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Abstract 
Gathering statistics in sports is a tool to provide useful information to different parties such as 
trainers, club executives and spectators. They have in some instances also become mandatory 
as a part of a national association. In order to provide a digital tool to improve the gathering for 
one such club, a web-based prototype was developed. This prototype was based on 
specifications outlined by an ice hockey club in the Swedish Allsvenskan division and on 
previous research on mobile devices. It was tested in two iterations. The result of the tests 
indicates that a digital, platform independent software not only helps greatly reduce the 
workload but also provides new abilities and benefits for the clubs. 

 
Keywords: sports, statistics, touch-screen, collaborative, synchronous, input, mobile. 
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1 Introduction 

1.1 Background 

Gathering statistics in sports is a tool to provide useful information to different parties 

such as trainers, club executives and spectators. It has in some instances also become 

mandatory because of a national association rule. 

Swedish ice hockey clubs that play in the three highest divisions are currently required 

to gather a varying amount of statistical data for the national ice hockey association. 

The statistics include team rosters at the start of the game as well as any significant 

event during the game. The data is gathered on a centralized server after the 

completion of the game, but the process of gathering it is up to each individual club. 

Currently, at least one club, Karlskrona Hockeyklubb (KHK), solves this problem by 

having volunteers in the stands take notes on paper and deliver their notes to the 

secretariat in between the periods of play. From there, the information is both written 

by hand into a protocol but is also input into the centralised database from a laptop. 

In contrast, systems in place in large scale events such as the NHL or the Premier 

League use much more sophisticated technology. Such systems can include computer 

chips implanted in player equipment and several cameras for real time 3d rendering of 

the game.  

1.1.1 Already existing services 

A kind of software exists nationally with the Hegogroup’s application and 

internationally in STATS and Deltatre. The benefits of these systems are that they offer 

connectivity to a third party, such as a TV-channel or a website for sports news. It also 

supports the generation of television graphics overlays in order to present such data 

on screen. 

The biggest strength of these services is their ability to integrate real time 3D into a 

camera recording. This enables the software to track player movement and enables on 

screen overlays showing positions or statistics. The systems also require specific 

hardware and considerable space on site to be able to deliver these functionalities. 

These solutions are tailored for both spectators as the end consumer and for the 

organisations as an administrative tool. There are two common features for each of 

these products that make them poorly suited for the solution in the case of KHK. First 

of all they are tailored for large-scale events, such as international events or the 

various American leagues NHL, NFL and similar. These events have the resources to 

operate a much more complex system. Secondly, the software is designed around 

stationary PCs and use of cameras where the users would otherwise not be able to 

maintain vision. There are no such facilities or hardware available to KHK. 
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The company Noldus provides a different kind of software in the form of The Observer 

XT. This application allows for observation of a video recording where events can be 

logged on the timeline for the video. The benefit of such an application is that it can be 

setup to track any kind of event or activity, not just pre-defined ones. It also allows for 

rewinding to confirm data entry, which is not a possibility for a live game. The 

drawback of such as system is that the data requires large amounts of video recording 

and cannot be done live. 

1.2 Purpose 

One could argue that all sports played gather statistics in the form of number of scored 

goals per game played. Specifically, the more detailed gathering of statistics begins 

once a team reaches division 1. The responsibilities then increase in the Allsvenskan 

division and the Elitserien. KHK was at the start of this thesis in division 1. They had the 

responsibilities of tracking; shots on goal for each team, all players on the ice at the 

time of a goal and the winner and loser of each faceoff. Since then, the team has 

advanced to Allsvenskan and is now also required to track the position of the shots on 

goal as well as an estimate of the time on the ice for each player in both teams. 

As of today, the clubs are already handling their obligations manually and as such, the 

data provided is considered good enough. The resulting statistical information is 

already there, what is not there is a digital user interface to better facilitate the 

gathering of it. 

It is important to recognise what the already existing systems can do but also what 

their limitations are. Because they are large and expensive in comparison, there are 

clubs that will not have the ability to use them at all. Because of this fact, there is a 

need for a simpler and smaller solution that does a similar kind of work. 

The scope of this prototype will not include the functionalities provided by these 

existing services. They are also not considered vital for the requirements set by the Ice 

hockey association, but rather a possible further development of the statistics 

gathering process. 

1.3 Hypothesis 

Today, the statistics are gathered with pen and paper and digitised as a second part in 

the chain. Because hockey clubs are non-profit organizations, their ability to develop a 

digital system for this kind of work is limited and the existing solutions are too 

expensive. 

At a glance, it appears as if there is room for a much smaller and less complex digital 

system for these clubs. This system should then strive towards being lightweight and 

easy to use in order to reduce the cost of maintenance for the clubs. The existing 

systems mentioned in the introduction, lie outside the budgets of the less international 
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clubs and teams. Even the size of the arena provides a hindrance for a smaller team 

such as KHK. 

Recording these statistics live is preferred for two reasons. Primarily because the 

statistics can then be accessed live by coaches and spectators. For large-scale events, 

this includes data to be displayed on screen for television or to be updated on websites 

for telephone applications.  

Secondarily, if there is no existing camera team, the clubs will need to dedicate several 

seats for recording video from all angles. This increases both the workload for the club 

and demands specific knowledge of such hardware. Gathering statistics from recorded 

video does provide the ability to double check all input, which is a drawback with the 

current system. 

Regardless of what the data is currently being used for, there are several ways to use 

statistical data for research. In order to ensure that the solution is future proof, any 

data gathered needs to be as complete as possible in order to facilitate for analysis. 

This might include adding additional elements of data to the gathering requirements. 

Data that the KHK and the Ice Hockey Association themselves do not express a need 

for. 

1.4 Research Question 

How can Information and Communications Technology be used in the development of 

a prototype for assisting in the collection of statistical data from hockey games? 

1.5 Restrictions 

Different software and hardware platforms have different functionality and 

performance. There is likely a single device that offers better performance than others 

in terms of speed or reliability of the OS/Hardware. However, it is considered more 

important that the prototype is flexible enough to work on multiple platforms than to 

find which one is more effective. 

Two areas that may cause issues for any mobile device are networking connectivity 

and security. In this thesis, the predisposition is that an ice hockey arena should be 

capable of maintaining a Wi-Fi network and it should be operational to the point 

where it becomes a trivial matter for the prototype. For a commercial product, security 

is an important matter, but in the development it has been considered outside of the 

scope of the prototype. 

Ice hockey is only one of several team sports that collect statistics during the games. A 

good prototype should be entirely possible to retrofit with the functionality needed by 

other sports. This is also considered outside the scope of the prototype. 

From the perspective of coaches and hockey clubs themselves, the access to statistics 

is considered a very important tool. The further development of ways to visualize data 
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in this kind of web application is considered a significant benefit. Web services such as 

Google Charts will allow for such development to happen without modifying the 

existing interface. This kind of service is considered a separate functionality to the 

subject in this thesis and will not be included. 

1.6 Disposition 

This thesis has been constructed in the following way; chapter 2 introduces the 

theoretical background, chapter 3 presents the methodology used for development 

and testing of the prototype, chapter 4 then summarises the results and contains an 

analysis of said results. Finally, chapter 5 will provide a discussion of the results and 

implications for future work. 

In the appendix A is a transcription of the interview carried out with KHK, Appendix B 

lists the instructions given to the users during the second test, Appendix C and D 

contains transcriptions of the interviews from the first and second test respectively. In 

appendix E are larger versions of the images presented in the results chapter. 

2 Theory 

2.1 Hardware platform requirements 

According to Collazos et al., selecting a mobile hardware platform should be done 

primarily with the user’s environment in mind, not the actual performance of the 

hardware (Collazos et al., 2006). In this context, the environment for the user is the 

arena during a live game. The factors that are important in this thesis would be; that 

the activity is not mobile, that the location is in a somewhat cramped seat with no flat 

surface for electronics and that the internet connection is possibly competing with 

thousands of other mobile devices over Wi-Fi. 

Smartphones and tablets have limited real estate simply because of their size and 

therefore require specific design (Luca, 2010). The two devices available to the project 

were an HTC Desire HD and an iPad2. These devices have a 3.4” and 9.7” touch screen 

displays respectively. The options for a specific design for two different devices would 

then be to either make two separate designs or one design capable of adapting to 

varying display sizes. 

In a series of tests performed by Curvoisier et al. laptops were found superior to 

Personal Digital Assistants (PDA) for data entry (Curvoisier et al., 2009). However, in 

2009 when these tests were performed, the PDA in question did not have a modern 

touch screen, but rather one where a stylus was used for input. 
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2.2 Software environment requirements 

An application that is cross platform will have greater appeal to users with mixed types 

of existing hardware. However, Charland and Leroux speak of an increased workload 

associated with development of native applications for such hardware (Charland & 

Leroux, 2011). 

Because a web based application is capable of running on any device, it is possible to 

develop a prototype that is adaptable for what hardware is available to KHK and for 

other clubs. Even if the prototype is explicitly designed for tablets, different brands 

carry different operating systems and as such would require individually unique native 

applications. 

There are drawbacks of web-based applications however. First and foremost, cross-

platform development will have to run on multiple platforms and hence requires more 

testing for stability. The benefit of HTML5 as a development environment is that the 

users don't need specific software. That is at least the ideology behind it. 

The second drawback is that web-based applications are slower than native 

applications (Charland & Leroux, 2011). Whether or not this speed is necessary is an 

important question and it needs to be answered in testing. 

Taivalsaari and Mikkonen maintains that the reason that native applications have 

become more popular is because it is easier for companies to develop an application 

sold at a pre-existing vendor, such as Google Play or the App Store (Taivalsaari & 

Mikkonen, 2011). Because the prototype is not going to be a product available at such 

a vendor, this aspect can be considered irrelevant. 

2.3 Interface dimensions and scaling 

Users have to use their fingertips to interact with a touch screen interface; the fingers 

themselves will lack the precision of a mouse pointer due to the surface area of the 

fingertip. They will also obscure the view for the user. In order to retain high speed and 

accuracy in user input, the interface must be designed specifically for touch screens in 

order to avoid text input (Bartram et.al., 2000, p. 713). 

According to Bederson, the recommended size of an element for a touch screen device 

is 9.2 - 9.6 mm. The tests then performed showed that not only is there an acceptable 

error rate at this size but also that the error rate does not significantly decrease as the 

interface elements become larger than 9.6 mm. For 95% accuracy, 9.1mm x 8.9mm 

was found to be the smallest value. Because data input needs to be as accurate as 

possible, 9.6 mm is considered the optimal size for such an element (Bederson, 2006). 

Pixel density of the display dictates how many pixels are needed to measure 9.6 mm. 

and that varies from device to device. An iPad 2 tablet has a pixel density of 132 pixels 

per inch. An element of the size 50 pixels will be close to the 9.6 mm recommendation 

on an iPad. The HTC Desire HD however, has a pixel density of 217 pixels per inch and 
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the iPhone 5 is 326 pixels per inch which means that an element needs to be 82 and 

123 pixels respectively to match the 9.6 mm size. 

 
Despite the claims made by Apple that their Retina display has reached the limit for 

what the human eye can detect, Hisatake et al. shows in their research that up to 500 

pixels per inch provided an improvement for the human eye. Until at least such a 

density is reached, displays are likely going to vary in density (Hisatake et al. , 2012). 

In order to provide the same scale of interface for both devices, a web application 

would need one unique set of elements for each pixel density that is supported. 

Alternatively, since a larger element is not worse than one of the minimum size, you 

could design for a high pixel density display and as a result have larger buttons on 

other displays. 

Smartphones can scale smaller images which leads to larger elements physically but 

the resolution of those images are smaller. Creating several sets of images for each 

type of pixel density is an option. This will however create an exponentially increasing 

workload as the number of supported densities increase. It is also not a general-

purpose solution, but rather one tailored for specific devices. 

Using buttons and other HTML elements instead of images will help resolve this issue, 

since they can be scaled differently from images. 

2.4 Input methods 

Curvoisier et al. tested numerical input on handheld devices and found it 

comparatively worse than similar input on a laptop computer (Curvoisier et al., 2009). 

Especially for PDA’s and Smartphones, using form input will significantly decrease your 

performance. Many tests with touch screen use have yielded poor results and have 

been generally avoided (Lee, 2010; Curvoisier et al, 2009; Albinsson & Zhai, 2003). All 

of these tests included text input of some sort. 

An application that is deliberately being built without any text input, or at least 

minimum amounts of it would then circumvent these issues. You could replace every 

need to specify a number or a name with a simple set of buttons. The two important 

values for user input are speed and accuracy. If the buttons are big enough, these 

values should both be high enough as well. 

The only type of input from KHK users should be in the form of button presses. With 

players and possible events already known, the interface can entirely avoid forms or 

keyboard input. 
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2.5 Synchronicity 

When multiple users are inputting data into a single event, there are many ways in 

which the data can become corrupted due to disparities between the users. 

Double entry: 
Two users input the same event but with varying speeds, resulting in two separate 

entries with different timestamps. This can be avoided by simply separating the tasks 

that different users have. If only one person at any given time will handle a certain 

input, double entries are not problematic. 

However, without overlapping roles, the system becomes dependent on all users to be 

active at all time. This is already the case for the analogue solution currently employed 

but might be a possible improvement for future use. 

Entries in incorrect order:  
One user inputs an event such as a goal. Another user then inputs an event that 

changes the line-up. However, the line-up changed before the goal, resulting in having 

the goal listed with the wrong players currently playing. In some ways, this is also an 

issue caused by one user being dependent on the input of other users. One solution 

would be to detect when an entry is being made and lock the assets in the system for 

other users until the entry is completed. 

Entry with changing dependency: 
One user inputs a faulty entry and this entry is then edited at a later point, all entries in 

between these two times may have a dependency on that entry. The only types of 

data that can be affected by this are player substitutions and timekeeping. 

Substitutions can simply be reversed to undo such a mistake but an event entered into 

the database would have to be manually corrected if discovered to be inaccurate. 

Timekeeping is already handled by the person responsible for operating the 

scoreboard in the arena. Preferably, the two timers should be synchronised in some 

way. 

The overarching problem with synchronicity is that at any given time, one user is 

dependent on another user’s data to be correct. Then again, that is entirely the 

responsibilities these users have. If their data input is slow or inconsistent, it can either 

be because of the system, but also because of the user. With no recorded accuracy 

rates for the current statistics gathering, it is difficult to draw conclusions whether it 

is the accuracy of the prototype or the user that is failing.  

2.6 Analysis of data and T-patterns 

Camerino et al. has committed research on statistics in sports such as football. The 

result has shown that conclusions can be made from statistics gathered. Simple data, 

such as a counter for how many times each event has occurred is not considered 

complete without spatial and temporal components. In other words, only by knowing 
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the time and place for the event can you generate a T-pattern. A T-pattern is a tree 

structure of a sequence of events. This sequence repeats itself in several places during 

a game. The events need to occur in a specific order for the pattern to be recognised. 

They do not necessarily happen completely back to back, but could have other events 

randomly occur while the T-pattern takes place, which makes analysis by regular 

means difficult (Camerino et al., 2011).  

The idea that spatial and temporal information is important is a well-established 

concept, as expressed by D.J Delprato on the findings of Bakeman and Gottman in 

their book Observing Interaction: An Introduction to Sequential Analysis:  

[integration of behavior analysis and field] led Schoenfeld to make some distinctive 
suggestions that are best addressed with sequential and related methodologies,for 
instance: (a) more consideration should be given to the continuity of behavior, (b) the 
response is better treated as extended spatially and temporally instead of as a punctate 
event, and (c) the need for multiple-event measurement. (Delprato, 1987) 

     
While time and position for an event is not a part of the requested information that a 

club needs to gather, it holds importance for analysis of the data. Without it, 

commonly used methods for analysis will not be possible. 

The spatial and temporal data that can be gathered by already existing services are 

perhaps the biggest differences in quality of the data compared to the current system 

for smaller clubs. With detailed knowledge of time and place it is possible to use much 

more complex analysis that would otherwise not be accessible. 

3 Method 
The first part of the method is an interview with a representative from the KHK hockey 

club, where the details of their statistics gathering assignment were outlined. 

A picture-based prototype was brought to the interview. This prototype was formed as 

an initial solution for the problem, based on the literature study presented in the 

previous section. Parts of the interview included attending a hockey arena and seeing 

the hardware and protocol used by the staff. 

Based on this information, a list of specifications was created. The digital prototype 

was updated from the original picture version based on this list. This prototype was 

then tested on a small group of users for general usability. The feedback resulted in a 

second generation of this prototype, Prototype 2, which was then tested with the 

users again. This second test was considerably more specific to the task of statistical 

data collection. The prototype was then updated based on the feedback of the users 

into the final version, Prototype 3. 

There were four types of hardware devices available for development; ipad2, HTC 

Desire HD and stationary computers of Mac or PC type. 
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3.1 Prototype 1 

Based on the hypothesis for this thesis, it would be preferable if all clubs would use a 

single type of hardware and only that. This hardware could then be carefully selected 

entirely for statistics collection. However, many clubs are small and do not have 

resources to spend on such hardware. It will become problematic for them if they 

cannot use previously purchased devices such as telephones or laptops for at least a 

part of their work. 

Additionally, the majority of cell phones today have smartphone capabilities in Wi-Fi, 

touch screen and web browsing. It is probable that the individuals in the staff of a 

smaller ice hockey club already have personal hardware that is capable of fulfilling 

their needs. With this in mind, the solution that is most cost effective for the clubs 

would be one that can be run on any device. 

The first prototype was a product of the hypothesis and was visualised as a series of 

static images brought to the interview with KHK representative. These images were 

created in Photoshop and presented in the form of a PowerPoint document. After the 

questions were answered, the interviewee looked at the images and gave initial 

thoughts. The feedback given was positive but not specific as to why. Considering 

there is no similar software available, the interviewee had no reference and no prior 

experience to speak from. 

The initial interface intended to fit all information onto a single screen for one user. 

Primarily, the first prototype looked this way simply because all interface elements 

were assembled onto a single image. This would also turn out to appeal to the 

expressed concern from the interview. The club wanted each user to be able to take 

over any task in case one of their hardware would malfunction. 

Each team has a box with their team roster and a column of buttons, each button 

representing an event that would be given to the team. These two parts are 

considered separate interface elements team roster and eventlist. 

In order to make this possible, popup windows would be needed displaying the 

otherwise obscured information. Each popup would contain different options 

depending on what the current activity is. The window in image 3.2.2 shows the 

selection of different types of penalties. This would lead to each event in the event list 

having a sequence of selections from various popup windows. 

The centre column aggregates all gathered statistics in a list and allows for editing. This 

element is called the game summary. 
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(3.1.1 Image of general interface for first prototype.)

 
(3.1.2 Showing intended window popup over interface.) 

 

3.2 Interview 

The first iteration of the prototype was a series of pictures of an early prototype shown 

in an interview with the manager of statistics gathering at KHK. The interview took 

place in March of 2012 at the Telenor Arena in Karlskrona. 

The interview carried on to describe the current workflow of KHK and the different 

problems they had encountered when adjusting for their new responsibilities. The 

result of this interview then became the basis for the first prototype requirements 

(Appendix A: Interview). 

3.3 List of requirements 

Presented below is a list of the various requirements needed from the prototype to 

live up to the KHK’s demands as well as adhere to the theory previously mentioned in 

section 2. 
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 Start-up 

o Create new game: 

 Admin creates new game, select name, date and home court 

(location) 

 Admin imports 2 rosters. Home team and away team. 

 Admin adds users for data entry 

 Admin assigns each user to certain roles 
o Data entry of team rosters. All info should be from the team roster 

database and require no further input. 
o   Multiple users. Each connecting to the application, dividing 

responsibilities. 
o  Start / stop of game time. Each data entry on its own is valid without a 

timestamp, they are generated in a certain order either way. With it 

however, the data can be used for T-pattern analysis. Game time needs to 

correspond with actual game time. 

  Runtime 

o  Crash prevention (net failure, application failure). Even if the hardware 

itself crashes, the data should not be lost. Nor should the data collection 

depend on an Internet connection. 
o  No forms/keyboard entry beyond start-up. Touch screens are not good 

with text input, so the entire interface benefits from being a fixed 

sequence of buttons rather than data entry directly. 
o  Touch screen specific interface. Interface elements needs to be a certain 

size and the functionality can be adapted to gestures and similar for touch 

screens. 
o  Interconnectivity. Users need to be updated on the actions of the other 

users and the system must be up to date at all times. 
o  Automatic synchronization. Data entry should never be able to be faulty 

because of the system. 
o  Runtime editing. The ability to rectify mistakes inside the prototype. 
o  Background code to track user behaviour. This way you can measure 

objectively the usage of the prototype. 

 Post-game functions 

o End game. No more data entry beyond this point, only editing.  Admin 

ends game 
o Users confirm their own input 
o Game is assembled into report and presented 
o Presentation of data. Various different graphs, tables and summaries can 

be presented; there is a pre-existing template for the analogue version. 
o  Some degree of adaptability for other sports 

 Ice hockey statistics to measure 

o Current players on the ice for both teams during goals 
o  time on ice for all players 
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o Current time and period. This is the temporal information. 
o  Face offs winner and loser 
o Shot on goal with estimated position of shot 
o Possible other functions 

 Total ice time per player 

 Offside 

 Icings 

 Timeouts 

 Penalties 

 Puck possession and position. This represents the spatial 

information required for T-patterns.  

 Tackles 

3.4 Limitations on prototype 1 

One possible improvement necessary can be to synchronize the observer’s interface 

with the official game clock. This clock is the one shown on the scoreboard normally 

placed on the wall in the arena and operated from the secretariat. However, this 

match clock is a separate hardware of an older model that is not connected to any 

digital network. Because of the difficulty of integrating this hardware it was decided 

that a separate game timer inside the prototype would be sufficient. 

You could also connect the data collection from the web application directly to the 

Swedish hockey associations own servers instead of the temporary ones set up for the 

testing. This is considered trivial and will still need to be redone if the prototype were 

to become used commercially. 

Crashing software or hardware can lead to problems with data consistency and 

obviously to lack of data input from the user that experiences the crash. However, 

since the data is stored on a central server in real time, this is considered an issue with 

the hardware itself and not the prototype. 

The prototype does not handle every possible event correctly. For example, players 

currently in the penalty booth will still be considered on the ice if there is a goal. While 

this would be important to a commercial product, such limitations are not considered 

harmful to the prototype. These are issues that can be solved by further work on the 

prototype and require no change in the basic functionality itself. 

3.5 Prototype 2 

Prototype 2 is a functional web-based application written in JavaScript. The webserver 

is built on the Node.js and Express frameworks and it maintains a connection with the 

client browser through a library called socket.io. 
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A functional prototype is necessary in order to test multiple users simultaneously and 

also allows for automatic data collection. 

The changes made to the prototype from version 1 to 2 are changes based on the list 

of specifications generated from the interview and the theory. Many changes were 

made when it was discovered that the original idea would be impractical in reality. 

3.5.1 Changes from previous version 

The single view was discarded because the amount of necessary information did not fit 

on a small device such as a telephone. Instead, four views were created, each a part of 

the key elements identified in the first version. The summary, the event list and the 

team roster each were designated their own full screen view. Additionally, the list of 

events in the summary was moved from the summary to its own view, the log. 

The summary remains unchanged with the exception of additional information now 

being displayed as well. In the version used for testing, this view also contained a 

button for starting and stopping a timer, in order to match the actual game timer. 

The event list was changed in two ways. First of all it no longer pops up a new window 

since that generated difficulties on mobile devices as well as difficulties with 

positioning of the new window. Also, the new version contains a total of eight events, 

all of the ones included in the list of specifications apart from tackles. 

The team roster now separates players on the ice from players on the bench. This 

serves two purposes. First of all in order for the software to track the ice time for each 

individual player and also in order for the event list to display fewer players. When 

selecting a player you would previously have to find one from the entire roster, which 

can be as many as 30 players. Instead you would now only select between a total of 

six. 

The players were initially moved by using drag-and-drop functionality but when testing 

it on multiple browsers this technique did not work correctly. It was replaced with 

simple buttons where two players would be swapped if you pressed both of them in 

succession. 

The log view allows the items to become large enough to be distinguishable on small 

displays. With edit functionality, it is now possible to rectify mistakes during runtime. 

Two important changes were to use a centralised version of the game one the 

webserver as well as users not having overlapping tasks. Because of these two things, 

synchronicity was considered a non-issue and hence it was removed from the 

specification. 
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(3.5.1 View of summary, with additional game information)

 
(3.5.2 View of event list where each button represents a sequence of different buttons for choices.)

 
 
(3.5.3 View of team roster with bench players on the left and active players on the right.) 
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(3.5.4 View of event log with type, team and player as well as an edit button.) 

3.6 First test 

Four user tests should statistically detect 79% of the problems, according to the tests 

carried out by Landauer and Nielsen (1993). On his website, Nielsen elaborates on 

their findings by stating that according to the formula N (1-(1- L ) n ), where N is the 

number of problems in the design of a prototype and L is the amount of usability 

problems that a single user will uncover. Nielsen maintains that the typical value of L is 

31%. As the number of users increase, the amount of errors found should statistically 

be approaching 100%.  However, the amount of new information that each additional 

user provides diminishes as there is more and more overlap with previous users. The 

author claims that at five users, the diminishing returns outweigh the benefits of the 

increased amount of problems found (Nielsen, 2000). 

In order to discover close to all of the existing problems, testing should preferably be 

done with at least 15 users in total. However, it is better to divide these 15 users into 

several iterations of tests, each iteration can then be improved upon in between tests. 

This means that the preferable testing behaviour would be three iterations of five 

users each according to Nielsen (2000). With the current group being 4 users per 

iteration, a total of four iterations should provide a reliable empirical background. 

The first test was carried out with four students at the Linnaeus University. The users 

were ages 23 to 27, three male and one female. The test was carried out at a 

stationary Mac. The test did not include any mobile device for comparison with the 

Mac. The test users did not have any prior experience with the collection of statistics 

and the purpose of the test was to see if the interface was functional to any user. Not 

just users with a specific predisposition, such as the ones that already work with KHK. 

The first test was a series of simple instructions handed to the user one at the time to 

see how the interface performed. After the test, each participant was asked to 

evaluate each view individually in an interview (Appendix C First test interview). 
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Each user was filmed in order to observe their behaviour and this video was then cross 

referenced with the answers each user gave in the interview. 

The list of instructions was the following: 

1. Start the match by starting the game timer. 

2.  Add a penalty 

3. Stop the timer, remove the penalty from the log 

4. Start timer and add a goal but stop the event sequence before you are finished 

5. Add a pass, shot and icing back to back 

6. Edit the details of the icing in the log 

7. Substitute a line-up 
8. Add a goal with one assist 

These tasks require the user to navigate the different views and use each one 

respectively. The event sequence is started and then both aborted and finished on 

different occasions, the players are substituted in the roster and the events in the log 

are both edited and deleted. 

3.6.1 Updated List of Specifications 

During the development and testing a few things were deemed obsolete on 

unimportant, resulting in a modified list of specifications. The points in the list that 

were removed are as follows: 

 Start-up 

o Create new game: 

 Removed: Admin imports 2 rosters. Due to time constrains 

  Runtime 

o  Removed:  Crash prevention (net failure, application failure). Because the 

information is stored globally on a server, this point is not needed. 

 Post-game functions 

o Removed (all) due to time constrains. 

 Possible Other Functions 
o Removed due to time constrains: Puck possession and position. This 

represents the spatial information required for T-patterns.  

3.8 Prototype 3 

All changes made to the final prototype were based on the feedback of the users in the 

first test. The filter for the log was supposed to be in the second version already but 

because of lack of time it was not. 

All player names use a larger font for easier recognition and the menu for all views was 

changed to include the actual views rather than arrows for navigation. 
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The event list was perceived as too abstract during the first test, and a column was 

added in order to solve this. The column tracked the current event sequence and also 

listed the most recent entries. 

The task of swapping an entire line-up is a common occurrence in a hockey game and 

the users in the first test experience this as laborious and time consuming. To remedy 

this, the team roster was given a specific button for every line-up to enable the user to 

swap the whole line-up at once. 

In order to make the log more readable to the user and to make it easier to quickly 

delete an item, the graphical layout was changed. Finding the relevant entry in the log 

is also faster because of the ability to filter events. 

 

 
(3.7.1 New event list with current event progress and last entered events in right column. Also showing 
player selection part of event sequence. Images available in full size in Appendix E.) 

 
(3.7.2 New team roster with whole line-up substitution.) 



Page 22 of 45 

 

 
(3.7.3 New log with icons and delete functionality as well as filter options) 

3.9 Second test 

The second test was carried out with the same group of people, but due to their 

limited exposure and the fact that many parts of the interface was changed from the 

last test, they are still considered first time users. In this test, all four users take part in 

a simultaneous activity. The activity is a simulated ice hockey game where different 

events take place one after each other.  The users were then interviewed with 

questions regarding the hardware, the interface and their experience with the task 

itself (Appendix D: Second test interview). Because of the synchronous nature of the 

test, the prototype requires four users to operate it at the same time. Removing one 

user will cripple the process completely and there is currently no way to add users 

beyond the first four. 

The application itself is a statistics-gathering tool, which means that the test data is 

already gathered in a database during runtime. By simply viewing the contents of the 

database, you can then compile the data. 

The test leader declared vocally that an event had taken place, from a list of events 

(Appendix B), and the users would then have to act according to this information. In a 

real scenario, this confirmation of a new event is visual rather than auditory which may 

cause the test to wrongfully emulate the process of gathering information by the user 

from the game. It should not affect the process of inputting that information from the 

user into the device however. As long as the user hears or sees the correct 

information, all the error margins that should remain are errors of physical input into 

the device and processing the information in the system. 

This test was designed to measure three things. Firstly how well the collaboration 

worked between users without allowing them to directly communicate with each 

other. Secondly how fast and how accurate the user input was and lastly if the 

simulation of the game itself was in control during the activity. If the game timer and 

database somehow fails to run correctly, all the input will be false and thus it will 

invalidate the entire test. 
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Each user has specific responsibilities, each using a single view. One user played the 

part of the timekeeper in the secretariat that starts and stops the game clock. One 

user was responsible for inputting the events in the event list view and the last two 

users handled substitutions for the home team and away team respectively. 

Because the penalties and goals in a real game are determined by the referee and 

brought to the secretariat as they happen, it was considered reasonable that the 

timekeeper would be responsible for these two events rather than the event user that 

would be in the audience outside of hearing range of the referee. This also distributes 

some of the workload from the event list onto the timekeeper, which has an otherwise 

very simple task. 

The activity was divided into three periods, each period lasting for five minutes. Each 

period would follow the same scripted sequence, but in between the periods the users 

would swap responsibilities and also try new hardware. 

The test included one mobile phone (HTC Desire HD), a tablet (iPad 2) and two PCs. 

The mobile phone with the smallest display was tested with substitutions in the roster 

view, since that view has the largest number of elements and also the smallest 

individual elements. The tablet (ipad2) was tested with the event view and the 

smartphone (HTC Desire HD) tested with the first roster view. The second roster view 

and the timekeeper used the two stationary Macs. The secretariat is outside of the 

audience and it is also not improbable that a Laptop can be used for timekeeping 

there, but it is not practical in the actual audience. 

Three of the four users would rotate around the phone, tablet and timekeeper PC so 

that each of them had the opportunity to try the different hardware and different 

views. The fourth user was kept on the second PC for the duration of the test. 

The simulated game included all forms of events (Appendix B: List of instructions). This 

includes more dynamic ones such as simultaneous substitutions when game timer was 

running. It had two series of several pass and shot events that would occur back to 

back. These events do not cause a pause to the game, which means they could 

potentially happen at a pace where the user would not be able to keep up. This was in 

place to test if the web-based application was fast enough to keep up with the 

potential speed of the game itself. 

Each user was given a sheet of paper and asked to take notes whenever they made any 

errors. The software would also log every aborted event in the event sequence as well 

as both edited and deleted events in the log. The rationale behind this is that if the 

user itself does not know that they have committed an error, the error will become 

unnoticed in the system anyway, since they are the only user currently viewing that 

particular event. Only by reviewing the game from a video source would you be able to 

cross reference the data with a reliable source, and even then there may be difficult 

angles for cameras to show. 
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4 Result 
The goal of the second and final test is to discern whether the prototype improves the 

efficacy of gathering statistical data for the sample ice hockey club KHK.  The two most 

important factors are speed and accuracy. 

The time frame is static, a game always lasts the same amount of time, regardless of 

how efficiently the statistics are gathered. This means that time elapsed is irrelevant as 

a statistic and that speed needs to be measured in a different way. 

During the second test, four users were involved in three iterations total. During the 

test, the users managed to handle the workload given to them. 

The workload does not only include the minimum requirements set for clubs, neither 

in the third division nor in the second division. In the end, the users did not experience 

stress or an inability to keep up. When asked, all four were positive that they would be 

able to handle additional statistics in the form of tracking tackles in the event list as 

well as tracking puck possession and puck location in the summary view. 

4.1 Presentation of data 

In figure 1, all the possible events that provide statistics were mentioned in the 

specification for the prototype. The resulting prototype did not end up fulfilling all the 

requirements, but still considerably more than what is strictly necessary for the task. 

The rate of error is 6% for the sample size, with one out of five errors caught by user 

and rectified. The errors are spread evenly across the different kinds of events (Fig 2 

and 3). Figure 4 demonstrates the reduced need for personnel during the activity of 

gathering statistics. 

In two places during the test a series of quick passes and shots were delivered in a 

quick pace in order to evaluate how quickly such events could be entered. The primary 

concern was that the web-based software would not respond fast enough for the task, 

but also the speed of the user is relevant for the evaluation of the interface (Fig 5).  

  



Page 25 of 45 

 

Requirements 
For all 
leagues 

Third 
division 

Second 
division 

Prototype 
capacity 

Goals Yes Yes Yes Yes 

Assists Yes Yes Yes Yes 

Penalties Yes Yes Yes Yes 

Shots on goal No Yes Yes Yes 

Players on ice during 
goals No Yes Yes Yes 

Shot placement No No Yes Yes 

Total time on ice for 
players No No Yes Yes 

Passes No No No Yes 

Timeouts No No No Yes 

Offsides No No No Yes 

Icings No No No Yes 

Tackles No No No No 

Possession No No No No 

(Fig 1, comparison between demands and capabilities) 
 

Errors 
total 

Errors reported by 
users 

Cancelled 
actions 

Items per 
period 

Items 
total 

5 1 3 28 84 

(Fig 2, presentation of errors, user mistakes and total number of items) 
 

 
Type Shots Passes Face-offs Offside Icing Penalty Goal 

Number 4 7 5 1 2 1 1 

Errors 0 2 1 0 1 1 0 

 (Fig 3 error distribution for event types) 
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Users in test Users for third division in KHK Users for second division in KHK 

4 8 15 

(Fig 4, comparison of concurrent users for the prototype and the traditional method for either division) 
 

Quick 
sequence 

Event 1 
time(s) 

Event 1 average 
time(s) 

Event 2 
time(s) 

Event 2 average 
time(s) 

Period 1 48.8 9.76 27.6 6.9 

Period 2 34.4 6.88 23.9 5.96 

Period 3 23.5 4.7 15.7 3.93 

Total average 35.6 7.2 22.4 5.6 

(Fig 5, Total and average time lapsed for two quickly occurring series of passes.) 
 
User answer for most popular hardware: Tablet (4 out of 4) 
User answer for least popular hardware: PC (3 out of 4) 

4.2 Analysis 

The data that is available show four uncaught errors are 4.76% of a total of 84 events. 

Without any previously measured accuracy, it is difficult to evaluate this number, but 

almost 5% should be considered high. 

All of the uncaught errors that are not noticed at runtime are missing items. This could 

mean one of three things. Either the system failed to register certain events, or the 

user failed to input them or the test leader failed to announce them. Because there is 

no video or sound recording from the test, it is not possible to determine which the 

correct reason for the error is. 

If it is indeed the user that generated these errors, this statistic may diminish as the 

users become more comfortable with the assignment. As mentioned in the theory 

section of this thesis, the size of the elements should be large enough to accurately 

input the correct information. This is also confirmed by the fact that substitutions were 

handled without noticeable errors for the entire test, despite the fact that those 

elements are the smallest in the prototype. 

Even completely new users accustomed themselves to the interface in less than 5 

minutes for each task. When asked, none of the four users experienced any difficulty 

operating the interface. This is a small sample size of users and it does not accurately 

represent the target user group however. Since the prototype is intended for ice 

hockey volunteers, it would be most suitable to carry out tests on people from this 

demographic, which unfortunately was not possible at the time of the test. It can, 

however, be considered beneficial to know that even people with no prior experience 

with ice hockey or statistics gathering can still operate the prototype without issues. 
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The modality of the instructions received may also play an important part for the 

performance of the user. By using their ears to receive information, the user could 

focus their attention exclusively on the interface. In order to properly test the 

process of inputting data from a user to the interface, the test would have needed 

either a real game or a series of signs with instructions held up. This way the users 

could not look at the interface all the time and that would slow down the 

maximum speed. 

The variation in quickness in the two sequences for measuring speed is mostly 

because of the test leader. For each successful test, the speed of the instructions 

was increased in order to discover if there were any breaking points. None of the 

users experienced the speed as stressful, but there was an error generated in the 

second sequence in the last period. At 3.9 seconds per event this sequence was 

also the fastest one. 

Overall, four users with no experience managed to gather considerably more 

detailed information during a simulated game than 15 people currently do at KHK 

with the analogue method. This means that even if the future demands more kinds 

of statistics, it is probable that the prototype will still remove the need for up to 11 

people. It also means that the process is digital from start to finish and can 

therefore be stored on servers and viewed by any device with internet connection 

in real time.   

5 Discussion 

5.1 Method discussion 

Three iterations of testing for five minutes each is a very small sample size. This means 

that the data is not very reliable and any correlations found would be based on a single 

or a handful of occurrences. In order to confirm these first numbers statistically, 

another two sets of tests would need to be carried out according to Nielsen (2000). 

This is most certainly a necessity for further work on the prototype. 

Because of a mistake in the construction of the test, it was not possible to decide if 

the correct player had been chosen for an event. The test leader would select one 

of the five players on the ice for a team randomly for each event. This means that 

there is no way to retroactively check which the correct name is for the player, 

only if the event itself was chosen correctly and at the correct time. Currently, the 

only known data is that every player selected is one of the five players that were 

supposed to be on the ice at the time. Because of this, even though the error rate 

is seemingly 0% for player selection and substitutions, this may not be the case. 
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Without knowing what the current rates of errors are, it is difficult to evaluate if the 

data is correct. Other than having multiple sets of users gathering statistics over long 

periods of time, the only way to measure this seems to be to study video recordings of 

games and compare them to the reported statistics. 

There are possible ways to change the testing to further emulate a realistic 

environment and allow for more control of the test itself. For example, a pre-recorded 

ice hockey game can be viewed on screen. This way the events will happen in the right 

places and at the correct speeds. A further improvement could be to use a replay 

function from a modern ice hockey video game. This enables the participants to pick a 

camera angle that corresponds with their actual seat and allows them to pause and 

rewind during a game as well. The best feature is perhaps the fact that the game also 

has statistics on its own, making the error rates easy to observe. 

Using primarily visual information you will also detect potential problems of viewing 

the game while operating the screen. 

5.2 Result discussion 

When the first prototype was developed, each user was expected to work in isolation. 

This was a result of the user interview where they expressed concerns for data loss 

from system crashes. Such a system would help network stability issues and also 

prevent certain kinds of synchronicity issues. However, as the prototype was 

developed, it became clear that the amount of users would drastically increase if they 

would not share data with each other.  

Effectively, each user would have to maintain a complete instance of the game on their 

own, as opposed to each user maintaining only their own part of a single instance. This 

would lead to each user having to manage both substitutions, game timer and all 

events themselves and this would significantly increase the amount of actions per 

minute that each user would have to undertake. The decision was then made to ignore 

the concerns in favour of centralised data storage on a web server. 

With users both sending to and receiving data from a server, it was important for the 

prototype to keep an open channel between the client and server at all times. The 

standard HTTP protocol will automatically close the connection upon completion, so an 

alternative had to be found. Web sockets are a selection of functionality native to 

HTML5, which works to keep an open channel from the client. By using a web server 

built on node.js and the library socket.io, the connection could also be maintained on 

the server. The functionality is similar to that of AJAX, it changes the information on 

the page without reloading the page from the server. The difference is that the server 

can now change the information without being requested by the user first. This means 

that you no longer need to periodically request server status on a regular basis to keep 

the information up to date. 

One of the deciding parameters for an interface is the size of the display. Devices will 

have varying size and pixel density of their displays, as described in the theory section. 
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Because of this, designing one prototype to be displayed in different devices becomes 

problematic. In order to make a style sheet for proper formatting of the content, one 

must first know the parameters of the device. 

CSS3 has a built in functionality called media query that allows for these parameters to 

become known. There is however a strict limitation to how the parameters are used. A 

developer can find the values, but not have them directly influence other values in the 

css. Instead, a different css code would be applied to each type of screen. This kind of 

design is not dynamic but rather requires pre-existing knowledge of exactly which 

types of displays are most common. Then, for each such device or group of devices, a 

specific css needs to be developed. 

The current system does not scale well. Each participant does not communicate and 

without Wi-Fi, they will not be able to. However, adding as few as 3 more people to 

the proposed system will allow it to double the accuracy of game to human 

information. One extra user added to work in pair with the event listing user and 

another pair of users to split the events between them. Together, one user can report 

events to another by means of speech which allows for more attention to be paid to 

the interface. With more accurate information coming to the human user, the 

information input into the hardware must also be more accurate. 

When things happen in rapid succession in a game, any user will have trouble keeping 

up. Even if you remove the need to input data at all it is a lot of information to process. 

An interesting limitation of the touch screen is that it provides no tactile feedback. A 

blind person cannot in any way operate a touch screen, and for the same reason, a 

user occupied by observing a game will have to stop looking at the game to input data 

and vice versa. The only way to allow for this would be to either have a pair of users 

where one always observes and the other inputs data, or a form of transparent display 

that allows a user to do both at the same time. 

5.2.1 Future applications 

Puck possession is the only remaining kind of statistic that can be tracked by humans 

and it can easily be added to the timekeeper’s responsibility in the summary view 

according to the test feedback. This would also provide the necessary spatial 

information for sequential analysis. For any further accuracy, such as speed or total 

distance travelled, you would likely need to digitally track player and/or puck 

movement. Either with cameras or with some sort of built in electronics. This means 

that the solution is capable of fulfilling future requirements at least to this point.  

Data gathered is useless if not presented. Future work must include a separate 

presentation of this statistical data for players, coaches, management and spectators 

to take part of. 

Other sports might vary in the kinds of events or the manner in which a roster looks, 

but apart from that, they are able to use exactly the same hardware and software 

interface. This includes the webserver and database. 
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Beyond this, the deciding factor for how future applications will look is most likely 

related to the cost. This thesis has provided a smaller and lighter system that can deal 

with current demands for smaller clubs. On the other hand, bigger systems already 

exist that can provide even more comprehensive data. The question for future work is 

whether that kind of technology will become small enough and cheap enough for 

regular clubs to use or whether the smaller and cheaper systems will grow in capacity 

to catch up. 
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Appendices 

A First Interview 

This interview was carried out by the author Peter Johansson and Lennart Karlsson, 
statistics manager of Karlskrona Hockey. The date of the interview is the fifth of 
March, 2012. 
Note: These questions were originally asked in Swedish and have been transcribed 
and translated to English by the author. 

 
Q: What kind of statistics gathering are you required to do? 
●      Goals, the players that score and assist 
●      Which players were on the ice at the time of the goal 
●      Penalties, the player, what kind and the duration 
●      Shots on goal 
●      Face-offs, both the winning player and the losing player 

 
Q: Do you use these statistics yourself or is it entirely for the national association? 
Both. Obviously the reason any club does it is because of the regulations, but it 
does provide benefits to the clubs as well for coaches or managers. 

 
Q: How many people are involved in the gathering activity? 
KHK uses a total of six observers in groups of two, located in the audience. The 
assignment for each group was to look for a certain kind of event and take notes of 
this. These notes are then transferred to the secretariat in between periods to be 
input into a laptop with a native application. An additional hand written report 
would also be produced as an increased security in case the digital version would 
somehow not be completed. This puts the total number of people involved to 
eight. 

 
Update from L. Karlsson, 12th of October 2012: 
With the new season, KHK has advanced to the second division (Allsvenskan) and is 
now employing 15 people to deal with the increased workload that additional 
statistics has provided. The added responsibilities are to track total time on the ice 
for each player and the target of shots on goal. 

 
Q: Would it be of any significance if this number was reduced? 
Yes. The environment for the KHK users is currently a regular seat in the audience. 
In a larger arena, there may be specific booths or balconies for such observers, but 
it will still need to be somewhere in the audience. The reason for this is that the 
sight and overview of the users is paramount to their task. KHK has had several 
different positions in the audience tried out before finding seats that provided a 
good enough position. 
 
Because of this, they occupy the most valuable seats in the audience. Every seat is 
worth a season ticket for the club. Reducing the number would mean not only 
fewer people needed but an actual monetary gain from ticket sales. 
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Q: Do you have access to internet in the arena? 
The internet connection inside of the arena is an element of concern. We have 
both wireless and regular routers. But do not trust the wireless network to be fully 
functional at all times and it was impractical to run cables into the audience. 
 
Q: Are there specific skills required to be a part of the activities? 
The pairs of users have no communication whatsoever with other pairs during the 
game and therefore have to keep track of every part of their own event 
themselves. The role for each participant changes from game to game according to 
a schedule. 

 
The users in the audience have little to no education or pre-existing skillset for this 
kind of work. Simply put, they are volunteers for the club. The only person with 
specific training is the one in charge of the data input at the secretariat. This laptop 
uses specific software that is used by the hockey association and clubs will send 
individuals on training seminars in order to learn how to use it. 
 
Q: Is it common with errors during the game and if so, how are they handled? 
On one hand, errors during the game will generally not be noticed, since each 
entry lacks complete information such as the current time of the event or the 
players involved. On the other hand, errors caught after the game was completed 
would require a database administrator to be rectified. The standard procedure is 
to simply call the Swedish ice hockey association and ask them to change an entry 
for a specific game. 

 
The entire process around statistics gathering is a significant part of the total work 
of the club during live games. At KHK about one third of all personnel are assigned 
for statistics gathering, and with the new number being 15, that represents half of 
our workforce. 

 
Because of this, and the difficulty in rectifying mistakes, we suspect that many 
clubs would not be as rigorous or engaged as perhaps the national association 
would want. There would be several ways to cut corners if a club so desired. 
 
Q: Would you be interested in a digital application for this kind of work? 
KHK does have a greater interest in these statistics than some clubs, but we also 
think that a digital system would be preferable for all clubs. Exactly what kind of 
system, we are unsure of. We do recognise that the future likely will only include 
more work in the statistics department, with more different kinds of data to 
gather. Mostly, we are positive towards this trend because the statistics also 
benefit their own organisation, even though it also means an increased workload. 

B Instruction List 

This is the list of instructions for the users in the final test. KHK and VH are the two 
teams in the test scenario. 
1      Match start 
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2      Game pause: Offside for KHK 
3      Substitution: Both teams to line-up 2 
4      Face Off: Winner VH 
5      Pass: VH 
6      Shot: VH - Bottom right 
7      Game Pause: Icing for KHK 
8      Face Off: Winner KHK 
9      Substitution: Both defence to third line-up for KHK t, then all three forwards to 
third line-up for KHK 
10   Pass: VH 
11   Substitution: Four players to third line-up for VH, then the last player from 
second to third line-up 
12   Game pause: Penalty VH 
13   Face Off: Winner KHK 
14   Pass: KHK 
15   Pass: KHK 
16   Shot: KHK - Middle 
17   Pass: KHK 
18   Shot: KHK - Bottom left 
19   Substitution: Entire third to fourth line-up for KHK 
20   Substitution: Entire third to fourth line-up for VH 
21   Pass: VH 
22   Pass: KHK 
23   Shot: KHK - Top right 
24   Game pause: Icing VH 
25   Substitution: Fourth to first line-up for both teams 
26   Face Off: Winner KHK 
27   Goal: KHK, two assists 
28   Face Off: Winner VH 

C First test interview 

User 1 
Overall: 
The up and down arrows for navigation were not obvious but worked ok once you 
got used to them. The overall interface felt like it was designed for touchscreen, 
which was good. 
Event list 
There was no visual feedback from when you selected players that were assisting a 
goal scored which made it difficult to know where you were in the sequence. 
Log 
The list of logged events was manageable now, but in a real game the amount of 
them would be much higher. Some sort of way to navigate them easily would be 
needed. 

 
User 2 
Overall 
The navigation is circular, I would much rather that you would not be able to go 
back to the start once you reach the end. 
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Event List 
I would like a way to substitute an entire line-up, since that seems like something 
you would get to do a lot. There is no visual icon or image for the different events, 
which makes them hard to distinguish between. There should also be some way to 
track your progress in the event list view, like a list over the events that have been 
logged so far. 
Roster 
The players on the ice are also still on the bench, which is confusing. It would be 
better if they were moved away from the bench completely. The line-up section 
only shows different colours for the positions of the players, it would be nice with 
more kinds of information about the line-up, such as an image of the ice behind 
them to represent their position. 
Log 
The items in the log lacks a time of the event which makes them hard to separate. 

 
User 3 
Overall 
The navigation was hard to understand. 
Event List 
When selecting assists for goals, it was not obvious what was actually happening. 
Roster 
With drag and drop, it felt as if any player from the ice could be dragged onto a 
player on the bench, but it only worked in the opposite way, which was not 
obvious. It was also hard to spot a player based on the number alone, and the 
name is a bit too long to read at a glance. A bigger and more pronounced number 
would be easier to work with 

 
User 4 
Summary 
It was not so easy to ready the summary table with the categories in-between the 
two teams instead of above them. 
Event List 
The process of selecting scoring player and then assists was difficult to understand. 
Roster 
Maybe the line-up on the ice would benefit from having the position of the player 
next to their name for clarity. 

D Second test interview 

User 1 
Responsibilities: Timekeeper, event logging and player substitution 
Hardware used: PC, Tablet and Smartphone 
If you used multiple hardware, which one did you like more? 
The iPad was the best one, it worked really well as a touch screen and felt natural 
to use. The smartphone was like the iPad, just smaller, which is a drawback. Also 
touchscreen was faster than the mouse. Overall there was not a big difference 
between either hardware. 
Did the pace of the game pose any problem for your tasks? 
No. I had to go back and start over once, but other than that no problems at all. 
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Did you have any issues using the interface? 
No. The “shots on goal” part of the sequence was very logical which was good. The 
only bad thing was that the timekeeper had to switch views to log goals and 
penalties, but it was not really an issue. 
Do you think it would be more difficult to carry out this task if you were sitting 
alone in a crowd of hockey fans? 
There could be a risk that you miss things more easily. I would not bring a PC to the 
crowd. 
Any other comments? 
- 

 
User 2 
Responsibilities: Timekeeper, event logging and player substitution 
Hardware used: PC, Tablet and Smartphone 
If you used multiple hardware, which one did you like more? 
This kind of work feels like it was made for an iPad. It is the right size, I felt like the 
phone had too small of a display which makes it the worst hardware for me. If you 
used a PC like a laptop, then the touchpad would be even worse than a mouse but 
still not as bad as the phone. 
Did the pace of the game pose any problem for your tasks? 
Not at all. In fact, the event logging was the part that took the most effort but was 
also more fun to do. 
Did you have any issues using the interface? 
No. I like how there was an option to select “none” for an event, in case you didn’t 
see the player properly for example. It is also nice that the timekeeper had a bit 
more to do so that the workload was not imbalanced as much. 
Do you think it would be more difficult to carry out this task if you were sitting 
alone in a crowd of hockey fans? 
If two things happens at the same time, that would be problematic yes. 
Any other comments? 
The timekeeper does not have all that much to do. You can probably give them 
more assignments without any issues. 

 
User 3 
Responsibilities: Player substitutions 
Hardware used: PC 
If you used multiple hardware, which one did you like more? 
- 
Did the pace of the game pose any problem for your tasks? 
Not when substituting entire line-ups, even if you did it without the “shortcut”. 
Only when members from two different line-ups were on at the same time was it 
any difficulty but after the first try that was no problem either. 
 
Did you have any issues using the interface? 
It would be nice to have a small feedback if you mouse over a player so you can 
know exactly what can and cannot be clicked, but since you have no mouse on a 
touch screen, it doesn't feel very useful in the long run. 
Do you think it would be more difficult to carry out this task if you were sitting 
alone in a crowd of hockey fans? 
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No, there is never a lot to do since players really don’t switch all that often. 
Any other comments? 
I miss a visual indication for which team you are currently viewing in the roster 
view. It would be nice to have the team name and logo somewhere. Also missed a 
game clock in each view so that you have some appreciation of where in the game 
you are. It would be nice if there was a small box somewhere explaining the colour 
code for the team roster as well, but it probably is not so important if you are not a 
beginner completely. 

 
User 4 
Responsibilities: Timekeeper, event logging and player substitution 
Hardware used: PC, Tablet and Smartphone 
If you used multiple hardware, which one did you like more? 
Mouse clicking was worse than touch in terms of speed. The iPad was the best one 
but the telephone was not far behind. It was so small that it felt like you would get 
a better overview of the things in the actual game with a smaller device. 
Did the pace of the game pose any problem for your tasks? 
Not as long as you found the right name, sometimes you would go blind even with 
only 6 names to choose from. 
Did you have any issues using the interface? 
In the event sequence you would only choose between “Home team” and “Away 
team”, not the actual names, which was a bit confusing. I don’t think that would be 
an issue in a real scenario however. It was a bit strange to switch from timekeeping 
to event logging since you were used to log penalties and goals for one and the 
other events the next run. The one mistake I made was logging a goal when I was 
not supposed to. 
Do you think it would be more difficult to carry out this task if you were sitting 
alone in a crowd of hockey fans? 
It might be harder to notice exactly which player it was that did something and 
even if you knew which one you would still have to find him in the list. 
Any other comments? 
When a lot of things happen at once it might be a good thing to work in pairs, or 
even to have a second pair and divide the event logging in half. Otherwise you 
might get overwhelmed. 
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E Full scale pictures 
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