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How NLG is changing the BI landscape
Advancements in BI have provided tremendous
insights to businesses across the globe. The ability
to visually share key performance metrics within
and across organizations has led to informed
decision-making all throughout the workforce, from
top executives on down.
Analysts have the data they need to produce written
reports in support of the business – be it financial
management, sales performance, marketing
effectiveness, compliance reporting, or IT spending.
NLG complements and extends the business value

that BI provides today in a number of ways. It is
empowering users to generate written reports at
the click of a mouse.
Companies that are integrating NLG into their BI
solutions are seeing solid return on investment.
They’re seeing a freeing-up of the time that
their data experts have to spend on routine and
repetitive tasks; they’re seeing improved clarity in
their business reporting; and they’re seeing betterinformed decision-making that achieves success
across all organizations in their enterprises.

Advanced natural language generation is taking
business intelligence to the next level

Providing on-demand access to written reports
When NLG is a component of your BI, your
company benefits from informed decision-making
that can keep up with the scale of the ever-growing
amounts of data available. Whenever the underlying
data is updated, so are the visuals in your report,

and so is the natural-language narrative explaining
the most important insights.
When you have reporting that is always at hand –
and instantly updateable – you get reports that can
be accessed anytime, as frequently as you like.

Freeing up employees for higher-value functions
Can NLG do the work of a human analyst to add
real value to a dashboard’s presentation? Yes. NLG
is enabling dashboard creators to auto-generate
written stories to complement their visualizations.
It’s enabling non-BI professionals to be far more
responsive to business needs.
If your team is able to use their time more efficiently
and spend less time on routine tasks, they’re not
only more productive, they’re also happier because
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they get to focus on the parts of the job they excel
at – the work you hired them to do.
For example, many sales managers require their
sales teams to generate weekly performance
reports, taking time out of the field. Using NLG to
generate sales reports based on CRM data frees
up sales reps to spend more time developing
opportunities.
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Adding NLG to business intelligence frees up staff
for higher-value functions.

Removing the ambiguity for better decision-making
Business intelligence reporting creates value for a
company in that it informs decision-making. Better
decision-making greatly improves the chances of
achieving company goals.

packed dashboard can often feel like information
overload. It’s difficult, when presented with so much
information, to see what is actually happening and
what is most important.

Visualizations can be interpreted differently
depending on the user’s role in the organization.
When dashboard creators are given the ability
to script the narrative, they are empowered to
structure the reporting exactly how they wish for
the intended audience. They can decide the key
points that need to be communicated, and choose
their own domain-specific wording to spell it all out.

When users have the time and the required
expertise, they usually manage to interpret the
story behind all those visuals. In reality, though,
most users just don’t have the time, and therefore
dashboards can fail to deliver maximum value.
Adding NLG to the dashboard can make explicit in
plain language the main message, the one that’s
not open to interpretation. A well-crafted narrative
will tell the story from the business’s perspective:
“Here’s what this information means to our
business.”

Furthermore, modern dashboards display a lot of
information – information worth a million words
– presented using a multitude of visuals. A jam-

“The most sophisticated NLG systems can deliver text that summarizes
data for decision support, based on analysis of key factors that influence
the decision, plus models of narrative and human decision-making.”
~ Prof. Ehud Reiter, Chief Scientist at Arria NLG

Taking the analysis further… to interpretation
Often, depending on how crowded a dashboard is,
it doesn’t tell the complete story. The information
delivery is incomplete because the job of
interpretation is left to the audience.

concise fact statements. But that’s not how humans
communicate. When humans convey information to
one another, we contextualize.

BI consumers need not just the what, but also the
how, and the why. Computers excel at delivering

overview. Beyond description of individual charts,
BI needs narratives that present an overview of
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We also like to give – and get – the big-picture
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the dataset, creating an easy access point from
which users can delve deeper. Users need to be
able to drill down into visuals to collect detailed
information, while the narratives update instantly to
accompany their exploring. The narratives, always
present in the dashboard, should offer the context

that users need in order to phrase follow-up
questions and interpret those questions’ answers.
What does sophisticated NLG bring to business
intelligence? Textual explanation – and context –
that makes it easy to understand the story behind
the data.

Increasing value to keep up with increasing data
complexity
If you’re getting good reports that help you in
your decision-making, but only once a month for
example, greater output frequency would mean
higher value. With NLG, you can get the same

What makes highvalue BI reporting?

Let’s go further: Say you need more reports from
the same dataset. Would it help your company’s
teams to be successful if they each had their own
report, answering each team’s specific questions?
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reports, but daily instead of monthly. Or more
frequently than that – any time the underlying data
is updated. With each update, the information can
be refreshed based on the most current data.

Accuracy, clarity,
and timely delivery.

What about if you could increase the volume of
data? NLG can handle the increased reporting
because its analysis and writing happen in seconds,
not weeks. NLG can also handle data that is
updated at short intervals, instantly delivering
textual description with every update.
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How can I justify the ROI of moving to NLG?
Now that natural language generation is available from right inside your favorite BI tool, it’s easier than ever
to empower your company’s BI professionals to become NLG creators. In turn, they can apply this important
capability to make reporting and other ad hoc analysis tasks more efficient and effective, which leads to
better decision-making for your company.
The return on investment that you’ll see from implementing NLG in your dashboards could look like this:
• Time savings. Your key employees are freed
from time-intensive report writing to have more
time to focus on growing your business.

• Reporting on demand. Rather than
scheduled reporting you get reporting when
you want it, updated as often as you like.

• Tailored reporting. Creation of a single
report model that can take in data from
multiple areas and tell a story catered to each
individual user group in different job roles and
parts of your company.

The use cases in this section are included to
help you understand how you can implement
NLG to add value quickly.

Use Case 1: Growing a
business while resources
remain fixed
Business is growing, yet the company has made a
strategic decision to keep headcount flat. In order
to scale the business, top management knows they
must provide the staff with efficiency tools.
At a recent BI trade show, Steve, Director of Corporate Reporting, discovered NLG, and is planning to
use it for report automation. He reached out to his
BI team and asked them to do a trial with Arria NLG
Studio. The team signed up for Studio and began
the 30-day trial. They invested a day in taking the
recommended JSON tutorial, and reviewed the BI
showcase project on Arria’s samples site.
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As an initial target, the BI team automated several
standard financial reports and presented the results
to the financial operations team. As expected, the
ops team voted unanimously to leverage Arria NLG
Studio for report generation. With this quick win
in hand, the reporting team set off to automate
reporting across the company – for manufacturing,
sales, customer success, and so on.
From a return-on-investment perspective, Steve was
able to save the operations team the man hours
needed to support their growing business with the
existing headcount.
Requirements like Steve’s need a Programmable
Narratives approach.

See Programmable Narratives: Full flexibility to go
further.
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Use Case 2: Adding dynamic
context and summarizing
the entire dashboard at
once
Gary is a BI analyst who relies on a popular webbased BI tool to build dashboards for executives
at his company. He stays current on the various
add-ins available in the online marketplace and he
likes to spruce up his reporting with the most useful
ones he discovers.
He knows that one NLG provider has had an add-in
BI offering available for some time now. He tried it
out when it first launched, and he has checked back
frequently for updates. He is able to imagine vividly
that narratives could have the power to add tremendous value to a dashboard. But Gary has been

disappointed by what he has found so far.
Implementing the add-in is easy enough – after all,
you just drag it onto your dashboard, and with the
right data selections, you get text that relates to
your data. But it’s something of a let-down when all
the text does is spell out a list of things that it’s easy
enough to see with his own eyes in the visuals. He
doesn’t want to use multiple captions or descriptions that will just add more content to an already
cluttered dashboard.
What would really add value is narrative that pulls
the dashboard together into the key take-aways. He
wants to see context that is dynamic, determined by
whatever he clicks on or drills down into in the data.
He wants narratives that pull all the insights into
one written report.
Arria recommends that Gary take a Core Insights
approach.

See Core Insights: Ready-built narratives.

Use Case 3: Explaining not
just the what but the why
Elaine has a dashboard that shows profits by line of
business, department, and region. Her company’s BI
professionals have recently stepped up their game
and added advanced NLG to the dashboards they
create.
One of the BI developers has revised Elaine’s
dashboard for her, so now she sees a narrative that
explains which particular business units and categories were behind the overall performance of the
higher-level grouping. So, for example, Elaine may
see that the Americas region was the poorest-performing region, and she also can quickly read a narrative that tells her this was primarily due to falling
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sales of paper in Costa Rica and Honduras. Furthermore, she reads, this poor performance was partially offset by strong pencil sales in Mexico. Elaine was
surprised how quickly the BI developer was able to
add in the variance narrative into the dashboard.
Elaine also has three charts that show:
• July 2018 Actual vs. Forecast was positive by
$276,000
• July 2018 Actual vs. Plan was down by $5.1
million
• July 2018 Actual vs. Prior Year was down by
$9.4 million
And lucky for her, the NLG that her BI developers
added to her dashboard means she now can read
narratives that supplement these three charts by
saying:
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Actual vs. Forecast. Despite Corporate being down
$296,800 overall because of poor performance in
Personnel and Benefits (down $463,000), Variable
Compensation (down $624,800), and Benefits (down
$50,800), that overall figure was more than offset by
Legal being up overall by $755,000, mostly driven by
Admin which contributed $698,000.

Actual vs. Plan. The overall decrease stemmed from
poor performance in Central Services to the tune of
$7.1 million and Personnel and Benefits with a negative $1.7 million.
For scenarios like Elaine’s, Arria recommends an
Extendable Insights approach.
See Extendable Insights: Quick customization and
personalization.

Use Case 4: Starting with
an NLG sample project and
making it your own
Frank is an investment manager for a large fund
company. He has hundreds of clients, and for his
top-tier clients, he delivers individualized reports of
fund performance on a monthly basis, using a combination of BI and word-processing tools. Though
his prime clients only make up 10% of his client
base, they take up 90% of his time. Furthermore,
they appreciate the high-caliber periodic reporting
that Frank gives them. If he could get some help
in this customized-reporting area, he would have
more time available for direct interaction with his
clients, for investigating new opportunities, and for
keeping up on the latest news and current events
that affect his clients’ portfolios.
Frank registers for a free trial subscription of NLG
Studio and opens up some of Arria’s sample projects to get a sense of what he can do using the tool.
He sees there is an investment portfolios sample
that will serve his needs well.
He downloads the sample and opens it in NLG Studio. He spends a couple hours learning the basics
of the tool, while thinking about how the sample
project will need to be customized for his use. In
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the documents on his PC, he opens up some of the
recent periodic reports he sent to his clients. He
wants to make the sample project’s scripts use his
own format and phrasing so that it’s his voice that
comes across in the auto-generated reports.
Frank notices that the sample app comes with a
set of sample data. It’s time to replace that sample
data with some of his own data, so that he can test
out how his newly customized narrative works in a
real-world implementation. He runs a few previews
on the sample data, making edits to his narrative as
necessary to capture the particulars of his dataset.
Now Frank has put his own words and analysis into
a customized version of the investment portfolios sample project. He publishes the project, and
configures the Arria add-in in his BI report to use
the published project’s endpoint and API key. Now
he can auto-generate the monthly reports for his
select clients with graphs along with the narrative,
and convert them to PDF using his BI tool’s native
functionality for sending out to his clients.
After gaining confidence of the quality and accuracy of the generated reports, he is now thinking of
delegating this function to his assistant.
Arria recommends that for situations like Frank’s,
users should take an Extendable Insights approach.

See Extendable Insights: Quick customization and
personalization.
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Use Case 5: On-demand
access to sales performance
reporting
Carolyn is a senior executive in charge of inbound
sales at a major software provider whose main
product offering is subscription-based. She needs
to stay up-to-date and well-informed in a number
of areas, because the decisions she makes will have
a direct impact on the company’s success. What
would enable her to do her job better is timely
information to monitor her teams’ performance
across all regions, plus details about recurring revenue, new licenses, churn, and other factors impacting her bottom line.
She obtains budget approval for analytics support
to provide her a real-time dashboard to inform her
decision-making. She meets with her company’s BI
developers so they can gather her specific requirements for reporting. After some back-and-forth and
a few iterations of dashboard development, she receives a dashboard that aggregates all the required
data and presents the information she needs in a
variety of graphs, KPIs, maps, and other visuals.
She finds the dashboard helpful in that it reports
on the numbers she asked for, but unfortunately
the information is provided in a fragmented way.
She still struggles to digest everything quickly and
to figure out the crux of the matter. She finds that
it takes time to interpret a dashboard that, while
pleasing to the eye, has 11 separate visualizations
crammed onto it.
The visuals do their job well – Carolyn is able to get
key facts at a glance. But what about answering the
big questions, mashing it all together and summarizing the main points? What about the larger context? Carolyn could use more help distilling down
the actionable insights.
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Going a step further, are there important details
contained in her data that don’t appear in the visuals, or that are hard to spot?
With a couple paragraphs of textual reporting –
instantly refreshed and responsive to all elements
and clicks on her dashboard – Carolyn can have the
key takeaways spelled out for her in plain English.
To drill down into more detail, Carolyn also needs
to know if there were any particular inbound sales
associates who had an abnormally high or low
conversion rate, who took an abnormally high or
low volume of inbound calls, or something else out
of the ordinary. Sure, she could plot the top associates by conversion rate, plot the bottom associates
by conversion rate, plot the top by volume of calls,
and the bottom by volume of calls, and also include
the averages and a calculation of standard deviation
on her dashboard. Or, she could have a sentence
that only describes these occurrences if they have
happened and are relevant to the overall performance of her teams. For example, “It is noteworthy
that 80% of your conversions were a result of two
associates, Bob and Doug.”
The BI developers can easily provide this high level
of interpretation, customization, and detail for
her, because they now have access to NLG that fits
neatly into their typical workflow. The narratives
Carolyn needs to speed up and better inform her
decision-making are as easy to add to a dashboard
as adding a new graph or map. The narratives generated are just as responsive to user interaction and
to refreshes in the data as every other piece of the
dashboard – in some cases offering even greater
responsiveness to the user’s selections and drilling
than other elements of the dashboard.
For scenarios like Carolyn’s, Arria recommends a
Programmable Narratives approach.
See Programmable Narratives: Full flexibility to go
further.
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Use Case 6: Spotting details
not shown in visuals
Dan is a regional manager for a retail chain, and
every day he looks at a dashboard that shows key
metrics for his region. He tracks a lot of information: Total Sales vs. Plan (month to date, quarter to
date, year to date), Total Sales Yesterday vs. Same
Day Last Year, and Customer Counts Yesterday vs.
Same Day Last Year.
He would be lost without this dashboard, but what
he really needs to know is which of the 90 stores in
his region he needs to focus on today. How does
he figure this out? Well, he could go store by store,
looking at the key metrics for each, then looking
back to see if there is a downward trend to worry
about, or perhaps a climbing trend that has suddenly reversed. He could try to compile notes about
which of the stores might cause him concern.
In this scenario, he might think the first 10 stores
are okay, identify six of the next 20 that should be
looked into, and so on. By the time he gets to the
70th store, he has a list of 23 stores to worry about,

Use Case 7: Better equipping
the overstretched BI
professional
Bev is a BI developer supporting several executive
teams at a major multinational corporation. She is
responsible for creating dashboards that monitor
and report on her company’s performance within
and across divisions. She is a valued BI expert, but
her time is limited because she delivers critical information to many teams at once, and no one else
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and then he starts seeing stores that he thinks may
be doing worse than the first six problem stores
he identified. So he goes back and compares those
latter stores to the earlier ones to see where his
priorities really lie. That’s a lengthy, tedious process.
With NLG integrated into his dashboard, Dan could
have a paragraph that accompanies his visuals saying something like, “Stores 32 and 49 saw their customer counts drop sharply yesterday after having
very positive numbers over the last 3 months. Store
83 is badly missing sales targets despite having total
sales that exceeded its performance from the previous year, and stores 41, 47, and 61 all reversed their
previous trend of poor sales performance yesterday
by selling a combined $876,543.”
With NLG software, it’s easy and quick to look over
various time frames (weekly, monthly, yearly) to
spot trends that a human would have to spend time
zooming in, scrolling, and otherwise hunting for
things that catch his eye.
Arria recommends that Dan take an Extendable
Insights approach.
See Extendable Insights: Quick customization and
personalization.

at the company has her BI skills and data analyst
background.
At the same time, she is being asked several times a
week to summarize and explain for her higher-ups
the key insights presented in her dashboards. Bev
needs a tool that can produce those insights in plain
language, preferably as a part of the dashboard
alongside other visuals.
Even better, she would like to craft the wording
herself, and vary the language according to not just
the industry domain, but the specific needs of the
company’s divisions for which she develops analyt-
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ics. Can the text instantly update as the user moves
around the dashboard and drills down into the
data? That would be hugely beneficial!

For Bev, Arria recommends a Programmable Narratives approach.
See Programmable Narratives: Full flexibility to go
further.

Architecture of Arria NLG’s BI integration
Arria’s BI extensions transform the delivery of
insights in dashboards and reports by integrating
an advanced NLG toolkit – NLG Studio, along with
our APIs – with the BI vendor application of your
choice. The extensions provide a direct channel
from the BI platform to NLG Studio or to any Arria

NLG service. This enables BI experts to create their
own narratives, describing the entire dashboard
without being restricted by the type of data,
analytics, number of dimensions, or the need to rely
on professional services.

Figure 1. Arria’s BI extension architecture

At the same time, some users may want to simply
narrate and highlight key insights of a dataset in
terms of statistics, variance, time series, and so on.
For this scenario, users don’t have to create Studio
projects. Instead, they can create a narrative out-of-
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the-box or do a minimum of configuration to create
a narrative that fits with their domain terminology,
their dataset, and the specific phrasing or writing
style they would like their reports to have. Arria
offers three levels of configurability.
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Figure 2. Layered complexity and sophistication

Arria’s BI offerings include content-creation capabilities that meet the needs of the full spectrum of BI users.

Business Users

Analysts

BI Experts

Core Insights
Extendable Insights
Programmable Narratives
Arria NLG’s BI capabilities by user group

Arria’s NLG offerings for BI are changing the game
because they’re built with sophisticated NLG that
slots right into the toolset of the BI developer and
consumer. Arria’s add-ins open up a whole world of
narrative generation for BI experts, allowing them
to keep it simple, or to go as far as they want.
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The extensions work in such a way that you can get
started generating narratives for your dashboards
by simply adding the Arria plug-in to your BI tool.
Try the ready-built narratives to see how they work
for you. You can take them further by making quick
customizations. Or, take another approach: create
your own narratives – from scratch, or starting from
one of Arria’s sample projects as a jumping-off
point.
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Core Insights, Extendable Insights, and
Programmable Narratives

Core Insights: Ready-built narratives
These are Arria’s out-of-the-box narratives that you
access through your BI tool. You already have your
BI tool of choice, and you’re skilled at using it to
maximize the impact of your dashboards. You need
an NLG offering that slips right into the workflow
you’re already using.

With Arria’s Insights service and the NLG Studio
Content Generation service, you can carry out
statistical, variance, time-series, and correlation
analysis on your BI datasets, then generate
insightful narratives that you can then fine-tune
through the Arria extension’s UI.

Figure 3. Articulated Insights interaction
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Extendable Insights: Quick customization and
personalization
Arria NLG provides a library of sample projects that
you can download and tweak to make your own.
Users who want to customize out-of-the-box
narratives for a use case with domain-specific

analysis, metadata, and terminology can easily
achieve this by changing the configuration in Arria’s
Insights service and by revising narrative scripts
using NLG Studio.

Figure 4. Extendable Insights allow extensibility

Programmable Narratives: Full flexibility to go further
Backed by NLG Studio, Arria’s BI offering allows BI
professionals to create bespoke NLG applications –
programmable narratives – without having to rely
on professional services.
This is where BI experts get the full flexibility of
creating their own narratives to best explain what’s
going on within their dashboards. Whether the
dashboard delivers running commentaries on
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cost centers in terms of expenditure variance, or
it provides an overview of business units’ shortterm and long-term growth, users can create their
own custom narratives for very specific use cases
using Arria NLG Studio. They can use Arria’s Insights
service, or bring their own custom APIs if necessary,
to do the data analysis and interpretation. Users
also get the full programmability of NLG Studio to
craft exactly the narrative they want.
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Figure 5. Programmable Narratives provide the greatest flexibility and power

In this scenario, the BI add-in does the heavy
lifting by capturing BI metadata – dimensions,
measures, hierarchies, drilldowns, and so on. The
BI data format presents the data as a first normal
form (1NF) relation of dimensions and measures.

Measures are aggregated wherever possible,
making the relation concise. Both metadata and
data are converted into a JSON object and are
available for users to download as a sample or to be
used within API calls.

Programming narratives with NLG Studio
Arria NLG Studio, which underpins Arria’s BI
offerings – enables users to program the narratives
for their dashboards. With NLG Studio, you can
build simple NLG applications using scripts you
design and data sources you supply. Each project

can generate an infinite number of narratives that
transform your data into natural-language stories
and reports. With Studio, you don’t have to be an
expert developer or an NLG specialist to convert
your data into insightful narratives.

Composing complex narratives from storylets
Arria’s approach to creating narratives offers
tremendous flexibility, and one reason for this is
that the process involves little stories – storylets
– that you write as low-level building blocks. The
various pieces of your narrative are produced by
a number of sub-scripts that are called from a
main script. Depending on values in the data and
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variation built into the project, the storylets may
appear or be absent, and their sequence can vary.
Detailed documentation on using NLG Studio can
be found here:
https://docs.studio.arria.com/getting-started/
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How Arria’s BI add-in works
Arria’s BI extensions interact with three service
components: NLG Studio’s Narrative service, the
Insights service, and the BI Integration service.
The Narrative service is responsible for generating

text, while the Insights service is responsible for
performing analysis and interpretation of data.
The BI Integration service acts as an intermediary
service to address specificities of the various BI
platforms.

Figure 6. Service components and interactions

Cloud hosting or on-premise deployment?
By default, Arria’s BI add-ins access the standard
cloud deployments of the above-mentioned
service components. However, depending on user
requirements, these can be installed as a single

tenant cloud deployment or as an on-premise
deployment, with the required security and
authentication.

Jumping-off points: starters, samples, and templates
Another angle from which Arria empowers BI
content creators is through the samples library –
offering starter packs, code samples, and tightly
integrated narratives for standard BI templates.
BI starter projects that can be downloaded from
our Samples site provide users with a springboard
from which to get a project up and running in NLG
Studio. We also offer code samples to narrate
different chart types, as well as standard datasets
for various domains, such as sales and marketing.
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These code samples take the dimensional analysis
in BI as the core and produce narrative scripts that
work nicely with BI modelling and operations. On
the roadmap is the coming release of new narrative
services for some of the dashboard templates
offered by the various BI platforms (for example, a
Salesforce template for Power BI), which will allow
users to integrate sophisticated narratives with
minimum configuration effort.
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Integrating with other technologies
Given the generic nature of our architecture and
the flexibility of deployment options, we open up
endless opportunities for technology partnerships
and tighter integration with smart assistants,

or with enterprise platforms in areas such as
compliance or financial management – making
embedded insightful narratives a reality.

The BI analyst is now empowered like
never before
Dashboard creators are discovering that NLG is
adding tremendous value to BI implementations by
powering faster, more intelligent decision-making.
In 2018, the BI market was valued at $18 billion.
Industry leaders boast users in the millions –
Microsoft’s Power BI has over 5 million users – and
Tableau has over 57,000 corporate clients. With
the advances we are seeing now in NLG, we are
at an inflection point in the evolution of business
analytics.

Arria’s BI offerings, backed by NLG Studio, are
putting the power to add automated, expert
narratives to BI dashboards into the hands
of millions of existing dashboard users. Arria
NLG is giving your company’s overworked and
understaffed BI teams the capability to keep up
with the rapid expansion of Big Data, to scale
their reporting with top-level natural language
generation, and to take their business intelligence
to the next level.

“By 2020, natural language generation and artificial intelligence will be a
standard feature of 90% of modern business intelligence (BI) dashboards.”
~ Gartner

Natural Language Generation for BI

17

