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Key Takeaways
Determine What Machines Need To Know
Just like humans, machines need ample exposure 
to the environment and facts that help them 
reason and formulate good decisions.

Design AI Systems With Multiple Senses
EA pros must combine multiple sensory inputs for 
accurate representation and context to develop 
intelligence and appropriate engagement.

Train And Mentor For Lifelong Learning
Don’t be deceived by unsupervised learning 
claims — AI systems require ongoing education 
and collaborative learning.

Why Read This Brief
Artificial intelligence (AI) is more than just 
algorithms. Before machines can learn and 
decide, they need the right information inputs. 
A well-built collection ensures autonomous 
machine decisions are the right ones. Enterprise 
architecture (EA) pros should read this report to 
take advantage of emerging AI capabilities by 
upping their data management game.
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AI Starts With Data, Not Analytics

A critical factor is still missing in corporate conversations of AI’s possibilities. As businesses look to 
adopt AI to directly communicate with customers via intelligent assistants or to aid human service staff 
with predictive customer behavior, they’re forgetting that data is the bedrock of learning. Analytics 
in the form of data mining and machine learning has been getting the limelight: The first question 
business stakeholders, data scientists, and EA pros often ask is, “How can I incorporate machine 
learning into my business processes?” A better question, however, is, “To create better customer 
experiences and processes with AI, what do machines need to know and what can they do with this 
information?” An examination of AI pioneers shows how starting with data leads to true intelligence:

 › Pursuit of knowledge jumpstarted the AI revolution. Capturing and cataloging information is the 
foundation of today’s search engines. “Computers are remarkably dumb about the stuff we take 
for granted,” says John Giannandrea, cofounder of Metaweb (acquired by Google, released as 
Google Knowledge Graph). “You learn about stuff. You have some context for understanding. Our 
computers don’t work that way because we don’t have any loaded context.”1

 › Robots do better with increased sensory input. Living things rely on the information they 
naturally capture to do the simplest task, such as picking up an object. David Hu, a mechanical 
engineer at the Georgia Institute of Technology, says: “The difference between real animals and 
things that seem life-like is that animals can really sense the environment and respond. The 
smallest ant may have 1 million times more sensors than the most complicated robot.”2

 › Networked data allows for continuous learning. A key premise of current consumer AI is the 
crossing of data jurisdictions and sharing of information. Crowdsourcing of vehicle data and 
driver observations gives the US Department of Transportation (DOT) added context. Shared data 
provides what the DOT needs to learn and respond to real-world conditions and deliver traffic 
guidance, improve driver safety, and create next-generation infrastructure.

http://www.forrester.com/go?objectid=BIO5224
http://www.forrester.com/go?objectid=BIO794
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Machines Decide With The Right Education

Training AI systems requires business stakeholders and data scientists to design a framework for the 
knowledge baseline for machine training and learning (see Figure 1). This framework contrasts with 
traditional computing in three key ways:

 › Machine learning trumps typical computing. Computational systems calculate data and deliver 
answers that end users can see in a report or are picked up by another system to act on. But AI 
systems operate on the premise of a learning loop of observe, orient, decide, and act (OODA) — 
then they observe the results in the context of the environment again.3

 › Features are undefined — but learned. Traditional analytics assumes that data is prestructured and 
features are immediately discernable to use for compute processes. AI systems begin with broad 
visibility of the observable environment, processes, decisions, and actions and start the learning 
process by understanding and interpreting information, allowing relevant features to emerge.4

 › Systems are results-oriented. Inherent in the OODA framework is an objective, not just an answer. 
Darwin the robot mimics how a toddler learns to stand, walk, and perform other tasks in the lab 
of Pieter Abbeel, associate professor at the University of California, Berkeley. “Instead of being 
programmed, a robot uses brain-inspired algorithms (deep learning) to imagine doing tasks before 
trying them in the real world,” says Will Knight, senior editor of AI at The MIT Technology Review.5 In 
other words, the robot is told to stand and learns through testing actions to achieve the goal.
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FIGURE 1 High-Achiever Machines Require A Representative Corpus And Goal To Learn

Strong Observation And Orientation Drive The Right Decisions And Actions

Data engineers and business stakeholders need to understand how observation and orientation will 
allow AI systems to make the right decisions and take the correct actions. Today’s AI systems are 
still in an emerging stage — data scientists currently spend more time using brute-force methods to 
iteratively train machines.6 Eventually, a more common scenario will be that business stakeholders 
and data engineers provide experience and expertise that fills in the gaps of data to improve results 
and ultimately speed up a machine’s ability to learn. They will be responsible for determining the 
relevant and high-quality information that the AI system will be exposed to. Machines are able to draw 
inferences to learn from by exposure to information in three steps:7

1. Supervised learning: Synthesize concepts with meaning and nomenclature. Preexisting 
ontologies, taxonomies, language patterns, and images refine and orient concepts into meaningful 
facts. Orientation occurs through supervised learning processes. Stakeholders and data scientists 



FOR ENTERPRISE ARCHITECTURE PROFESSIONALS

Brief: How Machines Decide — Data Drives AI
August 3, 2016

© 2016 Forrester Research, Inc. Unauthorized copying or distributing is a violation of copyright law.  
Citations@forrester.com or +1 866-367-7378

4

Artificial Intelligence Lives And Dies On Information

introduce preexisting required business logic to shape the corpus. AI systems also reorient over 
time through the introduction of new business logic, such as queries/searches and repeatable 
environmental patterns they encounter. For example, financial institutions are introducing FIBO as 
an industry ontology for semantic language processing.8

2. Unsupervised learning: Identify concepts within the data. Observation analysis sifts through the 
corpus and extracts objects that make up key features. These features can be concepts such as 
words and phrases, spatial points, or audio frequencies. Observation analysis runs unsupervised, 
allowing machines to move quickly through vast amounts of information. Digital Reasoning uses a 
combination of neural networks and k-means clustering to extract features and identify centroids in 
the data.

3. Continuous learning: Interpret facts. Facts are linked together into contextual representations of 
the environment and draw on other facts generated by decisions, actions, and outcomes. This forms 
the body of knowledge that AI systems continuously draw upon for future decisions and actions. 
Graphify, an extension of Neo4j, uses deep learning to train natural language processing (NLP) 
models and to extract text features that are stored as classes in Neo4j’s property graph data model.

Recommendations

Advance AI Abilities Through Lifelong Mentorship

For many, the degree to which unsupervised learning manifests in machines is the marker for the level 
of intelligence a machine has. But machines are expected to not only interact with the environment 
but also collaborate with people. While a machine’s algorithms provide independent reasoning and 
problem-solving, they need mentors to further shape their usefulness — and their ethics. For EA pros, 
transitioning from education to mentorship will require:

 › Rewards for a job well done. Software agents select an action that will maximize the reward in 
the short-term and long-term future. Mentors must monitor results from these machine decisions 
and expose the system to additional environmental factors to eventually set a policy.

 › Course correction for missteps. Microsoft’s personal assistant Tay sought to commune with 
the Twitter-verse. In doing so, this bot acquired unethical and offensive personality traits.9 
Unsupervised learning succeeded in Tay’s ability to represent conversations, but going unmentored 
led to unforeseen consequences of ethics and morality and to Tay’s quick retirement. Developers 
must incorporate policies to protect against AI system corruption.

 › Retraining for adjacent and new jobs. Waze, a consumer-based traffic and navigation app, 
created the Connected Citizens program to partner with cities and towns that need better 
transportation data. In a Boston-Waze partnership, the city can now use Waze’s real-time data to 
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change those traffic signals as needed to unclog congested routes. When traffic lights do change, 
the information alters the suggested routes that are sent to Waze users, creating a reinforcing cycle 
of data sharing to cut down on commute times.10

 › Exposure to external decisions and actions. Crowdsourcing is fundamental to ongoing AI 
system training. However, machines can also learn from adjacent human decision-makers. 
CustomerMatrix, a cognitive sales platform, monitors sales engagement with customers and learns 
how actions and decisions by reps increase sales. It takes this knowledge and then assists sales 
reps in streamlining sales processes and improving cross-sell and upsell.

What It Means

Sensory Expansion Makes Machines Smarter

Continuous expansion of information ingestion (observation) and information variety (sensory input) will 
evolve artificially intelligent machines and systems. Ultimately, AI systems will be defined by their ability 
to handle and put to use a combination of senses (audio, imagery, video, language, spectral, pressure, 
etc.) simultaneously in real-time environments. EA pros should note that this is in stark contrast to 
machine learning in big data environments that’s tasked with computation irrespective of human quality 
for ethics, tonality, emotion, and empathetic response. Advances in sensory input technology such 
as smart films and fabrics, virtual reality, radio imagery, light ray tracing, and audio beams will make 
machines smarter and more human. It also opens new opportunities beyond existing computer, laptop, 
and mobile device formats for ambient intelligence throughout our everyday environment.
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Supplemental Material

Companies Interviewed For This Report

Engage With An Analyst

Gain greater confidence in your decisions by working with Forrester thought leaders to apply our 
research to your specific business and technology initiatives.

Analyst Inquiry

Ask a question related to our research; a 
Forrester analyst will help you put it into 
practice and take the next step. Schedule 
a 30-minute phone session with the analyst 
or opt for a response via email.

Learn more about inquiry, including tips for 
getting the most out of your discussion.

Analyst Advisory

Put research into practice with in-depth 
analysis of your specific business and 
technology challenges. Engagements 
include custom advisory calls, strategy 
days, workshops, speeches, and webinars.

Learn about interactive advisory sessions 
and how we can support your initiatives.

CustomerMatrix

Digital Reasoning

GE

Google

Narrative Science

Neo Technology

Nvidia

US Department of Transportation

Wells Fargo
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http://forr.com/1einFan
http://www.forrester.com/Analyst-Advisory/-/E-MPL172
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