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This work presents two versions of a series of conceptual puzzles situated within a video game 

for introducing players to the field of cybersecurity. Using players’ gameplay experiences, we 

discuss how players’ interaction with the first version of puzzles informed the design of game 

mechanics in the second version. We present the changes made in the second version and how 

the revisions helped turn unproductive frustration into productive frustration, which improved 

the gameplay experience. The findings show poorly designed puzzles create unproductive 

frustration, which inhibits the gameplay and learning experience; whereas well-designed 

puzzles create productive frustration, which supports players in learning.  

 

This work builds upon the design of an under-development educational videogame, Hex of the Turtle Islands - an 

adventure game, which mixes explorative gameplay with more traditional puzzles. Our game design goal is to 

introduce players to the field of cybersecurity and to help them develop an identity of someone who can succeed 

in the field of cybersecurity. Using a design-based research (DBR) approach with a focus on designing conceptual 

puzzles (Barab & Squire, 2004), we utilize iterative rounds of development and feedback as a means to understand 

if and how the game is meeting our goals. In this work, we investigate the different players experiences with two 

versions of the game and how revisions of in-game puzzles contribute to shifts from unproductive frustration to 

productive frustration.  

Puzzles are a crucial component in a wide variety of game genres as they provide opportunities for 

players to problem solve, explore, and use their previous experiences as a means of constructing knowledge for 

their next action (Juul, 2008; Oei & Patterson, 2014; Bonner, M. 2016). Our analysis focuses on learning as a 

generalizing activity (Ellis, 2007). We specially emphasize failure within learning videogames (Gee, 2003; Litts, 

& Ramirez, 2014). Failure paired with feedback can result in productive frustration that leads to productive 

iterative action-reflection cycles for the learner (Shokeen et. al., 2020).  

In the data collection, we tested the initial game design ideas with 11 participants to understand how 

players respond to the game. The findings from the first version of game were used to iterate the design. The 

updated version of the game was tested with another set of 9 participants. Participants ages ranged from 10 to 15.  

Version 1: Initial design of the wire puzzle 
The wire puzzle is a logic puzzle that presents the player with a set of rules that must be followed for connecting 

wires to the appropriate ports. Players must follow a series of rules shown in the Wire Library (Figure 1, Label 

A) to solve the wire puzzles (Figure 1). The player must produce a correct configuration by dragging wires from 

label B to C. The interface tells the player how many wire connections are needed (Label F) and tracks their 

progress as the players proceed through the puzzle (Label D). The Error Log (Figure 1 - Label E) provides 

feedback highlighting errors in the connection on failed attempt.   

 

   
Figure 1. Wire Puzzle  Figure 2. Version 1 Library Figure 3. Version 2 Library 

During the first puzzle version most of the players in their first attempt connected all the wires but 

struggled with the information provided in the puzzle interface and reached out to researchers seeking external 

feedback on their repeated failures i.e. unproductive frustration. These were struggles found mainly due to 
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 confusing wording of Wire Library (Figure 2). These findings identified places where design changes were 

needed, so we addressed these issues in the second design version.  

Version 2: Revised design of wire puzzle  
The major change to the wire puzzle for the second version was the introduction of ‘wire modules’, which are in-

game representations of the rules associated with the puzzle and the re-wording of Wire Library rules (Figure 3). 

Players have to find the wire modules scattered around the island that prepare the player to expect a puzzle based 

on those modules. In the second version, all players were challenged by the wire puzzle. However, they were able 

to solve the puzzle successfully without seeking external feedback, which shows evidence of a productive 

frustrating experience.  

Determining when the design does not provide accessible feedback to support learners who are failing is 

a crucial part of DBR. Identifying moments of unproductive frustration can show where modifications of the 

puzzles in the game are needed to better support iterative action-reflection cycles by players. We found a range 

of differences between players’ experiences during the data analysis of play sessions from the first version of the 

game. We were then able to use the identified moments of unproductive frustration to design better paired failure-

feedback by both communicating rules more clearly up front, and also changing language to be more accessible 

in both the rules and the feedback mechanism (e.g., the wire library and the error log). These mechanics served 

to support persistence through productive frustration, which resulted in fewer moments of unproductive frustration 

by players in the second version of the game. This speaks to one of the challenges of designing learning games: 

balancing the need for sufficient challenge for the game to be engaging, while ensuring that players are sufficiently 

supported in learning from and completing those challenges. Informing game design based on productive 

frustration and unproductive frustration can support designers and researchers in identifying when the challenges 

and supports are insufficiently balanced. Too many unproductive frustration occurrences indicate that failure and 

accompanying feedback need to be revised. Through DBR, we found that players experienced an appropriate 

amount of productive frustration, allowing them to engage in iterative action-reflection cycles.  

Feedback and failure play a pivotal role in determining whether a player is experiencing productive or 

unproductive frustration while solving in-game puzzles. We leveraged moments of unproductive frustration in 

gameplay sessions of our first game version to guide our redesign and focused particularly on redesigning the 

feedback and failure mechanics. In developing the idea of productive and unproductive frustration as an analytic 

lens to be used in the evaluation and design of game-based learning environments, we seek to add another analytic 

tool to the educational game designers’ toolbelt. In doing so, we help equip designers to make engaging and 

effective game-based learning environments.  
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