiderman in his article “The Eyes Have It” uses the mantra of ​“Overview first, zoom                
and filter, then Details on Demand” as the ideal guideline when designing an advanced              
graphical user interface that handles information visualization [17]. The beer data available            
for this thesis features both multi-dimensional data as well as temporal data.            
Multidimensional data has the property of having n number of attributes and therefore needs              
a visual structure (or set of structures) that can display these data and their relationships in                
an efficient manner. Two examples that are commonly used for said data are scatter plots               
and parallel coordinates [4]. The two visual structures achieve the same goal of displaying              
data but do so in different ways. In a scatterplot, buttons can be used to adjust cardinality for                  
attribute values and filtering techniques can easily be implemented to display data that are              
critical to solving a task. Tasks that can be solved through the use of a scatter plot are for                   
example pattern finding, clusters, correlation among pairs of variables, gaps and outliers            
[17]. 
  
There are also certain frameworks that can aid in design choices and help prioritize              
operations that span a variety of different visualization models. The ultimate goal is to help               
the end user perform analysis tasks in an efficient manner while not constraining and limiting               
them [6]. The user-centric design and task focus may, for example, require complex data to               
be filtered out on demand by removing data points and creating a new set. Another option is                 
to fade out certain data points while highlighting the filtered and sought after correct points.               
However - allowing for both options and having the user pick which one may confuse the                
user to such a degree where the swiftness of solving the task is compromised. Therefore,               
limiting and having a clear-guided approach to the available view transformations is key for              
success in creating a purposeful and helpful domain specific information visualization           
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system. By using specific frameworks to guide the domain specific approach the designer             
can solve three problems: operator reuse, view/value separation and operand focus [4][6].  
  
By using an operator framework, the conceptual model for all possible visualization            
operators, we can bridge the conceptual gulf of execution for the end-user. In other words,               
this style of framework helps the user perform the actions appropriate to the tasks at hand                
[6]. The framework model also classifies and creates a taxonomy of possible operations.             
One property of an operator is defining between whether or not it is a view or value                 
technique, essentially meaning whether or not it modifies the underlying data or if it just               
changes the view of said data. The value operator specifically changes the dataset by              
filtering or perhaps applying a common arithmetic operation to as et while the view operator               
only changes the visualization content [4][5][6]. 

3.3 User Study Design 
In order to test the usability of the tool and to get a perceived user satisfaction, structured                 
user studies with brewers were done. These user studies consisted of tasking the artisanal              
brewers with using the tool as their guide in completing a few sets of challenges. They were                 
asked to articulate their overall attitude and reaction through think-aloud techniques while            
performing the tasks, as well as finally recording their ‘attitude’ towards using said             
technology in the future for their professional work on a scale from 1-5. The session is not                 
expected to take more than 5 minutes with no interference from other parties.  
 

# Task Descriptor 

1 Recipe Find the correct recipe to a beer, identify ingredients,         
various mash schedules and specific comments in regards        
to the brewing process. 

2 Fermentation Tank 
Identification 

Find and identify the contents of 4 different brews in the           
fermentation tank visualization.  

3 Batch View 
Manipulation 

By using the batch module, group together a selection         
beers, use the available sorting operations and visualize        
their differences in parameters. 

 
A task is considered to be successfully completed if the test subject is able to do that which                  
the descriptor explicitly says. A task can be completed to various degrees. Notes on how               
users interact with the system, how they think and their reasoning behind clicking what they               
clicked was recorded. The user study was done by 5 brewers in total. 3 of said brewers                 
participated in the creation process of the visualization and therefore were aware of the              
visualization structures while the final 2 were completely new to the concept besides a brief               
introduction.  
 
After each task has been performed the users were asked the following questions. 
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“Were you successfully able to complete the tasks?” 
“How easy was it to understand the dashboard tool?” 
“Would you use this tool in a production environment?” 
 
They were asked to give a ranking between 1-5 in how they felt in regards to the question                  
where 1 represent low and 5 high. There is then the opportunity for the test subject to                 
express their thoughts and concerns in a more informal manner where they can voice              
suggestions or concerns. Through the feedback received by the user solving these tasks it              
will become relatively clear to whether or not the visualization system does indeed aid in the                
cognition of data for brewers. 
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4 Results 
This section begins by discussing what was done in order to answer the proposed research               
question. It is divided up into two sections - the first one focusing on the visualization                
structure itself as this was central to investigating to what extent visualizations may aid in               
efficiency and performance, and secondly in regards to how the evaluation sessions were             
performed and the discussed visualization project iterated on in order to create something             
that ideally is appropriate for solving the right type of tasks.  
  

4.1 Visualization Tool 
The final visualization tool provided for the principal was one in which resembled a              
dashboard with different page modules that easily separated the different components           
necessary for a complete brewer system. The system in place took flexibility and user              
friendliness into consideration while also allowing for complex visualization operations. The           
main highlighted modules that proved to be most successful and deserve a special mention              
are as follows: recipe, fermentation tanks and batch lists with current information.  
 
As previously stated, the most critical part of any beer process is the recipe itself. Visually                
mapping each component into a visual structure was not needed as sometimes text itself              
becomes the most intuitive and fast way to comprehend information. Afterall, the goal was to               
create something in which the brewers themselves felt comfortable using and a tool in which               
they themselves are able to complete tasks without interference. However - what was             
created was a visually intuitive module where each ingredient (the main ingredients that             
generally stay the same) were converted into small donut graphs that showed the             
distribution of ingredients. Feedback for this module specifically was that the insight into             
what went into the beer became more clear and that it was very interesting to see the                 
distribution ratios. Another critical component to the recipe was the mash and fermentation             
schedules. These schedules were displayed using timelines that highlighted specific points           
in time where hops (or other ingredients) were to be added to the brew itself. Finally, we                 
have a comment section where version control of the recipe is kept stored and available for                
browsing. As chronological order was needed for said comments, a list seemed most             
appropriate that links to each brewer and their commitment within the database.  
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Figure 1. An example of the recipe page. Each component is interactive that also provides               
details on demand. Details on recipe data has been removed but all components have exact               
values displayed. 
 
The fermentation tanks required multiple minor components such as oversight over the            
complete system as well as access to the internal components where the details of the               
‘current’ brew could be displayed. An appropriate way to display, in the test case, 20               
fermentation tanks and as to not make them look too busy was through a complete               
flower-donut chart. This allows for details on demand by clicking on an item and through the                
use of color and other intuitive brushing techniques, distinguish and determine what is             
currently brewing.  
 
As a continuation of the importance of overview and control of all processes, the batch list                
becomes equally important of a module as what is currently brewing in the fermentation              
tanks. The way the batch list is currently displayed is still in the form of a list but a list that                     
has the functionality and operations of any ‘real’ visualization system. What has become             
clear through this project it’s that as long as the functionality wanted exists and that the tasks                 
proposed are solvable, the client is happy regardless of the visualization aspect. More on              
this in the discussion section. Each listed item links to it’s own ‘batch’ page where the recipe                 
and additional information about that particular brew is listed. The intent here is to make               
selecting an item not only incredible intuitive but also functional to the point where inspecting               
batches becomes easy through a simple click.  
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Figure 2. The batch log in its current state. ‘Real’ data has been removed due to secrecy                 
policies. The user is allowed to select between different beers and group together a variety.  
 

 
Figure 3. Finally this can be visualized and parameters can be compared. The data shown               
here are mock numbers. 
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Figure 4. Fermentation Tank diagram. 
 

 
Figure 5. Daily parameter analysis. 
 
That which was not very successful was creating a module that allowed for parameter              
exploration. Parallel coordinates and different style of graphs were attempted but not only             
were they difficult to navigate for the users but also had little to no value when it came to                   
completing the initial complex tasks that were set out at the start of the process. These                
components while not part of the final visualization were vital in testing and in attempting to                
answer the research question proposed by this paper.  
 

4.2 Co-creation Sessions 
The creation sessions that were performed together with the primary brewers were done             
formally and properly in a total three sessions. Each session evaluated into its own iteration               
and all had their own goals, purposes and results. The difference in focus for each session                
keep the entire process dynamic and interesting for both parties and proved to be fairly               
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successful. The aim was not to get stuck with one section and keep changing it over and                 
over again, therefore moving forward from changes made was the right call. There were also               
continuous discussion together with other proprietors that were vital in creating the ideal             
product through various inputs with the use of survey style questionnaires. This, however,             
did reveal certain conclusions in regards to general purpose solutions that will be discussed              
in the next section.  
 
The first iteration of testing and formal session proved to be the most important. During this                
sessions we sat down and discussed the project’s goals as well as what may or may not be                  
feasible. The session ended up being a discussion in regards to the brewing process, the               
data collection, the parameters of importance, as well as going through different styles of              
visualization structures that already exist and are available for testing and exploring. This             
follows suit with both Shneiderman and Kveladze’s strategies of getting familiar with not only              
the domain specific area of interest but also the start to developing tasks that need to be                 
completed. The most important part was setting limitations on the project and formulating             
formalities in regards to what may or may not be useful in such a system. The partners got to                   
see initial prototypes and examples of what may or may not be possible and gave               
suggestions as to what they thought would be appropriate.  
 
The second iteration followed suit and became centralized upon the visualization structures            
created since the previous structures. The product displayed, although a pilot alpha build,             
was something that could serve as a an aid when solving the proposed tasks that were                
established at the beginning. The changes proposed were recorded and the initial reactions             
of the testers was thoroughly analyzed. The sessions were recorded through handwritten            
notes and improvised sketches of potential changes to the visual structures.  
 
During the third iteration we discussed possible future additions, the difficulties with the             
current system and potentials for a proper final beta and demo of the program. The               
advancements made from the previous iteration were appreciated and it was clear that this              
approach to design was working. The tests primarily focused on solving tasks and since the               
brewers had been a part of the design process they were able to do so successfully.  
 
Throughout the evaluation and iteration process input was given from other breweries across             
the world as well and, coincidentally, this proved to be the most important and useful type of                 
input. Initial reactions from the majority showed great enthusiasm to said project and the              
potential it has for the industry while also describing their own practices. Many provided              
thorough insight into the brewing process, how they themselves record and display data and              
what they deemed to be the most important pieces in order to create a successful beer.                
These breweries can be found in the acknowledgement section.  
 

4.3 User Study Data 
The user study was performed in two different places. The first consisted of 3 of the brewers                 
who had worked in the creation of the system. The second were 2 brewers who were                
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commissioned and interested in the project since the beginning but not directly involved in its               
creation. 
 
Task 1 was in regards to the recipe identification. Overall this task was a complete success.                
The users were for example easily able to identify, suggest and show visually how the               
distribution of for example hops matched up when comparing two different recipes. The             
details on demand function was commented on as something intuitive and useful as it hid               
unnecessary information and data. One person described the mash schedule (timeline           
visualization) as extremely visually pleasing and very easy to follow. The difference in task              
completion rates between brewers who had worked with creating the system and brewers             
who had not were identical. 
 
Results for the second task, fermentation tank identification, were similar to that of task 1.               
Four of the five users were successfully able to identify the contents and further details on                
demand for the fermentation tanks. In general the color scheme was appreciated and             
unanimously worked as an identifier of the tanks. The slickness of having a wheel as a                
fermentation tank divider was perceived as a much better “quick” overview of what is              
fermenting where. Suggestions in regards to moving the divisions depending on style or             
other sorting algorithms was given and also for them to perhaps link to the appropriate batch                
number for further information. Two brewers said that they would like to go directly from this                
page, once a fermentation tank had been selected, forward to it’s fermentation schedule and              
data.  
 
The final task was deemed more difficult than the previous two and only had a succession                
rate of 20%. The one person who managed to complete it successfully had been the main                
perpetrator and pusher of said function and therefore knew prior to testing how to use it. The                 
other four who had little to no previous experience with said module believed the use of view                 
mapping operations and sorting techniques to be difficult.  
 
Out of the 5 brewers who participated in the study only one answered a 5 for the first                  
question. There were two who answered 4, one 3 and one 2. Not surprisingly the lower                
marks came from the brewers who had not previously participated in the creation of the               
project but rather were new to the situation. Comments specifically addressed the simplicity             
in the first task while the last task proved to be more difficult. For the second question had                  
similar numbers, although slightly higher, than the previous question. See the table below for              
the precise. The difficult was found in using the operational tools for example the batch list                
when it came to collectively gathering and sorting the data. View manipulation techniques             
were generally difficult for those who were not a part of the co-creation of the system. 
 
There was however a unanimous response that the potential of the tool for use within a                
production facility was very high. Comments specifically mentioning that compared to current            
systems in place where all you had were number spreadsheet were “complete jokes”             
compared to what this style of system would offer. The seen potential is reflected in the three                 
people who gave a score of 3 and two who gave a 4. Interestingly enough the two people                  
who gave a score of 4 had been a part of the co-creation team and said that they believed                   
the system had great potential but also understood the amount of work required in order to                
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get said system in place and working properly, thereby reducing their score to a 4 rather                
than a 5. Not only was there concerns in regards to the implementation but also the relatively                 
steep learning curve in solving tasks intended for brewing purposes. They specifically            
mention that ​“In production you don’t have time to play with graphs. It is more likely a tool                  
that can be used for post-brew activities and analysis for future batches”. 
 
 

Q 1 2 3 4 5 

1 0 1 1 2 1 

2 0 0 2 2 1 

3 0 0 0 2 3 

Table 1. Describing question response to user study.  
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5 Discussion 
When discussing the relevance of the project created the focus will be primarily on              
answering the research question. The limitations set upon the project posed to be fairly              
challenging and there is a lot to be said in regards to not only the visualizations created but                  
also the entire co-creation process and data user results. The investigatory process and             
evaluation can be broken down into three main areas - visualization specific and dependent              
processes such as the possibility of a general purpose solution or working together with              
partners that are unaware of how to use said technology to its fullest extent, task execution                
and the viability of frameworks in regards to domain specific datasets.  

5.1 Visualization Specifics 
  
Picking the correct visualization models for the selected data proved to be a tedious journey               
that required much adaptation. A lot of time was spent on processing and creating              
appropriate dataset formats for testing purposes as extracting the data from the available             
database provided by one of the principles was practically impossible given the working             
conditions. Working together with real data was essential for testing purposes but not             
possible in all scenarios which ultimately poses a problem in terms of the authenticity of the                
system. Each framework that was used or previously created module available as templates             
had their own independent data handling mechanisms that required almost equally long time             
to adapt to as if the entire original system were to be re-written and since the process                 
required testing multiple strategies the testing became time consuming. This is an enormous             
downside of using a multitude of different frameworks and previously existing modules that             
need adapting to the intended project outcome.  
 
For one specific module of the tool a conscious decision was made to use an ordinary list                 
was the best way of tackling the dataset as many other methods made it too complex and                 
difficult to navigate in such a way to complete set out tasks in a quick and efficient manner.                  
Coming to this realization was difficult to process as it goes against how us as scientists                
want visualization systems to work but ultimately proved to be the best affordance in terms               
of user satisfaction. The feedback received from testing different structures such as a tree              
ultimately made it too confusing. The conclusion that could be drawn from this realization              
however would be that sometimes the most simple approach is what works best - especially               
when taking the intended target audience and users into consideration. This list in theory did               
however consist of over 3000 entries where generally only recent entries were of interest as               
those are ‘active’ batches. In terms of comparisons however, a list can be made very               
complex through the use of operations and this was done to great success with the partial                
test data that was used in testing. User feedback said that through the use of sorting and                 
reordering the list they were able to analyze batches and compare different parameters in a               
much more efficient manner. A way to improve this further would be to allow the user to,                 
once a certain number of batches have been collected, to visualize all their parameters and               
use visualizations to define them. Having these logs stored and possessing the capability as              
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well as browsability for previous ‘mistakes’ or ‘successes’ is an excellent way to make it               
more approachable and applicable task execution wise which was proven through extensive            
testing.  
 
One big difficulty in creating a visualization system together with the domain specific experts              
that became clearly fairly early on is balancing the needs of the target user while also                
factoring in your own expertise within the subject. What this means is that the intended               
outcome that in theory works from the visualization experts perspective may not be             
something that’s feasible or even usable when put in practice, especially for a domain              
specific set of data. There has got to be a fine balance between what worked in the past and                   
how one can improve that system while not altering the core too much. As previously               
mentioned, the brew system put in place and which data was partially used as testing               
purposes for this project had over 3000 batches brewed over the course of approximately              
two years. This means the principal brewers are used to the system already in place, have to                 
use it daily and most likely that this is the case at all other breweries who use similar system.                   
Feedback received early on in the collaboration process was that the adaptation to a              
visualization system was difficult. However over time as the users were exposed to more              
visualizations as well as getting familiar with specific operations they adapted and saw huge              
potential.  
 
There needs to be familiarity but also modernization that reflects the information visualization             
components that are known to be revolutionizing. Asking a user to adapt to these and               
teaching them to use the system efficiently is the difficult part when time is of the essence                 
and thus creating a system with good affordance is vital. With this in mind and relating back                 
to the original research question it’s clear that a limitation of the visualization tool (and other                
tools in general) when attempting to create a tool with the power to inform is how it is used                   
without giving explicit instructions. This also poses problems when attempting to create a             
general purpose solution that works for all breweries without giving the people proper             
training beforehand in how to use the system to its max potential. The problem with this                
domain specific instrument is that it needs to be complex in order to solve the tasks required.                 
If a user for example wants to analyze fermentation data over a number of batches they                
need to be able to select the multivariate variables they need and select the appropriate               
structure or operation that allows them to solve the task set out. Knowing this from the start                 
proved to be difficult for the users.  
  
The issue of creating a multipurpose and universal tool that requires zero instructions prior to               
use became clear when discussions were had in regards to how said tool would work for                
multiple breweries. To summarize the discussion it all came down to that everyone works in               
different ways. The original intent was for the tool to be specifically created for a multitude of                 
different breweries with different needs, measuring styles, equipment, data etc… which           
when all parts are taken into consideration and supported in one system only creates              
something cluttered and perhaps even unfunctional. There are no standards as to what to              
measure nor are there any easy ways to pipeline data into a visualization database without               
prior formatting and data scrubbing. One brewery may measure one variable which they find              
to be of key importance while another may measure something completely different. The tool              
with similar tasks was tested with brewers from two different breweries were the first was the                
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primary target. Already there it was clear that the discrepancies between the two’s needs              
became a limiting factor in the usability of the tool and the way it was designed. The                 
questions that arise with this are such as should the system include everything for everyone               
or how does one best create a balance as to only include that which is considered                
‘necessary’. This can also then become a domain specific question which would need to be               
analyzed by a food scientist analyzing the most critical needs and thus goes beyond the               
scope of this project and unfortunately there is no previous research specifically on just that               
besides specific articles on fermentation.  
  
In the earlier parts of this thesis there was a discussion in regards to specific variables that                 
could be controlled and measured. What became clear throughout the creation process was             
that visualizing all of these are not always possible nor is it effective in terms of task solving.                  
First there is the discussion of quality visualizations. How does one visualize the quality of a                
grain? How does one visualize the choice of hops and comparing it to others? There needs                
to be qualitative and quantitative analysis as well as discrepancies in objectiveness and             
subjectiveness in regards to these conclusions. One beer may taste like the perfect thing to               
one person while it may be the worst thing someone else has ever tasted. The problems we                 
face here are – how do you determine the quality when all you have is data? The way this                   
was compromised in this tool was a comment system where brewer comments were             
displayed for each batch or recipe noting the qualitative values. Combining qualitative data             
such as user feedback (which is available) however proved to be beyond the scope of this                
project as there was a high cost in order to get access to said API. This however would have                   
opened up another very interesting view into how batch comparisons to user feedback             
changes over time. This would allow brewers for example to resort back and track their               
ingredients to see what was successful or not - similarly to how wine have ‘good harvest’                
years.  
  

5.2 Impact of Co-creation and User Studies 
Undertaking the process proposed by Shneiderman and Kveladze proved to be fairly            
successful! Performing the initial preparation and field study based on their recommendation            
was definitely proved to be effective but it is clear that in order for such an undertaking to be                   
successful more time and better prepared personnel would be required. There is also a              
significant need for the process to be thoroughly adapted to the domain specific situation.              
The full commitment from the partners involved is essential as this is the only way to create a                  
product that is useful. The resource limitation faced for the undertaking of this project given               
the initial conditions were too restricted and to prioritize different areas became fairly difficult.              
The collaborators however appreciated the proposed structure as to how the project was             
going to be created and agrees that it was relatively successful when adapted to our               
purpose.  
 
It is clear that the co-creation process were impactful, however, as the feedback received              
from the partners was fairly limited more may need to be done in order to create an                 
affirmative conclusion. Despite this however, the users who had been together in the design              
process since start were able to complete the designed tasks to a high degree. When users                
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from other breweries who had no prior experience with the system were to test it and solve                 
the same tasks they had more difficulty as shown in the results section. This, as previously                
mentioned, causes issues if there were eventually to be a general purpose approach to said               
problem and where brewers who use it are not part of the design process. The visual                
structures can appear intimidating and using the in the correct way is, at times, not as                
intuitive as it should be despite there being brewer collaboration throughout the entire             
creation process. In order for the project to be more authentic in it’s methodological              
approach a more thorough and organized commitment from explicit domain specific partners            
should be the appropriate method of approach. This not only ensures that both partners fully               
understand the intentions of the project but also are always on the same page throughout               
the entire process. 
 
The final user study proved to be the most important as it was the telltale session to see                  
whether or not tasks could be completed and whether or not things were missing. The               
primary feedback was that the system had a lot of potential and were it to be further                 
developed it could be something that can be used in production to great efficiency. Users at                
the final session were able to sufficiently complete the task set out for them except for the                 
final one and had an overall positive attitude towards the tool. This in collaboration with the                
feedback received from the post-mortem questions is good enough for the research question             
to be answered to a sufficient extent as it does indeed show that the use of visualization                 
tools can indeed aid brewers in their tasks as well as enhance their cognition of data. 
 
Throughout the co-creation process the collaborators were critical in deciding what type of             
functions were present in the visualization and were open to any new ideas presented. An               
example of something they were adamant about having was the ability to browse previous              
comments made in regards to the brew. This meant displaying changes to the brew over               
time. Interestingly enough when the people who had not been a part of the co-creation               
process were presented with this part of the project they questioned it’s prevalent existence.  
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6 Conclusion/Future Work 
As was briefly mentioned in the discussion, in order to make the best visualization system               
designed specifically for the brewing industry there needs to be more research done into the               
specifics of what the requirements are and then a thorough scientific study into this particular               
area. However given the dataset that was available, the project was more or less a success.                
While visualization systems take time to adapt to for a person who is unfamiliar with their                
capabilities, they can indeed help brewers be informed in tasks such as measuring             
reproducibility of results in brewing, fermentation management or overview control. More           
than anything it provided a better production flow system for the brewers which ultimately              
would enhance efficiency within production and beer creation. Following specific frameworks           
and benchmarks for not only visualization creation but also evaluation does work to some              
extent given the domain experts commitment is at an appropriate level. The frameworks are              
essentially previously known formulas that are known to work, but ultimately will always need              
specific adaptations for the dataset provided. 
 
It is clear and as many others have previously stated as previously stated, the visualization               
problems that arise when designing a specific system are immense and there is not one               
good adaptation for any one problem. What makes it successful however is indeed             
collaborating with the partners who request the adaptation and ensuring that it follows their              
specification and that they’re able to perform the intended user tasks. If one provides a               
system that may very well look fancy and be technically advanced but the intended users               
don’t use the right way the system becomes worse than just having a normal spreadsheet               
data approach that already exists.  
  
There is lots that can be done for this project in the future as to not only enhance it’s                   
research potential for industrialized visualization systems but also to converting into a            
business opportunity. Having a proper and designated database system that is designed for             
the specific purpose of visualizations would be the best way to approach this problem as it                
would allow for much more time on visualization exploration. This way a system can be               
designed so that it allows for raw data input, sorting and storing while also seamlessly is able                 
to display said information. Specifically for this thesis this was out of the scope of the project                 
however. This would also allow for the use of other programming languages beyond             
Javascript for data structuring, storage and accessing. Having a complete backend system            
that supports more frontend action is what would allow for the optimal intended outcome. 
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