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Designing the foundation of a dynamic and modular IVR 
experience on Connect Customer

Ayesha Borker and Nicholas Pung, Amazon Web Services

Technical architects, developers, and business teams have the opportunity to reimagine the 
automated self-service experiences they offer to their customers when they migrate to a cloud-
based contact center by using Amazon Connect Customer.

Business teams typically want to add functionality and features while making the self-service 
experience more personalized. Technical architects and developers focus primarily on how to 
reduce redundancy, enable rapid change and flexibility, modularize repeated processes, and 
decrease the maintenance overhead.

This guide provides technical architects with a set of best practices they can use to create the 
foundational design of their interactive voice response (IVR) application in a modular and dynamic 
fashion. It provides examples of IVR systems (that is, voice technologies). However, you can extend 
the same concepts to any other channels. The guide focuses on creating a modular and scalable 
IVR design by using Connect Customer flows and modules. Amazon Lex, which enables you to add 
natural language (NL) features to your IVR application, is out of scope.

Overview

Traditional methods for IVR experience design can be static and complex. Organizations often 
manage separate experiences for different languages, deployment environments (such as 
development, testing, and production), countries, and lines of business (LOBs). They frequently 
rely on human voice talent to create prompts, which are then uploaded and referenced in hard-
coded scripts. This complicates the process for making changes and updates, especially in real 
time for emergencies or time-sensitive announcements. When applications are separated in this 
manner, we often observe that common use cases are repeated and are managed redundantly. 
Common examples include the intake of payments on an IVR system or sending a post-transaction 
SMS. Backend integrations to databases, customer relationship management (CRM) solutions, or 
other third-party systems are often hard-coded, which means that changes have to be manually 
replicated across multiple applications.

This type of a monolithic architecture design leads to excessive administrative processes and 
management overhead, and impedes innovation. Developers spend more time implementing 
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small changes across multiple dependencies, which makes it difficult for them to follow agile 
processes. Often, this complexity becomes burdensome and companies must rely on professional 
services organizations or external consultants to help manage these changes. As a result, the 
business experiences increased turnaround time for typical updates. A complicated architecture 
that involves these complex and time-consuming development cycles results in increased cost.

This guide focuses on a foundational architecture for an IVR application that helps eliminate 
redundancies and streamlines the change management process. This architecture makes it easy for 
developers to maintain and innovate, and also provides businesses with the agility they need.

Overview 2
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Connect Customer features for IVR applications

Amazon Connect Customer is an omnichannel cloud contact center that helps companies provide 
superior customer service at a low cost. Connect Customer provides a seamless experience across 
voice and chat for customers and agents. This includes a single set of tools for skills-based routing, 
powerful real-time and historical analytics, easy-to-use, intuitive management tools, and pay-as-
you-go pricing.

This section gives an overview of the Connect Customer features that can help you build an 
automated self-service experience. For examples of these components, see the sample architecture
described later in this guide.

Flow designer

Connect Customer provides a graphical user interface (GUI)‒based, self-service flow designer. 
This feature includes a drag-and-drop interface that helps you create personalized customer 
experiences intuitively and make changes on the fly. Flow blocks act as the building blocks of your 
IVR and routing experience. Each block has a specified function (for example, Play prompt or Get 
customer input), which makes flows visually intuitive.

Flows

Flows define the customer experience with your contact center from start to finish. They deliver 
your IVR options and also route callers to the right agents based on the information they have 
gathered. You can use flows to interact with other AWS services, such as AWS Lambda, to create 
dynamic and personalized customer experiences. Flows can also integrate with Amazon Lex to 
provide life-like natural language interactions.

Flow modules

Flow modules are reusable sections of a flow. You can use these modules to extract repeatable 
logic across your flows and to perform common functions. For example, you can create a module 
that implements IVR payments for callers or sends SMS notifications after transactions.
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https://aws.amazon.com/connect/
https://aws.amazon.com/connect/pricing/?p=pm&c=connect&z=2
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https://aws.amazon.com/lambda/
https://aws.amazon.com/lex/
https://docs.aws.amazon.com/connect/latest/adminguide/contact-flow-modules.html
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AWS Lambda functions

Flows let you interact with backend systems such as order management, CRMs, ticket systems, and 
databases by using an AWS Lambda flow block. This integration enables self-service interactions 
on the IVR system with an increased containment rate. You can easily automate common customer 
use cases such as getting updates on order status or checking credit card balances. You can also use 
APIs to update customer preferences in your CRM, or create tickets on their behalf.

AWS Lambda functions 4
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IVR design principles

Effective IVR design consists of two major principles:

• To focus on your business drivers and organization's goals

• To create a streamlined architecture that can accommodate these objectives and scale for future 
growth and iterations

This section expands on these principles across three key action areas, which help break down your 
IVR planning and map initiatives to a logical sequence:

• Identify your organization's goals

• Map the customer contact journey

• Create the foundational architecture

Identify your organization's goals

The customer experience should align with your overall business objectives and outcomes. These 
might be long-term objectives that are directed by senior leadership, or short-term initiatives 
that are driven by individual teams or business units. These goals should align with improving the 
overall customer experience.

Recommendation: Start by working with relevant stakeholders in the organization to discover their 
top short-term and long-term priorities. Gather data from all relevant departments, and identify 
patterns and trends. Prioritize these initiatives, and assign reasonable timelines to each goal.

The following list provides sample business goals. These could be categorized as short-term or 
long-term based on your organization's needs.

• Improve containment within the IVR – This means improving capabilities within the IVR system 
to allow customers to manage simple tasks themselves, and leaving agents to handle more 
complex issues. This could include automating frequently asked questions, simple status queries 
(such as status of ticket, flight, claim, or order), balance inquiries, password resets, and customer 
authentication.

• Drive sales and revenue – Contact centers can help drive sales and revenue for companies. An 
effective IVR design and an efficient agent desktop experience can help with upsell and cross-sell 

Identify your organization's goals 5



AWS Prescriptive Guidance Designing the foundation of a dynamic and modular IVR experience 
on Connect Customer

opportunities. Example: proactively offering an upgrade to a customer who recently bought an 
airline ticket.

• Personalize customer experience – Companies often deliver monotonous self-service 
experiences that do not drive any engagement from their customers. Customers are treated with 
the same template of options, and callers quickly end up seeking an agent instead of looking for 
self-service opportunities. These poor experiences can also impact customer satisfaction (CSAT) 
scores. Personalization can go a long way in changing customer sentiment. Positively identifying 
the customer is a prerequisite to delivering personalization. Example: greeting customers by 
name or offering custom IVR menu options based on their user history.

• Reduce abandoned calls – Lack of self-service options or personalization can often lead to 
longer wait times, which might lead to abandoned calls and poor CSAT scores. This can also 
mean a loss of revenue, especially for a sales contact center. Effective IVR design can help 
mitigate this problem in several ways, such as automating frequently asked questions, checking 
queue status, and offering alternate interaction options.

• Improve first contact resolution (FCR) – The ability to resolve the customer's issue the very 
first time they get in touch with the contact center is known as first contact resolution. Multiple 
factors can help improve this metric, but the right IVR options and design are key. Example: 
identification of caller on the IVR, identification of caller intent, and context-based routing to an 
appropriately skilled agent.

• Reduce average handling time (AHT) – Average handling time refers to the average time spent 
by an agent with a customer in a live conversation. Companies generally want to reduce this 
time so that they can resolve customer queries faster, reduce customer wait time in the queue, 
and improve overall CSAT scores. An intelligent IVR that gathers the customer information in 
advance helps reduce AHT by enabling the agent to get to the resolution more quickly. Example: 
automating customer authentication, customer triage, and data gathering or lookup.

Map the customer contact journey

When your organization's goals have been defined, work back to build a customer journey map. 
This map helps identify typical engagement patterns and the data required to resolve customer 
queries.  It also helps define the experience presented to the customer, responses to unplanned 
events and emergencies, and the volume and scale of customer contacts necessary for deployment.

This step is critical to planning for three AWS Well Architected pillars: operational excellence,
security, and reliability.

Map the customer contact journey 6
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Here are some questions to consider when you create the customer contact journey map:

• What is the customer's reason for contact?

The answer to this question helps identify frequently asked questions, such as balance inquiries, 
order status updates, and password resets.

• How do you validate the customer's identity?

Security is top priority, and validating the customer's identity is a critical step in the contact 
journey. Authentication options include voice biometrics, one-time passwords, and personal 
information such as credit card number and date of birth. This information also helps identify 
compliance requirements such as the Health Insurance Portability and Accountability Act 
(HIPAA), Payment Card Industry Data Security Standard (PCI DSS), and System and Organization 
Controls (SOC).

• What information do you already have about this customer?

After a customer has been identified, relevant customer data can help personalize their 
experience and solve issues proactively. This data could include the customer name, open cases, 
contact history and sentiment, and purchase behavior.

• What information is needed to resolve the customer's query?

Determining the information that is required to address the customer's queries helps define 
the customer data that should be gathered within the IVR system. For example, if a customer 
wants to check their balance, their account number and security PIN will be required, and the 
IVR application will have to integrate with the backend data stores that contain banking data. 
Checking the status of their order requires the order number.   

• Are any integrations required to fulfill the customer's request?

Typically, self-service requests on the IVR require backend integrations for successful fulfillment. 
Depending on the use case, these integrations could be with databases, CRMs, or ticketing 
systems in the organization. For example, communicating the status of an order might require 
querying the information from an order management system. Purchases might require 
integrations with a payment gateway. It is crucial to identify these dependencies early, so you 
can plan for the availability of relevant APIs.

• What are the compliance requirements related to the customer's journey or data?

Map the customer contact journey 7
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It's critical to define compliance objectives and incorporate them in the IVR design. Compliance 
programs are commonly enforced at an organizational level. We recommend that you engage 
the information security team in these discussions and planning sessions.

For example, payment information on the IVR might require encryption and PCI DSS compliance. 
Personal identifiable information (PII) collected from any customer would require encryption. 
Your IVR system might involve additional information that you would have to protect.

• How do you respond to high call volumes or agent unavailability?

It's essential to identify scenarios where high call volume could lead to longer wait times. In 
these situations, the IVR system often acts as a gateway for effective redirection of customer 
contacts. Some common deflection strategies include offering callbacks during exceptionally 
long wait times, designing overflow scenarios that expand the pool of target agents, playing 
promotional messages, and redirecting a customer to another channel (SMS or chat). For more 
information about these strategies, see the blog post How to handle unexpected contact spikes 
with Amazon Connect Customer.

• What should the customer experience be during holidays or emergencies?

Unforeseen emergencies and unplanned events can impact your organization's ability to serve 
customers. Planning the customer experience during these events is a best practice for reliability. 
Additionally, holidays might limit staffing, and the IVR system can be an ideal place to keep 
customers informed and to set expectations.

For example, you can design emergency placeholders and holiday messages in the IVR system, 
update them, and play relevant updates when needed.   

• What should the customer experience be when you experience technical issues?

A customer's experience should always be complete and meaningful when they're following 
the IVR flow, even when application or backend integration errors occur. We recommend that 
you design the caller experience in the case of integration failures. Typically, you can implement 
retries and loops, or play a message that communicates the technical difficulty or transfers the 
customer to an agent. In either scenario, the caller experience should not lead to an abrupt and 
unexplained end to the communication, which would typically result in more calls.

After you outline the customer contact journey, look for repeatable processes or common patterns. 
These will be key points of focus when you design the foundation of your IVR architecture.
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Create the foundational architecture

After you have defined your organization's goals and outlined the customer contact journey, 
you can use that information to define a foundational architecture for the IVR system. These 
data points are critical in creating an IVR architecture that is both modular and scalable. The key 
principles for building a good foundational framework are:

• Eliminate static design

• Identify repeatable processes

Eliminate static design

A common mistake developers make when they design an IVR system is to introduce static 
information or hard-coded logic within the flow. This static information includes prompt messages, 
the value of the next call flow to invoke, or the skill group to route the call to. It could also be the 
address of API endpoints that are invoked from an IVR or the variables returned, which are then 
used for branching logic within the IVR system.

Using static values in the IVR system makes it difficult to track and change them in real time, 
and introduces redundancies in the flow. The best practice is to have a dynamic design wherever 
possible. Let's look at an example of designing a multi-language IVR system to understand this 
better.

Static approach:

Typically, while designing a multi-language IVR system, developers identify the customer's 
preferred language, and then create two versions of the same flow. The first version has prompt 
messages hard-coded in Language A, and the second version might have messages hard-coded in 
Language B, as the following diagram illustrates.

Create the foundational architecture 9
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This approach is difficult to scale because developers have to maintain different versions of 
the same flow. They also have to create a new version of the flow every time they add an new 
language.

Additionally, any changes they make to business logic in one flow must be replicated manually to 
the other versions. This makes the IVR design messy and non-modular, and increases the time to 
market for innovation.

Dynamic approach:

The recommended approach to solve this problem is to assign prompt messages to variables 
instead of using static values in the prompt blocks of the IVR designer. Based on the customer's 
choice of language, invoke the values of the prompts from an external database and populate the 
variables to play those messages as shown in the following flowchart. When you use this approach, 
you can maintain a single IVR flow and easily scale to n number of languages. As a developer, 
you add language prompts to the external database and invoke them (by using an API) based on 
customer selection in the IVR system or on data returned from a CRM query. This also protects the 
IVR system from any changes in business logic. When you use this model, make sure that you have 
a default branch with a minimal set of static messages that can be used in the event of database or 
query failures.

Eliminate static design 10
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Identifying repeatable processes

Identifying repeatable patterns in the customer experience can help eliminate redundant 
components within your IVR system. You can create reusable logic, or modules, for repeated use 
cases and invoke them as needed in various call flows. For example, if both the sales and support 
teams need to send a SMS notification within the IVR system, you can create a single, reusable
Send SMS module that can be used across both lines of business. By using this approach, you 
can maintain a single flow, and any updates to that module will be reflected across all LOBs in a 
streamlined way. Some other common examples of repeatable processes are:

• Assigning language selection to the IVR flow based on customer input.

• Implementing payment processing in the IVR system.

• Caller authentication logic.

• Identifying a customer by using a CRM lookup. By modularizing the customer lookup module in 
your CRM, you can turn purpose-built connections, which often use proprietary languages, into 
simple IVR blocks. Anyone who develops customer experiences can then access and use these IVR 
blocks.

• Performing emergency message routing.

Identifying repeatable processes 11
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Example use case

Now, let's examine a use case that illustrates how to apply these principles and derive a modular 
foundational architecture. Example Corp, a fictitious global company, is the focal point of our 
example.

Example Corp wants to migrate to a cloud-based contact center to reduce data center 
maintenance, to focus on innovation, and to cut costs. A key priority for them is self-service, with 
the aim of enhancing customer experience as part of the migration. Example Corp is a global 
organization that manages multiple toll-free numbers (TFNs) and direct inward dial numbers 
(DIDs) based on countries (United States, Canada, Italy, Netherlands, and so on) and lines of 
business (sales, support, new products, and so on). This means that they need to support multiple 
languages (such as US English, Canadian French, and Italian). Example Corp also wants to provide 
personalized, customized experiences to their callers based on the number dialed or the originating 
country, which could result in changing the menu options or offering different prompt messages 
in the IVR system. Additionally, each country has a dedicated set of skills (based on language, line 
of business, and so on) that must be assigned to agents for call routing. In total, the company 
supports 25 countries and 12 languages. They also plan to offer payment processing and the ability 
to purchase products and add-ons without speaking to an agent. As a best practice, Example Corp 
will maintain development, staging, and production environments for their contact center.

This section demonstrates how the IVR design principles we discussed earlier in this guide can be 
applied to the Example Corp use case. We walk through the process of identifying organizational 
goals, building a customer contact journey, and creating an architectural framework to meet the 
company's requirements by using AWS services.

Identifying the organization's goals

For Example Corp, the primary organizational goals include the following:

• Cost savings: Migrate to a cloud-based contact center to reduce maintenance costs and enhance 
innovation.

• Personalized self-service: Provide a personal, customized experience for customers based on 
their originating number or country, including language options.

• Improved IVR containment rate: Streamline payment processing within the IVR system to 
enable customers to purchase products and add-ons without agent intervention.

Identifying the organization's goals 12
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• Improved change management/innovation center: Maintain separate environments 
(development, staging, and production) for the IVR system, for effective change management 
and experimentation.

• Improved first call resolution: Implement effective routing strategies based on language, 
country, and customer intent.

Mapping the customer contact journey

To create a customer contact journey for Example Corp, we need to consider the following aspects:

• Call origination: Identify the country and line of business associated with the incoming call to 
provide a tailored experience.

• Language selection: Offer an appropriate language menu based on the caller's originating 
country, profile, and the languages supported by Example Corp.

• Customer authentication: Authenticate the caller by using their account details, voice 
biometrics, or another secure method.

• Personalization: Collect and use customer data to personalize the IVR experience, such as 
greeting the caller by name or providing customized menu options based on their account 
history.

• Self-service options: Offer self-service options to address common customer inquiries, such as 
balance inquiries, order status updates, or password resets.

• Payment processing: Integrate a secure payment gateway so that customers can make 
purchases within the IVR system.

• Backend integrations: Consider the backend API integrations to implement self-service 
processes, such as personalized greetings, order updates, and payments. Check availability and 
readiness of these APIs.

• Security and compliance: Determine the information that requires further encryption, masking, 
or disablement of logs (for example, card information and customer PII).

• Repeatable processes: Identify processes such as payment and caller authentication that will be 
repeated across most countries and lines of business.

Mapping the customer contact journey 13
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Creating the foundational architecture

To create a modular and dynamic architectural framework for the Example Corp IVR system, 
consider eliminating static content and modularizing repeatable processes.

Eliminating static content

• Consider using variables to invoke prompts dynamically based on the toll-free numbers 
(TFNs) assigned to each country. For example, if TFN1 belongs to Canada, you can invoke the 
appropriate prompt from the external database to provide the customer with English and 
Canadian French as language options. Based on the customer's selection, you can then invoke the 
English (or Canadian French) prompts from the external database and play them throughout the 
IVR call flow. This approach uses a single IVR flow and eliminates redundancies across all TFNs.

• Consider storing the agent queues and skills that the caller needs to be routed to, the next 
IVR tree the call needs to traverse through, and the values of API endpoints such as URLs and 
Amazon Resource Names (ARNs) in an external database. You can also invoke these based on the 
TFN assigned to a country or line of business.

• To streamline the experience further, you can also store the deployment environment details in 
the external database. For example, if TFN2 is mapped to a development environment, you can 
invoke the relevant language prompts, API endpoints, agent queues and skills that are relevant 
for that environment only. If TFN3 is mapped to a staging environment, you can invoke call 
details assigned to staging, and so on. This approach streamlines call flow maintenance and 
development significantly. Developers can have a single call flow to maintain, and they can alter 
the experience easily based on key parameters such as the TFN assigned to a country, the line of 
business, or the environment.

Identifying repeatable processes

For Example Corp, some of the repeatable processes identified across countries and lines of 
business are caller language selection and payment processing. You can build these processes as 
modules so they are easy to centralize, maintain, and invoke across all call flows.

The following diagram shows a sample architecture based on the IVR design methodology 
discussed in this guide. This architecture uses Amazon Connect Customer flows and modules with 
these additional AWS services:

• Amazon DynamoDB tables store ARNs, dynamic attributes, and prompts.

Creating the foundational architecture 14
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• AWS Lambda functions retrieve information from the DynamoDB tables.

• Amazon Polly converts the text prompts to speech.

• Amazon Simple Storage Service (Amazon S3) stores Connect Customer contact records.

The IVR system implements the following steps:

1. A customer calls the company's country-specific DID or TFN.

2. The call enters an Connect Customer initialization flow (initFlow).

3. The initialization flow calls three Lambda functions that retrieve data from three DynamoDB 
tables:

• The first function retrieves Connect Customer instance ARNs based on the environment the 
call was made to (such as production, staging, or development).

• A second function retrieves dynamic attributes such as country, language, and support queue 
based on the dialed number.

Creating the foundational architecture 15
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• A third function gets IVR prompt messages based on the customer's language selection.

4. The Connect Customer language module (langModule) sets an Amazon Polly voice based on the 
language selected.

5. The call then traverses to the next contact flow (mainFlow) that plays dynamic prompts such as 
a welcome message or call center options, which were retrieved from the third DynamoDB table.

6. A Lambda function calls a DynamoDB API to invoke sub-contact flows, modules, and queues.

7. The call might be routed to a support center agent based on the customer's selection in the IVR 
system. The agent's screen is dynamically populated with the data that was captured, such as 
the customer's country, identity, and reason for the call.

8. The customer contact data is also stored in an Amazon S3 bucket as part of Connect Customer 
contact records, and can be used to generate custom reports by using Amazon Quick.

For information about how this design was used in a real-world scenario, see the re:Invent 2020 
presentation How Best Western built a modular and dynamic contact center using Connect 
Customer.  For sample code, see the Dynamic Contact Center project in GitHub.

Creating the foundational architecture 16
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Conclusion

This guide provided IVR design principles to help organizations streamline and scale their approach 
to IVR architecture while meeting organizational goals. It also provided a sample architecture 
based on a specific use case. You can use this architecture as a starter template for building your 
own IVR design.
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Resources

• Amazon Connect Customer documentation

• AWS Lambda Developer Guide

• Amazon DynamoDB Developer Guide

• Amazon Polly Developer Guide

• Amazon Lex Developer Guide

• Sample code for implementing a modular IVR (GitHub project)

• How Best Western built a modular and dynamic contact center using Connect Customer
(re:Invent 2020 presentation)
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