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ABSTRACT 

We discuss how navigation works in video games with a focus on how it provides 

challenge for players. Informed by work on how humans navigate real world space we 

propose a framework to guide the analysis and design of games. The framework 

considers three steps in the process of navigation: Destination (determining where 

the player needs to go), Routing (determining how to get there), and Execution 

(traveling along the route). We further articulate our framework by showing some of 

the ways that difficulty in navigating game spaces is managed. Our analysis was 

conducted on games in the Metroid series; a hallmark of the Metroidvania genre. 

Metroidvania games emphasize exploration, navigation, and non-linearity in terms of 

how the gameworld is traversed. Although we limit our analysis to 2D games, the 

framework is extensible to other kinds of spaces. 

Keywords 

navigation, challenge, Metroid series, Metroidvania, difficulty 

INTRODUCTION 

Games are fundamentally about arbitrary goals and the obstacles that stand in the 

way of players achieving those goals (e.g. Suits 1978). The nature of those obstacles, 

and what players must do to overcome them, create challenges. Challenge is 

important to most game-playing experiences (e.g. Fullerton et al. 2008; Schell 2008; 

Cuerdo et al. 2023) and designers continue to innovate in ways to challenge players 

across the variety of games that exist e.g. testing players’ ability to stay on a beat, 

challenging their hand-eye coordination and reflexes, and/or taxing them mentally 

with convoluted puzzles. Importantly, the concept of challenge is different from 

difficulty. When we conflate challenge with difficulty we ignore that there are 

different forms of challenge (Brandse and Tomimatsu 2013).  

Vahlo and Karhulahti (2020) separate challenges in videogames into five types: 

analytical, physical, insight, socioemotional, and foresight. These categories refer to 

what skills are being tested via certain challenges. Denisova et. al. (2020) organize 

challenge into four groups: cognitive, performative, emotional, and decision-making. 

Meanwhile, Bowman (2018) suggests a group of five demands from games, analogous 
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to challenge, in the form of cognitive, emotional, physical (split between the two 

varieties of controller and exertional), and social. Flint, Denisova, and Bowman have 

since merged their earlier (and separate) work to arrive at seven dimensions of 

challenge: performative, emotional, controller, cognitive, social, exertional and 

decision-making (Flint et al. 2023).  

Scholars have also looked at game genres and how their game design features create 

challenge. For example, Smith et. al. (2008) show how levels in platforming games can 

be subdivided into areas of challenge while Wehbe and colleagues (2017) empirically 

tested how different game elements common to the genre (e.g. size of platforms, 

jump complexity) contributed to a game’s difficulty. Aponte and colleagues (2011) 

studied challenge in a custom-designed first-person shooter game in which waves of 

enemies attacked the player. Other scholars have focused on specific types of tasks 

players must perform, trying to unpack how challenge is modulated within the same 

type of task. For example, Pusey et. al. developed a tool for analyzing the cognitive 

challenge that different cognitive-based puzzles in videogames provide (Pusey et al. 

2021). Cuerdo and Melcer (2020) provide a framework of the ways that in-game death 

is represented in games and how different designer choices lead to different challenge 

for players. Their work led to the creation of a taxonomy to describe challenge in the 

context of different kinds of player failure in games (Cuerdo et al. 2023). 

We build on this tradition by focusing on a specific task, navigation, and how different 

game designs modulate the kind of challenge they provide. Our framework for better 

understanding the challenge of navigation in games is based on an understanding of 

human navigation in real world spaces. We illustrate this framework via an analysis of 

several games in the Metroid series. By choosing a single type of task within a 

significant game series we aim to provide depth and nuance in our analysis. Our 

framework can also support game designers in how they consider the role of challenge 

in their games when it comes to the task of navigation. 

NAVIGATION IN GAMES 

The experience of navigable space is a key element of games and how we play them 

(Nitsche 2008). Navigation in games is the act of understanding, orienting, and moving 

in the game space the player is presented with, e.g. a complex maze or an open field. 

Most games with spatial representations provide players with some level of challenge 

in terms of navigating that space: reaching the end of a level, locating a hidden object, 

etc. For some games, navigation is the primary source of challenge. This impacts the 

configuration of spaces in videogames. “Video games favor maze structures since 

navigating them already constitutes a challenge, which can be further amplified by 

obstacles along the path, such as enemies, chasms or projectiles” (Fernandez-Vara 

2007). Fernandez-Vara discusses mazes and labyrinths and notes how videogames 

favor the former – spaces that provide multiple options for traversal. As videogame 

technology has evolved we have seen the size and complexity of spaces increase 

dramatically. Thus, navigation in game spaces has become more important with 

designers experimenting with novel ways to enable and support players in navigating 

them. For example, in extremely large game spaces, navigation might be impossible 

without a map (Toups Dugas et al. 2019). Many techniques have been developed to 

support navigation: e.g. checkpoints and shortcuts (Barker 2019), breadcrumbs 

(Neuschwander 2019), travel companions that point out interesting places to visit 

(Caldwell 2019), landmarks and paths (Liszio and Masuch 2016), arrows that point 
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towards specific directions (Moura and El-Nasr 2015), player-created and shareable 
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(Gazzard 2010), different kinds of visual cues ☎✍✚�☞ ✕✏ �✖✛ ✑✒✑✜✓, and more. Of course, 

there are often significant distinctions to be made depending on those spaces and 

how they are presented and represented to the player, i.e. whether they are 

graphical, text-based, continuous, discrete, 2D, 3D, etc. (Fernandez-Vara et al. 2005). 

THE CHALLENGE OF NAVIGATION  

Effective navigation requires that the navigator be able to “mentally manipulate 

spatial and contextual information” (Merabet et al. 2012). Darken et. at. (1999) note 

that navigation should be understood as a process and stress the importance of 

distinguishing between locomotion and the cognitive subtasks that drive it: 

“know[ing] where to go and how to get there”.  Darken and Sibert (1996) also identify 

three different types of “wayfinding tasks”: naïve search wherein the navigator “has 

no a priori knowledge of the whereabouts of the target”, primed search wherein the 

target’s location is known (but a route to the target is unknown), and exploration 

where there is no target. Sometimes these tasks can occur in sequence, e.g. a naïve 

search may lead to a primed search once a location is discovered.  Chen and Stanney 

(1999) also identify three processes or tasks involved in wayfinding: cognitive mapping 

and information-generating, decision-making, and decision-execution. Similarly, 

Merabet and colleagues note that navigating effectively consists of “gather[ing] 

relevant spatial information for orientating, route planning and path execution” 

(Merabet et al. 2012). Thus, the process of navigation consists of three steps: 

determining what the intended destination is, determining how to get to that 

destination, and moving or traveling to that destination. 

We assume that the first two steps in that process, both cognitive in nature, are similar 

when comparing videogames and real life. We do not make that assumption for the 

third step, which is largely physical instead of cognitive. Locomotion in videogames 

usually requires pressing buttons on a controller, moving a thumb stick, or sliding a 

mouse across a surface instead of walking, running, or swimming. We can formulate 

the steps of navigation as challenges from the player’s perspective as follows: 

1. Destination: The challenge of determining the destination the player is 

required to reach (i.e. Where is the player supposed to go?) 

2. Routing: The challenge of figuring out a route that will lead to the destination. 

(i.e. How is the player supposed to get there/can they get there?) 

3. Execution: The challenge of successfully following the route leading to the 

destination. (i.e. Is the player able to get there?) 

Destination corresponds with the information-gathering phase of wayfinding (Chen 

and Stanney 1999), as well as the naïve search from Darken and Silbert (1996). It 

serves as a cognitive challenge, testing the player’s memory and problem-solving. 

When in the destination phase of navigation, the player is looking for a target location 

with limited knowledge of where the target is. In this phase the player must take in 

information from the game and gameworld to decide where their destination is. A 

treasure hunt is a game in which Destination is the primary source of challenge: clues 

are provided to players who must then determine the location of the hidden treasure. 

Mazes with clearly marked exits trivialize Destination as a source of challenge: 

“Looking in on the maze from above, the walker knows where she starts and where 
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she is supposed to go” (Fernandez-Vara 2007). Here the challenge lies in figuring out 

how to get to the exit. 

Routing corresponds with the “decision-making” phase of navigation (Chen and 

Stanney 1999) and Darken and Sibert’s primed search (1996). Here, a player knows 

where they must go, their “target location” or destination, but must still determine 

how to make it there. For example, a player knows they must reach a treasure chest 

behind an unbreakable glass wall, but do not know how to reach it. This phase’s 

cognitive challenge tests players’ understanding of the gameworld (e.g. known 

locations and how they are oriented in relation to each other), what they can currently 

achieve (e.g. the affordances the player has for traversing the game world – how high 

they can jump, can they climb?, fly?, etc.), and how these combine to determine viable 

routes to get to the destination from their current location. This challenge includes 

being able to determine whether the destination is even accessible to them at that 

point in time. 

Execution correlates to the “locomotion” phase (Chen and Stanney 1999). It also 

aligns with physical-controller challenge (Bowman et al. 2018) and Flint et. al.’s 

exertional challenge (2023). Execution challenges the player’s ability to physically 

interact with the game – generally via an input device. Typically, a player must press 

certain combinations of buttons at the right moments in order to guide the character 

they control to the destination via the route planned. Even if a player knows their 

destination is across a pit, and they know they have to use the falling rocks as 

temporary platforms to jump across, they might still struggle with performing this 

action. A game that relies on Execution to provide challenge in the context of 

navigation would be an obstacle course. The destination is clear (usually in plain sight) 

with the route also well known (almost always a straight-line), so the challenge is 

derived from how well a player overcomes and avoids the obstacles along the way. 

Cognitive Load and the Challenge of Navigation 

We have examined the basic steps of the task of navigation and framed them in the 

context of challenge. However, challenge is also modulated by additional factors 

external to navigation. While it is outside of the scope of this paper to examine all of 

those factors (see Hoeg 2008 for an overview and study), there is one worth discussing 

because of how it relates to the challenges of Destination and Routing: cognitive load. 

Cognitive Load (CL) theory was developed from the need to better understand and 

support problem solving by humans. Specifically, it looks at how human memory 

works and its limitations. For example, it requires greater mental effort to recall 

information while working on a task. While developed in the context of teaching and 

learning, CL theory also relates to the ease of task completion. Engström et. al. note 

that “CL selectively impairs… subtasks that rely on cognitive control but leaves 

automatic performance unaffected.” (2017). While their work examined tasks related 

to driving, this concept is easily applied to game playing.  

Simply put, a high cognitive load will lead to impaired ability to perform cognitively-

dependent tasks. If the player has a lot to remember at once it may not limit their 

ability to move and act within the game world, but it will keep them from easily and 

successfully performing cognitive tasks, like decision making. This has a direct 

relationship with navigation, specifically destination and routing, as these tasks rely 
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on the player’s memory and mental abilities. A player suffering greater cognitive load 

will find it harder to succeed at these challenges. As such, CL is a direct way to scale      

the difficulty of destination finding and routing (e.g., providing the player with more 

things to keep track of as a way of increasing difficulty). 

METROID SERIES 

Metroid was released for the Nintendo Entertainment System (NES) in 1986 (Nintendo 

1986). It is a 2D side-scrolling game in a sci-fi setting where you play as bounty hunter 

Samus Aran as she struggles to defeat the Space Pirate leader Mother Brain while 

exterminating “Metroids”: artificial alien creatures that suck the life out of whatever 

they latch onto. The game’s popularity led to several sequels on different platforms 

over the years.  

The Metroid series stands as a hallmark for its sub-genre: the Metroidvania. The name 

is a portmanteau of the Metroid and Castlevania series in which, broadly, “players are 

tasked with finding a goal somewhere in the game; initially the player’s access to 

regions of the game are restricted by their abilities, such as the height they jump to. 

By collecting powerups, the player’s abilities change and new areas of the world 

become accessible” (Cook et al. 2012). Unlike open-world games, in Metroidvania 

games, the gameworld is generally constituted by a series of rooms and pathways that 

connect them (Mawhorter et al. 2022). However, the genre places an emphasis on 

exploration, with “a degree of non-linearity and player discretion” (Camper 2008).  

As such, the Metroid series serves as an emblematic example of how navigation is 

utilized in games as a source of challenge. Iantorno’s description of Super Metroid 

arguably describes the series as a whole: “instead of presenting distinct levels or 

explicit paths to travel, Super Metroid’s sprawling world gradually opens to players as 

they collect upgrades and construct an understanding of how to use them” (Iantorno 

2021). To be clear, our work will by no means be a comprehensive examination of all 

the ways that navigation provides challenge to players. For example, we limit our 

analysis to navigation in two-dimensional spaces. 

 

Game  Release Platform 

Metroid 1986 Nintendo Entertainment System (NES) 

Metroid II: Return of Samus 1991 Game Boy 

Super Metroid ✄��✜ Super Nintendo Entertainment System (SNES) 

Metroid Fusion 2002 Game Boy Advance (GBA) 

Metroid: Zero Mission ✑✒✒✜ GBA 

Metroid Dread 2021 Switch 

Table 1: Metroid games analyzed 
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METHODS 

With our initial framework for examining the challenge of navigation (i.e. the steps of 

Destination, Routing, and Execution) and our choice of game series in place we had 

to determine which games to study. Our goal was to include those games that 

provided for the broadest view of the design space while limiting the time and effort 

of analysis. To inform our decision regarding which games to include we relied on our 

personal experience as players, strategy guides, game reviews, and critical 

commentary and discussion. We excluded games whose gameplay was significantly 

different from what is typically considered within the Metroidvania genre (e.g. 

Metroid Prime Pinball), games that did not use a 2D perspective (e.g. Metroid Prime 

and sequels), and re-releases, remakes, and compilations. Metroid Zero Mission, a 

remake of Metroid, was included because it has significant changes from the original 

including added items, areas, and mini-bosses. This narrowed down the list of games 

to examine to six (see Table 1). We then played these games extensively, reviewed 

online videos of others playing the games, read and examined strategy guides, and 

discussed our observations to highlight and understand more broadly the kinds of 

navigational challenge each provided to its players, and how the game’s design 

modulated that challenge.  

THE CHALLENGE OF DETERMINING THE DESTINATION 

This challenge taxes a player’s problem-solving capabilities while also testing their 

memory. Destination-finding corresponds to a naïve search when the player must 

determine a target destination without prior knowledge of its location (Darken and 

Sibert 1996). Generally, the player must make sense of information provided to them 

by the game and make connections between that information and what they know 

(and have learned) about the game world. The information provided to the player thus 

guides players while also modulating the difficulty of determining the destination. 

Guidance comes in many forms, from direct instruction provided in a tutorial to a 

cryptic riddle scrawled on the back of a cave wall. Our analysis found two broad 

strategies for guidance that are distinct, but not mutually exclusive:  indirect and 

direct. 

Indirect Guidance 

Indirect guidance consists of instruction or hints supplied diegetically, i.e. via the game 

world rather than the game’s interface. Importantly, this is not necessarily guidance 

the game’s character would see or understand. In a 2D side-scrolling game the player 

can effectively see through walls in ways the in-game character cannot. Therefore, a 

room’s layout and how much the player can see beyond it serves as an indirect guide 

towards determining a destination. Other examples include locked doors or visible 

collectibles that are out reach. Here the player implicitly assumes a destination: the 

other side of the door or the collectible’s location. Metroid features color-coded doors 

that need unlocking with special abilities. Only the blue colored doors (yellow in 

Dread) can be opened by default. We call these examples positive guidance: because 

they direct the player toward a desirable goal. Positive guidance lowers the difficulty 

of cognitive tasks by freeing up mental resources: the implicit assumption operates as 

a hint of sorts. The lack of such guidance would therefore result in higher perceived 

difficulty instead.  
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 Indirect Direct 

Positive e.g. Locked doors e.g. Waypoints on map 

Negative e.g. Hidden paths e.g. Intentional lying 

Table 2: A diagram of the two Types (Indirect and Direct) and 

how they interact with the two Values (Positive and Negative) 

As noted, determining a destination is a cognitive challenge. The challenge’s difficulty 

can be modulated by managing (including denying) the information the player is 

provided with. Metroid series game designers use two types of guidance: indirect and 

direct. Indirect guidance is information implied through the design and structure of 

the gameworld, while direct guidance often provides the player information through 

the UI. Guidance of any kind has a value: positive or negative. Positive guidance leads 

the player toward a desired destination, while negative guidance leads them astray. 

By altering how much guidance of either type the player receives and its valence 

(positive or negative), the difficulty of the challenge can be tuned by the developer 

(see Table 2). 

THE CHALLENGE OF ROUTING 

Routing is also primarily a cognitive challenge (Flint et al. 2023). Routing relies on the 

player’s memory and problem-solving, and is affected by cognitive load. To determine 

a viable route to a destination the player must combine what they know about the 

world (e.g. locations and their spatial relationships) with knowledge of the games’ 

rules and affordances when interacting with the world (e.g. the player character has 

the ability to jump, and when frozen, flying enemies stop in mid-air and can be jumped 

on as if they were platforms). Then, players formulate a plan. 

We distinguish two types of plans: micro-plans and macro-plans. Micro-plans relate 

navigation through a small space, usually a single screen (e.g. how to get to the other 

side). Macro-planning is larger in scope, for instance by taking into consideration 

several screens worth of information resulting in a higher-level working plan to reach 

a destination. 

Micro-Planning 

Micro-planning almost always takes place at the scale of a single screen or room in 

the game world. At this scale the challenge often lies in understanding the “moving 

pieces” (including enemies) in an area and where potential routes to a destination 

may lie. The more “moving pieces”, the harder it will be for the player to plan a route. 

This is also intensified if there is danger (i.e. there is no time to stop and plan because 

of moving enemies or environmental hazards). Micro-planning is susceptible to 

cognitive overload. In a larger the room with complex interactions between the 

“moving pieces” it is easier to become overwhelmed and make a mistake. This directly 

affects players’ ability to take in and utilize information including anticipating and 

understanding how the “moving pieces” move, what routing possibilities they offer, 

and what can be done to create routes (e.g. enemies whose destruction creates 

spaces to move through).  
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destinations, frequently forces the player to manage large amounts of information for 

routing tasks, and has difficult platforming that requires the player to master the 

game’s somewhat complicated controls. 

Understanding the differences between the steps in navigation and the ways that 

difficulty can be regulated within each step can help in the design of games with 

notably different player experiences even within the same genre and series. If we 

think of a game as having a “difficulty quota” (a desired overall level of difficulty), a 

designer could “spend” parts of this quota across different steps: e.g. in this game, 

Routing and Destination will be a significant source of difficulty thus Execution will 

not. The same can apply within sections of a game – knowing that Routing within an 

area is easy allows the designer to consider how to provide difficulty via Execution 

and/or Destination. Of course, the highest difficulty in navigation would come from 

having all three “dialed up” as it were. 

The challenge games provide is varied and while there is research into how challenge 

in games is composed, the exploration of individual tasks is less studied. We focused 

narrowly on the navigation challenge in the Metroid series, but it is easy to imagine 

performing similar analyses for other games and genres. Doing so could reveal insights 

and nuances in terms of how different games implement the challenge of navigation. 

The design of levels in Super Mario Bros might prioritize providing challenge via 

Execution rather than, say, Routing and do so in different ways than other games. 

Similarly, we did not examine navigation in 3D spaces or first-person perspective 

games including virtual reality. The challenge of Routing is significantly different for 

the player when they cannot see what is around a character in the same way you do 

in a 2D side-scrolling game. We look forward to expanding our initial framework to 

incorporate more types of games and are excited to also examine its usefulness in 

guiding the process of game design.  
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