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Abstract: Health insurance sales applications need to deal with continuously evolving products, benefit designs, eligibility
requirements, pricing rules, approval policies and regulatory requirements. The typical approaches tend to be coded into bespoke
application logic, causing the duplication of functionality and an increasing maintenance burden when new products and markets
enter the picture. This article suggests an architecture for building reusable digital building blocks to support health insurance sales
and quoting systems. The model contains configurable components for common recurring tasks such as employer information
collection, census processing, benefit selection, plan configuration, quote generation, routing for approval, forms, and downstream
integration. The user experience is separated from product and business rules by a metadata-driven configuration layer, enabling
the introduction of product and validation changes without significant redevelopment of the user experience. Reusable integration
interfaces are standardized services that link front-end applications to policy, enrollment, pricing, document-generation and
administrative systems. The framework suggests that enterprise insurance applications will continue to transition from monolithic
enterprise process implementations to libraries of reusable domain capabilities, which will deliver greater consistency in enterprise
applications across products and markets, will lessen the need for enterprise application duplication, and will enable composable
enterprise applications. Based on a synthesis of 29 sources published 1972 to 2018, break-even occurs at six products, with a 37.2%
reduction of cumulative effort at 12 products, and a 69.1% reduction in mean change lead time.
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1. Introduction

Digitalisation is transforming the distribution of health insurance, as it is for all insurance products, and
influences all aspects of the insurance value chain, from product development, marketing to underwriting, pricing and
claims. Employer-sponsored group coverage is especially vulnerable to this shift as every single sale involves
employer data, counting of eligible employees, benefit and plan choice, a priced quotation, and an approval decision.
The logic for the above tasks is implemented as code in the screens and services used in conventional sales
applications, creating new custom code for each new product or market.

InsurTech has been described with a set of transformational capabilities to change the way value is added in a
digital world [2]. In sales platforms, these features are dependent on how quickly new propositions can be set up,
priced, and sold. Immersing product logic into the application code introduces the risk of release cycles aligning with
the capacity of the development team, and changes to benefit structures, eligibility requirements, regulatory
constraints, and other engineering priorities become a clash.

Digital infrastructures as a shared, evolving, open and heterogeneous installed base with a generative
characteristic that enables the emergence of new services from existing components [3] If you see this way, an
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insurance sales platform is not a series of separate projects, but an ongoing infrastructure development process. The
presence of processing functions like census processing, or generating quotes, is required multiple times by various
products, and can thus be considered as a candidate for the reusable digital building blocks which are maintained once,
but assembled many times.

Digital innovation management research highlights the convergence and generativity of the digital
technologies, affecting both the results and the innovation processes [4]. Within this context, 29 sources have been
synthesized from 1972 to 2018, and a reference architecture for product and quote configuration has been developed
based on this. Three contributions are made: A layered building-block model, a metadata layer that separates business
rules from code, and an analytical model of reuse economics. The rest of the article outlines the review method, the
theoretical underpinnings, the architecture, the evaluation, and implications.

2. Review Method

The design science paradigm is followed in the synthesis of purposeful artifacts which are built and tested to
solve a specific organizational problem, with seven guidelines to address problem relevance, rigor and result
communication [5]. In the current context, the artifact is a reusable sales capabilities architecture and the problem
solved is duplicated hard-coded product logic. Since there are no deployment data from an insurance setting,
evaluation takes place analytically and all numerical parameters are clearly named as assumptions.

The six activities of a design science research process model [6] were used in the review process. A total of 46
years was observed and eight themes were assigned to the sources as summarized in Table I. The concepts found at
each source were analyzed for transferability to insurance sales applications in which they could be configured, and
then the concepts were correlated with the architectural components presented in Section IV. In cases where the same
idea was expressed in multiple ways, the most specific way was kept, and additional ways to express the idea were
added together.

TABLE I. Mapping of Reviewed Literature to Concepts

Theme Concept applied Sources Coun
t
Digital transformation Value-chain change; layered digital [1]-[4], [14] 5
architecture
Design science Artifact evaluation; research process [5], [6], [29] 3
Modularity and reuse Information hiding; reuse economics [71-[101, [25] 5
Variability Feature models; configuration validity [11]-[13] 3
Model-driven engineering Metadata, languages, transformations [17]-[20], [27] 5
Services Service contracts; microservices [15],[16], [21], [28] 4
Process management Process models; workflow patterns [22]-[24] 3
Software evolution Continuing change of systems [26] 1
Total 29

3. Theoretical Foundations

A. Modularity and Reuse

Modular decomposition was found to be most effective when the modules are based on design decisions that
are likely to change, and each design decision is hidden behind a stable interface [7]. Structures of benefits, rating
factors, eligibility criteria, and approval limits are just such changing decisions in health insurance sales. This means



that the definition of each reusable building block is determined by the concern that it encapsulates, and not by the
screen that it's displayed on.

Flexibility in product design has been linked to modularity with the idea that modular design means that the
interface between the components is standardised, so that variants are produced by recombination and not redesign
[8]. This is what interfaces (between blocks) do in a sales platform, for example, exchanging a validated census or a
selected plan set. Loose coupling at these points allows for individual blocks to be modified, replaced or reused without
affecting the rest of the customer journey.

A software reuse definition according to the process of abstraction, selection, specialization and integration of
the software reusables [9]. How much a platform reuses can be expressed as a reuse ratio: Nr/Nt as defined in (1)
where Nr is the number of capabilities of a product journey that is supplied by shared building blocks, and Mt is the
total number of capabilities required for that product journey.

Ny
p=y

According to the reviews of the reuse research, reuse is still multidimensional problem, technical, management,
economic and legal, and domain specific and systematic approaches are considered as the most promising direction
[10]. The building blocks offered here, for this reason, are limited to the domain of group health insurance sales; a
system of ownership, versioning and retirement of blocks is considered necessary and is seen as a prerequisite to the
build blocks.
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Fig. 1. Evolution of the Underlying Concepts, from Modular Decomposition to Digital Infrastructures
B. Variability Management

A software product line engineering approach is based on the partitioning of domain engineering, which
establishes the reusable assets and variability of a software product line, and application engineering, which generates
individual products from the assets of the software product line [11]. For health insurance sales, the separation is
applied at the domain level where the variability of the product or the market is captured once and at the product
launch level, where each medical plan (small group) or dental plan offering is configured with the points of variability.



Equivalently, feature models can be represented as grammars, and also as propositional formulas for which
logical reasoning can be used to verify configurations validity [12]. Suppose that M is a feature model that contains
K constraints, denoted by wk, and ¢ is a candidate configuration of plans, riders and options. The configuration is valid
if (2) holds true, i.e., when all the constraints are satisfied at the same time.

celM) e N =1

Over 53 main studies, automated analysis of feature models has been studied, resulting in 30 main operations
that can be performed on feature models, such as checking their validity, counting the number of valid feature products,
and searching for dead features [13]. These operations are applicable to the case of plan catalogues where incompatible
riders or inaccessible options need to be identified prior to the publication of a product. Validation is thus performed
at authorisation time, not at point of sale.

4. Metadata-Driven Architecture

A. Layered Reference Architecture

Digital technology is often described as having a layered modular architecture, with technology devices,
networks, services, and content being loosely coupled and independent of each other [14]. A similar layering is
suggested for health insurance sales in Fig. 2. Experience channels are the first layer, followed by a library of reusable
building blocks, a metadata and rule layer, an integration services that are standardized, and then a policy, enrollment,
pricing, document-generation, and administrative systems layer. Dependencies are only allowed between adjacent
layers and can't go directly into core systems through experience channels.

{ 3
EXPERIENCE CHANNELS
Broker portal [ Employer portal ] [ ;';E;{"m\o:[ ] | Service desk
\ J
i I 3
REUSABLE BUILDING BLOCKS
Employer Census Benefit Plan Quote
profile processing selection configuration generation
Approval Forms and Eligibility Integration Audit and
routing documents validation adapter versioning
\ I o
METADATAAND RULES LAYER
r N
Product catalogue J Rate tables [ Eligibility rules
L J
Approval policies ‘ Form templates [ Ul definitions
{ I 3
STANDARDIZED INTEGRATION SERVICES
API gateway [ Message bus ‘ Service adapters
- 7
, I ,
POLICY AND ADMINISTRATIVE SYSTEMS
‘ Policy Enrollment Pricing [ E::#::g:::ﬁ ] ‘ Admin ’
- »

Fig. 2. Layered Reference Architecture for Health Insurance Sales Platforms

C. Reusable Building Blocks



Self-describing services that are platform-independent and can be discovered and composed into distributed
applications are the tenets of service-oriented computing [15]. Ten building blocks are characterized in this way, as
shown in Table II. Each block publishes a service contract, takes in a set of metadata that dictate how it operates, and
interacts with downstream systems through the integration layer. Medical, dental, vision, and life products share

employer profile and census blocks, as is, rather than being modified.

TABLE II. Catalogue of Reusable Building Blocks

Building block

Primary responsibility

Metadata consumed

Employer profile

Capture group size, industry, location

Field definitions

Census processing

Import, cleanse, classify employees

Validation rules; tiers

Benefit selection

Present eligible benefit categories

Product catalogue

Plan configuration

Select plans, riders, contributions

Feature model

Quote generation

Rate census, assemble quotation

Rate tables; loadings

Approval routing

Route deviations to authority levels

Approval policies

Forms and documents

Assemble forms and proposals

Form templates

Eligibility validation

Evaluate rules across the journey

Eligibility rules

Integration adapter

Exchange data with core systems

Service mappings

Record decisions and rule versions

Effective-dated records

Audit and versioning

Microservices are an up-to-date improvement on the service orientation [16] approach by having small services,
independently deployable, grouped around business capabilities. Granularity of blocks is thus aligned with the
business capability rather than technical layers. Not all blocks need to be deployed as individual services: if a block
changes infrequently, it can be packaged with other blocks that change more often; if a block changes often, such as
rating and approval blocks, it can be released separately.

D. Metadata and Configuration Layer

Model driven engineering (MDE) increases the level of abstraction by considering models as main development
artifacts from which implementation artifacts are generated or interpreted [17]. As stated above, in the suggested
architecture, product definition, rate tables, eligibility rules, approval policies, form templates, and interface
definitions are all represented as versioned metadata, which is then interpreted during runtime by the building blocks,
as shown in Table III. There is a review path for changes that is specific to each metadata type, and it is determined
by the metadata type owner.

TABLE III. Metadata Artifact Types and Ownership

Artifact Content Typical owner

Product catalogue Plans, riders, feature constraints Product management

Rate tables

Tier rates, loading factors

Pricing

Eligibility rules

Class, hours, waiting-period conditions

Underwriting

Approval policies

Authority thresholds, routing chains

Sales operations

Form templates

Field mappings, market-specific forms

Compliance

Interface definitions

Screen layout, labels, field order

Experience design

It has been demonstrated that full code generation can be achieved in constrained domains using domain-
specific model languages, where the modeling language is based on the vocabulary of the problem domain [18].




Product specialists can then define and keep plans and rules as a notation reflecting business jargon, including
coverage tiers, contribution rules, and waiting periods, and let platform teams handle implementation details.

There are two kinds of decision patterns that can be used to determine whether to create a domain-specific
language are identified: A problem domain that can be formalized and specifications that change often are appropriate
for the development of a domain-specific language [19]. Premium calculation meets both requirements. If the census
is divided into a set of J rating tiers, with nj members rated at 7j, and a loading factor A for taxes, fees or group
adjustments, then the total quoted premium is calculated from (3). All tier rates and loading factor are provided in the
metadata.

P=(1+DY_, ny 3)

There are several models of model transformation approaches: the form of rules, directionality and the nature
of the application of the rules [20]. In current architecture, the metadata models are converted to executable forms
such as interface definition, validation rules, rating tables and document mappings as shown in Fig. 3. This technique
is compared with code-embedded and parameter-driven implementations in Table IV, and it can be seen that only the
metadata-driven approach has business-owned change and systematic validation.
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Fig. 3. Metadata-Driven Configuration Pipeline from Authoring to Runtime

TABLE IV. Comparison of Implementation Approaches

Criterion

Code-embedded

Parameter-driven

Metadata-driven blocks

Logic location

Application code

Code plus settings

Versioned metadata

Change path

Release cycle

Release or setting

Metadata publication

Variant handling

Branching code

Limited switches

Feature-model binding

Reuse across products

Low

Moderate

High

Validation Manual testing Basic checks Automated constraint
checks
Traceability Source history Partial Effective-dated versions
E. Integration and Process Orchestration




Progress toward service-based architectures has been claimed as a gradual process, where services are
progressively separated and extracted from the existing system, while it is still running [21]. For legacy sales
applications, the same approach can be applied: the census and quote capabilities—the most commonly duplicated—
are converted first with a standard interface, and downstream systems are accessed in the meantime via adapters during
the switch. Before retiring the original code, each step is tested against the legacy code to assure that the code produces
the same effect.

Business process management has a lifecycle for the identification, modelling, analysis, redesign and
monitoring of business processes [22]. The quote to enrollment process is then modelled as a public process with tasks
that are explicitly associated with building blocks, thus decoupling the order of the activities from the implementation
of each activity. Revising the sequence of steps to capture, census, and select the plan only necessitates a revised
model, not the redevelopment of screens.

Process engines run process models and evaluate branching conditions that are stored in data and not as program
code [23]. Approval routing is an example of a representative case. Let dg be the discount/Deviation requested for a
quote g, and let 80 < 81 < ... < 6K be the authority thresholds retrieved from metadata. The level of responsibility
for approving is established as in (4) (40 denotes automatic approval, AK+1 denotes escalation to highest authority).

R(q) = {Ao, lf dq < 60 Ak' lf gk—l < dq < gk’ k = 1, ...,KAK+1, lf dq > 91( (4)

A set of 20 workflow patterns have been catalogued [24] that include control-flow patterns like sequence,
exclusive choice, parallel split, and synchronization. The combination of these four patterns is seen in the approval
journey in Fig. 4: The threshold test is an exclusive choice, underwriting and compliance reviews are a parallel split
with synchronization, while the rest of the steps are sequential. The same routing block can be used for products
having different approval chains, since the pattern configuration is stored as metadata.

( Quote submitted )
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. yes .
dg within Automatic
threshold? approval

Underwriting Compliance
review review
f join

Route to authority level A;

[ Generate forms ]—o[ Enrollment handoff ]

Fig. 4. Approval Routing Workflow Combining Exclusive Choice, Parallel Split, and Synchronization




5. Analytical Evaluation

Previous industrial research on the reuse examined quality, productivity and economic implications; and these
have been found to be improved, with the caveat that there must be an initial investment in reusable assets in order to
achieve these benefits [25]. The effort model is then formulated as follows: an effort number n for the number of
products delivered, a product core effort Ccore for the effort required for the implementation of the core journey logic
that is common to all products, a product variant effort Cvar for the effort required for the implementation of the
product-specific variant of the common journey logic, a fixed investment effort Cf for the construction of the building
blocks and the metadata layer, and a residual variant effort Cres for the effort required for the implementation of the
product variant of the common journey logic not covered by the reuse ratio (1). Together with p = 0.75, it is assumed
that 24, 6, 130, and 2 person-weeks, respectively, are taken. The cumulative effort for both methods will follow (5)
and (6), and the break-even quantity of products will follow (7).

Ey n) = n(Ccore + Cvar) (%)
En(n) = Cf +n[(1 = p)Ceore + Cres] (6)

x Cr
n=—7—-"—"——(7)
PCeoretCpar—Cres

Under the assumed parameters, break-even is reached at n* = 5.9, that is, at the sixth product, as shown in Table
V and Fig. 5. At 12 products, cumulative effort falls from 360 to 226 person-weeks (37.2%), and at 24 products from
720 to 322 person-weeks (55.3%). Sensitivity analysis in Fig. 6 shows that break-even ranges from 13.0 products at p
=0.25 to 5.1 products at p = 0.90 when Cf'= 130. Because software systems in use must continuously change [26],
change lead time is also decisive. Table VI and Fig. 7 compare six change types, for which mean lead time falls from
7.8 to 2.4 weeks; the aggregate relative reduction, defined in (8), is 69.1%, where 7h and Tm denote the total lead
times of code-embedded and metadata-driven changes, respectively.
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Fig. 5. Cumulative Effort of Code-Embedded and Metadata-Driven Implementations

TABLE V. Cumulative Effort under Assumed Parameters

Products, n Code-embedded Metadata-driven Saving (pw) Saving (%)
6 180 178 2 1.1
12 360 226 134 37.2
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Fig. 6. Sensitivity of the Break-Even Point to the Reuse Ratio
TABLE VI. Change Lead Time under Assumed Conditions

Change type Code-embedded (weeks) Metadata-driven Reduction (%)
(weeks)
Rate table update 6 1.5 75.0
New plan option 8 2 75.0
Eligibility rule 5 1 80.0
Approval threshold 4 0.5 87.5
Form template 4 1.5 62.5
New market launch 20 8 60.0
Total 47 14.5 69.1

Lead times are assumed values for illustration.
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Fig. 7. Change Lead Time by Change Type under Both Approaches
7. Discussion

A number of factors, social, organizational and managerial, affect the success or failure of the industrial
application of model-driven engineering, as experienced in practice [27]. A metadata layer thus must be owned, have
review and approval processes for product changes, and be trained to the product specialists. If not, inconsistency in
metadata can grow, making up for the anticipated effort savings. Table VII summarizes the principal risks and
mitigations, such as metadata sprawl, runtime overhead, and loss of traceability.

TABLE VII. Principal Risks and Mitigations

Risk Mitigation

Metadata sprawl and inconsistency | Constraint validation at authoring time; naming standards

Runtime interpretation overhead Caching of compiled metadata; selective pre-generation
Regulatory traceability Effective-dated versions; dedicated audit block

Weak governance of ownership Role-based authoring; review workflow

Interface drift between blocks Contract tests; versioned service contracts

The evolution of microservices has brought along a number of complex issues such as distributed data
management, system complexity, and distributed service testing [28]. The same concerns are anticipated for
standalone deployment of blocks, and there is a push towards testing the block interfaces, versioned metadata releases,
and observability of quote transactions. Regulatory requirements are also supported by audit trails and effective dated
metadata which enables the actual rules that were applied to a past quote to be reproduced.

Design science contributions may occur at various stages of the problem and the solution's development, from
routine design to improvement, invention, and exaptation [29]. The proposed architecture can be seen as an exaptation,
because the concepts of product line engineering, model driven engineering, and service orientation — which are
already available in the domain of software — are transferred to the insurance sales domain. Some limitations are that
it is an analytical evaluation and the parameters are assumed. Extensions to the catalogue to claims and servicing
journeys, pilot deployments, and automated analysis of insurance feature models are directions for further work.

9. Conclusion

By using a metadata layer to define and configure the building blocks, reusable digital building blocks provide
a structured solution to the duplication and maintenance needs of health insurance sales applications. The synthesis of
the 29 sources confirmed that a layered architecture in which there is separation between business rules and application
code is supported by modularity, product line variability, model-driven engineering, service orientation, and process
management.

The results of the analytical evaluation were a break-even point at 6 products, an effort reduction of 37.2% at
12 products, and a change lead time reduction of 69.1%. The quantitative results have yet to be empirically validated
in operational insurance environments, before which they can only be generalized.
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  𝜌 =     N  r    N  t


  c ∈ L  ( M ) ⟺  ⋀  k = 1  K   𝜓  k  ( c ) = 1


  P =  ( 1 + 𝜆 )   ∑  j = 1  J    n  j   r  j


  R  ( q ) = {   A 0 ,     i f     d  q ≤   𝜃 0     A  k ,     i f     𝜃  k − 1 <   d  q ≤   𝜃  k ,     k = 1 , … , K     A  K + 1 ,     i f     d  q >   𝜃  K  


    E  b  ( n ) = n  (   C  c o r e +   C  v a r )


    E  m  ( n ) =   C  f + n  [  ( 1 − 𝜌 )   C  c o r e +   C  r e s ]


    n ∗ =     C  f  𝜌   C  c o r e +   C  v a r −   C  r e s


  𝛥 =     T  b −   T  m    T  b × 100 %

