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Abstract 
The inspiration for a game-based audience-response system [1] goes back to the gamified quiz app 
Kahoot! [2] broadly used at US primary schools. With arsnova.click [3], we specifically address teach-
ers who give STEM courses (Science, Technology, Engineering, Mathematics) at secondary schools 
and universities. As a computer science faculty situated in the European Union, we developed our 
quiz app with a special focus on data privacy and anonymity: All quiz data is exclusively stored in the 
web storage of the teacher's browser. This technological approach to guarantee data privacy is highly 
innovative for classroom learning tools. Furthermore, we investigated the options for implementing a 
mobile browser-based audience-response app, i.e., native vs. hybrid vs. progressive web app (PWA). 
We concluded that a PWA implementation is most advantageous in many respects [4]. 
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1 INTRODUCTION 
Inspired by Kahoot! [2], a Scrum team of computer science students of the THM University of Applied 
Sciences designed and developed the gamified alternative to the ARSnova flagship arsnova.voting [5, 
6]. The new audience response system arsnova.click [3, 4] can be used without prior registration, see 
the landing page of arsnova.click in Fig. 1. The app’s web address (URL) is the app’s name. Simply 
enter a quiz name, for example, “demo quiz”. The buttons will discolor as soon as you have typed in 
the name of an active quiz (“Join now!”) or you can create a new quiz with the entered name (“Make a 
new one!”).  

 
Figure 1. Landing page of arsnova.click. 

The web app is open source software, internationalized in German, English, French, and Spanish. The 
THM University offers the quiz app as software as a service (SaaS) free of charge. However, it might 
be hosted on a web server by any educational institution. arsnova.click is a mobile-first HTML5 app, 
therefore no prior installation is necessary. It can be launched in any modern browser on any bring-
your-own device (BYOD). Both, teachers and students, use the app on the same web page. 
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2 ARSNOVA.CLICK VS. KAHOOT! 
In contrast to Kahoot!, arsnova.click offers several types of questions. Besides multiple choice and 
survey questions with up to 26 answer options, there are one-click formats for numerical estimation 
and short text answer. Emoji, pictures, videos from YouTube or Vimeo, and TeX formulas can be em-
bedded in the question text and answer options as well. In addition, text can be formatted and the syn-
tax of program code highlighted. These features make the quiz app especially appropriate for STEM 
courses with a focus on computer science, see Fig. 2. Contrary to Kahoot!, the text of the quiz is dis-
played on the student's BYOD browser, so that large distances in a lecture hall to the slide projection 
has no impact on the correct understanding of a question and its answer options. 

 
Figure 2. Focus on STEM: text formatting, media embedding, and formulas with mobile preview. 

3 DIDACTIC ASPECTS 
The didactic concept of the app is its use during the in-class stage of the Flipped Classroom instruc-
tional strategy [7]. It allows for formative assessment at the beginning of a class to control the stu-
dents' preparation and understanding of prior homework. Furthermore, used at the end of a class for 
assessing the understanding of the learning contents just delivered, it will keep engagement, motiva-
tion, and attention high, especially if bonus points are given for the top scorers [8].  

To ensure equal conditions or to clarify the quiz question before countdown, the teacher can activate a 
reading-confirmation poll for the question. Thus, students with reading difficulties have the same 
amount of time for answering the question as all other students as soon as the countdown starts. On 
voting, students can feed back the degree of confidence [9] for the right answer ranging from "guess-
work" (0%) to "absolutely sure" (100%). The average value of confidence is displayed in the voting 
statistics, see Fig. 3. 

To motivate the students to pay attention to the teacher, it is possible to use the quiz app for gaining 
bonus points for the course grade. To achieve this, arsnova.click supports a login via the Central Au-
thentication Service (CAS) which is the frontend for the Lightweight Directory Access Protocol (LDAP) 
service of the THM University. Except for this authentication, no registration or login is required. The 
teacher chooses a quiz name and the attendees can either select one of several predefined nick-
names or enter their own preferred nickname. Once the quiz finished, the teacher can download an 
Excel file which contains the names of those participants who have answered questions correctly. The 
summary of the individual response times is included to help the teacher decide who should get how 
many bonus points. 
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Figure 3. Reading confirmation (Lesebestätigung) and confidence level (Antwortsicherheit). 

4 GAMIFICATION ASPECTS 
To boost acceptance and participation, we designed arsnova.click with several gamification elements 
[10]: There is a virtual quiz lobby, where the nicknames of the incoming players are highlighted and 
everyone is waiting for the quiz competition to start, see Fig. 4. Selectable background music in the 
lobby and during voting, dynamic display of the incoming votes with their average confidence level, 
and animated counting fingers on the projection screen for the last five seconds of the countdown (Fig. 
5) closing with a Chinese gong or a final whistle make all for a motivating learning atmosphere. 

 
Figure 4. Waiting for the players: Quiz lobby of arsnova.click. 
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Figure 5. Gamification effect 5 seconds before voting ends: Counting down with fingers. 

5 TECHNOLOGICAL ASPECTS 
For a mobile app, there are several possible solutions to target a mobile audience. One would be to 
develop native apps for each mobile operating system. Another one is to make the web page respon-
sively adapt to several display screen sizes. To improve the user experience, Google launched the 
Progressive Web App (PWA) technology. This focuses on mobile apps which are visited throughout 
the operating system browser. For example, with Android this would usually be the Chrome browser, 
for iOS this would be the Safari mobile browser. Browsers which are installed natively on the mobile 
device have the advantage of fast and automatic updates with the downside of code parts which may 
not be required for the mobile app such as tabs or various settings. 

Native quiz apps are programmed in different languages depending on the manufacturer of the operat-
ing system which leads to high development costs for companies that want to publish their apps in dif-
ferent app stores. Since they are forced to develop, distribute, and maintain multiple apps written in 
different programming languages, they are forced to employ developers with experience in several 
languages. Frameworks for hybrid apps, especially the Cordova framework, are trying to solve these 
problems. They offer a native framework, in which the already created JavaScript and HTML code as 
well as the assets such as pictures and style sheet files are loaded. Google’s concept of Progressive 
Web Apps raises the question of whether hybrid and native apps are still required or whether the web 
pages that meet the PWA specifications are sufficient. This question has been investigated on the ex-
ample of the productive application arsnova.click, realized with the JavaScript framework Meteor [4]. 
The result is shown in Fig. 6. The PWA implementation for mobile native browsers is the best deal 
when it comes to high performance and low development costs. 

 
Figure 6. Average response times in milliseconds for arsnova.click per browser type. 
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A further technological aspect of arsnova.click is its implementation of data privacy. Especially in 
countries of the European Union, data privacy is a very important issue for educational institutions. 
The focus on data privacy should already be considered during the design of the app. In the case of 
arsnova.click, if the quiz is not played presently no data is saved on the server. The quiz statistics will 
be removed completely after the quiz owner closes the session. The quiz data itself (questions and 
answer options) is stored in the local storage of the teacher’s computer. The local storage is a client-
side storage of modern browsers and part of the Web Storage specification of the W3C. Since arsno-
va.click implements the highest possible degree of data privacy, this quiz app can be used in total ac-
cordance with the data privacy laws of the European Union. 

6 CONCLUSIONS AND OUTLOOK 
Currently, there are three gamified audience-response systems on the web: Kahoot!, Socrative, and 
arsnova.click. Their services are without any costs. Their function sets vary from simple question types 
for primary schools (Kahoot!) to complex types for STEM courses (arsnova.click). Their implementa-
tion of data privacy is different, too. Make your choice! Whatever you choose, there is still the potential 
problem of insufficient Wi-Fi capacity in the classroom and, allowing the use of smartphones, students’ 
distraction away from the lesson to social networks like WhatsApp and Facebook. The ARSnova team 
is working on that. We are planning to offer a deployment of arsnova.click on a single-board computer 
like Raspberry Pi connected to a portable wireless router. Thus, a “bring your own network” strategy 
will be possible. This way, we hope to achieve the same advantages as hardware clickers offer, i.e., 
guaranteed response times and no distraction through the usage of mobile internet devices in class. 
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