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[Forward_by_Dean_Takahashi]
I have learned a lot of things from video games. I remember playing Will Wright’s 
SimCity game back in 1989, when I was a young journalist. It was a complex simulation 
of a city, and it taught me how to run a city. Before SimCity, I never truly understood 
the secondary effects of taxes. As I played the mayor in the game, I kept raising taxes. 
It was an easy solution to problems like fixing roads, expanding borders, building 
railroads, and covering deficits. But as I raised my taxes, I hit a threshold. My citizens 
started leaving. They moved to adjacent cities that were competing with my own, 
and those cities had lower taxes. I didn’t realize until then that raising taxes wasn’t a 
panacea. It caused people to leave, and it resulted in lower tax hauls. 

I was able to learn that lesson about taxation because the game had complex systems 
that interacted with each other and produced logical, but unintended, effects. And that 
is one of the reasons that I became hooked on video games. They taught me things 
that I didn’t understand simply by reading books. They gave me experiences that 
were both visual and dynamic, and allowed me to test “what if” scenarios. 

And when Deanna Terzian asked me to write this introduction, after several decades 
of playing games, my thought was, “Of course games can teach us valuable lessons.” 
Her team’s idea of teaching lessons through a first-person shooter zombie-killing 
game is a novel one. I wouldn’t try to jam too many different kinds of curricula into 
this sort of genre. But why not? After all, one of the first lessons of teaching is that 
you have to keep the kids awake in class so they can learn. And what better way to 
engage them than to create a video game? Games are an under-used opportunity in 
education because they hold our attention. They can convey things in visual, subtle 
ways. They’re a full medium that combines media such as art, music, sound, story, 
and cinematic visuals. I have high hopes for this medium, and hope to learn from it 
more in the future.
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how it draws upon the latest research in the fields of cognitive training, motivation and 
gaming, and our vision for the future. Project Azriel offers the tremendous opportunity 
to engage the imagination today in order to be more intelligent tomorrow. I invite you 
to join me on this journey and explore how a bunch of zombies can make you think 
better.
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[preface]
I was inspired to put together this book to accompany our release of Project Azriel after 
I attended and gave a lightning talk at the 2017 GamesBeat Summit at Berkeley. The 
organizer of the summit is Dean Takahashi, the lead writer for GamesBeat Magazine. 
He had brought together an eclectic and esteemed group of imagists, game experts, 
and scientists. 

During one of the panel presentations, Dean made the comment that consumers 
were willing to use their imagination to compensate for a product that had a number of 
technical flaws. It was an important observation of how we frequently use imagination 
to compensate for something we desire, but don’t have. One way good games inspire 
us is by offering tantalizing sensory experiences that stimulate our imagination. What 
if we chose to engage our imagination in games for something else we desire, like 
being smarter? 

Adam Gazzaley, an MD PhD in neuroscience at UCSF and a leader in the field of 
neurogaming, also spoke at this conference. He is the founder of a company that 
creates cognitive training products that help many mental health conditions, such as 
ADHD. Gazzaley’s work pushes the envelope of understanding how to better wire 
our brains through cognitive training tools. After his talk, I turned to a fellow attendee 
and excitedly said, “Wasn’t that amazing?!” He looked at me blankly as if he didn’t 
comprehend what Gazzaley had presented. I knew he understood the words, but he 
didn’t feel the weight of their importance. This reaction baffled me because the whole 
conference highlighted the inspiration of games and their connection to applied real-
world technological developments. Inspiration and imagination and how they shape us 
were all around us. But this connection between how we game today and the people 
we become tomorrow evidently didn’t inspire this person like it inspired me. This 
experience told me that, sometimes in the present, we need guidance to understand 
the exciting promise of tools that are available to us now. This book is my attempt to 
make that connection for Project Azriel. It is the story of how the game came into being, 
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In 2011, my software company, Curriculaworks, was selected to participate in a 
consortium sponsored by the Office of Naval Research (ONR). ONR was leading 
efforts for the Department of Defense in the 
research and development of cognitive training 
and tools to enhance cognition. Because of the 
cognitive demands on Naval personnel today 
and the need for personnel to learn increasingly 
technological jobs faster, ONR wanted tools to 
create measurable gains in their personnel’s 
working memory and cognitive 
abilities. We were one of a 
handful of companies that were 
selected as part of the Small 
Business Innovation Research 
grant competition to develop a 
motivating cognitive gym for 
operational environments. The 
idea was to create research-
based cognitive training tools 
that were compelling enough 
to entice enlisted personnel to 
engage in cognitive “workouts” 
on their own. 

[chapter_one]
What do zombies and fluid intelligence have in common?

Birth of the Zombie

All three companies selected for this challenge took a similar approach: gamifying 
the cognitive training activities. The activities were based on research and had 
a track record of demonstrating cognitive gains (fluid intelligence is the most 
desired, as it is a transfer measure) in the lab environment. We were fortunate 

enough to work with 
Dr. Jim Thompson 
of George Mason 
University and the 
research company 
PDRI to develop our 
training activities. 

The problem is 
that cognitive training needs to 
be rigorous to be effective, and 
getting people to do rigorous 
training is often difficult. And so, 
effective training tools have to be 
engaging enough for people to 
keep doing the training after they 

become fatigued. Think of it like this. Imagine that you were told that if you did 
300 pushups a day for 30 days, you would effectively turn back the aging of your 
body, lose 10% of your body fat, and create an amazing physique. At first you 
might be very excited by this simple way to get the body you desire. But after day 
three or four, enthusiasm for many people would begin to wane. Even though we 
have the simple secret to a great body in 30 days, it’s really difficult to actually 
do. Most would find it too physically arduous. Similarly, effective cognitive training 
is mentally arduous. There are a lot of tools out there, but most are either not 
rigorous enough or engaging enough. Our challenge was to create training tools 
of a very high caliber and make them fun. 
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After two years of research and development, we all presented our trainer applications 
at the annual seminar, hosted by our Program Officer Dr. Harold Hawkins. All three 
companies had used gamification in our trainers - game mechanics to entice the 
trainees to do the rigorous activities, a challenge itself to do without compromising 
the quality of the cognitive training. We proudly explained our approach as we 
answered questions from researchers, military brass, and colleagues. After all of the 
presentations, Dr. Hawkins, a brilliant, thoughtful, and demanding client, spoke. He 
said he wasn’t satisfied with any of our efforts. He tasked us to go back to the drawing 
board to create something much more compelling. 

Dr. Hawkins challenged us to go beyond gamification because he didn’t believe that 
gamification alone was sufficiently motivating for enlisted personnel to do the training 
on their own in demanding operational environments. He dared us to create something 
much more compelling without compromising the integrity of the training activities.

Our answer to that challenge was Project Azriel: Bulletproof Brain Training—a first-
person shooter zombie-themed video game cognitive trainer. The premise for the game 
is that you are a member of a small, elite Navy SEALs unit that has been participating 
in a mind-training program. At the start, you are briefed about a catastrophic event—a 
biological agent of unknown provenance has been released and is turning those 
infected into violent, frenzied zombies. These zombies are infecting and killing those 
in their path. You must move from waypoint to waypoint, through various terrains, 
collecting data and fighting zombies to eradicate the threat as soon as possible. 
Scientists have discovered that the only way to fight off the ravaging effects of the bio-
agent is to engage in intense mental exercise. You must regularly engage in rigorous 
mental training in order to stay sharp… and stay human.

Yes, you read that correctly. Project Azriel is a first-person shooter zombie-themed 
video game cognitive trainer. Try saying that five times fast! To train the most important 
“muscle” in our body—the brain— Project Azriel engages the imagination. It is playful in 
its presentation, but serious, with a rigorous implementation of the cognitive training activities. 

Now, I invite you to take the next step of this journey with me, and Project Azriel. You 
will soon see why imagination is the secret sauce to effective cognitive training and 
making us smarter for tomorrow.
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You have probably 
heard the buzz around 
brain training, both the 
exciting discoveries that 
we can actually lower our 
brain age and also the 
sceptic’s response that 
point to limited research 
studies or counter 
examples that show the 
limits of brain training. I 
liken the debate to one 
playing out in schools 
today: do computers help students learn? On one 
side of the debate, you have those who point to the 
many opportunities children have today because of 
computers. For example, they can access primary 
sources of information and learn about any topic. 
Therefore, according to this perspective, the computer 
is a wonderful learning tool. On the other side of the 
debate, you have those who point to how children aren’t 
required to “think” with computers, because they put 
knowledge at children’s fingertips and make answers 
available instead of being discovered or reasoned. This 
side concludes that the computer is a limited learning 

[chapter_two]
Can I Really Improve My Brain? 

The Research Basis for Cognitive Training

tool that distracts students from learning. So, do computers help you learn? Well it 
really depends, doesn’t it? How is the computer used? Is it used to explore ideas 
or as a crutch? Giving a classroom of students computers and then evaluating 
how those computers impact their learning is fraught with problems. To answer 
this question, you would need to understand exactly how the computers are 
used, because the computer is only a tool. Asking if cognitive training games can 
help your brain is like asking if computers help you learn. You simply need more 

information. That is why both 
a research basis and well-
designed efficacy studies are 
critical as a foundation before 
you even consider using a 
cognitive training game to 
help your brain. And for that 
reason, we must also look at 
the research basis for the brain 
training and cognitive training 
tools.
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Working Memory 
– and Executive Functions

The Project Azriel brain trainer is grounded in research-based cognitive activities 
delivered in an adaptive fashion that focus first on working memory. What is working 
memory and why would you want to train it? Working memory is a central component 
of human information processing. I think the best analogy for understanding working 
memory is to think of it like the RAM in your computer. If you want to play games on 
your computer, you need both a good graphics card and also plenty of RAM. And 
especially if you are like me, and like to have multiple windows open at once as you 
work, you need lots of RAM. Just as RAM allows for the short-term processing in 
your computer, working memory is a critical workspace for the short-term storage and 
manipulation of information in your brain. Working memory holds information so it is 
accessible for processing. The central role of working memory in cognition is evident 
in many everyday tasks, such as engaging in conversation, understanding written or 
spoken instructions, and carrying out an ordered sequence of actions. For example, 
when we are listening to someone talk, our working memory must hold phrases 
or clauses in mind while waiting for subsequent information that reveals an entire 
sentence’s meaning. More basically, working memory is the component of information 
processing that allows an individual to maintain his or her “train of thought” or hold a 
goal in mind, despite distractions or decay of the thought. 

One part of cognition is the central executive. The central executive is a component in 
most theories of working memory. According to Baddeley (1986), the central executive 
puts information into and retrieves information from the subordinate systems in the 
brain. Generally speaking, the central executive is responsible for processing all 
working memory. At a broader level, executive functions monitor and adjust cognitive 
processes “and thereby regulate the dynamics of cognition” (Miyake, Friedman, 
Emerson, Witzki, & Howerter, 2000, p. 50). In other words, working memory is a 
component of executive function in the same way that, for a writer, plot, characters, 
and scenes are the components of a story. You train your executive functions in order 
to improve your working memory, just as a writer might improve the plot, characters, 
or scenes in order to improve a story.

Miyake et al. (2000) examined research on different executive functions and identified 
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three functions that are consistently cited across studies: shifting, updating and 
monitoring, and inhibiting. Shifting requires switching between mental tasks or shifting 
attention back and forth between cognitive operations (Monsell, 1996). Updating 
and monitoring (shortened to “updating”) involves monitoring incoming stimuli and 
continuously overwriting old information with newer, more relevant, information (Morris 
& Jones, 1990). Inhibiting, according to Miyake et al. (2000, p. 58), is the “deliberate, 
controlled suppression of prepotent responses.” That is, executive function controls our 
voluntary responses to stimuli. Miyake and her colleagues identified these functions 
because they represented low-level functions with precise operational definitions. 
Also, they had been well studied in the scientific literature for their contribution to more 
complex executive function tests. Essentially, Miyake and her colleagues looked at 
the available research on identifying and training executive functions and gave us 
three “power” executive functions: shifting, updating, and inhibiting, based on that 
research. 

Miyake et al. (2000) also examined the interrelationship among these executive 
functions (shifting, updating, and inhibiting). They had participants engage in three 
tasks to represent shifting (plus-minus, number-letter, and local-global tasks), three 
tasks to represent updating (keep track task, tone monitoring, and letter memory), 
and three tasks to represent inhibiting (antisaccade, stop-signal, and Stroop tasks). A 
confirmatory factor analysis was used to test their model. Miyake and her colleagues 
found support for the idea that shifting, updating, and inhibiting are distinct processes 
of executive function. The distinct nature of these three processes suggests that 
each component serves a different function in cognitive tasks and could potentially 
be targeted for unique brain training. Again, it’s important to note that Miyake and 
her colleagues looked at multiple substantial research studies as the basis for their 
choosing the “power three” executive functions and then determined that the “power 
three” are, in fact, distinct processes. This is why using these three executive functions 
in brain training is important.

Working Memory and Intelligence: 
The Connection

Other research on working memory has demonstrated its connection to intelligent 
behavior. For example, working memory is thought to play a major role in the expression 
of general fluid intelligence (e.g., Kyllonen & Christal, 1990). Fluid intelligence is the 
component of intelligence that allows a person to reason about abstract concepts and 
adapt to novel environments (Carroll, 1993). Researchers looking at meta-analyses 
of studies have estimated that working memory tasks and fluid intelligence measures 
are closely correlated at around 0.50 (Ackerman et al., 2005), 0.72 (Kane et al., 2005), 
or 0.85 (Oberauer et al., 2005). Such strong correlations have led researchers to 
suggest that reasoning ability is simply working memory (Kyllonen & Christal, 1990), 
and so, currently, researchers see working memory is the best predictor of intelligence 
(Süß et al., 2002).

The ability to hold a lot of information in working memory has also predicted higher 
performance on a great number of cognitive tasks:  

 Learning language (Baddeley, Gathercole, & Papagno, 1998)

 Language comprehension (Gathercole & Baddeley, 1993; Just, Carpenter, &  
 Keller, 1996)

 Reading and listening comprehension (Daneman & Carpenter, 1983;    
 Daneman  & Merikle, 1996)

 The ability to follow spoken directions (Engle, Carullo, & Collins, 1991)

 Reasoning (Barrouillet, 1996; Engle, Tuholski, Laughlin, & Conway, 1999;   
 Kane, Hambrick, Tuholski, Wilhelm, Payne, & Engle, 2004; Kyllonen &   
 Christal, 1990; Süß, Oberauer, Wittmann, Wilhelm, & Schulze, 2002)
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Additional
information Problem solving (Adams & Hitch, 1997; Carpenter, Just, & Shell, 1990)

 Strategic decision making (Devetag & Warglien, 2008)

 The ability to adapt to new situations (Conway, Cowan, Bunting, Therriault, &  
 Minkoff, 2002; Engle et al., 1999)

Even in the workplace, a strong working memory makes a difference in performance. 
Nelson (2003) found correlations between supervisor ratings of performance on 
cognitive-based work and measures of working memory. These correlations were 
small, though significant (r = .09 – .19). Few other research studies have examined 
the impact of working memory in on-the-job performance, but Nelson’s results support 
the general assumption that working memory has an impact on an individual’s ability 
to perform well at work.
 
These relationships emphasize working memory’s central role in cognitive functions. 
Researchers are motivated to investigate the possibility of increasing an individual’s 
working memory because doing so could have such far-reaching effects on the 
performance of other cognitive tasks. Our goal is similar: to make people smarter 
by using the most effective training activities possible. With that goal in mind, we’ve 
reviewed research on how to train working memory, and we examined factors that 
may contribute to more effective training. How the training activities are implemented 
into training matters, just as how you use a computer matters to its effectiveness as 
a learning tool.

Training our Working Memory : 
“Updating” – the ultimate power task

Updating is one of three components of executive functioning that have been 
identified and empirically distinguished by researchers (Miyake et al., 2000). 
Updating involves overwriting old information with newer information. While all three 
executive function components are important for cognitive functioning, there is some 
evidence that it is the updating component that is most strongly predictive of fluid 
intelligence (Chen & Li, 2007; Friedman et al., 2006, but see Schmiedek, Hildebrandt, 
Lovden, Wilhelm, & Lindenberger, 2009). Therefore, improving a person’s updating 
ability may show the greatest impact on transfer of training to non-training domains.

So what kinds of activities can make a person improve their ability to “update” 
information in their working memory? The main benefit of updating training is likely to 
come from developing a person’s ability to handle interference. Interference occurs 
when memories are degraded by new information that is processed, either before 
or after the memories are formed. Some researchers (e.g., Jonides et al., 2008) 
think interference is the main cause of forgetting in working memory. But why does 
interference cause us to forget? According to Oberauer (2009), it is the continuous 
binding and unbinding of stimulus information. This process causes weak associations 
in memory, reducing our ability to recall information and increasing our perception of 
familiarity among items (Szmalec et al., 2010). Updating tasks are subject to more 
proactive interference than other working memory tasks (Oberauer, 2009; Szmalec, 
Verbruggen, Vandierendonck, & Kemps, 2010); therefore, they make for highly 
demanding tasks and offer the promise of a way to improve our working memory. 

But what do updating working memory tasks look like and what do these look like in 
a training situation? There are many working memory tasks that require updating. 
Some of these include the n-back, the dual n-back, letter updating, the keep-track 
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Up to this point, attempts to train working memory have all fallen within the broader 
area of cognitive capacity training. Researchers have attempted to show training 
can enhance an individual’s attention (e.g., Tang & Posner, 2009), perceptual speed 
(Mahncke et al., 2006), speed of processing (Dux et al., 2009), and even intelligence 
(Buschkuehl & Jaeggi, 2010). Thus, working memory is one of a number of cognitive 
functions that have particular promise for training. 

Working memory training is most important because of its strong correlations with 
critical cognitive functions and fluid intelligence. Moreover, training working memory 
challenges the common assumption that working memory and fluid intelligence don’t 
change and cannot be improved. On the one hand, researchers have thought that 
working memory and fluid intelligence decline with aging, but they did not think these 
cognitive functions could be developed with training efforts.
 
There have now been numerous studies to examine the effectiveness of activities to 
train working memory (for reviews, see Klingberg, 2010; Morrison & Chein, 2011). 
Many studies have shown improvements in working memory and in related transfer 
tasks following training (e.g., Dahlin et al., 2008; Holmes et al., 2010; Jaeggi et al., 
2008; Klingberg et al., 2002, 2005). Others have also found that more training led 
to greater improvements (e.g., Jaeggi et al., 2008). From these studies researchers 
have been able to identify some promising specific strategies to improve working 
memory. Though there is the need for more evidence showing clear and consistent 
training effects, there is growing evidence that properly designed training programs 
can lead to improvements in working memory tasks and transfer to improvements on 
other cognitive tasks as well (Jaeggi, Buschkuehl, Jonides, & Shah, 2011; Morrison 
& Chein, 2011). 

Training Working Memory: 
The Background

task, and identity-judgment n-back. In the n-back task, the user is presented a stream 
of stimuli and the user must respond “Yes” if the current stimulus matches one that 
was presented “n” stimuli previously. The dual n-back includes both auditory stimuli 
and visual stimuli simultaneously, so the user must continuously update two streams 
of information at the same time. In the letter updating task, trainees must monitor a 
stream of incoming letters and recall the last four letters when the trial ends (Dahlin 
et al., 2009; Dahlin, Neely et al., 2008; Dahlin, Nyberg et al., 2008). Alternatively, the 
stimuli can be numbers, locations, or colors. The keep-track task requires participants 
to monitor a stream of words and judge the semantic category of these words based on 
a list of options (e.g., animals, clothes, sports, etc.). At the end of each trial, participants 
must remember the last word that was presented in each category (Miyake et al., 2000; 
Yntema, 1963). The identity-judgment n-back is essentially a single stream n-back in 
which participants must judge whether the current stimulus matched the stimulus 
presented “n” stimuli previously (McElree, 2001; Verhaeghen, Cerella, & Basak, 2004). 
Stimuli are presented one at a time, but are laid out in a matrix pattern with the number 
of columns equal to n. The order of presentation follows an English reading pattern, 
proceeding left to right and top to bottom. This spatial layout creates a condition such 
that the current stimulus must be matched to the stimulus that appeared directly above. 

The biggest gains in working memory and transfer performance come from the most 
cognitively challenging training paradigms. The n-back task is one that is particularly 
challenging, and it has also been one of the most popular working memory training 
tools. In the n-back task, the user is presented a stream of stimuli. This stimuli could 
be numbers, letters, or images. For any given trial, the user responds “Yes” if the 
current stimulus matches one that was presented “n” stimuli previously. The minimum 
value of “n” is 1 , in which case, the implicit question to the trainee is, “does the current 

Using n-back for Training
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In summary, the research just mentioned has demonstrated that persistent training 
on working memory can lead to higher performance on cognitive tasks (e.g., Jaeggi, 
Buschkuehl, Jonides, & Perrig, 2008; Klingberg, 2002; Klingberg, 2005; Olesen, 
Westerberg, & Klingberg, 2004; for a review see Morrison & Chein, 2011). We 
selected the first three induction tasks for Project Azriel based on the work of Miyake 
and colleagues (2000). Those researchers identified three functions consistently 
cited across studies: updating, shifting, and inhibiting. We adopted these three power 
executive functions as a foundation for the cognitive training in Project Azriel because 
they cover a broad range of cognition with only a few tasks. Improvements on these 
three executive functions should be highly effective in improving a player’s intelligence 
after playing.

Project Azriel : 
Improving Working Memory / Our Intelligence

stimulus match the previous stimulus?” The maximum value of n is limited to the 
maximum performance of the participant, typically around n=4 or 5. As “n” increases, 
the task is more challenging cognitively, which is evident from lower accuracy and 
slower reaction times (Jonides et al., 1997). Jonides and colleagues used positron 
emission tomography (PET) to examine the brain while participants performed the 
successively more difficult levels of the n-back. They found that more areas of the 
brain that process working memory were used as the value of “n” increased. 
 
Significantly, the increased use of the brain is isolated to certain parts of the brain. 
Jonides et al. (1997) did not find a relationship between the value of “n” and the level 
of brain activation in the areas that process perceiving the stimuli or responding to the 
stimuli. That is, increasing the value of “n” did not increase the difficulty of seeing the 
stimuli, or processing the “yes” response. Instead, the increase in “n” only increased 
the difficulty of processing the information in the task.
 
To determine this distinction, Jonides, Schumacher, and Smith (1997, p. 471) 
decomposed the processing that is involved in a single letter updating n-back task, 
where an individual sees a series of letters presented one at a time and must select 
“yes” whenever the letter is the same as the letter presented “n” times ago. As an 
individual performs the n-back, they would have to:   

1. Encode each stimulus

2. Store stimuli

3. Rehearse stimuli to keep storage active

4. Match each stimulus to one presented n-previous

5. Temporally order the stimuli sequence
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6. Inhibit memory for old stimuli beyond n-previous

7. Process a response

This task analysis identifies all the calculations that occur when the n-back task is 
performed. Each stage must be successfully accomplished for a person to perform 
the n-back accurately. Moreover, each stage has its own information processing 
demands that contribute to the overall difficulty of the activity. Each of these required 
stages contributes to how challenging the n-back task is, and some researchers think 
that this very challenge is what makes n-back tasks effective in training (e.g., Jaeggi 
et al., 2008). 

1  For researchers, there is sometimes value in setting n to 0, such as when they are establishing 
encoding and responding baselines for neuroimaging data. When n=0, participants press a key in 
response to every stimulus.
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HUD 
– Subduing the Zombies

agent is to engage in intense mental exercise. You must regularly engage in 
rigorous mental training in order to stay sharp and stay human.

Your Heads-Up Display (HUD) is 
equipped with a device that detects the 

type of infection of the adversaries in front of you. Your rules of engagement 
dictate that you must subdue the adversaries that can be saved and only 
take out those who are beyond help. Additionally, the infection seems to 
have altered those that have been infected in a way that prevents blunt force 
weapons from working on all but one type of the infection, which happens to 
be the only type of the infection that there isn’t a cure for. The patterns in your 
HUD tell you which weapon you should use. You have three different weapons: 
the dart tranquilizer rifle, the modified M-79 tranquilizer launcher, and a pistol.

Your HUD is analyzing the biochemistry in the air and communicates to you via 
graphical symbols so you can figure out the type of infection in the hostiles. In 
your HUD, you will see colored shapes in the middle of your display. You’ll have to 
figure out which pattern represents which level of infection by trial and error. This 
pattern changes without notice, so you have to keep sharp, and if one weapon 
doesn’t work on an adversary, then you will have to try one of the other two until 
you figure out which pattern currently represents which level of infection again. 

The dart tranquilizer rifle has the antidote for one strain of the infection, the modified 
M-79 tranquilizer launcher has the antidote and electrical charge to eradicate a 
different strain of the infection, and the pistol is for those who can’t be saved. 
The symbols that identify what type of infection is presented will be defined by 

[chapter_three]
Echo One, Echo One – 

Stay Sharp and Stay Human

Chapter two reviewed cognitive training research and how that 
research is applied in Project Azriel. This research presented 
evidence that shows that cognitive training has measurable 
effects on your working memory and fluid intelligence. The 
promise of training in tackling debilitating conditions such as 
mild cognitive impairment or traumatic brain injury continues to 
be pursued through a number of rigorous research studies (e.g. 
Andrade & Radhakrishnan 2009). The research is meaningful 
and exciting. Now let’s see how the research connects with 
your imagination and motivates you in training. To do so, let’s 
go back to the premise of the game.

Imagine that you are a member of an elite Navy Seals training 
unit that has been participating in an experimental mind training 
program. You wake up, a little discombobulated, hearing the 
words, “Echo One, Echo One, do you read?” You quickly learn 
that you were in a crash that may have affected your memory. 
You are briefed once again on your mission. The briefing 
explains that a biological agent of unknown provenance 
has been released and is turning those infected into violent, 
frenzied zombies that are infecting and killing those in their 
path. You must move through various terrains from waypoint 
to waypoint, collecting data and fighting zombies to eradicate 
the threat as quickly as possible. Scientists have discovered 
that the only way to fight off the ravaging effects of the bio-
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Additional
informationThe symbols that identify what type of infection is present will be defined by a rule 

based on number, shape, or color. First, you’ll have to figure out the rule, or the larger 
pattern, of the symbols (number, shape, or color) and then you can deduce which 
symbols correspond to which weapon. (For example, if the pattern of symbols is 
defined by a rule based on color, you might figure out that green = Weapon 1 (dart 
rifle), red = Weapon 2 (M-79 launcher) and blue = Weapon 3 (pistol).

Let’s see this in action. An 
adversary approaches you 
with two red pyramids over 
his head. Weapon 1 (dart 
rifle) and Weapon 2 (M-79 
launcher) are used with no 
effect. Then Weapon 3 (pistol) 
is used and the adversary 
is successfully neutralized. 
We now know that two-red-
pyramids is associated with 
the Weapon 3 (pistol).

The next adversary approaches 
with two red spheres over 
his head. Weapon 3 (pistol) 
is used and subdues the 
adversary. We now know the 
rule is not based on shape 
because the two sets of 
symbols had different shapes 
but the same color. We don’t 
yet know if the rule is based 
on number or color since there 
were two symbols of the same 

In Project Azriel, the working memory mental set-switching task is an adaptation of 
the Wisconsin Card Sorting task (Berg, 1948). In the Wisconsin Card Sorting task, 
participants sort cards into one of four decks based on the color, shape, or number of 
symbols on each card. Participants must determine which dimension (color, shape, 
number) is the correct one to sort by based on feedback from the program. After a 
number of correct placements, the sorting dimension changes to another dimension 
and the participant must adapt to this rule change. 

Project Azriel’s adaptation of the Wisconsin Card Sorting task is fully integrated into 
the FPS gameplay. Cognitive training often includes digital platforms that deliver a 
series of stimuli to the user, requiring the user to respond in a way that taxes specific 
cognitive functions. These extant systems, however, take a disjointed, rather than 
immersive, approach to cognitive training. Our approach to cognitive training includes 
establishing a first-person shooter environment, and presents a cognitive training 
exercise within the FPS environment as an integral part of FPS gameplay. This is more 
desirable than extant cognitive trainers, which present cognitive training activities in 
isolation (that is, as ends in and of themselves rather than as the means to an end 
and part of a larger, integrated whole). 

Put another way, in Project Azriel, the gameplay and the cognitive training are one 
and the same. This is to be contrasted with requiring the player to complete cognitive 
training “mini games” or puzzles within the context of a “pure” FPS, where the primary 
gameplay mechanic is to subdue as many enemies as possible to escort a neutral 
character to safety, or to accomplish some other non-cognitive objective. In the former 
case, the cognitive training is seamlessly part and parcel of the FPS. In the latter 
case, the player is temporarily taken out of the larger in-game universe to engage in 

Shifting Research Basis: 
The Wisconsin Card Sorting Task
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color for each adversary, so the rule could be based on either number or color.

The next hostile approaches with 2 blue spheres. Weapon 3 (pistol) is used and 
is ineffective. We now know 
that the rule is not based on 
number, so it must be based 
on color. Weapon 2 (M-79 
launcher) is used and is 
effective.

We now know that the rule 
is based on color. We also 
know that Weapon 3 (pistol) 

subdues red and Weapon 2 (M-79 launcher) subdues blue, thus Weapon 1 (dart rifle) 
must subdue green. We confirm this when an adversary approaches with one green 
square above his head. Weapon 1 (dart rifle) is used and the target is successfully 
neutralized.

a cognitive activity, which can spoil the immersive feel of the game and detract from 
the effectiveness of the training.

In the game, the player is equipped with a detector that categorizes the infection 
of the adversary. The player is required to monitor the symbols displayed on the 
screen produced by the detector and interpret those symbols in order to decide which 
weapon to use to subdue or take out the adversary. The player must determine how 
to read the symbols based on pattern recognition and must infer the rule for which 
weapon to use. After a certain number of correct weapon decisions, the rule changes 
and player must respond to this change by abandoning the previous rule and inferring 
and adopting the new rule. 

Patterns of infection will be either by number, by shape, or by color. First, the player 
must figure out the larger pattern of infection (number, shape or color), and then the 
player has to figure out which symbols correspond to which weapon (for example, 
if the pattern is a number pattern, you might figure out that 1 shape = weapon 3, 2 
shapes = weapon 2 and 3 shapes = weapon 1).

 a. For example, the player sees an adversary, and the detector shows:

 
  The player shoots each of his weapons and discovers that weapon 3,  
  the pistol, neutralizes the adversary.

  The player’s detector next shows:

  The player uses weapon 3, and puts down the NPC. The player 
  now knows the pattern is based on shape, and he needs to figure out  
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In addition to subduing zombie adversaries, you need to keep yourself alive. In the top 
left of your display you will have an infection meter. Once you are in an area where the 
bio-agent has been released, or if you have come into direct contact with an infected 
person, then you are infected and it will begin to spread.

If your infection level gets too high, your health will rapidly decrease and you will 
die. To avoid death, you will need to get somewhere safe. Find higher ground. The 
infected are in a state of primal rage and are severely impaired mentally. It appears 
that they can’t think well in three dimensions. Getting onto a roof or out of reach of the 
infected is your best bet for safety. 

Once you’re safe, you’ll 
have to do the Bio-agent 
Resistance Training regimen. 
It appears that the Bio-agent 
Resistance Training is the 
only thing that can counteract 
the infection on an ongoing 
basis. You’ve also been given 
an experimental healing 
inoculation that uses the 
power of your mind to rapidly 
heal you. You’ll have to clear 
your mind of the infection for the healing to occur, so, once you’ve done enough of the 
Bio-agent Resistance Training to remove the infection, then your health will increase.
 
In the Bio-agent Resistance Training, your mission is to remember images that were 
presented previously. When recall = 1, you have to remember the image presented 

Infection Meter
 – Bio-agent Resistance Training: Keeping Yourself Alive

  which shape is associated with weapon 2 and which shape is associated  
  with weapon 1.
  
 b. For example, the player sees an adversary, and detector shows:

  The player shoots each of her weapons and discovers that weapon 2,  
  the modified M-79 tranquilizer launcher, subdues the adversary.
 
  The player’s detector next shows:

  The player uses weapon 2, and subdues the adversary. The player now  
  knows the pattern is based on either on number or color, but he or she  
  needs more information. 

  The player’s detector then shows:

  The player uses weapon 2, but it doesn’t work. He or she then uses   
  weapon 1, and he successfully neutralizes the adversary. He now   
  knows the pattern is based on color. Red is associated with weapon 2,  
  and yellow is associated with weapon 1.

The mental set switching parameters are configurable so that researchers may adjust 
parameters in order to optimize training efficacy in future versions of the game.
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recall =1
match

recall =1
match

recall =2
match

recall =3
match

Additional
information

Aqua
blue

Aqua
blue Yellow Blue Yellow Yellow

“1” time ago. When recall = 2, you will have to remember the image presented “2” 
times ago, and so on. Press the “match” button when you see a match.
 
For example, you see six images in the following order (see images below). When 
recall = 1, you would press “match” when you see the second aqua blue pattern and 
the third brown and green pattern in this sequence. 

However, if recall = 2, then you would press “match” only on the second brown and 
green pattern.

When recall =3, you would press “match” only on the third brown and green pattern.

Shifting Research Basis: 
The Wisconsin Card Sorting Task

The update and monitoring task is a single n-back. In the game, the player is battling 
adversaries who have been afflicted by a devastating neurological toxin. The player 
must do the Bio-agent Resistance Training (BART) to keep the player’s infection at a 
minimum. The BART is a working memory updating task; a single n-back task in which 
the player is presented with a stream of visual stimuli. For any given trial, the player 
responds “Yes” if the current stimulus matches one that was presented “n” stimuli 
previously. The updating task is a single (visual) n-back with optimized parameters of 
30% lures and 30% targets. The stimuli also increase in complexity. Initially the stimuli 
are numbers. Later they become camouflage. The n-back has 6 levels per “n” value 
that adapt based on the player’s performance. 

In the BART training, the objective is to remember images that were presented 
previously. When n=1, the player must remember the image presented 1 time ago. 
When n=2, the player must remember the image presented 2 times ago and so on. 
The player presses the “match” button to indicate a match. 

For example, the player sees six squares in the following order (see image below). 
When n=1, the player would press “match” when the second aqua blue square 
appears and when the third yellow square appears. However, if n=2, then the player 
would press “match” only on the second yellow square. When n=3, the player would 
press “match” only on the third yellow square.
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Additional
information

Because of difficulty of the Bio-agent Resistance Training regimen and the strength of 
the toxin in the bio-agent, only a select few can take on a mission of this kind. Due to 
the sensitive nature of this mission, you will have a direct COM link to Admiral Trenton 
throughout your mission. He will direct you to different waypoints and brief you on new 
developments as you gather intelligence. You will be looking for clues to the identity 
of who is behind the attacks as you investigate the outbreak through several different 
scenes. 

When you are out of reach 
of the infected and have a 
clear view of the sky, you can 
connect to a nearby drone. 
There may also be times when 
your HUD will automatically 
connect you. When you are 
connected to the drone, 
you can engage in remotely 
targeting the infected that are 
being monitored by the drone. 
You will need to set off a detection blast to identify the infected that can’t be saved 
so that the sniper team can target them from afar. Then you will need to track those 
hostiles while you wait for the sniper team to get into position near the location. When 
the sniper team is ready, you’ll be notified to identify the infected that you have been 
tracking so that the sniper team can target them. The sniper team will then take them 
out and eliminate the threat. Once the sniper team has completed its task, then the 
drone will drop off ammunition near your location.

Briefings:
 Aiding the Investigation

Remote Targeting: 
Using Drones

Inhibiting Research Basis: 
Attentional Inhibition Task

Project Azriel includes a third induction task that utilizes the “inhibiting” executive 
function. In the Remote Targeting task, one to five targets must be tracked and three to 
eight distractors must be ignored. The targets are initially identified for participants at 
the beginning of the trial, but they are otherwise indistinguishable from the distractors. 
After targets are identified and identification is removed, targets and distractors move 
around the screen for a period of one to three minutes. Participants must maintain 
attentional focus on the targets throughout the trial and must click on the targets at 
the end of the trial. 

For example, the player sees the following moving targets on the screen. Two targets 
are identified briefly:

The targets continue to move:
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The premise is simple. You must determine how to read the symbols based on pattern 
recognition and you must infer the rule for which weapon to use as you traverse 
zombie-infected terrains. The rules change throughout the gameplay as the bio-
signatures in the toxin modulates indiscriminately. If your infection gets too high, 
you must then engage in the Bio-agent Resistance Training to counteract the effects 
of the toxic bio-agent and to restore your health. When safety permits, you will be 
required to monitor a remote video feed from an aerial drone for a sniper team and get 
ammunition resupplied to you. Good luck. That’s it. You have your mission. You have 
your training. It all boils down to this: Stay sharp. Stay human.

Your New World After an undisclosed period of time, the player must select the two targets that were 
identified previously.

All of the cognitive training tasks in the game are adaptive so trainees receive cognitive 
training that progressively becomes more challenging. 
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[chapter_four]
Why Zombies?

Imagine hunting zombies in a dark, creepy street in the naked city. Zombies are 
visual, and, just by reading that description, you can imagine doing exactly that. 
When people ask me what Project Azriel is, I say, “Think Call of Duty meets 
brain training”. Why do I say that? Because to describe it as ‘cognitive training 

through updating, set switching, and attentional inhibition tasks that improve 
your executive functions in a first-person shooter zombie-themed environment 
where the training is integrated into the gameplay’ is too much for most of us to 
process. However, people can understand a military-themed first-person shooter 
game. Cognitive training is still hard to comprehend, but “brain training” alone 
suggests that it may have cognitive benefits. Zombies capture the imagination, 
and choosing them for Project Azriel allowed us to invite you on a journey that 
you might have been reluctant to take otherwise, partly because it’s difficult to 
comprehend what, exactly, that journey is. 

In the premise of the game, zombies are incorporated to engage your imagination, 
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Additional
information

Malcolm Gladwell’s book Outliers popularized the 10,000 hours threshold to become 
an expert based on Ander Ericsson’s research on deliberate practice (Ericsson et al, 
1993). Ericsson has spent his career studying expert performance across multiple 
fields. His research has demonstrated that those who excel in their fields and acquire 
expert status or mastery have similar patterns of learning. Interestingly, these patterns 
are consistent in experts across fields. His seminal research paper, which Gladwell 
popularized, looked at expert violinists and showed that these experts required, on 
average, 10,000 hours of practice to achieve mastery. While it makes common sense 
that mastery requires practice, it’s important to note that Ericsson’s point is that not 
all practice is created equal. It’s true that mastery requires practice, but it must be 
a certain caliber of practice in order to have an impact. He called this high caliber 
of practice “deliberate practice.” Ericsson identified five characteristics of deliberate 
practice that were essential:

 Practice should be a little more challenging than one’s current skill level. It   
 doesn’t do much good to practice what you already know if you want to improve.

 Practice should be adaptive. In other words, it should continuously become   
 more challenging as your skills develop.

 Practice should focus on the components of the larger skill, so if you are   
 practicing to be an expert at singing, you should practice the small component  
 skills of singing like scales, pitch, breath, etc.

 Practice should include immediate feedback so you know clearly if you   
 practiced the component skills correctly.

Inhibiting Research Basis: 
Attentional Inhibition Task

which assists you in another valuable goal: that of getting better executive functions 
through deliberate practice. Deliberate practice is adaptive and a little more difficult 
than your skill level. It includes a focus on specific component skills, immediate 
feedback, and motivation to achieve. And, therefore, it is challenging. I think the most 
vital aspect of this is the motivation component. The other qualities of deliberate 
practice are more straightforward to incorporate in any game-based or computer-
based training activity. The motivation component is much more complex, and that’s 
why your imagination is very important.

In the next chapter, we are going to explore motivation in greater depth and offer a 
very useful framework for examining motivation as a system that your imagination 
connects to quite well.
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 One must be motivated to acquire the skill. There must be a drive to improve.

Ericsson believes, and his research indicates, that, through deliberate practice, 
anyone can become an expert over time.
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[chapter_Five]
Imagination and Motivation

In order to understand why imagination is such a powerful tool in learning outcomes, 
it’s important to understand motivation. Let’s begin with a brief look at motivation 
from a theoretical point of view. 

While developing another learning tool that incorporated gamification of the 
learning tasks, we had the opportunity to work with Dr. Martin Ford, Associate Dean, 
Graduate School of Education, George Mason University. Dr. Ford’s extensive 
research on motivation and motivational systems has grounded our development 

efforts. It also offers an important lens for 
understanding the power of the imagination 
and its role in motivating you to persist in 
challenging learning tasks.

Our goal, as we develop learning tools, is not only to offer 
products that can inspire learners’ interest and desire to 

engage with the program in the short term, but 
also we aspire to develop products that will 
motivate a learner to persist in the activity over 
an extended period of time. This is absolutely 
necessary for deep learning gains, and can be 
a bigger challenge than stimulating the initial 
engagement, which tends to fade over time as 
early novelty wears off or as frustration emerges 
in the face of new challenges. In pursuit of 
this goal, we have explored, theoretically and 
practically, the thoughtful integration of gaming 
elements in our tools to enhance learning 
outcomes.

We use the theoretical framework developed by 
M.E. Ford (1992), called Motivational Systems 

Theory (MST), to understand 
and leverage motivation 
in training. MST integrates 
concepts from over 20 
different motivation theories to 
provide a structured approach 
to understanding a person’s 
motivation (M.E. Ford, 1992). 
It describes motivation as ‘the 
combination of three processes 

Understanding Motivation
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Personal Agency Beliefs

Additional
informationthat interact to determine the direction and intensity of an individual’s actions: personal 

goals, personal agency beliefs (PABs), and emotions.’ We found MST very useful as 
we built Project Azriel and our other learning tools because it offered us a framework 
for thoughtfully building intrinsically motivating tools. 

MST assumes that behavior is purposeful and substantially self-directed, rather 
than a mechanistic result of external forces. Personal goals are thoughts that 
represent outcomes that are potentially desirable for an individual—something that 
they personally value. Goal concepts and images may be formulated in approach 
or avoidance terms, and, while they may be represented in consciousness, they 
often function at a nonconscious level. Goals organize an individual’s thoughts and 
actions in a particular direction. Ford and Nichols (2005) developed a taxonomy of 
human goals that offers a comprehensive list of 24 goal themes organized into six 
overarching categories. While the taxonomy provides a classification scheme for all 
human goals, there are powerful individual differences in the core personal goals that 
are important to people (Ford & Nichols, 2005). Even those goal themes that appear 
to be more universal in the human species, such as goals for competence, autonomy, 
and relatedness, are manifested at varying levels of frequency and intensity in different 
individuals (Deci & Ryan, 1985; Ford & Smith, 2007).

Personal agency beliefs (PABs) reflect an individual’s expectations regarding whether 
they will be able to make effective progress toward a desired goal. There are two types 
of PABs: capability beliefs focused on whether one’s own personal capabilities will be 
sufficient to achieve the goal (e.g., “I can complete this program if I try.”), and context 
beliefs focused on whether the surrounding environment will be supportive of efforts 

Personal Goals
“If you really want to understand humans, you have to understand them as self-
constructing living systems. Systems models begin with the premise that humans 
are, by nature, goal directed—we’re active; we’re self-directed. That’s very different, 
assuming that we are like machines that will respond in a particular way to a particular 
stimulus, or that we’re like computers that will learn whatever is taught to us. If you 
go back into the psychological theories of the 60’s, 70s, and 80s, there is a constant 
stream of sophisticated theorizing, but, still, the fundamental idea is that learning is 
mechanistic. In reality, people are very diverse in terms of the kinds of goals that will 
energize us and keep us moving toward a target.”

“When it comes to motivation theories, there are a lot of great examples in the 
literature, and, in fact, as you saw in my Motivating Humans book, I took the tactic of 
standing on the shoulders of giants. There’s a table in that book that outlines 31 other 
motivational theories and how they relate to motivational systems theory and, yet, 
the need for a systems model is easy to see when you look at the theories, because 
most of the theories are focused on one big idea, like “goal setting” or “self-efficacy or 
“positivity”. Everything gets filtered through those ideas. The ideas are powerful and 
productive, but still offer a version of learning as mechanistic thinking. ‘If you can set a 
clear attainable goal, everything will be fine’. Well, that’s just one element in an overall 
system. ‘If you can help the learner feel self-efficacious, all will be well’.’ Well, maybe, 
but there are a lot of other additional elements that also need to be working well. 
Systems models, in contrast to this ‘one big idea approach,’ assume that there are 
many component parts that have to work together in a harmonious way to produce 
good outcomes. It’s not enough to nail down just one part of the system.”

“At a high level, in a person system, there are four elements that need to be working 

What is a systems learning approach?,” 
as explained by Dr. Martin Ford
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Emotions are complex psychological and biological processes that energize and 
regulate an individual’s actions toward a goal. Individuals will often have emotional 
responses to events that are associated with things they value or goals that are important 
to them. Like PABs, emotions can either encourage or discourage action toward a goal. 
However, while PABs are thoughts that assess personal and contextual factors in goal 
striving on an ongoing basis, emotions are short-term states that energize a person 
to act on their intentions but then need to be re-triggered to sustain their influence.

The important thing to understand here is that motivation is a complex system 
with multiple variables at play at any given moment. Games (first-person shooter 
games and various other types of video games) offer a rich tapestry of interwoven 
components, or “motivators,” that simultaneously appeal to individuals in multi-faceted 
ways. Engaging your imagination allows you to connect with your complex personal 
motivational system in multiple ways, and this is why games are a great environment 
to stimulate your imagination.

Emotions

Imagination as the fuel for Motivation

to progress toward a desired goal (e.g., “Why bother? The computers here usually 
freeze up and stop working.”). Individual capability beliefs include both self-efficacy 
(e.g., Bandura, 1993), which is task-specific, as well as broader beliefs about what 
one is capable of doing (e.g., as a student or in learning situations in general). Both 
types of PABs are important to consider in educational design because persistence 
toward a goal requires confidence in both the self and the environment.

well to accomplish a goal. First, a person must have the motivation needed to initiate 
and maintain persistence until a desired outcome is attained. Motivation plays a 
leadership role in the system. And that is why, in a very real way, motivation is the 
most fundamental component of the system when it comes to learning. The person 
must have the knowledge and skills needed to construct and execute actions that will 
produce the desired outcomes, so it’s not all about motivation. You also have to have 
an infrastructure of knowledge and skill. You must also have a biological structure 
functioning that supports the knowledge and skill. And then the environment is yet 
another part of the system that must facilitate the learning process, or at least not 
excessively impede progress towards the desired outcome.” 
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[chapter_six]
Why Zombies? Part II

So, let’s get back to the zombies. 
Engaging in a narrative about 
the consequences of brain 
impairments, while you are 
enhancing your own brain’s 
performance, is one building 
block of a compelling motivational 
experience. In addition to the 

unfolding story that motivates you to keep going, there are rewards for engaging 
in the targeted brain-training activities, as well as consequences to skirting them. 
One of the subjects who participated in our efficacy study said he wasn’t even 
paying attention to the game being about zombies; however, the recall mini-
game, in which players must engage to restore their health and stay alive, was 
compelling to him. That’s the thing. When you willingly engage the imagination, 
you don’t need to be completely connected or enthralled to have a powerful effect. 
Your imagination knows how to connect to your complex motivational system, 
thus, it can do most of the work for you.

Creating an immersive environment is a very powerful way to keep you engaged 
in an activity that may not otherwise hold your interest. While that can be done 
through amazing movie quality graphics and, soon VR, the success of simpler 
games like Minecraft show that there are multiple ways to tap into this very 
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Additional
informationpowerful motivator. In Project Azriel, we tap into the motivating aspect of immersion 

including you, and the mind training, in the premise of the story, and continuing that 
throughout the gameplay.

Recently, I experienced VR by a company called 2-bit Circus at a conference. They 
have a demo where you are in a window washing platform for a high-rise building that 
mimics movement, but you don’t actually move up or down. The graphics are what you 
would expect in a game. It’s clear that it is not reality. Despite this acknowledgment, 
you feel as though you are ascending to the top of the building! I, myself, have a 
fear of heights and had to be helped off the platform because it was too scary. This 
gave me two conclusions: one, that I am excited to introduce VR into Project Azriel 
in the future, and, two, it doesn’t take 100% accuracy for us to provide an immersive 
experience. Having our imagination captivated, and a few elements contributing to 
that imagery or narrative, can be enough to compel us do a task that is arduous, but 
good for us. 

So, is Project Azriel a AAA game? No. Not yet. But by choosing to play Project Azriel, 
you are choosing more than being entertained, you are choosing to be “enter-trained.” 
Through the game, you can embrace something arduous with less psychological 
reluctance. Our mission is to develop serious tools that offer tangible benefits to 
learners of all kinds, whether they are children with learning disabilities or adults 
facing the challenge of cognitive impairment. Our tools make the process of working 
out your brain more fun. So, let yourself embrace zombies. Do your mind training to 
keep from becoming a zombie yourself. Stay sharp. Stay human.

Motivation is complex, and imagination is powerful. Project Azriel has given me the 
opportunity to observe both these actualities across the spectrum.

In the spring of 2015, my development team and I were attending the Xtech /
Neurogaming conference in San Francisco. This conference evolved out of a previous 
effort called EsCONS, which brought together researchers in neuroscience and 
software developers. At some point, Zach Lynch took the reins and has organized the 
event ever since. I have attended almost every conference since 2010 and found it a 
great source of information on the latest in technology and research in the neurogaming 
arena. During the 2015 conference, we were in the middle of the efficacy study for 
Project Azriel. To conduct this study, we used a freelancer service called UpWork 
(It was Odesk, then Odesk merged with eLance and became UpWork). The head 
researcher from PDRI, who was leading the study, emailed my team because he had 
just gotten a message from a study participant who wanted to alert us to a search 
result she found when she did a google search for Project Azriel. Up to this point, we 
had been immersed in development and had devoted no resources at all to marketing. 
We were, therefore, startled to see that the number one search result on google when 
you searched for Project Azriel was a disturbing blog from a conspiracy theory website. 
The title of the blog: Project Azriel: Simple “training” or Mind control? It’s a long thread, 
and certainly good for a laugh or two. Essentially, several people weigh in on how 
the game is some bizarre effort by the government to create Manchurian candidates 
via video game mind control using changing shapes on a screen. The power of the 
human imagination is immense, and, with a few triggers, your imagination can power 
your efforts, your motivation, and your fears. Spoiler Alert! We will be incorporating 
this real-life occurrence into our storyline down the road.

Project Azriel:
 Mind training or Mind control
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One of the best examples of how zombies capture the imagination is the longstanding 
popularity of The Walking Dead television series, now in its eighth season and viewed 
by more than five million people. In April 2017, I volunteered at the “Walker Stalker” 
conference in San Francisco. I chose to volunteer at the conference primarily because 
I was intrigued by the opportunity to help craft an experience for people greatly inspired 
by a television show that was about zombies and the lives affected by the living dead. 

As luck would have it (and with a little advocacy to the volunteer coordinator), I was 
assigned crowd control at Norman Reedus’ booth. The popular character Daryl Dixon 
is played by Reedus on the television show. Daryl Dixon’s “fight-or-die” lifestyle before 
the apocalypse has come in handy post apocalypse. It has kept him alive, but he 
struggles to navigate the complexity of his new world.

Meeting so many of Reedus’s fans while they waited in line, I saw, over and over 
again, the power of inspiration to get one through drudgery. Waiting in line inside a 
drab warehouse-like building on a beautiful day in San Francisco is tedious, at best. 
But for his fans, the inspiration of meeting Reedus was enough to change the tedium 
of their experience. These fans admired Norman Reedus and were motivated to wait 
for hours. What if that same admiration could motivate you do things that are good for 
you and your brain? 

My entire career, I have been trying to figure out the puzzle of transformational learning 
experiences and how those experiences can impact our lives in essential ways. With 
struggling students, we focus on building foundational literacy skills. Literacy is the 
key. It’s just a building block, but a critical one. Reading is a gateway skill: if you 
can read, you have access to all other knowledge. How can we entice people to 
make choices that benefit them, and, in so doing, give them more opportunities for 
self-determination? We’re still tackling this question, but inspiration, imagination, and 

The Walking Dead:
 Zombies, Zombies Everywhere

motivation all play pivotal roles. 

Right now, we have one brain training game, Project Azriel, and our target audience 
is healthy adults that want to be more productive by thinking faster. But this is just 
the beginning. We are really on a quest to develop more tools that tangibly impact 
people’s lives by improving the lives of people with learning disabilities and conditions 
like TBI, cognitive impairment, etc. People who face these serious challenges are just 
like the character Daryl Dixon, who had to adapt to a new world that didn’t make sense 
and draw on his inner strength to help him do what is uncomfortable for him in order 
to survive. His struggle is shared by so many others. Could the trials, tribulations, and 
courage of Daryl Dixon inspire others to take on the challenge of cognitive training?

Just like Daryl Dixon, your imagination can motivate you to take significant action 
that results in meaningful outcomes. Your imagination can make you fear shapes 
on a computer screen, or engage in rigorous training that helps you be your most 
productive self and achieve seemingly unsurmountable breakthroughs. We choose to 
engage the imagination for many ends. I invite you to join us and use your imagination 
to get the most out of Project Azriel. I also invite you to help us make our enter-training 
software more compelling by giving us feedback and your ideas on how we can help 
engage your imagination.
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place holder box
[chapter_seven]

The Reveal

When the first opportunity came to present our Project Azriel game to the Office of 
Naval Research, I was excited and nervous. The lead researcher, Dr. Cory Adis, 
and I jointly presented the game. During our practice session the night before, I 
volunteered to explain how the mental set switching tasks worked using a video 
of actual game play, pausing to explain the strategy as I progressed in the game. 

I had explained it multiple times 
to the subject participants and QA 
testers in our office and I felt very 
confident.

The day for the unveiling came. 
As the distinguished researchers 
in the field of neuroscience 
(including Jaeggi, O’Reilly, Posner, 

and Vogel) presented, and the 
brass and fellow colleagues 
lobbed demanding questions, 
I felt humbled to be in this 
room of giants, and a sense of 
nervousness crept in. Finally, 
it was our turn. I began the 
presentation, “Last year, Harold 
posed a challenge to all of 
us building cognitive trainers. 
Project Azriel is our answer to 
that challenge.” We then showed 
our first-person shooter game 
and explained the premise of 
the game. When the time came 

to explain how the activities worked, I began the explanation that I had given a 
dozen times before, showing the video of game play while explaining the symbols 
and how to figure out the pattern. I was in the middle of talking and suddenly lost 
the pattern. I got nervous. I choked. I couldn’t process the pattern fast enough! 
Then something beautiful happened. The audience—this coterie of leaders in 
their field—corrected me. It was wonderful. They were following the gameplay 
with me. They understood. They were engaged. We had done something we 

had never seen before with the training activities. 
We had integrated the cognitive training activities 
into the gameplay. The gameplay wasn’t just a 
wrapper to make the training more exciting: it was 
the training. It was ambitious and complicated, yet 
everyone understood. It didn’t need my explanation. 
The game revealed itself.
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Additional
informationAnd the audience saw the elegance in our solution to the problem, creating something 

appropriate for the target audience—young military recruits—that was as rigorous as 
training designed for a lab environment. But none of that would have mattered without 
results. At this stage, we had done a modest first tier evaluation, but preliminary results 
showed the trainees had engaged in the training longer than expected.

As someone who has spent her career running educational service programs and 
building educational software, I find that it is always tricky to balance the right amount 
of time spent in a learning tool on motivational components and time spent on learning 
activities. As developers and program managers, we always assume a limited amount 
of overall learning time and actively focus on how to make the most of that time. That’s 
why, in our services and software, the priority has always been on motivators that are 
ever present, or very limited in duration, and do not take away time from the activities. 
The discussion of motivators is rather complex as we discussed in Chapter Five, 
and in learning games especially so, because you have to consider other aspects of 
motivation when it’s applied to learning, like rewards and their impact on the intrinsic 
motivation to learn. 

This is one reason we never considered making a video game that was the reward for 
doing the training activities, something that had been attempted many times for many 
years. Our thinking has always been that learning takes precedence over everything 
else. Your goal is to learn x, y, or z, and not to play a game, get badges, or any 
number of game mechanics that are rewarding without improving cognitive functions. 
Those aspects should exist in so much as they make the learning more effective. I 
do want to add a caveat here. Recently, I had the honor of having lunch with Noah 
Falstein, a videogame industry veteran who most recently hung his hat as the head 
of the Google games unit. Noah shared with me an article he had written about game 
development that was a brilliant and succinct presentation of the rules that should 
govern game design. We were discussing how educational games often come up 
short in the engagement and learning department. He told me that, in terms of learning 
games, his perspective was you should make the game a good game first, and then 

As we explained in Chapter three, the mental set switching activity is integrated into 
the first-person shooter game play. We were very excited about this approach because 
we had not seen a first-person shooter (FPS) game deliver cognitive training activities 
in this way before. You are using one weapon to save zombies with a certain level 
of infection, a different weapon for saving zombies with another level of infection, a 
different weapon for putting down zombies. All this occurs while trying to stay alive, 
reduce the debilitating effects of the neurotoxin on your own cognitive abilities, and 
gather intelligence. Everything you do in Project Azriel is integrated into the game 
play. Instead of saying, “if you do this activity over here, I will reward you by letting you 
play in the immersive world,” your play in the immersive world is doing the activities 
that benefit you and your brain.

Integrating Cognitive Training into Game Play 
– Mental Set Switching
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you should add the academic activities needed to meet your learning objectives. Get 
the game right, then integrate the learning. I found this fascinating because it was the 
opposite of our approach—get the learning right, then integrate the game. Of course, 
Noah is a game expert, so it makes sense that he would approach the same problem 
from the other side. The cool thing, however, is that both approaches, if done right, 
produce the same result. Integrating learning into gameplay or gameplay into learning, 
if done well, will be seamless. That is the hope we have for Project Azriel and all of our 
future projects that tackle difficult learning challenges. 

We presented our game as it stood, premature as a game but solid on the cognitive 
training. One of my most satisfying moments in the presentation that year was when 
the Program Officer for IARPA, who had been asking demanding questions of all the 
research presenters, came up to me afterwards and said, “This is amazing! I have 
never seen anything like this.” 

Additional
information

As someone who manages supplemental educational programs that have served 
more than 20,000 students over the past 15 years using computer-based curricula, 
I have had the opportunity to work with hundreds of school leaders and see the 
opportunities and challenges for game-based learning in the classroom. In our 
programs, we use a “blended approach” of web-based curricula and staff to provide 
targeted instruction that addresses specific academic needs of struggling students. 
We have incentives and use software that includes some game mechanics, but we 
have never implemented a program that uses only game-based learning tools at 
any of the 700 plus schools that we have served. There is still a cloud of suspicion 
that surrounds game-based learning in the classroom, but that may be changing as 
enthusiasm for game-based learning tools has grown. In fact, recent data gathered 
by Metaari in its 2017-2022 Global Game-based Learning Market Report shows that 
game-based learning or “serious games” is nearly a 3.2 billion dollar industry and 
growing. Not surprisingly, consumers are the top buyers, followed by primary schools 
and corporations. The report credits the strength and growth potential of the serious 
games market in part to the reduction in “organizational resistance to learning that 
includes game play.”

While we have seen that reduction in organizational resistance in the field, it is still a 
prominent force in the schools where we work. Mostly, we see serious games accepted 
as supplemental resources, not as primary learning tools. I believe it boils down to 
the fact that the learning outcomes of most game-based learning tools aren’t clear; 
and there are few game-based learning tools with a demonstrated research basis 
and efficacy studies. As a result, all game-based learning tools are often chunked 
together. Do game-based learning tools help you learn? Like the argument about 
computers in the classroom, it really depends on the tool and how it’s used.

Games and Education
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Interestingly, the Metaari Report identifies the two high growing markets as pre-school 
games and corporations. This may be because these sectors have the least amount 
of mandated requirements (no State standards to meet), or because the purchasers of 
those learning tools are parents and companies. Both are likely to have a dependable 
technical infrastructure in place and importantly in both cases, management of the 
use of the serious games is not an issue. Parents can supervise one or two children. 
And companies are dealing with adults who presumably don’t need much supervision. 
This is not the case of the K-12 environment where the need is not just for good 
learning tools, but also tools that will be used as intended and not require management 
resources. Without this, the tendency is to embrace tools that look “safe” or to not 
depend on tools for any important learning priorities. 

All of this notwithstanding, the growth in game-based learning tools for learners of all 
kinds is exciting and makes participation in creating serious games such an important 
opportunity.
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[chapter_eight]
Zombies can make you think better 

As part of the Office of Naval Research consortium, we learned about others’ 
research. Jaeggi did a meta-analysis of cognitive training research studies 
and reported some interesting conclusions. Studies done using U.S.-based 

subjects tended to show less impact in 
terms of improved fluid intelligence. In 
addition, studies where subjects were 
paid a significant amount of money to 
participate showed less impact.Training 
led to fluid intelligence scores that were 
about 9.5% higher than the control 

In total, 165 participants completed the training along with the pretest and posttest 
measures. Of those who finished, 127 (77%) did so within the required timeframe 
of 4 weeks. Data from these participants were used in the analyses. The average 
age was 28.6, and thirty six percent of the sample was female. 

The results for the fluid intelligence measure showed an improvement for both the 
control and experimental conditions; however, the experimental condition improved 
to a greater extent due to engagement in the training. The control condition likely 

Study Results

group (Au, et al, 2015). Now research is showing how a host of factors may 
contribute to greater gains (e.g. transcranial direct current stimulation, physical 
activity as a precursor to training or incorporated into the training) (Sarkis, et 
al, 2014, Chang et al, 2013). It is worth noting that Jaeggi pointed to motivation 
of participants as an important factor that influenced results. In a number of 
the studies that Jaeggi reviewed, researchers pointed to the fact that, in other 
countries, subjects seemed more motivated to complete the training. This was 
one reason we chose to do our experiment in people’s homes: to test whether 
subjects, if left alone, would complete the training. They did, in fact, do so. 

As we discussed in Chapter 2, the research basis of cognitive training tools and 
efficacy studies matter. We did two pilot studies and one full study as part of our 
research and development efforts with the Office of Naval Research. We are 
grateful to the Office of Naval Research for the rigor expected of the research 
and development completed with their resources. And it should be noted that the 
resources required to complete a blinded, randomized, full study are not trivial. 
We present the results of our full study below taken from the report prepared by 
PDRI for the Office of Naval Research.
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Additional
information

PDRI, an independent firm comprised of expert psychologists, conducted an efficacy 
study of Project Azriel in 2015. The objective of the research study was to determine 
whether a cognitive training program could be developed that is effective and more 
engaging than typical task-based cognitive trainers that are used in a laboratory 
setting. Participants in the study would complete a set of pretest measures, engage 
with the Project Azriel cognitive training program independently at home or a location 
of their choosing for a period of four weeks, then complete a set of posttest measures 
that would evaluate transfer of the cognitive training to other cognitive tasks.

Fluid intelligence
A significant interaction emerged between the within person factor (pretest to posttest) 
and the experimental condition on fluid intelligence (F(1, 124) = 7.19, p < .01, η2 = 
.06). While both the experimental group and the control group improved on the fluid 

Efficacy Study Results

showed improvements due to practice effects, although it is possible that the control 
condition produced a mild form of cognitive training from the requirements of the 
control version of the Mental Set Switching task. The attrition rate for the control group 
was higher than that of the experimental group, which may account for the difference 
between the control and experimental groups at pretest.
 
The magnitude of the training effect is currently similar to that achieved in lab studies 
(see insert); however, the potential for having individuals willingly engage in cognitive 
training that is integrated into a first-person shooter game provides considerable 
improvement over existing laboratory cognitive training programs. Of the participants 
that completed the study, 88% played more hours than were required. On average, 
these participants played for four uncompensated hours, or 25% above the requirement. 
Seventy-five percent of participants said they would like an opportunity to play the 
game more in subsequent research.

We were very excited about our study design because we were able to take advantage 
of some important technologies and create a robust research design.

Experimental and Control Versions of the Game

One of the challenges in research is coming up with a good active control condition. 
An active control group is desired so you can demonstrate that one intervention is 
better than another, not simply that one intervention is better than nothing. Also, 
without an active control group, the experimental group may get more attention from 
the experiment researchers and that attention may influence the results significantly, 
in which case, you may be proving that the attention matters, not the intervention. So, 
an active control group is preferred, but it is still tricky. For example, an active control 
condition in an efficacy study of Project Azriel could be doing crossword puzzles. Both 
the control and experimental groups would be participating in the intervention, and 
this is better than a control condition where subjects do nothing except take pre and 
post tests, but it is not ideal for multiple reasons. First, we want to be able to tell the 
efficacy of the intervention, in this case the cognitive training activities, in the context 
of a first-person shooter game. There is a risk that the subjects will guess their group 
assignment. If that happens, then those playing the game may guess they are the 
experimental group and, therefore, try harder than those who may guess they are in 
the control group who do not try as hard. Another problem is that if crosswords are the 
active control, you may have the problem of apples and oranges. If doing crosswords 
puzzles, despite popular belief, actually makes you less cognitively healthy, then the 
game’s impact would be over-presented. That’s why we were really excited about our 
experimental design. We were able to create a version of the game where the cognitive 
training activities never got harder. Both the experimental and control participants 

Efficacy Study

[70] [71]



116

114

112

110

108

106

104

Pre Post

Control

Experimental

M
at

rix
 R

ea
so

ni
ng

 S
co

re

intelligence test from pretest to posttest, the experimental group improved significantly 
more than the control group. This interaction is depicted in Figure one. 

These results support previous research regarding the effects of n-back training on fluid 
intelligence with an effect size that is commensurate with what has been found in the 
past (see Au et al., 2015). The improvements in fluid intelligence for the experimental 
condition are significantly greater than those seen in the control condition. This 
indicates that the training game had the hypothesized impact of improving cognitive 
performance. 

were required to play the game for the same amount of time. They had an identical 
experience. But the training activities for the experimental group adaptively became 
more challenging. This made for a good active control condition. Interestingly, this 
may also be why we got improvement in both experimental and control groups (in 
addition to practice effects). Based on feedback we received, we thought that the 
Mental Set Switching activity (having to choose the correct weapon), even at its basic 
level, may have been challenging for a number of participants. As a result, even the 
control participants may have gotten some cognitive training effects.

Another positive aspect of our study design is that we didn’t use only college students. 
Many research studies are conducted with college students as the subjects because 
research studies are typically done at universities and students are the population 
available. We wanted a diverse group of subjects and we wanted to explore the 
question of whether subjects would be engaged enough to do the training on their 
own time in their own home environments. This is what led us to use UpWork as a 
recruitment tool. 
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We designed Project Azriel to be flexible so the parameters of the cognitive training 
activities could be altered easily. With this design, researchers could tweak the training 
and explore how different settings affect training outcomes. In fact, the original Project 
Azriel game used in one of the pilot studies included a dual n-back activity. We changed 
that activity to a single n-back after we heard a research presentation by Jaeggi at 
one of the annual Office of Naval Research seminars. She presented results from a 
meta-analysis which showed that a single n-back with specific parameters had the 
same training effect as a dual n-back. We want to continue to improve the training 
in Project Azriel, and plan to offer players the opportunity to participate in ongoing 
efficacy studies so that players can understand their own results and contribute to 
better training activities and optimized training parameters in the game. Our ultimate 
goal is to maximize training efficacy in real world environments. 

We have shown that recent cognitive research demonstrates that constructs that 
were once thought to be fixed can, in fact, be improved through training. Furthermore, 
arduous, distributed cognitive training of a modest duration can produce substantial 
gains in brain processing capacity (e.g., see Klingberg, 2010). Our own efficacy study, 
sponsored by the Office of Naval Research, supports this conclusion. Thus, just as 
strength training builds different physical muscle groups, these developments suggest 
that you can engage in mental fitness training to strengthen your cognitive processing 
using a brain trainer that is targeted to improve key brain process functions. This 
exciting promise notwithstanding, further research and development is needed to 
understand the parameters of optimal design of training activities and motivational 
characteristics. We developed Project Azriel in partnership with the Office of Naval 
Research to better understand those parameters. We engage the imagination in order 
to improve training outcomes.

Final Analysis
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[chapter_nine]
Where Do We Go from Here? 

Cognitive training can improve your brain, but, to be effective, the training must 
be demanding and sustained. We created Project Azriel to make the process of 
brain training less onerous. Instead of tediously doing disparate training tasks, 
you go on a mission to eradicate a zombie threat and you keep your wits sharp 
in order to be successful in that mission.
 
Connecting to your complex motivational system is a multifaceted process. 
Games tap into that process so effectively because they can offer a variegated 
basket of motivators to keep you engaged. We tap the power of games in Project 
Azriel, and I invite you to join us as we continue to build and improve the game 
with its embedded cognitive training tools.

We are only at the beginning of this journey, but 
we seek to go beyond Project Azriel, creating 
new rigorous and compelling training tools 
that combine the best research based specific 
training with an immersive world that captivates 
the imagination. Using your imagination, actively 
listening to the story and embracing it sets the 
stage for a better experience. Zombies can 
help you think better, but zombies are only the 
beginning.
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I’ve gotten to share our story with you, but Project Azriel has undeniably been a 
team effort. Our team is smart and funny, with just a touch of healthy obsessiveness. 
Here we are in our Burlingame office.

[chapter_ten]
Our Team

Pictured left to right: Steve Vickers, aka Black Hawk Engineer, Lynn Krause, aka Kidnapped 
Scientist, Deanna Terzian, aka Ultimate Level Boss, Chuck Terzian, aka Admiral Trenton, and 
Carlos Keil, aka Zombie Relations Specialist

There have been many other members of the team (not in the picture above) who 
worked in partnership with us to create Project Azriel and share our vision for creating 
strong learning tools that include a “spoonful of sugar.” Working in education is a 
messy, complicated endeavor, whether it’s teaching elementary school students basic 
literacy skills or building tools that improve your brain. There are multiple stakeholders 
and you have to be absolutely vigilant about protecting the learning outcomes. Getting 

This is our team prominently displaying and proudly wearing our alternative 
professional titles on our Project Azriel jackets. Everyone on our project team 
has an alternative title. As President, I am the “Ultimate Level Boss.” Our lead 
software engineer is “Blackhawk Engineer,” a reference to the Blackhawk 
that does, or does not, come to rescue you in the game. This is his own bit 
of humor which he shares abundantly with the rest of the team along with his 
haikus and intense passion for good code. Our resident PhD and math wizard is 
“Kidnapped Scientist.” This title absolutely captures her rigor as an engineer and 
thoughtfulness as a problem solver. In the early years of our literacy product, she 
kidnapped herself and literally sat with students in the classroom as they used 
the software in order to better understand their needs. The insights she gained 
were integrated into the software in future development. Our creative genius and 
expert sound engineer is “Admiral Trenton,” named for one of many characters 
in the game that share his voice. He is an “expert” jack of all trades. Whether 
it’s high-level technical support or rigging 3D models, he is a fantastic problem 
solver. Our PR lead is “Zombie Relations Specialist,” a reference to his love for 
connecting with people and building positive, mutually beneficial relationships 
wherever he goes. 

How did they get these titles? They were given them, based on their personality, 
what they do, and their connection to the game. Want your own title? Enter the 
world of Project Azriel and let your team grant you yours.

Who Are These People?

it right means building an eclectic team with differing expertise. Moving forward is 
often a slow process, but if you get it right, the impact you can have on others is 
phenomenal. It’s been such a privilege to lead this effort and I look forward to our 
future development adventures!
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