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Introduction 

Known as the “mental workbench,” working memory enables humans to temporarily 

store and manipulate information (Baddeley, 2007; Cowan, 2001). It is the means through which 

sensory information is selectively processed and encoded to long-term memory, and provides a 

space in which prior knowledge from long-term memory can be retrieved and applied in new 

contexts (Baddeley, Eyensck, & Anderson, 2009). As such, it plays a pivotal role in such complex 

cognitive tasks as reading comprehension, mental 

computation, spatial navigation, and metacognition 

(Baddeley, 2007).  

Unlike long-term memory, which is capable of 

storing massive amounts of information for indefinite 

periods, working memory (WM) is a highly volatile, time- 

and capacity-limited resource (Cowan, 2001; Alloway, 

2006). Understanding its limitations, as well as the 

influence of such factors as emotion, age, expertise, 

literacy, and cognitive (dis)abilities on WM performance, 

is fundamental to human-centered design.     

This paper will review WM and how it is both 

positively and negatively impacted by emotions such as motivation and anxiety. These insights 

will then be applied to a design analysis of the Google Maps mobile app (Figure 1). Suggestions 

for how to improve the usability of this type of smartphone-based navigational tool for the 

pedestrian user will be offered.  

Working Memory 
Baddeley & Hitch’s Model 

In 1974, Baddeley and Hitch proposed what has since become the predominant model of 

working memory (Caplan & Waters, 1999; Morra, 2000). Termed “working memory” to 

differentiate it from the passive storage process associated with the term “short-term memory”1, 

this tripartite system displaced earlier models, such as that of Atkinson and Shiffrin’s, which was 

unable to account for mounting behavioral and neurophysiological evidence (Baddeley, 2007; 

Shallice & Warrington, 1970). 

Baddeley and Hitch’s original model consisted of three components: two domain-specific 

slave systems known as the phonological loop and visuo-spatial sketchpad, which respectively 

held and manipulated verbal-linguistic and visuo-spatial information, and a central executive 

(Baddeley & Hitch, 1974). The central executive controlled the subsystems, directing attention 

																																																								
1	It is important to note that the terms “working memory” and “short-term memory” are often used interchangeably. 
This paper considers short-term memory to be a storage component of working memory.  

Figure 1 
Google Maps App for iPhone 
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and selecting, initiating, and terminating actions (e.g. encoding, storing, retrieving) (Baddeley, 

1986).  

It is important to note that Baddeley (2000) has since revised this model to include a 

fourth component, known as the episodic buffer.  The episodic buffer integrates information from 

the two slave systems, while also linking them to input from both sensory and long-term memory 

(Baddeley et al., 2009). 

In this latest iteration of the model, the phonological loop consists of a phonological store 

or “inner ear,” which temporarily holds information in speech-based form, and an articulatory 

control process or “inner voice” which relates to speech production and it used to sub-vocally 

rehearse verbal information from the store (Baddeley et al., 2009). The articulatory control 

process additionally serves to transfer visually presented information, such as numbers or words 

(e.g. a street sign) to the phonological store (Baddeley, 2007). 

The visuo-spatial sketchpad, on the other hand, is responsible for the temporary 

maintenance of visual and spatial information, and serves as a mental blackboard for problem 

solving (e.g. mentally calculating the product of 56 x 3, while visualizing the numbers, their place 

values, and spatial alignment) (Baddeley et al., 2009; Logie, 1995). Like the phonological loop, it 

is subdivided into two interrelated systems: a “visual cache” for temporary storage, and an “inner 

scribe” for active rehearsal (Logie, 1995).  

The existence of these separate phonological and visuo-spatial storage systems is well 

supported by dual-task, neuropsychological, and neuroimaging studies (Jonides et al., 1996; 

Logie, 1995). Due to their separation, one domain-specific WM store can be fully engaged, 

without necessarily impacting the performance of the other (Cooper, 1998). However, when one 

attempts to concurrently perform tasks that draw on the same system (e.g. sub-vocally rehearsing 

a telephone number while listening to sports scores, both of which engage the phonological loop), 

the tasks compete for that store’s limited resources, resulting in higher cognitive load, as well as 

information decay and loss (Cowan, 2001). These dual task performance decrements are 

indicative of WM’s larger, overarching limitations.  

Working Memory Limitations 
WM performance is constrained by a number of factors. Chief among these is how much 

and how long it can store information without rehearsal, how similar and prone to confusability 

that information is to other ongoing processing and facets of WM, and the level of attentional 

resources available to keep the information active (Engle, Conway, Tuholski & Shisler, 1995; 

Baddeley et al., 2009; Wickens, Lee, Liu, & Becker, 2004). These limitations are important to 

understand due to their influence on higher cognitive processes (Baddeley, 2007). 

Capacity and Duration 
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In 1956, Miller famously posited a short-term memory capacity of about seven plus or 

minus two “chunks” of information. A chunk, in this context, is defined as a group of separate 

elements that are cognitively or perceptually bound together (Wickens et al., 2004). While studies 

have shown that humans are capable of holding spans of roughly seven unfamiliar digits or letters 

in WM2, Miller noticed that this capacity increased when information was arranged into chunks 

(e.g. “406 708” is easier to rehearse and recall than “406708”) (Miller, 1956). This effect is 

compounded when chunks are cognitively meaningful and draw upon prior knowledge (e.g. 

chunking “19991492” into “1999 1492”). As ease of rehearsal increases, so to does the likelihood 

that the information will be encoded to LTM, which further reduces the load on WM (Wickens et 

al., 2004).  

Related to capacity, limits as to how long WM can hold information have been 

extensively studied (Cowan, 2001). Without periodical reactivation via rehearsal, information in 

WM has been shown to decay rapidly to the point of complete loss (Cowan, 2001).  

Attention 

WM performance is also constrained by the level of attentional resources available to 

rehearse and manipulate the contents of WM (Baddeley et al., 2009). Higher levels of attention 

are associated with higher levels of WM performance, while diverting attention away from the 

task at hand halts rehearsal and leads to rapid information decay (Brose, Schmiedek, Lovden, and 

Lindenberger, 2012; Finn, 2002).  

Similarity and Confusability 

Similarity in the material to be rehearsed or manipulated (e.g. the phonologically similar 

letter span of “DPZEG” or visually similar span of “COQD”) can also result in decreased WM 

performance, as material with fine discriminations tends to degrade faster and lead to confusion-

based errors (Wickens et al., 2004).  

Effect of Emotion on Working Memory 
 In addition to the factors mentioned above, WM is also highly influenced by emotion 

(Pessoa, 2009). Two common emotions that have a powerful impact on WM capacity and 

performance are motivation and anxiety (Krawczyk & D’Esposito, 2013; Eysenck & Derakshan, 

2011). 

 Motivation 
Motivation plays a significant role in determining human cognitive efficiency and 

performance (Krawczyk & D’Esposito, 2013). It consciously or unconsciously drives the 

allocation and sustainability of WM resources in the service of a goal (Brooke & Shell, 2006). 

More specifically, it affects the WM components related to selective attention, encoding, and 

active maintenance (Krawczyk et al., 2007; Taylor et al., 2004; Gilbert and Fiez, 2004). While 

																																																								
2 More recently, Cowan (2001) set this number closer to four, individual differences in WM capacity notwithstanding.	
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motivation is generally considered to enhance WM capacity and performance, such as through 

increased vigilance, its tendency to recalibrate the allocation of processing resources available to 

the central executive can also be deleterious (e.g. diverting visual attention from maneuvering 

one’s car through city traffic, to searching for a specific street address, potentially compromising 

safety) (Pessoa, 2009). 

Anxiety 
Another influential emotional factor on WM is anxiety (Pessoa, 2009). Chuderski (2004) 

defines anxiety as “the emotion in which feelings of tension, worried thoughts, and avoidance 

tendencies are observed.” The effect of this powerful emotion on working memory has been well 

documented, most notably by Eysenck and colleagues (Eysenck & Calvo, 1992; Eysenck & 

Derakshan, 2011). While a small degree of anxiety can focus attention, higher levels of anxiety 

impede WM storage, retrieval, and processes, resulting in decreased cognitive performance and 

even paralysis (Vytal et al., 2013; Wickens et al, 1991; Stokes & Kite, 1994). Essentially, anxiety 

takes the cognitive “reins” of sensory, perceptual, and attentional processes, preferentially 

processing threating information over other, potentially important information (Bar-Haim et al., 

2007). Of the WM subsystems affected, the spatial component of WM is particularly susceptible 

to anxiety’s negative effects (Diamond et al., 1996). 

 With these WM limitations and complicating factors in mind, this paper will now turn to 

an evaluation of the Google Maps App and how the product’s usability and safety could be 

improved for the pedestrian user. 

Design Evaluation: Google Maps App for Pedestrian User 
Wayfinding—the process of navigating from one point to another—is highly cognitively 

demanding (Ishikawa et al, 2008). It requires the simultaneous monitoring of the environment 

(e.g. traffic signals), obstacles (e.g. fellow pedestrians) and potential hazards (e.g. cars) (Bosman 

et al., 2003). Additionally, humans are concurrently interpreting navigational aids (e.g. using 

prior knowledge of maps to interpret a new and different map), making decisions (e.g. when and 

where to turn), and metacognitively assessing progress and performance (e.g. Am I heading in the 

right direction?), all of which place demands on WM. In particular, visuo-spatial working 

memory is essential to this complex task, as it enables humans to geographically orient 

themselves and plan spatial tasks (Baddeley, 1990).  

Product Summary 
 The Google Maps mobile app (see Figures 1 & 2) for iPhone provides users with turn-by-

turn GPS navigational guidance. The GUI features geometrically abstract, bird’s eye view maps, 

with minimal text devoted to street names, various landmarks, directional cues, distance until the 

next waypoint, and total trip duration. Navigational is chiefly delivered via the device’s visual 

display. It also offers optional concurrent auditory voice guidance. 

Use Case 
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 In order to better understand and analyze the strengths and weaknesses of this product, it 

is helpful to consider its usage in an everyday scenario. Take the example of a woman in her mid 

30s who is visiting Los Angeles for the first time. She has tickets to a performance at the Walt 

Disney Concert Hall, which is beginning in 45 minutes. As taxis are few and far between and 

time is of the essence, she elects to walk from her hotel to the concert hall.  

Figure 2 
A) Google Maps route overview GUI    B) Turn-by-turn GUI (mileage est.) C) Turn-by-turn GUI (feet est.) 

                                        
While she is highly motivated to arrive at the concert on time, resulting in increased 

vigilance, which would normally lead to enhanced WM performance, she is also experiencing 

moderate anxiety. This anxiety is likely beyond that which is helpful in focusing attention and 

would likely diminish any motivation-related performance gains. Its causes can range from the 

limited time she has to complete the task, her lack of familiarity with the city, and the presence of 

speeding cars, construction, harried pedestrians, panhandlers, and pickpockets. This anxiety is 

consuming attentional resources, impairing the storage and rehearsal of informational in WM, 

particularly the spatial WM storage and processes essential to navigation (Diamond et al., 1996). 

Therefore, our female user is beginning the complex task of navigation, which is inherently 

cognitively demanding, with reduced WM capacity.  

Design Recommendations 

 While Google is known for their commitment to designing innovative technology 

products, the Google Maps app falls short in a number of ways. First, the app provides users with 

a bird’s eye, rather than first-person, view of the surroundings. This necessitates that the user 

employ visuo-spatial working memory to spatially translate and interpret the map into what they 

are seeing before them, inflicting unnecessary cognitive load (Fisk and Rogers, 2000). This could 

be remedied by adjusting the perspective of the geometric maps to reflect the first person. 

Alternatively, Google could utilize their extensive Google Maps Street View satellite imaging, 

which is available in the web-based version of Google Maps, and offers users a first-person view 

of actual 3D, photographically-accurate street scenes.  
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Another issue is one of WM capacity limitations. While the green header at the top of the 

GUI provides users with approximately four chunks of important information (i.e. distance until 

the next turn (both the quantitative amount (e.g. 450) and measurement unit (e.g. feet or miles)), 

direction of the next turn, and street name), the GUI as a whole exceeds Miller’s 7 plus/minus 

two guideline, and includes extraneous landmarks and icons such as restaurants, shops, and banks 

(Miller, 1956). The GUI would benefit from simplification, focusing on the most pertinent 

navigational information (i.e. simplified street map sans extraneous icons, with info about the 

distance to and direction of the next turn and the respective street name), while enabling the user 

to personalize which landmarks appear on their map, as desired.  

The larger issue, however, is Google’s heavy reliance on the visual communication of 

navigational information. The current app necessitates that the user repeatedly reference their 

device screen while walking. Visual attentional resources which would otherwise be utilized to 

spatially navigate the city street are, therefore, divided between spatial navigation of the physical 

space and spatial interpretation of the map. As these dual-tasks draw from the same pool of 

resources, this exerts a high cognitive load on the user, limiting their ability to retain and rehearse 

important visuo-spatial navigational information when not looking at their phone, resulting in a 

need to continually consult the screen, potentially leading to serious injury (e.g. walking into a 

busy street and being hit by a cyclist or car) (Garden, Cornoldi, & Logie, 2002).  

 A better solution would be to engage the other sensory channels that would not draw 

from visuo-spatial WM resources, reducing load and enabling safer and more efficient navigation. 

While the Google Maps app does offer auditory navigation to supplement the visual display, it 

could be greatly improved. For instance, instead of providing users with distance measurements 

until the next turn (e.g. “In 450ft, turn right on S Grand Ave”), which require mental computation 

and is challenging to accurately gauge (Malkewitz & Iurgel, 2006), Google could employ more 

cognitively meaningful chunking strategies. For instance, Klippel et al. (2003) demonstrated that 

landmark chunking (e.g. “turn left after the church”), numerical chunking (e.g. “turn left at the 

third intersection”), and structure chunking (e.g. “turn left at the T junction”) were all superior, 

and exerted less cognitive load, than traditional turn-by-turn directions. These auditory cues could 

be delivered via a Bluetooth earpiece, enabling the user to keep their device concealed. The added 

benefit of this would be that the user would not visibly identify themselves as a tourist and 

potential target for pickpockets and muggers. However, the visual display could still be 

occasionally referenced, as needed or desired, for verification purposes. 

 Lastly, the usability of this auditory-enhanced iteration of the Google Maps app would 

further benefit by the integration of haptic feedback, such as through vibrotactile wristbands, shoe 

inserts, or a belt. Haptics have been shown to be both effective and “well-liked” by users in 

guided navigation (Marston et al., 2007; Emery et al., 2003). Additionally, the combination of 
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auditory and haptic feedback has been shown to reduce cognitive load and enhance WM 

performance in navigational tasks, with the added perceptual benefits of increased signal strength 

via concurrent multimodal coding (Tan et al., 2003; Jacob, Mooney, & Winstanley, 2011; 

Raisamo et al., 2012). The haptic reinforcement would also defray the negative WM capacity and 

performance effects that might result when speech-based navigational guidance coincides with 

other environmental speech (e.g. ongoing conversation with the user’s travel companion, 

conversations of passersby, etc) (Zimmer, Münzer, & Umla-Runge, 2010). 

Conclusion 
 Navigation is an incredibly complex and cognitively demanding activity, which is highly 

dependent upon, and constrained by, working memory. While emotions, such as motivation, can 

lead to increased vigilance and better deployment of attentional and WM resources, others, such 

as anxiety, can impair WM capacity and performance. As navigation for sighted individuals is, 

first and foremost, a visual activity, providing navigational cues via other channels, such as 

auditory and haptic, would reduce demands on visuo-spatial working memory and free up 

attentional resources that could be better utilized for situational awareness and safe navigation of 

unfamiliar, and potentially dangerous, environments. While multimodal navigational tools are 

commercially uncommon and largely unavailable to consumers, as a leading technology 

innovator, Google is in a unique position to advance the use of dual auditory and haptic 

navigational devices, which offer tremendous promise for enhanced product usability. 
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