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Abstract: A You-are-here map (YAH map) is a popular way to guide way-searchers (i.e. a person who is navigating in a more 

or less unknown area to a specific goal) through a designated area. With current technologies, information such as the current 

position and the optimal route to a chosen destination can be provided easily by marking the route in a map. In our study, we 

investigated the advantages and disadvantages of such marked routes on navigation performance in desktop virtual environments. 

24 participants navigated through a 2 ½ D virtual environment. Navigation performance was measured by navigation time and 

number of deficiencies. In order to separate effects of cognitive maps from those of navigation performance, participants were 

asked to draw sketch maps after each trial. The results showed that participants who were shown the optimal route marked in the 

map beforehand, exhibited impaired knowledge of the environment and impaired navigation performance compared with those 

viewing the map without the route, independent of route complexity or viewing time of the map. Although map goodness was 

only slightly better when the route was not marked, the representation of the periphery was rated significantly better. Only route 

accuracy was better in the condition in which the route was marked. The results are interpreted in such way that basic 

impairments arise in cognitive mapping when reading a map of the designated area with a marked route, resulting in worse 

navigation performance. 
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1. Introduction 

In everyday life, orientation and navigation through 

unknown areas are common challenges for humans. In order 

to provide effective and efficient way-finding aids to support 

this difficult task, the processes underlying orientation and 

navigation have to be understood. The current study aims to 

contribute in gaining further insight into the interaction of 

these processes. 

Orientation and navigation are assumed to be based on a 

cognitive map. In such a cognitive map, a certain environment 

is mentally represented, either as a verbal description about 

spatial features or as a schematic map, that is, a conceptual 

visual representation of the environment consisting of points, 

lines, areas, surfaces [1]. Way-finding is defined as the 

reaching of a desired physical destination from a certain origin. 

It is a purposive, directed, and motivated activity [1], [2]. To 

facilitate this challenging process, humans have developed 

diverse aids. Maps are one of the most used way-finding aids. 

According to [3], a map already gives the conceptual structure 

of the environment. Therefore, maps are an external aid for the 

way-finding process, as it relieves the way-searcher from 

cognitive effort. A way-searcher is defined as a person who is 

navigating in a more or less unknown area to a specific goal. A 

good map supports the four subtasks of way-finding: 1. 

orientation, 2. choosing the route, 3. keeping the right track, 4. 

discovering the goal [4].  

One established way to guide way-searchers through a 

designated area is a you-are-here map (YAH map). A YAH 

map is usually affixed in the area and contains a symbol that 

indicates at which position the map and therefore also the 

way-searcher is located. YAHMs are mainly used for walking 

on foot through an environment, in contrast, for example, to 

navigation systems equipped with GPS that help drivers to 

find their way [4]. Although a research movement also exists 

aimed at minimizing visual input and increasing auditory 

input [5], the visual representation of a map will still be the 

main navigation aid. There are already several principles 

about how to place and design YAH maps in the real world [6]. 
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However, it is still unclear whether and how useful it can be to 

individually adapt a map with the way to a desired goal, that is, 

to mark the route. 

With the help of current technologies like navigation 

systems in cars or smartphones, maps can be augmented and 

individually adapted, for example by marking a specific route 

directly into the map. These technologies are so convenient 

because they take over the effortful processes of orienting, 

route choosing, and track keeping. Augmenting the potential 

of a map, with navigation systems, not only the respective 

environment and the current position are represented but also 

the route is marked. Thus, with navigation aids, cognitive load 

can be reduced. For instance, it is assumed that marking a 

route facilitates processes like spatial chunking, which is the 

grouping of spatial information of which a route consists [7].  

However, integrating an individual route can also be of 

disadvantage. It had been assumed that marking a route can 

hinder the way-searcher in building up a cognitive map, which 

allows for the most inferences of the environment ([4], [8], 

[9]). In this respect, previous research has revealed ambiguous 

findings. For instance, in the study of Münzer and colleagues 

[9], route recognition and survey knowledge were investigated. 

The findings showed that a map with a marked route was 

advantageous over navigation assistance technology that 

provided location dependent direction commands for building 

up a cognitive map. Unfortunately, there was no direct 

comparison between marked and not-marked routes. Neither 

did the authors investigate way-finding performance, but 

tested route recognition and survey knowledge. Schlender, 

Peters, and Wienhöfer [10] examined the usability of maps for 

desktop virtual environments. Their participants had to 

navigate to four destinations in a virtual world either after 

having studied a map for 90 sec before or when the map was 

available throughout navigation. One might assume that 

learning environmental information and having to keep this 

information in mind during navigating should encourage the 

construction of a cognitive map. But the data showed that 

information, which is available throughout way-finding, was 

advantageous for performance. However, as the authors 

assume, 90 sec might have been too short to construct a 

cognitive map consisting of four destinations.  

A comparison of different navigation aids in a desktop 

virtual environment was made by Burigat and Chittaro [11]. 

The authors provided only essential information to the test 

subjects in terms of 2D and 3D arrows which point in the 

direction of the target in a virtual environment. Moreover, 

experienced and unexperienced users were investigated. The 

authors found that providing arrows was advantageous for 

navigation performance compared to providing no further 

information for experienced and unexperienced user and that 

3D arrows were specifically useful for unexperienced users.  

Only recently, Corcoran, Mooney, and Bertolotto [12] 

compared the workload required to create an Interactive Route 

Description (an annotated or marked route on a base-map) and 

a sketch map (a raw sketch of a route), respectively. In 

addition, navigation performance for both created navigation 

aids was tested. All participants preferred being provided with 

a route description by the Interactive Route Description. 

Navigation performance was analyzed by the amount of 

participants (way-searchers) having gotten lost, by the 

experienced workload of the way-searchers and by the 

preferred navigation aid of the way-searchers. Interactive 

Route description outperformed a sketch map in all variables. 

Basically, in this study, a map with a marked route was 

compared with a marked route without a map.  

However, taking these results into account, a careful 

investigation of the costs and benefits of marked routes for 

navigation performance compared to maps without a marked 

route is still missing. This study aims to close this gap. One 

might suspect that marked routes are beneficial for 

way-finding efficiency, but come at the cost of establishing a 

cognitive map (see also [9]). Such an elaborated cognitive 

map would be of help, for example, in case the way-finding 

aid breaks down or if the constitution of a cognitive map is 

desirable (for example if the way-searcher will repeatedly 

move in the respective environment).  

In the current study, we examined the question of how 

useful it is to provide the route to the desired goal. With 

respect to the four subtasks of way-finding, marked routes are 

hypothesized to hinder orientation due to impaired 

environmental knowledge. But they might be helpful in 

choosing a route by speeding up the process, especially when 

fast orientation is required. They should also facilitate keeping 

track of the route. We further assumed that effects of marked 

routes might be dependent of the complexity of the 

environment and of the viewing time of the map. The more 

complex an area is, the more important a cognitive map should 

be. The longer a way-searcher views a map of a specific area, 

the more detailed the cognitive map should be. 

These hypotheses were investigated in our experiment. It is 

known that landmarks are used as orientation aids in real 

world navigation ([3], [10], [14]). Landmarks are noticeable 

objects situated at certain points in space. In order to 

investigate orientation performance, influenced only by 

certain features of a map, a virtual environment in which 

landmarks are controlled is the method of choice. As test-bed, 

we thus used the game Minecraft for constructing our virtual 

environments. 

 

Figure 1. The easy map without marked route (a) and the complex map with 

marked route (b). 

Participants performed a way-finding-task in a 2½ D 

desktop virtual environment after viewing a map. For half of 
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the participants, the shortest route in the map was marked; the 

other half only saw the map without the marked route. 

According to [10], the maps were presented for 35s (short 

presentation duration) or for 70s (long duration; cf. [14]). Two 

environments were constructed, and respective maps were 

presented to each participant. They are referred to as easy and 

complex map (see Figure 1) to investigate potential effects of 

map complexity on the helpfulness of a marked route [13]. In 

order to separate effects of cognitive maps from those of 

navigation performance, participants were asked to draw 

sketch maps of the respective environment after each trial.  

Concerning the quality of a cognitive map, all above 

mentioned findings suggest that marked routes impair the 

elaboration of such a map. With other words, forcing 

way-searchers to elaborate their own route might stimulate 

mental processes of constructing a cognitive map. A good 

cognitive map needs time to be built up. For this reason, we 

hypothesized that the quality of the cognitive map is increased 

for the long map presentation time compared to the short 

presentation time.  

Concerning way-finding, two outcomes can be suggested: 

Given that marked routes hinder the construction of a 

cognitive map, way-finding behavior might suffer from the 

less elaborated cognitive map. This result would support the 

considerations of Johns [18], who assumes that the accuracy 

of orientation in an environment depends on the quality of the 

mental image of the surroundings. This effect would 

especially emerge for the difficult conditions, namely for a 

complex environment when the map could be studied only for 

a short time. On the other hand, one might argue that with 

marked routes it is less effortful to choose the route and to 

keep the track, resulting in faster navigation. This effect is to 

be assumed to be equal for simple as well as complex 

environments, but might be more prominent in the long map 

viewing time condition.  

2. Method 

2.1. Participants 

24 psychology students (24 female; mean age of M= 20.4, 

SD=1.0) of Ulm University took part in the experiment. They 

received partial course credits for their participation. Earlier 

studies have shown that video gaming can improve navigation 

skills through immersive as well as desktop virtual 

environments ([11],[15]). Because women show less interest 

and report less participation in video gaming ([16], [17]) only 

female students were recruited to not confound video gaming 

training effect. Indeed, none of the participants reported to 

play video games on a regular basis. 

2.2. Stimulus Material 

By means of the PC game Minecraft 1.0 

(https://minecraft.net/), three 2 ½ D virtual environments were 

created. One environment was used as practice trial, and the 

two experimental environments differed in their complexity. 

The environments consisted of cubes of the same size and 

texture. As mentioned above, effects of landmarks were to be 

excluded. However, pilot data showed that participants easily 

got lost and frustrated. Therefore, three landmarks were 

included into each environment to make them more 

distinguishable.  

The complexity of the environments was composed of the 

length of the optimal route, the number of decision points, the 

number of branches at decision points, and the number of 

necessary turns, cf. [4]. The practice environment route 

consisted of 21 segments, five decision points with altogether 

eleven branches, and ten turns. The easy environment route 

consisted of 21 segments, six decision points, 13 branches and 

seven turns. The complex environment route consisted of 28 

segments, nine decision points, 20 branches, and eleven turns 

(see Figure 1). Navigating was executed by use of the arrow 

keys of the keyboard. 

2.3. Procedure 

Participants first received an instruction that they should 

navigate towards a predefined destination through three 

environments. During instruction, they trained how to 

navigate through the virtual environment by means of the 

keyboard in a simple four-sided environment. Participants 

were allowed to repeat the training as often as they wished, but 

none failed to find her way through this training environment, 

and all reported to feel comfortable when controlling the input 

devices after having completed the first training. 

Subsequently, participants were randomly assigned to one 

of the four different conditions (no route – long map 

presentation; no route – short map presentation; marked route 

– long map presentation; marked route – short map 

presentation). Participants were instructed to reach each 

destination as quickly as possible in the desktop virtual 

environment.  

In the following practice trial, participants received the map 

for the practice environment printed in A3-size. Afterwards, 

they started the navigation through the virtual environment. 

The time needed to get from the starting position to the 

destination was measured. In case participants did not arrive 

after a maximum time of 3 minutes at the destination, the trial 

was aborted and counted as lost. The 3 minutes threshold was 

based on piloting experience showing that all environments 

could be traversed within one minute. By triplicating this time, 

it was ensured that even for novices, enough time was 

available. However, it was assumed that after 3 minutes, the 

way-searcher was completely lost and would find the 

destination only by luck and not by having achieved a 

cognitive map.  

Navigation behavior was recorded online. According to 

O´Neill [19], it was categorized into fluent navigation, 

stopping and looking, wrong turns, backtracking (retracing of 

a path in the opposite direction of how it was first travelled). 

The three latter types were summarized to a total deficiency 

score. 

After reaching the destination (or after 3 min elapsed), 

participants were asked to draw a sketch map of that 

environment. The same procedure as for the practice 
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environment was repeated for the experimental environments. 

For each participant, the maps were shown for either 35s or for 

70s. The order of the easy and the complex environment was 

counterbalanced across participants. 

2.4. Design 

The independent within-subject variable was map 

complexity (easy vs. complex), the independent 

between-subject variables were route (no route vs. marked 

route) and duration of map presentation (35s vs. 70s). The 

dependent variables were navigation time and deficiency 

score. Significance was tested at α = .05. 

3. Results 

3.1. Navigation Time and Deficiency Score 

All navigation times exceeding 180 seconds (3 minutes) 

were regarded as lost and excluded from analysis. This was 

the case for two participants for the easy map and for seven 

participants for the complex map. Thus, data were analyzed 

based on 22 participants for the easy and 17 participants for 

the complex map. The navigation times for each environment 

were entered into a three-way analysis of variance (ANOVA) 

with the within-subject variable map complexity (easy vs. 

complex) and the between-subject variables route (no route vs. 

marked route) and duration of map presentation (35s vs. 70s). 

The same three-way ANOVA as for the navigation time was 

conducted for the deficiency score (see Figure 2). In the 

following, the results of the navigation time and the deficiency 

score are reported. 

 

Figure 2. Navigation time (a) and number of deficiencies (b) as a function of 

map (easy vs complex [highlighted in grey]), route (no route vs. marked route) 

and presentation time (short - 35s vs. long - 70s). 

Navigation time was longer for the complex map (39.7s) 

than for the easy map (30.2s; F(1, 36) = 6.8, p <. 05, η² = .16). 

Also, the complex map elicited more deficiencies (2.6) than 

the easy map (1.5; F[1, 36] = 5.63, p < .05, η² = .14). 

Contrary to our expectations, participants were significantly 

faster when the route was not marked (27.6s) than when the 

route was marked (42.3s; F[1, 36] = 12.6, p = .001, η² = .26). 

Again, the effect was corroborated by the deficiency score 

(F[1, 36] = 13.1, p < .001, η² = .27): When the route was not 

marked, less deficiencies were observed (1.1) than when the 

route was marked (3). The duration of map presentation was 

not significant, neither for navigation time, nor for the 

deficiency score (Fs< 1). No interactions were significant (all 

Fs < 2.4, ps > .05). 

3.2. Rating of the Drawn Sketch Maps 

 

Figure 3. Rating of the sketch maps drawn by the participants regarding Map 

goodness, Route accuracy, Periphery, differing in whether the route was 

marked in the map or not. 

To rate the sketch-maps drawn by the participants, we 

adapted the analysis method of Billinghurst and Weghorst [20] 

who suggested using the criteria map goodness, object classes 

and relative object positioning. The rating was performed by 

two independently acting raters, who were uninformed about 

the participant’s identity, but who knew the original maps. 

They first rated the map under the consideration of how 

helpful the sketch-map would be to find the destination (map 

goodness, cf. [20]). For all ratings, a Likert scale reaching 

from one to five was used.  

The original criterion object classes is defined as consisting 

of landmarks (e.g., trees, rocks, mountains) and present local 

arrangements. As we did not use landmarks that could be used 

as object classes this class was adapted to our own criterion 

route accuracy. Route accuracy reflects correct relations of 

the sketch-map’s route, turns and directions.  

Analogously to the criterion relative object positioning, 

which was defined as the correct position of objects, the 

criterion map periphery was created. It indicated if landmarks, 

crossways, and alternative routes were added to the 

sketch-map. 

The inter-rater-reliability, Kendall’s tao, for the rating of 

map goodness was τ = .603 (p < .001), for the reliability of 

route accuracy τ = .775 (p < .001), and for the periphery-rating 

it was τ = .815 (p < .001). Overall, a good inter-rater-reliability 

of τ=.737 (p < .001) was achieved. 
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The rating scores were entered into a three-way ANOVA 

with the within-subject variable rating criteria (map goodness, 

route accuracy, map periphery) and the between-subject 

variables route marking (no route vs. marked route) and 

duration of map presentation (35s vs. 70s). Reported post-hoc 

t-tests were Bonferroni-Holm corrected. For an overview of 

the results, see Figure 3. 

While the rating score for route accuracy was significantly 

better in the marked route condition compared to the no-route 

condition (t[46] = 2.776, p < .01, d = 0.8), a marked route 

significantly lowered the ratings for the periphery (t[46] = 

4.367, p < .001, d = 1.3). This was reflected in the two-way 

interaction between criterion and route (F(2,88) = 18.03, p 

< .001, η² = .29). Overall, ratings for map goodness were 

marginally lower with marked routes relative to no-route 

condition (t[46] = 1,764, p < .1, d = 0.5). Map presentation 

time did not have any effect on the rating of the sketch maps 

(F < 1). 

4. Discussion 

The aim of the present study was to shed light on the 

question of how the optimal route marked in a map affects 

way-finding and the process of constructing a cognitive map. 

This question is relevant with respect to technologies 

supporting navigation which can provide the way-searcher 

with such a route.  

We hypothesized that marking routes might help navigation 

performance, but might impede the construction of a cognitive 

map. We expected to find differences in the sketch maps, 

especially for the difficult condition when the map prior to 

navigation was presented only for a short time. In order to test 

our hypotheses, participants traversed a 2 ½ D desktop virtual 

environment of which a map was presented beforehand. For 

half of the participants, the shortest route was marked in the 

map. After having viewed the maps, participants had to find 

their way through the virtual environment to a predefined 

destination. The time they needed to fulfill the task was 

measured, as well as the deficiencies made on the way. 

Moreover, the participants had to draw the map of the 

environment. The maps were rated according to map goodness, 

route accuracy and the representation of the periphery.  

Contrary to our assumption that marked routes would help 

navigation performance, the results showed that the 

navigation time as well as the deficiency score was lower 

when the route was not marked compared to when the route 

was marked in the map. This finding shows that navigation 

performance is impaired by marking routes already early, 

during map viewing. This result was independent of the 

presentation time of the map as well as the complexity of the 

environment. That is, we found that when orientation was easy 

(i.e., in case of an easy environment with a long duration of 

map presentation) as well as when it was difficult (i.e., within 

complex environments when maps were presented for a short 

duration), marked routes did not produce any benefits. 

Assuming that maps without marked routes promoted the 

construction of a cognitive map ([4], [8], [9]), our finding 

indicates that navigation performance increases if a better 

cognitive map can be elaborated.  

The results of the sketch maps drawn by the participants in 

fact corroborate the assumption that a more elaborated 

cognitive map was built up when the route was not marked. 

Although map goodness was only slightly better when the 

route was not marked, the representation of the periphery was 

rated significantly better. We assume that this was the 

important factor for the better navigation performance. As in 

the condition without marked route a good mental 

representation of the periphery was created, participants could 

better find back to the chosen route in case they got lost. Only 

route accuracy was better in the condition in which the route 

was marked. This is not surprising, considering that in the 

condition in which the route was marked, the focus of 

attention was drawn on the route. However, even when 

drawing the route benefitted from a previous viewing of a 

marked route, navigation performance did not. Interestingly, 

the duration of presentation time had no effect on the quality 

of the sketch maps. 

Participants were not instructed to follow the route. Hence, 

the current findings have to be carefully interpreted. In 

addition, the number of participants is still small. Thus, we 

cannot exclude that non-significance of statistical effects is 

just a matter of power and does not demonstrate that some 

factors do not affect orientation and navigation performance. 

Another limitation of our study is that only women were tested. 

This fact is defensible given that it was not our intention to 

investigate gender differences in way-finding. Though, it is 

also eligible to argue that gender differences often result in 

navigation tasks. These differences also arise when comparing 

young and old participants or experienced and unexperienced 

users [11]. Moreover, navigation performance was tested in a 

relatively simple 2 ½ D environment. Hence, our findings are 

up to date limited to these constrictions. To generalize our 

findings, a broader group of participants as well as a transfer to 

navigation in 3 D environments or in the real-world are 

required. Our study provides a basic for that kind of follow-up 

research. 

One can further question whether the results can be 

generalized to other routes and other conditions. We tested 

easy and complex routes as well as short and long map 

viewing times. Our results concerning route complexity 

strongly indicate that we succeeded in varying complexity: in 

the complex map, more participants were lost and navigation 

time as well as deficiency rates were higher. An even more 

complex map would be difficult for the way-searcher to 

capture and to remember. For an even easier environment than 

the one we used, no map would be needed. Hence, we strongly 

assume that with respect of complexity, our results can be 

generalized.  

Concerning the map viewing time, we presented maps 

either for 35s or for 70s. There was no influence of map 

viewing time. 70s were at least for our participants a long time 

for viewing a map. However, it was well below the 90s which 

were assumed to be too short for orienting within a map [10]. 

For follow-up studies, we suppose that shorter viewing times 
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would strengthen our effects. 

Concerning the selection of our sample, we admit that for 

the time being, our results can only be generalized for female 

way-searchers. Given the operationalization of our experiment, 

it was important to us to not confound navigation abilities in 

2½ D environments, which is often found in males who have a 

higher affinity to video games than females. However, to 

further generalize our results, one has to test males as well in a 

follow-up study. Still, we believe that the basic processes 

underlying orientation and navigation hold true for all humans, 

being male or female, old or young.  

Given our results, for stationary YAH maps, it does not 

seem to be useful to create an adaptive system that indicates 

the route to the desired goal. However, we did not examine 

conditions in which way-searchers have a map at hand during 

the complete way-finding process. Based on the current 

findings, we can suggest that when the construction of a 

cognitive map is desired, marking routes should be omitted. 

Probably, this leads to more active route planning which is 

supposed to make path integration more accurate [21]. 

5. Conclusion 

Our study provides new insight in how cognitive mapping 

and way-finding behavior interact. A map without a marked 

route supports the construction of a cognitive map, which 

improves navigation performance. This is at least valid if the 

map has to be kept in mind and if the environment does not 

provide any salient landmarks. To confirm this conclusion, 

more research with a broader pool of participants as well as 

the transfer in real-world is needed. Based on our findings, we 

can conclude that for the construction of adaptive stationary 

YAH-maps systems, marked routes cannot necessarily be 

recommended. Our results give a first hint that individual 

adaptation is not in any case beneficial for way-searchers. For 

way-finding, and especially for the construction of a cognitive 

map, general and less information can be more helpful. 
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