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Chapter 1: Introduction to Social Impact Accounting
Social impact accounting is an emerging field that seeks to measure and value the social, 
environmental, and economic impacts of an organization’s activities. This chapter introduces 
the foundational concepts of social impact accounting, establishes the business case for its 
adoption, and presents a fundamental theorem for quantifying social value.

1.1 Defining Social Impact

Social impact refers to the net effect of an activity on a community and the well-being of 
individuals and families. It encompasses a wide range of outcomes, from changes in health 
and education to shifts in community cohesion and environmental quality.

Theorem 1.1: The Fundamental Equation of Social Value

The total social value (SV) created by an intervention can be expressed as the sum of its 
monetized social outcomes (O) for all affected stakeholders (i), net of the initial investment 
(I), and adjusted for attribution ( ) and drop-off ( ) over time (t).α δ

Formal Definition:

Let SV be the net social value created. The fundamental equation is:

SV=∑
t=1

T ∑
i=1

N

α i⋅Oi , t

¿¿ ¿

where: - Oi ,t = Monetized value of outcome for stakeholder i at time t - α i = Attribution 
coefficient for stakeholder i (what portion of the outcome is due to the intervention) - d = 
Discount rate for future outcomes - T  = Time horizon of the impact - I = Initial investment
- N = Number of stakeholders

Proof of The Fundamental Equation of Social Value:
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The theorem is derived from first principles of cost-benefit analysis and stakeholder theory. 
The total value created is the sum of all benefits minus the sum of all costs. In the context 
of social impact, the benefits are the positive outcomes experienced by stakeholders, and the 
costs are the resources invested.

1. Stakeholder Value: The term ∑
i=1

N

Oi , t represents the total gross value of outcomes for all

stakeholders at time t.
2. Attribution: The attribution coefficient α i is essential to isolate the impact of the 

intervention from other factors. This is a core principle of impact assessment.
3. Time Value of Money: The discount rate d is used to account for the time value of 

money, a fundamental concept in finance and economics. Future impacts are worth less 
in today’s terms.

4. Net Value: The subtraction of the initial investment I ensures that the final value 
represents the net social value created, analogous to net present value (NPV) in 
financial analysis.

This formulation provides a comprehensive and rigorous framework for quantifying social 
impact in a way that is comparable across different interventions and organizations. ∎

Example 1.1: Job Training Program

A non-profit invests $100,000 in a job training program for 50 unemployed individuals. 
Over 3 years, the program leads to increased income for the participants.

• Investment (I): $100,000
• Stakeholders (N): 50 participants
• Outcome (O): Increased income of $5,000 per participant per year
• Attribution ( ):α  80% (20% of the income increase is due to other factors)
• Discount Rate (d): 5%
• Time Horizon (T): 3 years

SV=50⋅ 5000⋅ 0.8
¿¿
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SV=190,476+181,406+172,767−100,000=444,649

The social value created by the program is $444,649.

Example 1.2: Community Garden

A corporation invests $50,000 to build a community garden. The garden produces fresh 
vegetables and improves community cohesion.

• Investment (I): $50,000
• Outcomes (O):

– Value of produce: $10,000/year
– Health benefits: $5,000/year
– Community cohesion: $3,000/year

• Attribution ( ):α  90%
• Discount Rate (d): 4%
• Time Horizon (T): 5 years

Total annual outcome = $18,000. The calculation would then proceed as in the previous 
example.

Example 1.3: Early Childhood Education Program

An NGO invests $200,000 in an early childhood education program. The long-term impacts 
include higher lifetime earnings and reduced crime rates.

• Investment (I): $200,000
• Time Horizon (T): 20 years
• Outcomes (O): Complex, multi-faceted, and require long-term tracking.
• Attribution ( ):α  Varies over time and by outcome.

This example highlights the complexity of measuring long-term social impact.

Example 1.4: Corporate Volunteering Program
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A company encourages its employees to volunteer, investing $20,000 in coordination.

• Investment (I): $20,000
• Outcomes (O):

– Value of volunteer hours to non-profits
– Increased employee morale and retention

• Attribution ( ):α  High for the value of volunteer hours, lower for morale.

Example 1.5: Environmental Cleanup Project

A company spends $500,000 to clean up a polluted river.

• Investment (I): $500,000
• Outcomes (O):

– Increased property values
– Improved public health
– Restoration of ecosystem services

• Attribution ( ):α  High, as the cleanup is the direct cause of the outcomes.

Problem 1.1: Calculating Social Value

A social enterprise invests $75,000 in a program to provide clean water to a village. The 
program reduces waterborne illnesses, saving the community $20,000 per year in healthcare 
costs. The impact is expected to last for 10 years. Assuming an attribution of 100% and a 
discount rate of 3%, calculate the total social value created.

Problem 1.2: Comparing Interventions

An organization has $100,000 to invest and is considering two projects:

• Project A: A literacy program that will generate $30,000 in social value per year for 5 
years with an attribution of 90%.

• Project B: A micro-loan program that will generate $25,000 in social value per year 
for 7 years with an attribution of 80%.
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Assuming a discount rate of 5%, which project creates more social value?

Problem 1.3: The Role of Attribution

Re-calculate the social value in Example 1.1 if the attribution coefficient is lowered to 60%.
How does this change the result, and what does it imply for the importance of attribution 
analysis?

Problem 1.4: Sensitivity to Discount Rate

Calculate the social value of the community garden in Example 1.2 using discount rates of 
2%, 5%, and 8%. How does the discount rate affect the final social value, and what does 
this tell you about the valuation of long-term impacts?

Problem 1.5: Complex Interventions

Design a social impact accounting framework for a hypothetical intervention that aims to 
reduce homelessness in a city. Identify the key stakeholders, outcomes, and challenges in 
applying the Fundamental Equation of Social Value. What data would you need to collect?
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Chapter 2: Mathematical Foundations for Social Metrics
This chapter lays the groundwork for the quantitative analysis of social impact by 
introducing key mathematical concepts and techniques. A solid understanding of these 
foundations is essential for the rigorous application of the frameworks discussed in later 
chapters.

2.1 Social Metrics and Indicator Theory

Social metrics are quantitative measures that capture specific aspects of social performance 
or impact. The selection and construction of these metrics are critical for meaningful social 
impact accounting.

Theorem 2.1: The Indicator Validity-Reliability Trade-off

For any given social metric (M), there exists a trade-off between its validity (V) and 
reliability (R). The overall quality of a metric (Q) can be modeled as a function of both, 
where improvements in one often come at the expense of the other.

Formal Definition:

Let Q(M) be the quality of a metric M. We can model this as:

Q(M )=f (V (M ), R(M ))

where: - V (M ) is the validity of the metric, i.e., the extent to which it accurately measures 
the underlying social construction it is intended to represent. - R(M ) is the reliability of the 
metric, i.e., the consistency and repeatability of its measurement.

A common functional form is the geometric mean:

Q(M )=√V (M )⋅R(M )

The trade-off can be expressed as an inverse relationship, for a given level of measurement 
complexity:
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V (M )≈ k
R(M )

where k is a constant representing the context and complexity of the measurement.

Proof of The Indicator Validity-Reliability Trade-off:

The proof is conceptual and based on measurement theory.

1. High Reliability: To achieve high reliability, a metric must be precisely defined and 
easily measurable. This often requires simplification and standardization, which can lead
to a narrow focus that does not fully capture the complexity of the social construct, 
thus reducing validity.

2. High Validity: To achieve high validity, a metric must encompass the richness and 
nuances of social construct. This often involves qualitative data, multiple perspectives, 
and context-specific information, which can be difficult to measure consistently, thus 
reducing reliability.

For example, measuring

the impact of an educational program on “well-being” (high validity) is complex and 
subjective, leading to low reliability. In contrast, measuring attendance rates (high reliability)
is straightforward but is a poor proxy for well-being (low validity).

This trade-off is fundamental to social impact measurement and requires a balanced approach
to metric selection. ∎

Example 2.1: Measuring Health Outcomes

• High-validity metric: Quality-Adjusted Life Years (QALYs). This metric captures both 
the quantity and quality of life, but it is complex to calculate and can be subjective.

• High-reliability metric: Number of hospital visits. This is easy to count, but it doesn’t 
distinguish between routine check-ups and serious illnesses, and it doesn’t capture the 
quality of life.

Example 2.2: Measuring Educational Attainment
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• High-validity metric: A comprehensive assessment of critical thinking, creativity, and 
problem-solving skills. This would be a valid measure of educational quality, but it 
would be difficult and expensive to administer reliably.

• High-reliability metric: Standardized test scores. These are highly reliable, but they are 
often criticized for not capturing the full range of educational outcomes.

Example 2.3: Measuring Community Cohesion

• High-validity metric: Ethnographic study of community interactions, trust, and 
reciprocity. This would provide a rich and valid picture of community cohesion, but it 
is not easily scalable or repeatable.

• High-reliability metric: Number of attendees at community events. This is a simple and 
reliable metric, but it is a very superficial measure of community cohesion.

Example 2.4: Measuring Empowerment

• High-validity metric: In-depth interviews and case studies to assess an individual’s 
sense of agency, self-efficacy, and control over their life. This is a valid but time-
consuming and subjective approach.

• High-reliability metric: A simple survey question asking respondents to rate their level 
of empowerment on a scale of 1 to 5. This is reliable but may not capture the true 
complexity of empowerment.

Example 2.5: Measuring Environmental Impact

• High-validity metric: A full lifecycle assessment of a product’s environmental footprint,
from raw material extraction to disposal. This is a comprehensive and valid measure, 
but it is complex and data intensive.

• High-reliability metric: The amount of recycled material used in a product. This is a 
simple and reliable metric, but it only captures one small aspect of the product’s overall
environmental impact.

Problem 2.1: Metric Selection
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You are tasked with measuring the social impact of a new public park. Propose one high-
validity metric and one high-reliability metric for each of the following impact areas:

a) Public health
b) Community safety
c) Environmental quality

Explain the trade-offs between your chosen metrics.

Problem 2.2: Index Construction

You want to create a single index to measure the overall

quality of a school. You have data on:

• Standardized test scores (reliability = 0.9, validity = 0.6)
• Student-teacher ratio (reliability = 0.95, validity = 0.5)
• A qualitative assessment of school culture (reliability = 0.5, validity = 0.9)

Construct a weighted index of school quality, justifying your choice of weights based on the
validity-reliability trade-off.

Problem 2.3: The Limits of Quantification

Discuss a social impact area where you believe quantification is particularly challenging and 
may even be counterproductive. Explain your reasoning, drawing on the concepts of validity 
and reliability.

Problem 2.4: Proxy Variables

In many cases, we must use proxy variables to measure social impact. For example, we 
might use “years of schooling” as a proxy for “human capital.”

a) Identify a potential proxy variable for each of the following social constructs:
– Social cohesion
– Gender equality
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– Political empowerment
b) For each proxy, discuss the potential threats to its validity.

Problem 2.5: The Goodhart-Campbell Law

Goodhart’s Law, and the related Campbell’s Law, states that “When a measure becomes a 
target, it ceases to be a good measure.” Explain this law in the context of social impact 
accounting, using a hypothetical example. How can organizations mitigate the risks 
associated with this law?
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Chapter 3: Stakeholder Theory and Value Networks
Stakeholder theory is a cornerstone of modern social impact accounting. It posits that 
organizations should be managed for the benefit of all their stakeholders, not just 
shareholders. This chapter explores the mathematical and conceptual underpinnings of 
stakeholder theory and its application in creating and measuring social values.

3.1 The Stakeholder Value Principle

Theorem 3.1: The Stakeholder Value Co-Creation Principle

The total value (V) created by a firm is a function of the value co-created with each of its 
stakeholder groups (Si). The long-term sustainability of the firm depends on creating a 
positive feedback loop where value is created for and with each stakeholder group.

Formal Definition:

Let V be the total value created by the firm. This can be modeled as a system of 
interdependent equations:

V=f (V C ,V E ,V S ,V M ,V O)

where: - V C = Value created for customers (e.g., product quality, service) - V E = Value 
created for employees (e.g., wages, work environment) - V S = Value created for suppliers 
(e.g., fair prices, stable contracts) - V M = Value created for the community (e.g., jobs, 
environmental quality) - V O = Value created for shareholders (e.g., profits, dividends)

Each of these, in turn, is dependent on the others:

V C=gC(V E ,V S)

V E=gE(V C ,V O)

...and soon for all stake holder groups.

Proof of The Stakeholder Value Co-Creation Principle:
14



The proof is based on the concept of reciprocal value creation in a network.

1. Interdependence: No stakeholder group can create value in isolation. Customers need 
products made by employees and sourced from suppliers. Employees need wages paid 
from customer revenues. Shareholders need profits generated by the entire system.

2. Positive Feedback Loops: When value is created for one stakeholder group, it can lead 
to the creation of value for others. For example, well-paid and motivated employees (
V E) provide better customer service, leading to more loyal customers (V C), which in 
turn leads to higher profits for shareholders (V O).

3. Negative Feedback Loops: Conversely, extracting too much value for one group at the 
expense of others can lead to a vicious cycle. For example, cutting employee wages to 
boost short-term profits can lead to poor service, customer dissatisfaction, and 
ultimately, lower long-term profits.

Therefore, maximizing the total value of the system requires optimizing the value created for
all stakeholders, not just one. ∎

Example 3.1: Employee Well-being

A company invests in an employee well-being program (cost = $1M/year). This leads to:

• Reduced employee turnover, saving $500,000/year in recruitment costs.
• Increased productivity, valued at $800,000/year.
• Improved customer service, leading to a $300,000/year increase in revenue.

Net value created = $500k + $800k + $300k - $1M = $600k/year.

Example 3.2: Sustainable Sourcing

A coffee company invests in a fair-trade sourcing program, paying a premium to its 
suppliers. This leads to:

• A more resilient and higher-quality supply chain.
• A stronger brand image, attracting ethically minded consumers.
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• Reduced risk of supply chain disruptions.

Example 3.3: Community Investment

A mining company invests in local infrastructure and education in the community where it 
operates. This leads to:

• A

social license to operate," reducing the risk of protests and regulatory challenges. - An 
improved local workforce, reducing training costs.

Example 3.4: Customer Data Privacy

A tech company invests in robust data privacy measures, going beyond the legal 
requirements. This leads to:

• Increased customer trust and loyalty.
• Reduced risk of data breaches and associated fines.
• A competitive advantage in a privacy-conscious market.

Example 3.5: Shareholder Activism

Shareholders pressure a company to adopt more sustainable practices. While this may reduce
short-term profits, it can lead to:

• Reduced long-term environmental and social risks.
• An enhanced corporate reputation.
• Increased attractiveness to long-term investors.

Problem 3.1: Stakeholder Mapping

For a large, publicly traded retail company, identify the key stakeholder groups. For each 
group, list two examples of value that can be co-created with them.

Problem 3.2: Value Network Analysis

16



Draw a simple value network diagram for the coffee company in Example 3.2. Show the 
key stakeholder groups and the flows of value between them. Use arrows to indicate the 
direction of the value flow.

Problem 3.3: The Cost of Ignoring Stakeholders

A company has decided to cut supplier payments to boost short-term profits. Describe a 
plausible chain of events that could lead to a net loss of value for the company in the long 
run. Quantify your example with hypothetical numbers.

Problem 3.4: The Business Case for Social Impact

You are a consultant trying to convince the CEO of a manufacturing company to invest in a
factory safety program that will cost $2 million. The CFO argues that this will reduce 
shareholder returns. Make a business case for the investment, drawing on the Stakeholder 
Value Co-creation Principle. What non-financial metrics would you use to track the success 
of the program?

Problem 3.5: The Role of Governance

How can corporate governance structures (e.g., board composition, executive compensation) 
be designed to promote the co-creation of value for all stakeholders, rather than just 
maximizing shareholder value? Provide two specific recommendations.
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Chapter 4: Social Return on Investment (SROI)
Social Return on Investment (SROI) is a framework for measuring and communicating the 
social value created by an organization or program. It is a powerful tool for decision-
making, performance management, and communication with stakeholders. This chapter 
provides a mathematical and conceptual overview of the SROI methodology.

4.1 The SROI Ratio

Theorem 4.1: The Social Return on Investment (SROI) Ratio

The SROI ratio is a measure of the social value created for every unit of investment. It is 
calculated by dividing the net present value of the social impact by the net present value of 
the investment.

Formal Definition:

Let SROI be the Social Return on Investment ratio. It is defined as:

SROI=Net Present Value of Impact
Net Present Value of Investment

= SV
INPV

where: - SV  is the net social value, as defined in Theorem 1.1. - INPV is the net present 
value of the investment.

SV=∑
t=1

T ∑
i=1

N

α i⋅Oi , t

¿¿ ¿

INPV=∑
t=0

T I t
¿¿ ¿

Proof of The SROI Ratio:

The SROI ratio is a direct application of cost-benefit analysis principles to social impact 
measurement. The numerator represents the net benefits of the intervention, while the 
denominator represents the costs.
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1. Normalization: By dividing social value by the investment, the SROI ratio provides a 
normalized measure of impact that can be compared across different interventions, even 
if they have different scales of investment.

2. Efficiency: The SROI ratio is a measure of the efficiency of an investment in creating 
social value. A higher SROI ratio indicates a more efficient use of resources.

3. Communication: The SROI ratio is a simple and powerful way to communicate the 
social impact of an organization or program to stakeholders. For example, an SROI 
ratio of 3:1 means that for every $1 invested, $3 of social value is created.

Example 4.1: Calculating SROI for a Non-Profit

A non-profit invests $100,000 in a job training program. The program creates a net social 
value of $444,649 (From Example 1.1). The SROI ratio is:

SROI=444,649
100,000

=4.45

This means that for every $1 invested, the program creates $4.45 of social value.

Example 4.2: Forecast SROI for a Social Enterprise

A social enterprise is planning to launch a new product that will have a positive social 
impact. They forecast the following:

• Investment: $500,000 over 2 years
• Social Value: $2,000,000 over 5 years
• Discount Rate: 6%

First, calculate the NPV of the investment and the social value. Then, calculate the SROI 
ratio to assess the viability of the project.

Example 4.3: SROI for a Corporate Social Responsibility (CSR) Program

A corporation invests $1,000,000 in a CSR program to improve literacy in the local 
community. The program is expected to generate $3,000,000 in social value over 10 years. 
The SROI ratio is 3:1.
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Example 4.4: SROI for a Public Sector Project

A government invests $10,000,000 in a new public park. The park is expected to generate a
wide range of social benefits, including improved public health, increased property values, 
and enhanced community cohesion. An SROI analysis can be used to assess whether the 
benefits of the park justify the costs.

Example 4.5: Sensitivity Analysis of a SROI Calculation

SROI calculations are sensitive to a number of assumptions, such as the discount rate, the 
attribution rate, and the financial proxies used to value outcomes. It is important to conduct 
a sensitivity analysis to test how the SROI ratio changes when these assumptions are varied.

Problem 4.1: Calculate SROI

A social enterprise invests $50,000 in a program to provide solar lanterns to a rural 
community. The program saves each of the 100 households in the community $50 per year 
in kerosene costs. The lanterns are expected to last for 5 years. Assuming an attribution of 
100% and a discount rate of 4%, calculate the SROI ratio.

Problem 4.2: Compare Two Projects

A foundation has $200,000 to invest and is considering two projects:

• Project A: A health program with a projected SROI of 5:1.
• Project B: An education program with a projected SROI of 3:1.

Which project should the foundation invest in, and what other factors should they consider?

Problem 4.3: The Impact of Deadweight

Deadweight is the amount of outcome that would have happened anyway, even without the 
intervention. In the SROI formula, this is accounted for in the attribution coefficient. If the 
deadweight in Problem 4.1 is 20%, how does this affect the SROI ratio?

Problem 4.4: The Role of Attribution in SROI
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Explain why attribution is a critical component of a credible SROI analysis. What are the 
risks of over-claiming impact?

Problem 4.5: Critique and SROI Analysis

You are given an SROI report that claims a ratio of 20:1 for a small-scale community 
project. What questions would you ask to critically evaluate this claim? What are the 
potential red flags to look out for?
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Chapter 5: Impact Attribution and Counterfactual Analysis
Impact attribution is the process of isolating the specific impact of an intervention from 
other factors. This is a critical step in social impact accounting, as it ensures that we are 
only taking credit for the change that we have actually created. This chapter introduces the 
mathematical and conceptual foundations of impact attribution, with a focus on 
counterfactual analysis.

5.1 The Counterfactual Framework

Theorem 5.1: The Fundamental Theorem of Causal Inference

The causal effect (τ i) of an intervention for an individual i is the difference between the 
outcome with the intervention (Y i(1)) and the outcome without the intervention (Y i(0)).

Formal Definition:

τ i=Y i(1)−Y i(0)

The fundamental problem of causal inference is that we can only observe one of these two 
potential outcomes for each individual. We can either observe Y i(1) for individuals who 
received the intervention, or Y i(0) for individuals who did not, but never both.

Proof of The Fundamental Theorem of Causal Inference:

The proof is conceptual and definitional. The causal effect is, by definition, the difference 
between the two potential outcomes. The challenge is not in definition, but in the estimation,
due to the missing data problem.

We can, however, estimate the average causal effect for a group of individuals by 
comparing the average outcome for the intervention group with the average outcome for a 
control group. The key is to construct a control group that is as similar as possible to the 
intervention group, so that the only difference between them is the intervention itself. This is
the essence of counterfactual analysis.
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Example 5.1: Randomized Controlled Trial (RCT)

RCT is the gold standard for estimating causal effects. In an RCT, individuals are randomly 
assigned to either an intervention group or a control group. Because of the random 
assignment, the two groups are statistically identical, on average, before the intervention. 
Therefore, any difference in outcomes between the two groups after the intervention can be 
attributed to the intervention itself.

Example 5.2: Quasi-Experimental Methods

In many cases, it is not possible or ethical to conduct an RCT. In these situations, we can 
use quasi-experimental methods to construct a counterfactual. These methods include:

• Difference-in-Differences: This method compares the change in outcomes over time for 
the intervention group with the change in outcomes over time for a control group.

• Propensity Score Matching: This method matches individuals in the intervention group 
with individuals in a control group who have a similar propensity (likelihood) of 
receiving the intervention.

• Regression Discontinuity: This method is used when the intervention is assigned based 
on a cutoff score. It compares the outcomes of individuals just above and just below the
cutoff.

Example 5.3: Attribution in SROI

In SROI analysis, the attribution coefficient (α) represents the percentage of the outcome that
is attributable to the intervention. This is often estimated using a combination of methods, 
including stakeholder consultation, expert opinion, and quasi-experimental data.

Example 5.4: The Challenge of Complex Interventions

For complex interventions with multiple components and long-term outcomes, attribution can
be very challenging. It may be necessary to use a mixed-methods approach, combining 
quantitative data with qualitative case studies, to build a credible case for attribution.

Example 5.5: Contribution vs. Attribution
23



In some cases, it may be more appropriate to talk about contribution rather than attribution. 
Contribution analysis seeks to understand the role that an intervention plays in a larger 
system of change, without trying to isolate its specific, quantifiable impact. This is often the 
case in advocacy and policy work, where it is difficult to disentangle the effects of one 
organization from the efforts of many others.

Problem 5.1: Designing an RCT

You are tasked with evaluating the impact of a new after-school tutoring program on student
test scores. Design a simple RCT to evaluate this program. What are the key steps you 
would take?

Problem 5.2: Choosing a Quasi-Experimental Method

For each of the following scenarios, which quasi-experimental method would be most 
appropriate, and why?

a) A new law is passed that raises the minimum wage in one state but not in a 
neighboring state.

b) A scholarship is awarded to all students with a GPA above 3.5.
c) A job training program is offered to a group of unemployed individuals with varying 

levels of education and work experience.

Problem 5.3: Estimating Attribution

You are conducting an SROI analysis of a community arts program. The program has led to
a 10% increase in self-reported well-being among participants. How would you go about 
estimating the attribution rate for this outcome? What factors would you consider?

Problem 5.4: The Ethics of Control Groups

What are the ethical considerations of using a control group in social impact evaluation? 
How can these be mitigated?

Problem 5.5: The Limits of Attribution
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Discuss a scenario where you believe it would be more appropriate to focus on contribution 
rather than attribution. Explain your reasoning.
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Chapter 6: Human Capital Accounting
Human Capital Accounting is a framework for measuring the value of an organization’s or a
society’s workforce. It treats human capital—the knowledge, skills, competencies, and 
attributes embodied in individuals—as a valuable asset. This chapter explores mathematical 
methods for valuing human capital and its application in social impact analysis.

6.1 The Lifetime Earnings Approach

Theorem 6.1: The Theorem of Human Capital Valuation

The value of an individual’s human capital (HC) can be estimated as the net present value 
(NPV) of their expected future lifetime earnings and associated economic benefits, adjusted 
for the costs of maintaining and enhancing that capital.

Formal Definition:

For an individual i, their human capital value, H Ci, can be modeled as:

H Ci=∑
t=1

T E [Li , t⋅(W i ,t+Bi ,t)−Ci , t]
¿¿ ¿

where: - T  = The individual’s expected remaining working lifetime in years. - E [...] = The 
expectation operator, accounting for uncertainty. - Li ,t = The probability that individual i is 
alive and employed in year t. - W i , t = The expected annual wages for individual i in year t. 
- Bi ,t = The expected annual value of non-wage benefits (e.g., health insurance, pensions) for
individual i in year t. - C i ,t = The expected annual cost of investment in human capital (e.g.,
training, education) for individual i in year t. - d = The social discount rate.

Proof of The Theorem of Human Capital Valuation:

The theorem is derived from the principles of asset valuation in finance. Any asset’s value is
the discounted value of the future net income stream it generates. The proof applies this 
principle to human beings as a form of capital.
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1. Capital Asset: Human capital is treated as an asset that yields a return over its 
productive life.

2. Future Returns: The primary return on human capital is the stream of future earnings (
W i , t) and benefits (Bi ,t). This is analogous to the revenue or cash flow generated by a 
corporate asset.

3. Uncertainty and Risk: The expectation operator E [...] and the probability term Li ,t 
explicitly account for the uncertainties of life, such as mortality and unemployment. 
This is analogous to risk-adjusting cash flows in corporate finance.

4. Maintenance Costs: The cost term C i ,t represents the investments required to maintain 
or enhance the productivity of the asset, similar to capital expenditures for physical 
assets.

5. Time Value: The discount rate d brings all future net earnings to their present value, 
allowing for a single, comparable valuation of the asset today. This is a fundamental 
principle of finance.

By framing human capital in this way, the theorem provides a rigorous method to quantify 
the economic value of individuals and to measure the impact of interventions (e.g., 
education, healthcare) that affect the components of the formula. ∎

Example 6.1: Valuing a College Degree

Consider two individuals: one with a high school diploma and one with a college degree. 
We can calculate the additional human capital from the degree. - College Grad: Expected 
starting salary $50,000, growing at 3% annually. - High School Grad: Expected starting 
salary $30,000, growing at 1.5% annually. - Working Life (T): 40 years. - Discount Rate 
(d): 4%. By calculating the NPV of both earnings streams, the difference represents the 
value of the human capital gained from the college degree (net of tuition costs).

Example 6.2: Impact of a Public Health Program

A public health program increases the average life expectancy in a community by 5 years 
and reduces sick days by 10% annually. This directly increases the human capital of the 
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population by: - Increasing T  (working lifetime). - Increasing Lt (probability of being alive 
and employed). The monetary value of this increase can be calculated by rerunning the HC 
valuation formula with the new parameters.

Example 6.3: ROI on Corporate Training

A company spends $1 million on a training program for its employees. The training is 
expected to increase the productivity of 100 employees, leading to an average salary 
increase of $2,000 per year for the next 5 years. The increase in the collective human 
capital of the employees can be calculated and compared to the $1 million investment to 
determine the ROI.

Example 6.4: National Human Capital Accounting

The World Bank regularly calculates the human capital wealth of nations. It uses a similar 
lifetime earnings approach, aggregating the human capital value of the entire population. 
This allows for comparisons between countries and tracking of progress over time. For 
instance, a nation’s human capital might be valued at trillions of dollars, often representing 
the largest component of its total wealth.

Example 6.5: Valuing Unpaid Care Work

The standard lifetime earnings model often ignores unpaid work, such as childcare or elder 
care, which has significant economic value. To address this, the model can be modified by 
imputing a “shadow price” for unpaid work, for example, by using the market cost of 
replacement services (e.g., the cost of hiring a nanny or a nurse). This provides a more 
complete valuation of an individual’s total economic contribution.

Problem 6.1: Basic Human Capital Calculation

Calculate the human capital of a 25-year-old who is expected to earn $60,000 per year until
they retire at age 65. Assume a discount rate of 3% and, for simplicity, no wage growth, no
benefits, and no ongoing costs. The probability of being alive and employed is 100%.

Problem 6.2: Comparing Career Paths
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Two individuals are 22 years old. - Individual A becomes a teacher, earning $45,000/year 
with very stable employment until retirement at age 60. - Individual B becomes an 
entrepreneur. Their expected income is lower in the first 10 years ($30,000/year) but is 
expected to grow to $150,000/year for the last 20 years of their career. Their retirement age
is also 60. Using a 4% discount rate, which individual has a higher human capital value at 
age 22?

Problem 6.3: Human Capital on the Balance Sheet

A company has 500 employees with a collective human capital value of $250 million. The 
company invests $5 million in a wellness program that is expected to increase the collective
human capital by 5%. What is the net change in the company’s human capital asset, and 
what is the ROI on this investment?

Problem 6.4: Limitations of the Lifetime Earnings Model

Discuss three major limitations of using the lifetime earnings approach to value human 
capital. What important aspects of human value and well-being does this model fail to 
capture?

Problem 6.5: Adjusting for Unemployment Risk

How would you modify the human capital valuation formula (Theorem 6.1) to explicitly 
account for the risk of unemployment? Propose a specific modification to the term Li ,t and 
explain your reasoning. ’’’
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Chapter 7: Social Capital Measurement and Valuation
Social capital refers to the networks of relationships among people who live and work in a 
particular society, enabling that society to function effectively. It is the “glue” that holds 
society together. This chapter introduces a framework for quantifying the value of this 
intangible asset, drawing on principles from network theory and economics.

7.1 A Network-Based Approach to Valuation

Theorem 7.1: The Theorem of Social Capital Valuation

The value of a social network (SC) is a function of its size (the number of nodes), its 
density (the connectedness of the nodes), and the level of trust that exists within the 
network. This value can be modeled as the network’s potential to generate shared benefits 
through cooperation and reduced transaction costs.

Formal Definition:

The value of a social network, SC, can be modeled as:

SC=k ⋅N (N−1)⋅D⋅T−Cm

where: - k = A monetary proxy for the value of a single trusted connection per period. This
is the most subjective part of the model and must be based on the specific context (e.g., the 
value of a business referral, the value of mutual support in a community). - N = The 
number of members (nodes) in the network. - N (N−1) = The maximum number of 
potential connections in the network. - D = The density of the network, defined as the ratio 
of actual connections to potential connections. D=Actual Connections

N (N−1) . - T  = The average 
level of trust within the network, measured on a scale from 0 (no trust) to 1 (full trust). 
This can be assessed through surveys or behavioral observation. - Cm = The total cost of 
maintaining the network.

Proof of The Theorem of Social Capital Valuation:
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The proof is conceptual, building on Metcalfe’s Law and the economic theory of transaction
costs.

1. Network Potential (Metcalfe’s Law): The term N (N−1) is adapted from Metcalfe’s 
Law, which posits that the value of a network is proportional to the square of the 
number of its users. It represents the total potential for interaction and value creation.

2. Realized Connections (Density): A network’s potential is only realized through actual 
connections. The density term, D, scales the potential value by the degree of actual 
interaction. A more connected network has more channels for information flow, 
reciprocity, and collective action.

3. Efficiency of Connections (Trust): Trust is the lubricant of social and economic life. It 
reduces transaction costs by minimizing the need for formal contracts, monitoring, and 
enforcement. The trust term, T , acts as an efficiency multiplier. High trust enables more
and higher-value transactions to occur for the same number of connections.

4. Net Value: Subtracting the maintenance costs, Cm, ensures that the final value 
represents the net asset value of the social capital, consistent with standard accounting 
principles.

This model provides a structured way to move from the abstract concept of social capital to 
a quantifiable, albeit estimated, monetary value. ∎

Example 7.1: A Community Garden

A project establishes a community garden with 50 members (N=50). - They form a dense 
network, with an average of 20 connections per person. Actual connections = (50 * 20) / 2 
= 500. Potential connections = 50 * 49 = 2450. Density (D) = 500 / 2450 = 0.20. - A 
survey finds the average trust level (T ) is 0.8. - The value of a connection (k) is estimated 
at 10

year (based onshared tools , advice,∧produce )
.−Maintenance cost ¿Cm) is $1,000/year. -

SC=10⋅(50⋅ 49)⋅0.20⋅0.8−1000=10⋅2450⋅0.16−1000=3920−1000=$ 2,920 per year.

Example 7.2: A Corporate Alumni Network
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A company launches an online platform for its 10,000 alumni (N=10,000). - The platform 
facilitates a low-density network (D=0.001). - Trust (T ) is moderate at 0.5. - The value of 
a connection (k) is estimated at 5

year (¿ jobreferrals∧business leads )
.−Platform cost ¿Cm) is 

$50,000/year. - SC=5⋅(10000⋅9999)⋅0.001⋅0.5−50000≈ $24,947,500 per year.

Example 7.3: A Microfinance Lending Group

A microfinance group has 10 members (N=10). - It is a very dense, fully connected 
network (D=1). - Trust is very high (T=0.95) as members guarantee each other’s loans. - 
The value of a connection (k) is the average reduction in default loss per connection, 
estimated at $20/year. - SC=20⋅(10⋅9)⋅1⋅0.95=$1,710 per year. This value represents 
the economic benefit of the social collateral.

Example 7.4: Decline in Social Capital

A town closes its last community center. The center supported a network of 200 people (
N=200) with a density of 0.1 and trust of 0.7. The estimated value of a connection (k) was
$15/year. The loss of social capital can be valued as: -
SClost=15⋅(200⋅199)⋅0.1⋅0.7=$41,790 per year. This represents the annual value of the 
lost community interactions and support.

Example 7.5: Social Media for Activism

A social media group for environmental activism has 5,000 members (N=5000). - Density 
is low (D=0.005), but trust among active members is high (T=0.8). - The value of a 
connection (k) is the monetized impact of their collective actions (e.g., policy changes, 
clean-up events), estimated at $2 per connection per year. -
SC=2⋅(5000⋅4999)⋅0.005⋅0.8≈$ 999,800 per year.

Problem 7.1: Basic Social Capital Calculation

An after-school club has 30 students (N=30). The network has a density of 0.4 and an 
average trust level of 0.9. The value of a connection is estimated to be $25/year. The club 
costs $2,000/year to run. What is the net social capital value of the club per year?
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Problem 7.2: Comparing Network Investments

A foundation plans to invest $10,000 to build social capital. It has two options:

Option A:

Fund a local festival that will create a temporary network of 500 people with low density 
(D = 0.05) and moderate trust (T = 0.6). The value of a connection (k) is $5.

Option B:

Fund a series of small workshops that will create a strong network of 50 people with high 
density (D = 0.8) and high trust (T = 0.9). The value of a connection (k) is $20.

Calculate the social capital created by each option using the formula:

SC=k ×N (N−1)×D×T

where: SC = Social Capital Value - k = Value per connection - N = Number of people in 
the network - D = Network density - T = Trust level

Compute SC for both options and determine which is the better investment.

Problem 7.3: The Value of Trust

Using the data from Example 7.1 (the community garden), calculate the social capital value 
if the trust level (T ) drops from 0.8 to 0.4. What is the monetary value of this loss of trust?
What does this imply for community managers?

Problem 7.4: The Challenge of Valuing a Connection (k)

The parameter k is the most difficult to estimate. Propose three different methods for 
estimating k for a professional networking group. What are the pros and cons of each 
method?

Problem 7.5: Social Capital and Financial Capital
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Explain the relationship between social capital and financial capital using the example of a 
cooperative (e.g., a credit union or a food co-op). How does the social capital of the co-op’s
members create financial value for them? ’’’
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Chapter 8: Impact Multipliers and Spillover Effects
The impact of a social intervention is rarely confined to its direct recipients. The initial 
change can trigger a cascade of secondary effects, known as spillover or multiplier effects, 
that ripple through a community or an economy. This chapter provides a mathematical 
framework for understanding and quantifying these important, yet often overlooked, sources 
of value.

8.1 The Social Multiplier Effect

Theorem 8.1: The Theorem of Total Social Impact

The total social impact (TSI) of an intervention is the sum of its direct impact (DI) on the 
intended beneficiaries and the indirect impacts (II) that spill over to other stakeholders. This 
total impact can be modeled by applying a social multiplier (m) to the direct impact.

Formal Definition:

The Total Social Impact is given by:

TSI=DI+ II

Total Social Impact is the sum of Direct Impact and Indirect Impact.

TSI=DI ×(1+m)

Indirect impact is modeled using a social multiplier m applied to the direct impact.

m=ρ sv+(ρsv )
2+(ρsv)

3+…=ρ sv/(1−ρsv )

The multiplier m is derived from the marginal propensity to create social value (ρ sv). For 0 
< ρ sv< 1, the series converges to ρsv / (1 - ρ sv).

TSI=DI ×(1+m)=DI×(1+ρ sv /(1−ρ sv))=DI /(1−ρsv)
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The full equation expresses Total Social Impact as a function of direct impact and the 
marginal propensity to create social value.

Proof of The Theorem of Total Social Impact:

The proof is analogous to the Keynesian multiplier in macroeconomics and is based on the 
geometric series.

1. Initial Impact: An intervention creates a direct impact, DI , for a beneficiary.
2. Round 1: The beneficiary, having received this value, creates further value for others. 

For example, an individual with a new job (DI ) spends their income at local 
businesses. The amount of new value created is DI ⋅ ρ sv.

3. Round 2: The recipients of the Round 1 impact (the local businesses) in turn create 
more value for their suppliers and employees. The amount of new value in this round is
(DI ⋅ ρ sv)⋅ ρsv=DI ⋅¿.

4. Infinite Series: This process continues indefinitely, with each round creating a smaller 
amount of value. The total impact is the sum of the direct impact and all subsequent 
rounds of indirect impact: TSI = DI + DI {sv} + DI ({sv})^2 + … = DI (1 + {sv} + 
({sv})^2 + …)

5. Geometric Series Formula: The expression in parenthesis is a geometric series. For
0< ρsv<1, the sum of this series is 1

1−ρ sv
.

Thus, the total social impact is the direct impact amplified by the social multiplier, 1
1−ρ sv

. ∎

Example 8.1: Local Job Creation

A new factory directly employs 100 people (DI=100 jobs). For every dollar paid in wages, 
60% (ρ sv=0.6) is spent at local businesses. - The social multiplier is 1/(1−0.6)=1/0.4=2.5.
- The Total Social Impact is 100  jobs⋅2.5=250 jobs. - This means that in addition to the 
100 direct jobs, 150 indirect jobs are created in the local economy.

Example 8.2: Education Spillover
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A program to improve female literacy has a direct impact on the women participating. Let’s 
value this at $100,000. These women are then more likely to educate their children and 
participate in community governance. This “re-investment” of their human capital is 
estimated at 30% (ρ sv=0.3). - The social multiplier is 1/(1−0.3)=1.43. - The Total Social 
Impact is 100,000⋅1.43=$143,000. - The spill over value to children and the community is
$43,000.

Example 8.3: Health and Productivity

A vaccination campaign prevents 1,000 cases of influenza (DI ). Each person who avoids the
flu avoids 3 lost workdays. The “marginal propensity to re-spend” here is the effect on the 
productivity of their colleagues who don’t have to cover for them, estimated at ρ sv=0.1. - 
The social multiplier is 1/(1−0.1)=1.11. - The total impact is 1,000  cases⋅1.11=1,111 
cases-equivalent of productivity loss avoided. - The spillover effect is the prevention of 111 
cases-equivalent of productivity loss among colleagues.

Example 8.4: Microfinance Loan

A microfinance loan of 500allowsanentrepreneurtostartasmallshop ¿DI = $500$ of initial 
capital). She hires one part-time employee and buys supplies from local vendors. The 
proportion of the initial capital that flows to others in the community is estimated at 70% (
ρ sv=0.7). - The social multiplier is 1/(1−0.7)=3.33. - The total economic impact on the 
community is 500⋅3.33=$1,665.

Example 8.5: Negative Spillover (Externality)

A factory pollutes a river, creating a negative direct impact (cost of cleanup) of -$200,000. 
This pollution harms downstream fisheries, causing a loss of income. This negative “re-
spending” is estimated at ρ sv=0.2$. - The multiplier is 1/(1−0.2)=1.25. - The total negative
impact is −200,000⋅1.25=−$250,000. - The additional $50,000 is the negative spillover 
effect on the fisheries.

Problem 8.1: Basic Multiplier Calculation
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A social program has a direct impact valued at $50,000. The relevant “marginal propensity 
to create social value” (ρ sv) is 0.4. What is the total social impact of the program?

Problem 8.2: Choosing the Best Project

A philanthropist has $1 million to invest. They are considering two projects: - Project A: A 
direct cash transfer program with a DI  of 1millionandalowmultiplier ¿{sv}=0.2$) because 
the money is spent on imported goods. - Project B: An investment in a local food 
cooperative with a DI of 800,000(duetoadmincosts)butahighmultiplier ¿{sv}=0.8$) because 
it strengthens the local economy. Calculate the TSI for both projects. Which one creates 
more total social value?

Problem 8.3: The Challenge of Estimating Rho (ρ sv)

The parameter ρ sv is crucial but difficult to measure. For a program that provides job skills 
training to ex-offenders, propose two different methods you could use to estimate ρ sv. What 
data would you need?

Problem 8.4: Multiplier Chains

In reality, there isn’t just one ρ sv. The propensity might change from one round to the next. 
Model a three-round multiplier chain where: - DI=100,000−ρ1=0.5 (first round) - ρ2 = 0.3 
(second round) - ρ3 = 0.1 (third round) What is the total impact after three rounds? How 
does this compare to using a single, average ho$?

Problem 8.5: Policy Implications

If you were a city mayor, how would the concept of the social multiplier influence your 
decisions about public spending? Give an example of a policy that would be favored by this
kind of analysis over traditional cost-benefit analysis.’’’
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Chapter 9: Social Risk Quantification
Social risk refers to the potential for an organization’s actions or inactions to cause negative 
social impacts, which can, in turn, lead to adverse business consequences such as 
reputational damage, legal liability, or operational disruptions. This chapter presents a 
framework for quantifying social risk, enabling organizations to manage it proactively.

9.1 The Social Risk Equation

Theorem 9.1: The Theorem of Social Risk Valuation

The financial value of a social risk (S Rv) is the product of the probability of a negative 
social event occurring (P(E)) and the expected financial loss (the “Value at Social Risk” or
VaSR) should the event occur.

Formal Definition:

The Social Risk Value is given by:

S Rv=P(E)⋅VaSR

The Value at Social Risk (VaSR) is the sum of all potential financial losses resulting from 
the negative social event, including direct costs, reputational damage, and lost revenue. It 
can be modeled as:

VaSR=∑
i=1

N

(¿ Ld ,i+Lr , i+Lo ,i)¿

where, for each impact i: - Ld , i = Direct financial losses (e.g., fines, legal fees, 
compensation). - Lr , i = Losses from reputational damage (e.g., reduced sales, lower stock 
price). - Lo , i = Losses from operational disruption (e.g., supply chain interruptions, employee
strikes).

Proof of The Theorem of Social Risk Valuation:
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The theorem is a direct application of the standard definition of risk used in finance and 
insurance, which defines risk as “probability times impact.”

1. Probability: P(E) captures the likelihood of the risk materializing. This is a 
fundamental component of any risk assessment. It is estimated based on historical data, 
industry benchmarks, and expert analysis.

2. Impact (VaSR): VaSR quantifies the financial magnitude of the negative event. By 
breaking down the impact into direct, reputational, and operational losses, the model 
provides a comprehensive view of the total potential damage.

3. Expected Value: The product of probability and impact gives the expected financial loss
from social risk over a given period. This allows the organization to prioritize risks and
allocate resources for mitigation in a financially rational way. It transforms an uncertain
future event into a present-day financial value that can be managed.

This framework allows organizations to move from a qualitative to a quantitative assessment
of social risk, making it possible to integrate social risk management into the overall 
enterprise risk management (ERM) framework. ∎

Example 9.1: Supply Chain Labor Unrest

A clothing company sources from a factory in a country with a high risk of labor strikes. - 
The probability of a major strike in any given year is estimated at 15% (P(E)=0.15). - A 
strike would halt production, leading to lost sales of 10million¿Lo). It would also generate 
negative media, causing reputational damage valued at 5million¿Lr). -
VaSR=10M +5 M=$15M . - S Rv=0.15⋅15M=$2.25 M . This is the annual expected loss 
from this social risk.

Example 9.2: Product Safety Scandal

A toy company identifies a potential safety issue with one of its products. - The probability 
of the defect causing a widely publicized injury is 1% (P(E)=0.01). - Such an event would
trigger a product recall costing 20million¿Ld), a drop in sales due to reputational damage 
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valued at 50million¿Lr), and a government fine of 5million¿Ld). -
VaSR=20M+50 M+5M=$ 75M . - S Rv=0.01⋅75M=$750,000.

Example 9.3: Data Privacy Breach

Tech companies hold sensitive customer data. - The probability of a major data breach is 
estimated at 5% per year (P(E)=0.05). - A breach would lead to regulatory fines of 100 
million (Ld) and a loss of customer trust valued at 300 million in future revenue (Lr). -
VaSR=100M+300 M=$400 M . - S Rv=0.05⋅400 M=$20M  per year.

Example 9.4: Environmental Contamination

A mining company operates near a sensitive ecosystem. - The probability of an accidental 
toxic spill is 2% per year (P(E)=0.02). - A spill would cost 50 million in cleanup fees 
(Ld), 10 million in fines (Ld), and cause operational shutdowns worth 20 million (Lo). -
VaSR=50M+10 M+20 M=$ 80M . - S Rv=0.02⋅80M=$1.6M per year.

Example 9.5: Risk Mitigation

Consider the supply chain risk in Example 9.1. The company can invest $500,000 in a 
program to improve worker conditions, which would reduce the probability of a strike from 
15% to 5%. The new social risk value would be: - S Rv , new=0.05⋅15 M=$ 750,000. - The 
risk reduction is 2.25 M−0.75 M=$1.5 M . - The ROI on the mitigation investment is (1.5M
- 0.5M) / 0.5M = 200%.

Problem 9.1: Basic Risk Calculation

An oil company has an offshore platform with a 3% probability of a significant oil spill 
each year. The total financial impact (VaSR) of such a spill is estimated to be $500 million. 
What is the annual social risk value of this platform?

Problem 9.2: Comparing Two Risks
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A company faces two social risks: - Risk A: A 10% probability of an event causing a $5 
million loss. - Risk B: A 1% probability of an event causing a $40 million loss. Which risk
has a higher social risk value? What does this tell you about risk prioritization?

Problem 9.3: The Cost of Reputation

In Example 9.2, how would the social risk value change if a successful PR campaign could 
cut the reputational damage (Lr) in half? Is it possible to calculate the maximum amount the
company should be willing to spend on such a PR campaign?

Problem 9.4: The Challenge of Estimating Probability

Estimating the probability of rare, high-impact events (so-called “black swans”) is 
notoriously difficult. Describe two methods you could use to estimate the probability of a 
company experiencing a major human rights scandal in its supply chain. What are the 
limitations of these methods?

Problem 9.5: Risk and Opportunity

Social risks can also be framed as social opportunities. For the data privacy risk in Example
9.3, describe how a company could turn this risk into a competitive advantage. How would 
you quantify the financial value of this opportunity?’’
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Chapter 10: Network Analysis for Social Capital
While Chapter 7 introduced a simplified model for valuing social capital, this chapter delves
deeper into the structural properties of social networks using formal Network Analysis. By 
understanding the structure of a network, we can more accurately assess its capacity to 
generate social value. This chapter introduces key metrics from network theory and a 
theorem that links network structure to social outcomes.

10.1 Centrality, Clustering, and Social Value

Theorem 10.1: The Structural Theorem of Social Capital

The potential social capital of a network is a function of its degree of centralization (which 
facilitates efficient coordination) and its degree of clustering (which enhances trust and 
reciprocity). The optimal network structure for maximizing social capital often involves a 
balance between these two properties.

Formal Definition:

The potential social capital, SCpotential, can be modeled as a function of network-level 
centralization and clustering:

SCpotential=f (Cnetwork ,C lnetwork)

where: - Cnetwork is a measure of network centralization. A common measure is Freeman’s 
degree centralization, which is normalized between 0 and 1:

Cnetwork=
∑
i=1

N

[¿CD(n
¿)−CD (ni)]

max∑
i=1

N

[¿CD(n
¿)−CD (ni)]¿

¿

where CD(ni) is the degree centrality of node i (number of connections), and CD(n
¿) is the 

centrality of the most central node. A value of 1 represents a perfect star network (highly 
centralized), and 0 represents a network where all nodes have the same centrality. - C lnetwork 
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is the network’s average clustering coefficient. It measures the degree to which nodes in a 
network tend to cluster together. For each node i, the local clustering coefficient is the 
proportion of its neighbors that are also connected to each other. The network average is:

C lnetwork=
1
N ∑

i=1

N

C li=
1
N ∑

i=1

N 2 Li

k i(k i−1)

where Li is the number of links between the k i neighbors of node i.

Proof of The Structural Theorem of Social Capital:

The proof is conceptual, based on the functions of different network structures.

1. Centralization and Efficiency: Centralized networks, like a star network, are highly 
efficient for disseminating information and coordinating simple tasks. The central node 
can quickly reach all other nodes. This structure is valuable for top-down initiatives and
rapid mobilization. However, it is vulnerable; the removal of the central node collapses 
the network.

2. Clustering and Trust: Highly clustered networks are characterized by dense pockets of 
interconnected nodes (e.g., close-knit communities). This structure is excellent for 
building trust, enforcing social norms, and fostering complex cooperation, as 
information is verified through multiple paths and reputations are well-known. However,
these networks can be inefficient at spreading novel information beyond the cluster.

3. The Trade-off: There is an inherent trade-off. A perfectly centralized star network has a
clustering coefficient of 0. A network of disconnected but internally dense clusters have
low centralization. The most resilient and effective social structures, such as those 
described by the “small world” network model, combine high clustering with short path
lengths between any two nodes, often through a few “bridge” nodes that connect 
different clusters. This structure balances the trust-building benefits of clustering with 
the efficiency benefits of centralization.

Therefore, maximizing social capital requires understanding and balancing these structural 
properties, not just maximizing the number of connections. ∎
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Example 10.1: A Community Watch Program

A neighborhood watch program is organized around a single coordinator (high centralization,
Cnetwork≈0.8). This is effective for sending out alerts quickly. However, because neighbors 
don’t know each other well (low clustering, C lnetwork≈0.1), they are less likely to trust the 
alerts or take collective action.

Example 10.2: A Scientific Collaboration Network

A research field is characterized by dense clusters of collaborators working on similar 
problems (C lnetwork≈0.7). This fosters deep knowledge and trust within teams. However, there
are few “bridge” researchers connecting the different clusters (low centralization, Cnetwork≈0.2

), slowing the spread of breakthrough ideas across the field.

Example 10.3: The Grameen Bank Model

The Grameen Bank’s micro-lending model relies on small, highly clustered groups of 
borrowers who are all connected to each other (C lnetwork≈1 within groups). This high 
clustering builds the social collateral needed to ensure repayment. The groups themselves are
then linked to a central bank branch, creating a larger, moderately centralized structure.

Example 10.4: Social Media Activism

A viral hashtag campaign spreads rapidly through a highly centralized network of influencers
(Cnetwork≈0.9). A few key accounts broadcast the message to millions. While effective for 
raising awareness, the network has very low clustering (C lnetwork≈0.05), making it difficult to
organize sustained, complex collective action.

Example 10.5: Improving an Organization’s Social Capital

An analysis of a company’s internal communication network reveals it is highly siloed into 
departmental clusters with low overall centralization. To improve innovation, the company 
could create cross-functional teams (increasing bridges between clusters) or start a company-
wide innovation challenge (creating a temporary, centralized focus).
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Problem 10.1: Calculate Network Metrics

Consider a simple network of 5 friends (A, B, C, D, E). The connections are: (A-B), (A-C),
(B-C), (C-D), (D-E). - Draw the network. - Calculate the degree centrality for each node. - 
Calculate the local clustering coefficient for node C. - Is this network more centralized or 
clustered?

Problem 10.2: Network Structure and Function

Design two different network structures for a 10-person project team. - Team A: Designed 
for maximum creativity and brainstorming. - Team B: Designed for maximum efficiency in 
executing a well-defined plan. Draw the networks and justify your design choices using the 
concepts of centralization and clustering.

Problem 10.3: The Small-World Network

Read about the famous “small-world” experiment by Stanley Milgram (the “six degrees of 
separation” experiment). How does the concept of small-world networks relate to the 
Structural Theorem of Social Capital? What does it say about the balance between clustering
and centralization?

Problem 10.4: Identifying Key Players

Besides degree centrality, there are other measures of a node’s importance, such as 
“betweenness centrality” (being on the shortest path between other nodes) and “eigenvector 
centrality” (being connected to other important nodes). For the scientific collaboration 
network in Example 10.2, which type of centrality would be most useful for identifying 
researchers who could act as “bridges” to spread innovation?

Problem 10.5: Social Capital and Inequality

How can the structure of social networks perpetuate inequality? Consider a society with two 
distinct clusters of people who have very few connections between them (e.g., based on race
or income). How would this structure affect the flow of opportunities and resources? Use the
concepts from this chapter in your answer. ’’’
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10.2 Additional Network Centrality Measures

Beyond degree centrality, there are other important measures of node importance in a 
network that are relevant for understanding social capital.

Betweenness Centrality measures the extent to which a node lies on the shortest paths 
between other nodes. It identifies “bridge” nodes that connect different parts of the network.

CB(v)= ∑
s≠ v≠ t

σ st(v)
σst

where: - σ st = The total number of shortest paths from node s to node t. - σ st(v) = The 
number of those paths that pass-through node v.

Eigenvector Centrality measures the influence of a node based on the influence of its 
neighbors. A node is important if it is connected to other important nodes.

x i=
1
λ ∑

j∈N (i )
A ij x j

where: - x i = The eigenvector centrality of node i. - λ = The largest eigenvalue of the 
adjacency matrix A. - Aij = 1 if nodes i and j are connected, 0 otherwise. - N (i) = The set 
of neighbors of node i.

Closeness Centrality measures how close a node is to all other nodes in the network, based 
on the average shortest path length.

CC(v )=
N−1

∑
u≠ v

d (v ,u)

where: - N = The total number of nodes. - d (v ,u) = The shortest path distance from node 
v to node u.

These different centrality measures capture different aspects of a node’s importance and can 
be used to identify key individuals or organizations in a social impact network.
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Chapter 11: Social Value Monetization Methods
Monetization is the process of assigning financial value to a social outcome. It is one of the 
most challenging and controversial aspects of social impact accounting, but it is essential for
calculating SROI and for comparing social and financial returns in a common unit. This 
chapter introduces a guiding theorem for monetization and explores several common 
methods.

11.1 The Principle of Proxy Valuation

Theorem 11.1: The Theorem of Equivalent Value

The monetary value of a non-market social outcome can be estimated by finding a financial 
proxy that represents the value that stakeholders themselves place on that outcome. The 
credibility of the monetization rests on the defensibility of the chosen proxy.

Formal Definition:

Let V (O social) be the value of a social outcome. The monetization process seeks to find a 
financial proxy, Pfinancial, such as:

V (O social)≈ Pfinancial

The selection of Pfinancial is based on the principle of equivalence, where the proxy should 
reflect either: - Revealed Preferences: What people actually pay for a related good or service
in a market. - Stated Preferences: What people say they would be willing to pay if a market
existed. - Cost Equivalence: The cost of achieving the same outcome through alternative 
means.

Proof of The Theorem of Equivalent Value:

The proof is based on the economic principle of opportunity cost and the theory of 
consumer choice. In a functioning market, the price of a good reflects the marginal value 
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that consumers place on it. Since there is no market for most social outcomes (e.g., 
“increased community trust”), we must find the closest possible approximation.

1. Revealed Preferences (e.g., Hedonic Pricing): The value of a non-market good, like a 
clean park, can be inferred from the premium people are willing to pay for houses near
that park. The price difference reveals the value they place in proximity to the park.

2. Stated Preferences (e.g., Contingent Valuation): By asking people directly how much 
they would be willing to pay for a social good (e.g., “How much would you be willing
to contribute annually to preserve a local wetland?”), we can construct a demand curve 
and estimate its economic value.

3. Cost Equivalence (e.g., Replacement Cost): The value of a social service can be 
estimated by the cost of the next best alternative. For example, the value of a 
volunteer-run childcare cooperative can be proxied by the market price of commercial 
childcare.

In all cases, the proxy is an estimate, not a perfect measure. The theorem holds that credible
financial value can be assigned to a social outcome, but its accuracy is entirely dependent on
the quality and appropriateness of the proxy chosen. The process is one of approximation, 
not of discovering a “true” price. ∎

Example 11.1: Valuing Increased Health (Replacement Cost)

A program reduces the incidence of a specific illness. The outcome is “improved health.” - 
Proxy: The market cost of treating illness (e.g., doctor visits, medication, hospital stays). - 
Value: If the program prevents 100 cases of an illness that costs $500 to treat, the 
monetized value is 100×500=$50,000.

Example 11.2: Valuing a Park (Hedonic Pricing)

A new city park has been built. The outcome is “increased recreational space.” - Proxy: The
increase in property values for homes near the park. - Value: An analysis shows that homes 
within 500 meters of the park have increased in value by an average of $10,000 compared 
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to similar homes further away. If there are 1,000 such homes, the monetized value is
10,000×1,000=$10,000,000.

Example 11.3: Valuing Mentorship (Contingent Valuation)

A mentorship program for at-risk youth provides guidance and support. The outcome is 
“improved self-esteem and life skills.” - Proxy: A survey asks participants’ guardians how 
much they would be willing to pay for such a service if it was not free. - Value: The 
average willingness-to-pay is found to be $50 per month. For 200 youths in the program, 
the annual value is 50×12×200=$120,000.

Example 11.4: Valuing Volunteer Time (Market Price)

A program mobilizes volunteers to clean a local beach. The outcome is a “cleaner 
environment.” - Proxy: The market wage for a professional cleaning service. - Value: 100 
volunteers work for 4 hours each (400 hours total). The market rate for cleaning services is 
$30/hour. The monetized value of volunteer effort is 400×30=$12,000.

Example 11.5: Valuing Reduced Crime (Cost of Inaction)

A program is shown to reduce recidivism among ex-offenders. The outcome is “increased 
public safety.” - Proxy: The total public cost of a single crime, including policing, court, 
and incarceration costs. - Value: Research shows the average cost to the state of a single 
felony is $80,000. If the program prevents 10 people from re-offending, the social value 
created is 10×80,000=$ 800,000.

Problem 11.1: Choose a Monetization Method

For each of the following social outcomes, propose a credible financial proxy and state 
which monetization method you are using (e.g., replacement cost, hedonic pricing, etc.).

a) Increased literacy among adults.
b) Reduced loneliness among the elderly.
c) Increased biodiversity in a reforested area.
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Problem 11.2: Calculate the Value

A financial literacy program helps 50 low-income families avoid predatory loans. The 
average predatory loan has an interest rate 15% higher than a standard bank loan. The 
average loan size is $2,000 for one year. What is the monetized social value of the program
for one year?

Problem 11.3: The Ethics of Monetization

Some people argue that it is unethical to put a price on certain things, like a human life or a
pristine ecosystem. What is the counterargument in the context of social impact accounting? 
Why might monetization, even if imperfect, be a useful and even necessary exercise?

Problem 11.4: The Challenge of Subjectivity

The contingent valuation method (willingness-to-pay) is often criticized for being subjective 
and hypothetical. What are two potential biases that could affect the results of a willingness-
to-pay survey, and how could you try to mitigate them in your survey design?

Problem 11.5: Building a Value Map

An SROI analysis often uses a “value map,” which is a database of financial proxies for 
common social outcomes. Find (through web research) three examples of existing value 
maps or proxy databases (e.g., from government agencies or research institutions). For one 
of them, describe the proxy they use for “improved mental health.”’’’
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Chapter 12: Optimization for Social Impact Maximization
Once an organization can measure its social impact, the next logical step is to manage it 
actively. This involves allocating limited resources in a way that maximizes the social value 
created. This chapter introduces a framework for social impact optimization, drawing on the 
classic techniques of linear programming.

12.1 The Social Allocation Problem

Theorem 12.1: The Theorem of Optimal Social Allocation

Given a set of potential interventions, each with a known cost and a known social return on
investment (SROI), the problem of maximizing total social value subject to a budget 
constraint can be solved using linear programming.

Formal Definition:

The social allocation problem can be formulated as a linear program:

Objective Function: Maximize Total Social Value (SV)

MaximizeZ=∑
i=1

N

S V i⋅ x i

Subject to Constraints:

1. Budget Constraint: The total investment must not exceed the available budget, B.

∑
i=1

N

C i⋅ xi≤B

2. Other Constraints: There may be other operational constraints, such as the maximum 
number of projects that can be managed, or a requirement to invest in certain impact 
areas.

∑
i=1

N

x i≤Pmax (Maximum number of projects)
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x j≥1 (Must invest in project j)

Where: - N = The number of possible interventions or projects. - x i = The decision variable:
the amount to invest in project i. If projects are indivisible, this is a binary variable (0 or 
1). - SV i = The total social value generated by project i. This is often calculated as
C i⋅(SRO Ii−1). - C i = The cost of project i. - B = The total available budget.

Proof of The Theorem of Optimal Social Allocation:

The proof lies in the fact that the problem, as formulated, meets the requirements of a 
standard linear program:

1. Linear Objective Function: The objective function, Z, is a linear combination of the 
decision variables, x i. We are assuming that the social value scales linearly with the 
investment.

2. Linear Constraints: All the constraints (budget, project limits) are also linear 
combinations of the decision variables.

3. Non-negativity: The decision variables, x i, must be non-negative.

Because these conditions are met, the problem can be solved using well-established 
algorithms for linear programming, such as the Simplex method or, for binary/integer 
problems, Branch and Bound. This guarantees that we can find a mathematically optimal 
solution for allocating our resources to maximize social impact, given the available data.

This framework provides a rational and evidence-based approach to social investment 
decisions, moving beyond intuition or historical precedent. ∎

Example 12.1: Simple Portfolio Selection

A foundation has a budget of $1,000,000. It is considering three projects: - Project A: Cost
400,000 , SROI=3 :1¿SV = $800,000) - Project B: Cost 500,000 , SROI=4 :1¿SV = 
$1,500,000) - Project C: Cost 200,000 , SROI=2.5:1¿SV = $300,000)

Objective: Maximize 800k ⋅ x A+1500 k ⋅ xB+300 k⋅ xC Constraint:
400 k⋅ x A+500 k⋅ xB+200 k ⋅ xC≤1000 k where x i are binary (0 or 1).
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By inspection, the optimal solution is to fund Projects B and C (500 k+200 k=700 k cost), 
which yield a total social value of 1.5 M+0.3M=$1.8 M . Funding A and B is not possible 
due to the budget.

Example 12.2: Fractional Investment (Program Scaling)

Imagine the projects in 12.1 are scalable programs. We can invest any amount up to their 
full cost. Now x i is a continuous variable from 0 to 1. Objective: Maximize
800k ⋅ x A+1500 k⋅ xB+300 k⋅ xC Constraint: 400 k⋅ x A+500 k⋅ xB+200 k ⋅ xC≤1000 k

The rational approach is to fund the project with the highest SROI first. Fund Project B 
fully ($500k). Remaining budget is $500k. Fund Project A next (SROI 3:1). Fund it fully 
($400k). Remaining budget is $100k. Fund 50% of Project C ($100k). Total SV =
1.5 M+0.8M+0.5∗0.3M=$2.45 M .

Example 12.3: Multi-Objective Optimization

Sometimes there are multiple conflicting social goals. For example, maximize literacy AND 
improve public health. This becomes a multi-objective optimization problem. There is no 
single optimal solution, but a “Pareto frontier” of solutions that represent the best possible 
trade-offs between the two goals.

Example 12.4: Dynamic Allocation

SROI can change overtime as a program matures. The optimization problem can be made 
dynamic, re-allocating funds at regular intervals based on the latest performance data. This is
an application of control theory to social impact.

Example 12.5: Incorporating Risk

The expected social value, SV i, can be risk adjusted. If a project is high-risk, its potential 
social value can be discounted. The objective function becomes maximizing risk-adjusted 
social value. This links the analysis to the social risk framework in Chapter 9.

Problem 12.1: Basic Portfolio Optimization
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You have a budget of $500,000. You can invest in any of the following three indivisible 
projects: - Project 1: Cost $300,000, SV = $600,000 - Project 2: Cost $250,000, SV = 
$550,000 - Project 3: Cost $150,000, SV = $250,000

Which combination of projects should you fund to maximize social value?

Problem 12.2: The Knapsack Problem

The problem of choosing which indivisible projects to fund is a classic computer science 
problem known as the 0/1 Knapsack Problem. Research this problem. How is it related to 
the social allocation problem? Why is it considered “NP-hard”?

Problem 12.3: Adding a Second Constraint

Take the data from Problem 12.1. Now add a second constraint: you can only manage a 
maximum of two projects. What is the optimal portfolio now?

Problem 12.4: Moving Beyond SROI

The SROI ratio is useful, but it can be misleading. A small, highly efficient project might 
have a very high SROI but contribute little to the overall social value. A very large project 
might have a lower SROI but create massive total value. Discuss how the linear 
programming framework helps to resolve this issue and make better decisions than just 
ranking by SROI.

Problem 12.5: The Data Challenge

The biggest challenge in social impact optimization is not the math but getting reliable data 
for the inputs (C i and SV i). If your social value estimates have a high degree of uncertainty,
how might you adapt the optimization framework? (Hint: think about sensitivity analysis or 
stochastic optimization).
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Chapter 13: Case Study: Corporate Social Impact Program
This chapter applies the theoretical frameworks from the preceding chapters to a real-world 
scenario: a corporate program designed to create social impact. We will analyze a 
hypothetical but realistic corporate volunteering program, walking through the entire social 
impact accounting cycle from initial investment to final valuation.

13.1 Case Background ’’Code for Community’’

The Program: A large tech company, “Innovate Inc.”, launches a flagship CSR program 
called “Code for Community”. The program allows employees to use 20% of their work 
time (one day a week) to provide pro-bono tech support and software development for local 
non-profit organizations.

The Investment: Innovate Inc. invests in a small team to manage the program, and the 
primary investment is the salaried time of the participating employees.

Theorem 13.1: The Corporate Impact Accounting Theorem

The total value of a corporate social program is the sum of the external social value created 
for the community and the internal business value created for the company (e.g., through 
increased employee retention and brand enhancement), minus the total investment.

Formal Definition:

V Total=(SV External+BV Internal)−I Total

where: - SV External = The net present value of the monetized impact for external stakeholders
(the non-profits). - BV Internal = The net present value of the monetized business benefits for 
the company. - I Total = The total investment, including direct costs and the opportunity cost 
of employee time.

Proof of The Corporate Impact Accounting Theorem:
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This theorem extends the Fundamental Equation of Social Value (Theorem 1.1) to the 
corporate context. It recognizes that corporate social programs are not pure philanthropy; 
they are investments that are expected to generate returns for business as well as for society.

1. External Value (SV External): This is the classic social value calculation, focusing on the 
outcomes for the community. It is calculated using the SROI framework.

2. Internal Value (BV Internal): This component acknowledges that CSR creates tangible 
business value. This can be quantified using standard business valuation techniques 
(e.g., calculating the cost savings from lower employee turnover or the increased 
revenue from enhanced brand loyalty).

3. Total Investment (I Total): This includes not just the direct budget for the CSR team, but 
also the significant opportunity cost of redirecting employee time away from revenue-
generating activities.

By accounting for both internal and external value streams, the theorem provides a holistic 
view that aligns social impact with business strategy, allowing for a true ROI calculation 
that can be understood by both social impact managers and CFOs. ∎

Applying the Framework: A Step-by-Step Analysis

Step 1: Scoping and Stakeholder Analysis - Primary Stakeholders: Participating employees, 
recipient non-profits, Innovate Inc. shareholders, the program management team.

Step 2: Investment Calculation (I Total) - 50 employees participate, each with an average 
salary of $100,000/year. - They dedicate 20% of their time: 100,000×0.20=$ 20,000 per 
employee. - Total employee time investment: 50×20,000=$1,000,000 per year. - Direct 
program management cost: 200,000 per year .

-Total Annual Investment (ITotal): $1,200,000

Step 3: Valuing the External Social Impact (SV External) - The 50 employees deliver 50 (1 
day/week) (48 weeks/year) = 2,400 days of expert tech support. - Proxy for Value 
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(Replacement Cost): The market rate for hiring a freelance software developer is $500/day. -
Gross Outcome Value: 2,400  days×500/day=$1,200,000 per year. - Attribution: We need 
to account for deadweight (what would have happened anyway). Let’s assume the non-
profits, if the program didn’t exist, could have scraped together enough funds and volunteer 
time to achieve 10% of this result. So, deadweight is 10%. - Attribution Rate (α ): 90% - 
Net Outcome: 1,200,000×0.90=$1,080,000. - Assuming this is a single-year calculation, the
SV External is $1,080,000.

Step 4: Valuing the Internal Business Impact (BV Internal) - Employee Retention: HR data 
shows that program participants have a 5% higher retention rate than the company average 
of 85%. This means for the 50 participants, 50×0.05=2.5 extra employees are retained each
year. The average cost to replace an employee is $50,000. - Value from Retention:
2.5×50,000=$125,000 per year. - Brand Enhancement: Marketing estimates the positive 
press and brand lift from the program is equivalent to a $200,000 advertising campaign. - 
Value from Brand: 200,000 per year.

Total Annual Business Value (BVInternal): 125,000+200,000=$325,000.

Step 5: Calculating Total Value and SROI - Total Value Created:
V Total=($1,080,000+$325,000)−$1,200,000=$1,405,000−$1,200,000=$205,000. - The 
program creates a net positive value of $205,000 per year.

• External SROI: SV External /I Total=$1,080,000/$1,200,000=0.9 :1. From a purely social 
perspective, the program is not efficient.

• Blended SROI: (SV External+BV Internal)/ITotal=$1,405,000/$1,200,000=1.17 :1. When 
business value is included, the program shows a positive return.

Example 13.1: Social Risk Analysis What if a participating employee gives bad advice that 
crashes a non-profit’s database? - P(E)=5 % (low, due to skilled employees) -
VaSR=$100,000 (cost of data recovery and reputational damage) -
S Rv=0.05×100,000=$5,000. This is a manageable risk.
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Example 13.2: Network Analysis The program creates a new network between 50 
employees and (say) 25 non-profits. This network has value in itself, fostering cross-sector 
understanding and future collaborations. This could be valued using the methods from 
Chapter 7.

Example 13.4: Optimizing the Program The analysis shows the External SROI is low. 
Management could use the optimization framework (Chapter 12) to consider changes. What 
if they focused the program on a specific type of non-profit where tech support has a higher 
value (e.g., health clinics vs. arts organizations), thereby increasing the SROI?

Example 13.5: Human Capital Impact The program also enhances the skills of the 
employees, who learn to work with diverse teams and solve problems in resource-
constrained environments. This increases their human capital, which could be valued using 
the methods in Chapter 6.

Problem 13.1: Re-calculate with different assumptions Re-calculate the Total Value and the 
Blended SROI if the market rate for a developer was $600/day and the employee retention 
benefit was found to be negligible.

Problem 13.2: The Opportunity Cost The biggest investment is employee time. What if 
these 50 employees could have been working on a new product that was projected to 
generate $2 million in profit? How does this change the analysis? Is the program still a good
idea?

Problem 13.3: Valuing a different outcome Let’s say the program also significantly 
improves employee morale. Propose a method to monetize “improved morale” and include it
in the BV Internal calculation. How would you do it?

Problem 13.4: Long-term vs. Short-term The current analysis is for a single year. How 
would you structure a multi-year SROI analysis? What factors (like discount rates and drop-
off rates) would you need to consider?
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Problem 13.5: A Tough Decision the CFO sees the Blended SROI of 1.17:1 and says, 
“This is a very low return. We can get a much higher return by investing this $1.2 million 
in marketing. As the CSR manager, how would you defend the program? What non-financial
arguments would you use to complement the SROI analysis?’
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Chapter 14: Case Study: Social Enterprise - “GoodBrew Coffee”
This chapter examines the application of social impact accounting to a social enterprise, a 
business model where the social mission is intrinsically linked to commercial operations. We
will analyze “GoodBrew Coffee,” a hypothetical but representative social enterprise, to 
understand how to account for its blended value creation.

14.1 Case Background: GoodBrew Coffee

The Business Model: GoodBrew Coffee is a for-profit company that sources high-quality 
coffee beans directly from smallholder farmers in a specific region of South America. It pays
a premium above the market rate (a “fair trade premium”) and invests 10% of its annual 
profits into community development projects chosen by the farmers themselves. The coffee is
then roasted and sold to consumers in developed countries through online and retail 
channels.

The Mission: GoodBrew’s stated mission is “to empower smallholder coffee farmers and 
their communities through ethical sourcing and direct investment, while delivering a superior
product to our customers.”

Theorem 14.1: The Blended Value Accounting Theorem

The total value created by a social enterprise is an integrated blend of its social and 
financial performance, which cannot be meaningfully separated. The performance of the 
enterprise should be assessed using a blended SROI that accounts for the total value created 
for all stakeholders relative to the total investment.

Formal Definition:

Blended SROI= NPV (Financial Returns)+NPV (Social Value)
NPV (Total Investment)

where: - NPV (Financial Returns) = The net present value of profits or shareholder returns. -
NPV (Social Value) = The net present value of the monetized social impact created for 

61



external stakeholders (farmers, community). - NPV (Total Investment) = The net present 
value of the initial and ongoing capital invested in the enterprise.

Proof of The Blended Value Accounting Theorem:

This theorem adapts the SROI framework for social enterprises, where social and financial 
returns are co-products of the same business activities.

1. Integrated Value: Unlike a corporate CSR program, a social enterprise’s impact is not a
separate activity; it is generated through its core business model (e.g., its supply chain).
Therefore, the social and financial value streams are intrinsically linked and must be 
evaluated together.

2. Unified Return: Investors in a social enterprise typically expect both a financial and a 
social return. The blended SROI provides a single metric that represents this unified 
expectation of value.

3. Holistic Decision-Making: By presenting a single, blended return, the theorem 
encourages a holistic approach to management. A decision that increases financial return
at the expense of social return (or vice-versa) can be clearly evaluated based on its 
effect on the total blended value.

This framework provides a method to assess the overall performance of a social enterprise in
a way that is true to its dual mission. ∎

Applying the Framework: A Step-by-Step Analysis (Year 1)

Step 1: Investment Calculation - GoodBrew Coffee raises $500,000 in initial seed capital 
from impact investors. This is the Total Investment for the first year.

Step 2: Business Operations and Financial Returns - Revenue: $1,000,000 - Cost of Goods
Sold (COGS): $600,000 (this includes the fair-trade premium paid to farmers). - Operating 
Expenses: $300,000 - Profit Before Community Investment: $1,000,000 - $600,000 - 
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$300,000 = $100,000. - Community Investment (10% of profit): $10,000. - Net Profit 
(Financial Return): $90,000.

Step 3: Valuing the External Social Impact (SV External) - Income for Farmers: GoodBrew 
works with 100 farmers. The fair-trade premium results in an average of $1,500 of 
additional income per farmer compared to the market rate. - Value of Increased Income:
100  farmers×$1,500 /farmer=$150,000. - Community Project: The $10,000 community 
investment is used to build a new well, which saves each of the 100 families an average of 
$100/year in time and health costs (by providing easier access to clean water). - Value of 
Community Project: 100  families×$100/family=$10,000. - Attribution (α ): The income 
increase, and the well are 100% attributable to GoodBrew. - Total Annual Social Value (
SV External): $150,000 + 10,000=$160,000.

Step 4: Calculating Blended Value and SROI - Total Value Created (Blended): $90,000 
(Financial) + $160,000 (Social) = $250,000. - Blended SROI: $250,000

$500,000
=0.5:1

In its first year, the enterprise has a negative blended SROI, which is common for startups. 
The analysis would need to be projected over multiple years to see the full return.

Example 14.1: Multi-Year Projection If we project over 5 years, the initial investment 
remains $500k, but the annual blended value of $250k continues. The 5-year NPV of this 
stream (at a 5% discount rate) is $1,082,356. The 5-year blended SROI would be 
$1,082,356 / $500,000 = 2.16:1.

Example 14.2: Human Capital Impact GoodBrew also provides training to farmers on 
sustainable agriculture techniques. This increases their human capital. We could value this by
estimating the future increase in their crop yields and income resulting from these new skills
(as per Chapter 6).

Example 14.3: Negative Spillover What if GoodBrew’s success puts a local, less ethical 
coffee buyer out of business? This could be considered a negative spillover effect. However, 
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most SROI frameworks would argue that since the value is being transferred to a more 
ethical model that creates more total value, this is a positive system change, not a negative 
impact.

Example 14.4: Brand Value as a Social Asset GoodBrew’s strong brand, built on its social
mission, allows it to charge a premium for its coffee. This brand value is a business asset, 
but it is created by the social impact. This demonstrates the intertwined nature of social and 
financial value in a social enterprise.

Example 14.5: Optimizing for Impact The analysis shows that the direct income for farmers
($150k) is a much larger source of social value than the community project ($10k). 
Management could use this insight to decide to increase the fair-trade premium even further,
potentially at the expense of the profit-sharing component, to maximize its core impact.

Problem 14.1: Calculate the Blended SROI In year 2, GoodBrew’s revenue grows to 
$1.5M. Its costs remain proportional. It continues to work with 100 farmers, but the fair-
trade premium now provides an extra $2,000 of income per farmer. The 10% profit share is
used for a new project valued at $15,000. Assuming the same initial investment of $500k, 
what is the blended SROI for Year 2 alone?

Problem 14.2: The Investor’s Dilemma An impact investor has $100,000. They can invest 
in GoodBrew, which has a projected 5-year blended SROI of 2.16:1 (with a 5% financial 
ROI component). Or they can donate to a traditional non-profit with a projected SROI of 
4:1. What are the arguments for and against each option?

Problem 14.3: Mission Drift Imagine GoodBrew is under pressure to increase profits. The 
CFO suggests cutting the fair-trade premium by half, which would increase profits but 
reduce the social value created for farmers. Model the effect of this decision on the annual 
financial return, the social value, and the blended SROI. How would you, as the CEO, use 
this analysis to make a decision?
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Problem 14.4: Valuing Empowerment Beyond the financial benefits, GoodBrew’s model 
gives farmers more control and a direct relationship with the market, which can be described
as “empowerment.” Propose a method to monetize this intangible outcome and include it in 
the social value calculation.

Problem 14.5: The Role of the Customer In this model, the customer who knowingly buys 
the coffee is a key stakeholder. How does their purchase contribute to social value creation? 
Should the “good feeling” or “ethical satisfaction” of the customer be included in the social 
value calculation? Why or why not?’’
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Chapter 15: Case Study: Public Sector Project - “CityBikes”
This chapter applies the principles of social impact accounting to a public sector project: a 
city-wide bike-sharing program. Public sector projects are funded by taxpayers and are 
intended to generate broad public benefits. Social impact accounting provides a powerful 
framework for assessing whether these projects provide good value for money.

15.1 Case Background: CityBikes Program

The Project: The city of Metropolis invests in a public bike-sharing program called 
“CityBikes”. The program involves installing 100 bike stations and 1,000 bikes across the 
city. The bikes can be rented for a small fee for short-term trips.

The Goals: The stated goals of the project are to reduce traffic congestion, improve air 
quality, and promote public health.

Theorem 15.1: The Public Benefit Valuation Theorem

The total value of a public sector project is the sum of all monetized social, environmental, 
and economic benefits generated for the public, minus the total public investment. The 
appropriate evaluation metric is a Social Cost-Benefit Ratio, which must be greater than 1 
for the project to be considered a worthwhile use of public funds.

Formal Definition:

Social Cost-Benefit Ratio= NPV (Total Public Benefits )
NPV (Total Public Costs)

where: - NPV (Total Public Benefits) = The net present value of all monetized positive 
outcomes for all stakeholders (the public). - NPV (Total Public Costs) = The net present 
value of the initial and ongoing public investment.

Proof of The Public Benefit Valuation Theorem:
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This theorem is a direct application of classical Cost-Benefit Analysis (CBA), a technique 
long used in the public sector, but it is enriched with the more sophisticated monetization 
and valuation techniques from the field of social impact accounting.

1. Public Perspective: Unlike a corporate or non-profit analysis, the perspective here is that
of the entire society or community. The “investor” is the taxpayer.

2. Comprehensive Benefits: The framework requires the valuation of all significant 
benefits, including non-market goods like cleaner air and better health, using the proxy 
valuation methods discussed in Chapter 11.

3. Decision Rule: The use of a ratio provides a clear decision rule. A ratio greater than 1 
indicates that the public benefits outweigh the public costs, justifying the investment of 
taxpayer money. A ratio of less than 1 indicates that the project is a net cost to society.

This theorem provides a rigorous and transparent framework for evaluating public 
investments and ensuring accountability for the use of public funds. ∎

Applying the Framework: A 5-Year Analysis

Step 1: Investment Calculation (Public Costs) - Initial Capital Cost: $2,000,000 for bikes 
and stations. - Annual Operating Cost: $500,000 for maintenance, rebalancing, and staff. - 
Total Public Cost over 5 years (NPV at 4% discount):
2,000,000+NPV (5 years of $500 k )=2,000,000+2,225,913=$ 4,225,913.

Step 2: Valuing the Public Benefits

Assume the program generates 500,000 trips per year.

• Benefit 1: Reduced Congestion:
– 20% of trips replace a car trip (100,000 trips).
– Average car trip time saved for other drivers due to less congestion is valued at 

$0.50 per bike trip.
– Annual Value: 100,000×0.50=$50,000.
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• Benefit 2: Improved Air Quality:
– The 100,000 trips that replace car trips reduce CO2 emissions.
– The social cost of carbon is estimated at $50/ton. The program is estimated to 

save 1,000 tons of CO2 per year.
– Annual Value: 1,000  tons×$50/ ton=$50,000.

• Benefit 3: Public Health Improvement:
– 300,000 trips are taken for exercise by people who would otherwise be 

sedentary.
– The healthcare cost savings from this increased physical activity is estimated at 

$1.00 per trip.
– Annual Value: 300,000×1.00=$300,000.

• Benefit 4: User Benefit (Consumer Surplus):
– Users pay $1 per trip, but a survey shows they would be willing to pay an 

average of $2.50. The consumer surplus is $1.50 per trip.
– Annual Value: 500,000  trips×$1.50/ trip=$750,000.

• Total Annual Public Benefit: $50k + $50k + $300k + 750 k=$1,150,000.

Step 3: Calculating the Social Cost-Benefit Ratio - NPV of Total Public Benefits over 5 
years (at 4% discount): NPV (5 years of $1.15M )=$5,119,599.

• Social Cost-Benefit Ratio: $5,119,599
$ 4,225,913

=1.21:1

Conclusion: The ratio is greater than 1, indicating that the CityBikes program is a good use 
of public funds, generating $1.21 of public value for every $1 invested.

Example 15.1: Negative Externalities What about the increase in bicycle accidents? This is 
a negative externality. An analysis estimates this will cost the public healthcare system an 
additional $100,000 per year. This cost should be subtracted from the benefits, which would
lower the final ratio.
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Example 15.2: Equity and Distributional Effects The analysis shows a positive return 
overall, but what if the bike stations are all located in wealthy neighborhoods? The benefits 
would not be distributed equitably. A good public benefit analysis should also include a 
qualitative or quantitative assessment of how the benefits are distributed across different 
population groups.

Example 15.3: Optimizing Station Location, the city could use the optimization framework 
from Chapter 12 to decide where to place the bike stations. The objective would be to 
maximize a weighted score of ridership, health impact, and equity, subject to the budget 
constraint.

Example 15.4: Sensitivity Analysis The result of 1.21:1 is positive but not overwhelmingly 
so. The city should conduct a sensitivity analysis. What if the healthcare savings are only 
$0.50 per trip? What if the social cost of carbon is revised upwards? Testing these 
assumptions is crucial for making a robust decision.

Example 15.5: Comparing with Alternatives Is the bike-sharing program the best way to 
achieve these goals? The city could compare the Social Cost-Benefit Ratio of CityBikes with
that of alternative projects, such as building new bus lanes or subsidizing electric vehicles. 
This comparative analysis ensures that the public is getting the most “bang for the buck.

Problem 15.1: Re-calculate the Ratio Using the data from the case, re-calculate the Social 
Cost-Benefit Ratio if the initial capital cost was $3 million instead of $2 million, and the 
consumer surplus was found to be only $1.00 per trip.

Problem 15.2: The Value of Time One of the biggest benefits of transportation projects is 
often traveling time savings. Propose a method for monetizing the time that CityBikes users 
save by not being stuck in traffic. What financial proxy would you use?
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Problem 15.3: A Controversial Benefit Some argue that bike-sharing programs increase the 
“vibrancy” and “livability” of a city, which can attract tourism and talented workers. Should
this benefit be included in the analysis? If so, how could you possibly monetize it?

Problem 15.4: User Fees The city is considering making the CityBikes program free to all 
users. How would this affect the Social Cost-Benefit analysis? (Hint: consider the effect on 
ridership, user benefit/consumer surplus, and the public cost).

Problem 15.5: Politics and Cost-Benefit Analysis Even if a Social Cost-Benefit Analysis 
shows a project is a good investment, it may not be approved for political reasons. 
Conversely, projects with a ratio below 1 are sometimes approved. Discuss the role and 
limitations of this type of rational analysis in the real world of political decision-making.
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Chapter 16: Impact Measurement Standards and Frameworks
While the preceding chapters have provided a mathematical toolkit for social impact 
accounting, this chapter introduces the essential global standards and frameworks that guide 
how this accounting is done in practice. Standardization is crucial for ensuring that impact 
claims are consistent, comparable, and credible. This chapter synthesizes the core principles 
of the leading frameworks, including the Impact Management Project (IMP), the Global 
Reporting Initiative (GRI), the Sustainability Accounting Standards Board (SASB), IRIS+ 
metrics, and the UN Sustainable Development Goals (SDGs).

16.1 The Five Dimensions of Impact

At the heart of modern impact management is a consensus that a complete description of 
impact requires answering five fundamental questions. This consensus, championed by the 
Impact Management Project (IMP), is formalized in the following theorem.

Theorem 16.1: The Theorem of Complete Impact Description (The Five Dimensions of 
Impact)

A complete and comparable description of any social or environmental impact requires the 
assessment of five fundamental, orthogonal dimensions: What, Who, How Much, 
Contribution, and Risk. Omitting any dimension results in an incomplete and potentially 
misleading account of the impact.

Formal Definition:

Let I be the total impact of an intervention. A complete description of I is a function of five
independent vectors of data:

I=f (DW , DWh, DHm, DC ,DR)

where: - DW (What): Data describing the outcome(s) occurring, their importance to 
stakeholders, and their alignment with global goals (e.g., SDGs). - DWh (Who): Data 
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describing the stakeholders experiencing the outcome, including their level of underservice 
and other demographic characteristics. - DHm (How Much): Data describing the scale 
(number of individuals), depth (degree of change), and duration (how long the change lasts) 
of the outcome. - DC (Contribution): Data assessing the extent to which the intervention 
caused the outcome, accounting for what would have happened anyway (deadweight) and the
actions of others. - DR (Risk): Data assessing the impact risks, such as the risk of the 
impact not occurring as expected or causing unintended negative consequences.

Proof of The Theorem of Complete Impact Description:

The proof is conceptual, demonstrating that these five dimensions are both necessary and 
sufficient for a comprehensive impact description.

1. Necessity:
– Without What, the impact is undefined. We don’t know what changed.
– Without Whom, the impact lacks context. A $1,000 income increase for a 

billionaire is not the same as for a person in poverty.
– Without How Much, the impact is not measurable. We cannot assess its 

significance.
– Without Contribution, the impact cannot be attributed. We cannot claim credit 

for changes that would have happened anyway.
– Without Risk, the impact claim is not credible. We are not accounting for the 

uncertainty of the outcome.
2. Sufficiency: Any relevant question about an impact can be mapped to one or more of 

these five dimensions. For example, a question about the environmental effect of an 
intervention falls under What. A question about its effect on a specific minority group 
falls under Who. A question about its long-term effects falls under How Much 
(duration). A question about its unintended side effects falls under Risk. Together, they 
form a complete descriptive framework.
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Therefore, these five dimensions are the necessary and sufficient building blocks for 
measuring and managing impact. ∎

Example 16.1: Applying the 5 Dimensions to a Job Training Program

• What: The program provides vocational skills, leading to the outcome of “stable 
employment”. This aligns with SDG 8: Decent Work and Economic Growth.

• Who: The participants are long-term unemployed youth in a specific low-income urban 
area.

• How Much: 200 youth (scale) secure jobs with an average salary increase of 
$10,000/year (depth) that is expected to last for at least 3 years (duration).

• Contribution: Based on local employment data, 20% of these youth would have found a
similar job anyway. The program’s contribution is 80%.

• Risk: There is a 15% risk that a recession will cause many of these youth to lose their 
jobs within a year.

Example 16.2: Using IRIS+ to Measure the “How Much”

The IRIS+ Catalog of Metrics provides standardized metrics to quantify outcomes. For the 
job training program, an organization could select the IRIS+ metric OI5429: Employment 
Creation. This metric provides a standard definition for “Number of new full-time equivalent
(FTE) jobs created”. Using this metric for the How Much dimension makes the data 
comparable across different programs and organizations.

Example 16.3: Using GRI for the “What” and “Who” The Global Reporting Initiative 
(GRI) Standards help organizations report on their impacts. A company running the job 
training program would use GRI 404: Training and Education to report on the what (the 
type of training provided) and the who (data on the employees receiving the training). GRI 
provides a structured way to disclose this information publicly.
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Example 16.4: Using SASB for “Risk” The Sustainability Accounting Standards Board 
(SASB) identifies ESG issues that are financially material for specific industries. For a tech 
company, “Employee Recruitment, Development, & Retention” is a material ESG issue. A 
high turnover of skilled employees is a business risk. The job training program, by 
improving employee morale and retention, could be presented as a mitigation strategy for 
this SASB-identified risk, thus linking the Risk dimension of impact to financial risk.

Example 16.5: Aligning with SDGs for the “What” The UN Sustainable Development 
Goals (SDGs) provide a universal taxonomy for impact objectives. By stating that the job 
training program’s outcome of “stable employment” contributes to SDG 8: Decent Work 
and Economic Growth, the organization can communicate its impact in a globally 
recognized language, making it easier for investors and the public to understand the 
significance of the What dimension.

Problem 16.1: Analyze a Literacy Program

Analyze a hypothetical adult literacy program using the Five Dimensions of Impact. Be 
specific in defining each dimension.

Problem 16.2: Find an IRIS+ Metric

You are measuring the impact of a program that provides clean cookstoves to rural 
households. Go to the IRIS+ website (or imagine its catalog) and identify a core metric you 
could use to measure How Much dimension of the health impact.

Problem 16.3: GRI vs. SASB

Explain the primary difference between the GRI and SASB standards in terms of their 
intended audience and their definition of “materiality”. When would a company choose to 
use one over the other, or both?

Problem 16.4: The Challenge of Contribution
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For the job training program in Example 16.1, the contribution was estimated at 80%. What
specific methods (discussed in Chapter 5) could the organization use to arrive at this 
number? What are the challenges in doing so?

Problem 16.5: Mapping to the SDGs

Consider the “CityBikes” public sector project from Chapter 15. Its main outcomes were 
reduced congestion, improved air quality, and better public health. Map each of these 
outcomes to at least one primary UN SDG.
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Chapter 17: Theory of Change and Logic Models
Before an organization can measure its impact, it must first articulate how it expects to 
create that impact. A Theory of Change (ToC) is the narrative that explains the causal 
process through which an intervention is intended to produce its desired results. The Logic 
Model is a visual and structured representation of this theory. This chapter establishes the 
ToC and its corresponding logic model as the foundational blueprint for any credible impact 
measurement strategy.

17.1 The Causal Pathway Framework

Theorem 17.1: The Theorem of Causal Pathways (The Logic Model Theorem)

A credible measurement of social impact is only possible if it is based on a predefined 
Theory of Change, articulated as a testable logic model that specifies the complete causal 
pathway from inputs to impact and explicitly states the assumptions linking each step.

Formal Definition:

Let a program’s impact pathway be represented as a directed acyclic graph (DAG) where the
nodes represent the stages of the logic model and the edges represent causal assumptions. 
The pathway is defined by the sequence:

I n→A c→Op→Oc→ℑ

where: - I n = Inputs: The resources invested in the program (e.g., funding, staff, time). - Ac 
= Activities: The core actions performed by the program (e.g., conducting training, providing
services). - Op = Outputs: The direct, tangible products of the activities (e.g., number of 
people trained, number of workshops held). - Oc = Outcomes: The changes in stakeholders’ 
knowledge, skills, behavior, or status resulting from the outputs (e.g., increased skills, 
improved health, new job). - ℑ = Impact: The long-term, systemic change to which the 
outcomes contribute (e.g., reduced poverty, improved community health).
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Each arrow (→) represents a causal assumption (H i) that must hold true for the chain to 
function. For example, the link Op→Oc assumes that the outputs will actually lead to the 
desired outcomes.

Proof of The Theorem of Causal Pathways:

The proof is based on the principles of scientific inquiry and falsifiability.

1. Testability: Without a specified causal chain, there is no hypothesis to test. 
Measurement becomes a collection of disconnected data points rather than a systematic 
evaluation of a strategy. The logic model provides a set of testable hypotheses (the 
assumptions) that can be verified or falsified through data collection.

2. Indicator Selection: A logic model is essential for selecting the correct performance 
indicators. Inputs and activities require efficiency metrics. Outputs require operational 
metrics. Outcomes and impact require effectiveness metrics. Without the model, an 
organization might mistakenly use an output metric (e.g., “number of workshops held”) 
as a proxy for impact, which is a fundamental measurement error.

3. Attribution: The logic model clarifies the specific outcomes for which the organization 
can claim credit. By defining the causal chain, it provides the basis for the attribution 
analysis (Chapter 5) needed to isolate the organization’s unique contribution.

4. Management and Learning: The logic model is not just a measurement tool; it is a 
management tool. When an intervention is not achieving its desired impact, the logic 
model allows managers to diagnose where the causal chain is breaking down. Is the 
problem with the activities (poor implementation), or was a core assumption incorrect 
(e.g., the training did not lead to jobs)?

Therefore, a logic model is the necessary logical and structural prerequisite for any valid 
claim of social impact. ∎

Example 17.1: Logic Model for a Job Training Program
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Inputs Activities Outputs Outcomes Impact
- Staff 
salaries- 
Curriculum- 
Classroom 
space

- Conduct 12-
week skills 
training- 
Provide resume
workshops- 
Host job fairs

- 200 youth 
complete 
training- 180 
youth have 
new resumes- 
50 companies 
attend job fair

- Short-term: Youth
gain new skills- 
Mid-term: 80% of 
graduates gain 
employment- Long-
term: Graduates see
a 50% income 
increase

- Reduced youth
unemployment 
in the city

Example 17.2: Identifying Assumptions

In the logic model above, some key assumptions are: - (Activities -> Outputs): The training 
will be of sufficient quality that students do not drop out. - (Outputs -> Outcomes): The 
skills being taught are in demand by employers. - (Outcomes -> Impact): Securing jobs for 
this group of youth will have a noticeable effect on the city’s overall unemployment rate.

Example 17.3: Logic Model for “GoodBrew Coffee” (Chapter 14)

This logic model shows a blended value chain:

Inputs Activities Outputs
Outcomes (Social &
Financial) Impact

- Investor 
capital- 
Coffee 
beans- 
Roasting 
facility

- Source beans 
ethically- Pay 
fair trade 
premium- Roast 
& package 
coffee- Market 
& sell coffee

- 100 tons of 
coffee purchased-
100 farmers paid
premium- 
500,000 bags of
coffee sold

- Social: Farmer 
income increases- 
Financial: $1M in 
revenue, $90k net 
profit- Social: 
Community has 
funds for projects

- Sustainable 
livelihoods for 
farmers- 
Thriving, 
ethical business

Example 17.4: Using the Logic Model for Measurement Planning
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For the job training program, we can now assign a Key Performance Indicator (KPI) to each
step:

• Input KPI: Program budget variance
• Activity KPI: % of classes completed on schedule
• Output KPI: of graduates
• Outcome KPI: % of graduates employed after 6 months
• Impact KPI: Youth unemployment rate in the target area

Example 17.5: A Negative Logic Model (Theory of Failure)

A logic model can also be used to map out potential negative impacts. For the CityBikes 
program (Chapter 15):

Activity Negative Output Negative Outcome Negative Impact
- Promote 
bike usage

- Increased bike 
traffic on sidewalks

- Increased pedestrian-
cyclist accidents

- Reduced public safety 
and support for the 
program

Problem 17.1: Create a Logic Model

Create a simple logic model for a non-profit that runs an after-school music education 
program for elementary school students. Define at least one input, activity, output, outcome, 
and impact.

Problem 17.2: Identify the Assumptions

For the logic model you created in Problem 17.1, identify and list at least three key 
assumptions that must be true for the program to succeed.

Problem 17.3: Outputs vs. Outcomes
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Explain the difference between an output and an outcome. Give an example of an 
organization that might be tempted to report its outputs as if they were its impact. Why is 
this misleading?

Problem 17.4: Develop KPIs

For the music education program in Problem 17.1, develop one KPI for each of the five 
stages of your logic model.

Problem 17.5: The “Leaky Pipe”

The causal chain in a logic model is often described as a “leaky pipe,” where the number of
people/beneficiaries decreases at each stage (e.g., not everyone who enrolls will graduate, not
everyone who graduates will get a job). Draw or describe a logic model for a hypothetical 
program and assign numbers at each stage to illustrate this “leaky pipe” phenomenon.
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Chapter 18: Quasi-Experimental Methods for Impact Attribution
Chapter 5 introduced the fundamental challenge of causal inference: we can never observe 
the counterfactual for the same individual at the same time. While Randomized Controlled 
Trials (RCTs) are the gold standard for creating a statistically identical control group, they 
are often impractical, unethical, or too expensive. This chapter provides the mathematical 
foundations for several powerful quasi-experimental methods that allow us to construct a 
credible counterfactual using observational data. These methods are the workhorses of 
modern impact evaluation.

18.1 Difference-in-Differences (DiD)

The DiD method is one of the most widely used techniques. It is applicable when we have 
data for both a treatment group and a control group, both before and after the intervention.

Theorem 18.1: The Difference-in-Differences (DiD) Estimator

The DiD estimator isolates the causal impact of an intervention by taking the difference in 
the change in outcomes over time between the treatment group and the control group. This 
method controls for any time-invariant unobserved differences between the two groups.

Formal Definition:

Let Y g ,t be the average outcome for group g (where g = T for treatment, C for control) in 
time period t (where t = 0 for pre-intervention, 1 for post-intervention). The DiD estimator 
for the Average Treatment Effect on the Treated (ATT) is:

τ̂ DiD=(Y T , 1−Y T ,0)−(Y C ,1−Y C , 0)

This is typically estimated using the following linear regression model:

Y i ,t=β0+β1⋅Trea t i+β2⋅Pos tt+ β3⋅(Treat i×Pos t t)+ϵi ,t
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where: - Trea ti is a dummy variable (=1 if individual i is in the treatment group, 0 
otherwise). - Pos tt is a dummy variable (=1 if time is the post-intervention period, 0 
otherwise). - The coefficient β3 is the DiD estimator, τ̂ DiD.

Proof of The DiD Estimator Theorem:

The key assumption is the parallel trends assumption: in the absence of the treatment, the 
average outcome for the treatment group would have followed the same trend as the average
outcome for the control group.

1. The change for the treatment group is ΔT=Y T ,1−Y T , 0. This change is due to the 
treatment plus the time trend.

2. The change for the control group is ΔC=Y C , 1−Y C ,0. This change is due only to the 
time trend.

3. By subtracting the control group’s change from the treatment group’s change, we 
remove the effect of the time trend, isolating the effect of the treatment.
τ̂ DiD=ΔT−ΔC=(Treatment+Trend)−(Trend )=Treatment.

This method is powerful because it controls for any fixed differences between the groups 
(e.g., the treatment group may be systematically poorer than the control group), as long as 
those differences are constant over time. ∎

Example 18.1: Minimum Wage Law - A state raises its minimum wage (treatment) while a
neighboring state does not (control). We compare the change in employment in the fast-food
industry in both states before and after the law change.

Example 18.2: School Breakfast Program - A school introduces a free breakfast program. 
We compare the change in student test scores at this school with the change in scores at a 
similar school in the same district that did not introduce the program.

Example 18.3: Impact of a New Factory - A new factory opens in a town. We compare 
the change in average income in that town with the change in average income in a 
comparable nearby town over the same period.
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Example 18.4: Effect of a Health Clinic - A new health clinic has been built in a rural 
village. We compare the change in child mortality rates in that village with the change in 
rates in a village without a new clinic.

Example 18.5: Marketing Campaign Effectiveness - A company is launching a new 
advertising campaign in one city but not another. The DiD estimator can be used to measure
the change in sales in the treatment city relative to the control city.

Problem 18.1: Calculate the DiD Estimate - Treatment Group: Average test score before = 
70, after = 80. - Control Group: Average test score before = 72, after = 75. What is the 
DiD estimate of the program’s impact on test scores?

Problem 18.2: The Parallel Trends Assumption Explain the parallel trends assumption in 
your own words. Why is it so important for the validity of the DiD method? What would 
happen if the assumption were violated?

Problem 18.3: Data Requirements What kind of data do you need to be able to use the DiD
method? (Hint: think about panel data vs. cross-sectional data).

Problem 18.4: A Threat to Validity What if, at the same time the minimum wage law was 
passed (Example 18.1), the treatment state also experienced a sudden, unrelated economic 
boom? How would this affect the DiD estimate? Would it overestimate or underestimate the 
true effect of the minimum wage?

Problem 18.5: Design a DiD Study Design a DiD study to evaluate the impact of a 
company-wide wellness program on employee sick days.

18.2 Propensity Score Matching (PSM)

PSM is used when we have a large dataset of individuals who received treatment and 
individuals who did not, but the treatment was not randomly assigned. The goal is to find a 
control group that is as similar as possible to the treatment group.
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Theorem 18.2: The Propensity Score Theorem (Rosenbaum & Rubin, 1983)

If we match individuals on their propensity score—the conditional probability of receiving 
the treatment given a set of observed covariates—then the distribution of those covariates 
will be balanced between the treatment and control groups. The propensity score is a 
“balancing score.”

Formal Definition:

The propensity score for an individual i is:

p(X i)=P(T i=1∨X i)

where T i=1 is receiving the treatment and X i is a vector of pre-treatment observable 
characteristics. This score is typically estimated using a logistic regression model.

Once each individual has a propensity score, individuals in the treatment group are matched 
with individuals in the control group who have a very similar score. The average treatment 
effect is then calculated as the simple difference in average outcomes between the matched 
groups.

Proof (Conceptual):

The theorem states that if two individuals have the same propensity score, even if they have
different individual characteristics in their X i vectors, they have the same probability of 
being treated. By matching this single score, we are implicitly balancing the entire 
distribution of the observable covariates X i between treatment and control groups. This 
creates a quasi-experimental control group that is observably identical to the treatment group,
allowing for an unbiased estimation of the treatment effect, assuming there are no 
unobserved differences between the groups (the “selection on observables” assumption).

Example 18.6: Job Training Program - We have data on people who chose to enroll in a 
job training program and those who did not. We can use characteristics like age, education, 
and past unemployment history to predict the probability of enrolling (the propensity score). 
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We then match each program participant with a non-participant who had a very similar score
and compare their subsequent employment outcomes.

Example 18.7: Scholarship Impact - To evaluate a scholarship, we can match scholarship 
recipients with non-recipients who had similar high school grades, family income, and 
parental education levels.

Example 18.8: Microfinance - To evaluate the impact of a microfinance loan, we can match
borrowers with non-borrowers who have similar business sizes, assets, and levels of financial
literacy.

Example 18.9: Healthcare Intervention - To evaluate a new diabetes management program, 
we can match participating patients with non-participating patients who have similar age, 
gender, and initial blood sugar levels.

Example 18.10: Customer Behavior - To evaluate the effect of a loyalty program, a 
company can match program members with non-members who have similar past purchase 
histories and demographics.

Problem 18.6: What is the key assumption of PSM? PSM relies on a critical assumption 
called “selection on observables” or “conditional independence.” What does this mean, and 
what is the biggest threat to this assumption?

Problem 18.7: Common Support A key issue in PSM is “common support.” What does this
mean, and what happens if there is no common support between the treatment and control 
groups?

Problem 18.8: Matching Algorithms There are several ways to match individuals after 
calculating propensity scores (e.g., nearest neighbor, caliper, kernel matching). Research one 
of these methods and briefly explain how it works.

Problem 18.9: PSM vs. RCT Why is an RCT generally preferred over PSM? What does an
RCT control mean for that PSM cannot?
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Problem 18.10: Design a PSM Study Design a PSM study to evaluate the impact of 
attending a private university vs. a public university on future income.

18.3 Regression Discontinuity Design (RDD)

RDD is a powerful method that can be used when a treatment is assigned based on a cutoff 
score on some continuous variable.

Theorem 18.3: The Regression Discontinuity Estimator

In the absence of the treatment, the relationship between the assignment variable and the 
outcome variable would be continuous. A discontinuity (a “jump”) in this relationship at the
cutoff point can be interpreted as the causal effect of the treatment.

Formal Definition:

Let X be the assignment variable and c be the cutoff score. The treatment is assigned if
X i≥c. The RDD estimator is:

τ̂ RDD= lim
x→c+¿E [Y i∨X i=x ]− lim

x→ c−¿ E [Y i∨X i=x ]¿
¿

This is estimated by running a regression of the outcome on the assignment variable 
separately for individuals just above and just below the cutoff and measuring the difference 
in the predicted values at the cutoff.

Proof (Conceptual):

The logic is that individuals just to the left of the cutoff are nearly identical to individuals 
just to the right of the cutoff. Their only difference is that one group received the treatment 
and the other did not. They are therefore a valid local control group for the treatment group.
Any sharp difference in their outcomes must be due to the treatment. This relies on the 
assumption that individuals cannot precisely manipulate their score to get just above or 
below the cutoff.
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Example 18.11: Scholarship Eligibility - A scholarship is awarded to all students with a 
GPA of 3.5 or higher. We can compare the future success of students with a 3.51 GPA 
(treatment) to those with a 3.49 GPA (control).

Example 18.12: Medical Treatment - A drug is prescribed to patients with blood pressure 
reading above 140 mmHg. We can compare the health outcomes of patients just above and 
just below this cutoff.

Example 18.13: Social Assistance - A poverty-alleviation program is available to all 
households below a certain income threshold. We can compare the well-being of households
just above and just below the line.

Example 18.14: Class Size - A rule states that once a class reaches 30 students, it must be 
split into two smaller classes. This creates a discontinuity that can be used to study the 
effect of class size on learning.

Example 18.15: “Fuzzy” RDD - Sometimes, crossing the cutoff doesn’t guarantee treatment
but only increases its probability (e.g., being a veteran gives you preference for a 
government job but doesn’t guarantee it). This is a “fuzzy” RDD, which can be analyzed 
using an Instrumental Variable approach (see next section).

Problem 18.11: Sharp vs. Fuzzy RDD Explain the difference between a sharp RDD and a 
fuzzy RDD.

Problem 18.12: The Continuity Assumption What is the key continuity assumption in 
RDD? How could you test it?

Problem 18.13: Manipulation of the Score What happens if people can manipulate their 
assignment score? For example, what if students with a 3.49 GPA can easily get it re-
graded to a 3.51? How would this invalidate the RDD design?

Problem 18.14: Local vs. Global Effect Does RDD estimate the average treatment effect for
everyone, or only for a specific group of people? Explain.
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Problem 18.15: Design an RDD Study Find a real-world example of a rule or policy that 
uses a cutoff score and design an RDD study to evaluate its impact.
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Chapter 19: Environmental and Health Impact Metrics
Many of the most important social and environmental impacts—such as improved health, a
cleaner environment, or the preservation of species—do not have a direct market price. 
This chapter introduces the essential mathematical frameworks for quantifying these non-
market outcomes. We will cover the core metrics used in public health (QALYs and 
DALYs), climate change (carbon accounting), and ecology (biodiversity metrics).

19.1 Quality-Adjusted Life Years (QALYs)

QALY is a measure that combines both the quantity (length) and the quality of life into a 
single number. It is one of the most fundamental metrics in health economics.

Theorem 19.1: The Quality-Adjusted Life Year (QALY) Theorem

The value of a health state or intervention can be measured in Quality-Adjusted Life Years 
(QALYs), where one QALY is equivalent to one year of life in perfect health. A health 
state that is less than perfect is assigned a utility weight between 0 (equivalent to death) and
1 (perfect health), and the QALY value is the product of the time spent in that state and its 
utility weight.

Formal Definition:

The QALYs gained from an intervention that improves the health state for T years is:

QALYs=∑
t=1

T

(¿U post−U pre)⋅Pt ¿

where: - U post = The utility weight of the health state after the intervention (a value between
0 and 1). - U pre = The utility weight of the health state before the intervention. - Pt = The 
probability of the patient surviving to year t.

For a life-extending intervention, the formula is simply:

QALYs=Years of Life Gained×U state
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Proof of The QALY Theorem:

The proof is based on the axioms of von Neumann-Morgenstern utility theory, which states 
that rational individuals, when faced with uncertain choices, will choose the option that 
maximizes their expected utility.

1. Utility of Health States: We can assign cardinal utility value to any health state. By 
convention, a state of perfect health is assigned a utility of 1, and a state of death is 
assigned a utility of 0.

2. Time Trade-Off: The utility of an imperfect state of health can be elicited by asking an
individual how many years in that state they would be willing to trade for fewer years 
in perfect health. For example, if a person is indifferent between living 10 years with a 
chronic condition and living 8 years in perfect health, then the utility of the chronic 
condition is 0.8 (since 10 * 0.8 = 8 * 1.0).

3. Linearity: The total QALY value is linear with respect to time. Two years in a 0.5 
utility state is equivalent to one year in a 1.0 utility state (1 QALY).

By combining quantity and quality of life into a single metric, the QALY allows for the 
comparison of vastly different health interventions (e.g., a cancer drug vs. a hip replacement)
on a common scale. ∎

Example 19.1: Hip Replacement - A patient living with a painful hip condition (utility = 
0.6) for 2 years. A hip replacement restores them to near-perfect health (utility = 0.9) for 
the remaining 10 years of their life. - QALYs gained = 10 years * (0.9 - 0.6) = 3 QALYs.

Example 19.2: Life-Saving Drug - A new drug saves a person’s life, extending it by 5 
years. The person lives these 5 years with some side effects, giving them a quality-of-life 
score of 0.8. - QALYs gained = 5 years * 0.8 = 4 QALYs.

Example 19.3: Cost-Effectiveness - If the hip replacement in Example 19.1 costs $30,000, 
the cost per QALY is $30,000 / 3 = $10,000/QALY. - If the drug in Example 19.2 cost 
$50,000, the cost per QALY is $50,000 / 4 = $12,500/QALY. - This shows the hip 
replacement is more cost-effective.
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Example 19.4: Public Health Program - A smoking cessation program helps 1,000 people 
quit smoking. On average, each person gains 2 QALYs over their lifetime. - Total impact = 
1,000 people * 2 QALYs/person = 2,000 QALYs.

Example 19.5: Comparing Different Interventions - Program A costs $100,000 and 
generates 10 QALYs ($10,000/QALY). - Program B costs $150,000 and generates 20 
QALYs ($7,500/QALY). - Program B is the most cost-effective use of resources.

Problem 19.1: Calculate QALYs A medical treatment improves a patient’s quality of life 
from a utility of 0.5 to 0.8 for a period of 15 years. How many QALYs are gained?

Problem 19.2: Cost-Effectiveness Threshold Many healthcare systems have a “cost-
effectiveness threshold” (e.g., $50,000 per QALY). If a new cancer drug costs $120,000, 
what is the minimum number of QALYs it must provide to be considered cost-effective?

Problem 19.3: Utility Elicitation Briefly describe one method for eliciting the utility weight 
for a specific health state (e.g., Time Trade-Off, Standard Gamble).

Problem 19.4: Criticisms of the QALY What are some of the main ethical criticisms of 
using QALYs to allocate healthcare resources? (Hint: think about age and disability).

Problem 19.5: QALYs vs. DALYs What is the main conceptual difference between a 
QALY and a DALY (covered in the next section)?

19.2 Disability-Adjusted Life Years (DALYs)

While QALYs measure the gain in health, DALYs measure the loss of health. DALY is the 
primary metric used by the World Health Organization to measure the global burden of 
disease.

Theorem 19.2: The Disability-Adjusted Life Year (DALY) Theorem

The burden of a disease or health condition can be measured in Disability-Adjusted Life 
Years (DALYs), where one DALY represents one lost year of “healthy” life. The total 
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DALYs for a given condition in a population is the sum of the Years of Life Lost (YLL) 
due to premature mortality and the Years Lived with Disability (YLD).

Formal Definition:

DALY=YLL+YLD

where: - Years of Life Lost (YLL) = N ×L - N = Number of deaths from the condition. -
L = Standard life expectancy at the age of death. - Years Lived with Disability (YLD) =
I × DW×D - I = Number of incident cases of the condition. - DW  = Disability Weight, a 
value between 0 (no disability) and 1 (equivalent to death) that reflects the severity of the 
condition. - D = Average duration of the condition until remission or death (in years).

Proof of The DALY Theorem:

The proof is based on the principle of measuring the gap between a population’s actual 
health status and an ideal health status where everyone lives to an advanced age, free of 
disease and disability.

1. Health Gap: The DALY is a “health gap” measure. It quantifies the difference between 
the ideal and the reality.

2. Two Components of Loss: This gap has two components: dying early (mortality, 
measured by YLL) and living with less-than-perfect health (morbidity, measured by 
YLD).

3. Standardization: By using a standard life expectancy and pre-defined, expert-consensus 
disability weights, the DALY provides a consistent and comparable measure of disease 
burden across different countries and conditions.

4. Additivity: The total burden of disease in a population is the simple sum of the YLL 
and YLD components, providing a single, comprehensive metric.

By combining mortality and morbidity into one metric, the DALY allows policymakers to 
compare the burden of a fatal disease (like heart attack) with a chronic, disabling disease 
(like major depression). ∎
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Example 19.6: Calculating DALYs for Malaria - In a population, malaria causes 100 deaths
at an average age where the life expectancy was 60 years. YLL = 100 * 60 = 6,000. - 
There are 5,000 new cases of malaria, which have a disability weight of 0.2 and an average
duration of 0.5 years. YLD = 5,000 * 0.2 * 0.5 = 500. - Total DALYs = 6,000 + 500 = 
6,500.

Example 19.7: Comparing Disease Burdens - In Country A, Condition X causes 10,000 
DALYs and Condition Y causes 5,000 DALYs. Condition X is the higher priority for public
health intervention.

Example 19.8: Evaluating an Intervention - A new vaccine prevents 50 deaths (YLL 
averted) and 1,000 cases of a disease (YLD averted). The total impact of the vaccine can be
measured in DALYs averted.

Example 19.9: Mental Health vs. Physical Health - A severe depression might have a 
disability weight of 0.6. A person living with it for 10 years loses 10 * 0.6 = 6 years of 
healthy life (6 YLD). This allows its burden to be compared to physical disease.

Example 19.10: Age Weighting (Historical) - Early versions of the DALY included “age 
weighting,” which valued a year of life in young adulthood more highly than a year in 
infancy or old age. This controversial feature has since been removed from the standard 
methodology.

Problem 19.6: Calculate DALYs A traffic safety program prevents 10 deaths at an average 
age where life expectancy is 50 years. It also prevents 100 non-fatal injuries that have a 
disability weight of 0.4 and last for an average of 2 years. How many DALYs are averted 
by the program?

Problem 19.7: YLL vs. YLD For which of the following conditions would YLL be the 
largest component of the DALY: a) the common cold, b) pancreatic cancer, c) chronic back 
pain?

Problem 19.8: Disability Weights Who decides the disability weight for a specific 
condition? Briefly research the process used by the Global Burden of Disease study.
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Problem 19.9: DALYs and Social Value How could you use the DALY metric within the 
Social Return on Investment (SROI) framework from Chapter 4? What would be the 
challenges of monetizing a DALY?

Problem 19.10: Design a DALY-based study You want to evaluate the impact of a program
that provides clean water and sanitation to a community. What data would you need to 
collect to measure the program’s impact in terms of DALYs averted?

19.3 Carbon Accounting

Carbon accounting is the process of quantifying greenhouse gas (GHG) emissions to 
understand and manage an entity’s climate impact.

Theorem 19.3: The Greenhouse Gas (GHG) Equivalence Theorem

The total climate impact of an entity can be standardized by converting all different 
greenhouse gas emissions into a single metric, carbon dioxide equivalent (CO2e), by 
multiplying the mass of each gas by its Global Warming Potential (GWP).

Formal Definition:

Total CO2 e=∑
i=1

n

(¿Massi×GWPi)¿

where: - i = A specific greenhouse gas (e.g., methane, nitrous oxide). - Massi = The mass of
emissions of gas i. - GWPi = The Global Warming Potential of gas i over a specific time 
horizon (usually 100 years), relative to CO2 (where GWP of CO2 is 1).

Furthermore, emissions are categorized into three scopes: - Scope 1: Direct emissions from 
owned or controlled sources. - Scope 2: Indirect emissions from the generation of purchased
electricity, steam, heating, or cooling. - Scope 3: All other indirect emissions that occur in a
company’s value chain.

Proof of The GHG Equivalence Theorem:
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The proof is based on the physics of radiative forcing. Different gases have different abilities
to trap heat in the atmosphere and different atmospheric lifetimes. The GWP is a 
scientifically derived index that accounts for these differences.

1. Radiative Forcing: Each GHG has a specific ability to absorb and re-radiate infrared 
radiation, which causes warming.

2. Atmospheric Lifetime: Each GHG persists in the atmosphere for a different amount of 
time.

3. Integration: The GWP integrates the radiative forcing of a gas over a chosen time 
horizon (typically 100 years) and presents it relative to CO2. For example, the 100-
year GWP of methane is about 28, meaning one ton of methane has the same warming
impact over 100 years as 28 tons of CO2.

By using this conversion factor, all GHG emissions can be expressed in the common unit of
CO2e, allowing for a standardized and comprehensive accounting of an entity’s climate 
impact. ∎

Example 19.11: Calculating Scope 1 Emissions - A company’s fleet of vehicles burns 
10,000 gallons of gasoline. Burning one gallon of gasoline emits ~8.89 kg of CO2. - Scope
1 Emissions = 10,000 gal * 8.89 kg/gal = 88,900 kg CO2e.

Example 19.12: Calculating Scope 2 Emissions - A company consumes 1,000,000 kWh of 
electricity from a grid with an emissions factor of 0.4 kg CO2e per kWh. - Scope 2 
Emissions = 1,000,000 kWh * 0.4 kg/kWh = 400,000 kg CO2e.

Example 19.13: Calculating Scope 3 Emissions - A company’s employees take flights that 
total 500,000 passenger-kilometers. The emissions factor for air travel is 0.15 kg CO2e per 
passenger-km. - Scope 3 Emissions (from business travel) = 500,000 km * 0.15 kg/km = 
75,000 kg CO2e.

Example 19.14: Converting Methane to CO2e - A landfill releases 100 tons of methane 
(CH4). The GWP of methane is 28. - Emissions in CO2e = 100 tons CH4 * 28 = 2,800 
tons CO2e.
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Example 19.15: Carbon Footprint of a Product - The total carbon footprint of a product is 
the sum of all Scope 1, 2, and 3 emissions across its entire life cycle, from raw material 
extraction to disposal.

Problem 19.11: Scope 1, 2, or 3? Classify the following emissions for a university: a) 
emissions from the university’s own power plant (natural gas), b) emissions from electricity 
it buys from the local utility, c) emissions from students flying in for the start of term.

Problem 19.12: Calculate CO2e A farm’s cows emit 50 tons of methane (GWP=28), and 
its fertilized fields emit 2 tons of nitrous oxide (GWP=265). What is the farm’s total 
emissions in tons of CO2e?

Problem 19.13: The Importance of Scope 3 For many companies (e.g., banks, consulting 
firms), Scope 3 emissions are much larger than Scope 1 and 2. Why is this?

Problem 19.14: GWP Time Horizon the GWP of a gas depends on the time horizon chosen
(e.g., 20 years vs. 100 years). The 20-year GWP of methane is much higher (~84) than its 
100-year GWP. Why?

Problem 19.15: Carbon Offsetting If a company has 10,000 tons of CO2e emissions, how 
could it use carbon offsets to claim it is “carbon neutral”? What are the main challenges and
criticisms of carbon offsetting?

19.4 Biodiversity Metrics

Quantifying biodiversity is notoriously difficult. However, one of the most fundamental laws 
in ecology provides a way to model the impact of habitat loss.

Theorem 19.4: The Species-Area Relationship (SAR) Theorem

The number of species (S) found in an area of habitat (A) is a power-law function of the 
area’s size. This relationship can be used to predict the number of species that will become 
extinct when a habitat is reduced in size.
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Formal Definition:

The relationship is given by the formula:

S=c A z

where: - S = Number of species. - A = Area of the habitat. - c = A constant that depends 
on the taxonomic group and the geographic region. - z = A constant that measures the slope
of the relationship when plotted on log-log axes. z typically ranges from 0.1 to 0.4 for 
island habitats and from 0.25 to 0.45 for continental areas.

To calculate the number of species remaining (Snew) after habitat loss from an original area (
Aorig) to a new area (Anew), we can use the ratio:

Snew

Sorig
=( Anew

Aorig
)
z

Proof of The SAR Theorem:

SAR is one of ecology’s few general laws. It is an empirical relationship that has been 
observed to hold true across a wide variety of ecosystems and taxonomic groups. While the 
exact theoretical cause is still debated, the main drivers are:

1. Sampling Effect: Larger areas are more likely to be sampled, so more species are 
found.

2. Habitat Diversity: Larger areas tend to contain a greater variety of habitat types, which 
can support a wider range of species.

3. Population Dynamics: Larger areas can support larger, more viable populations that are 
less prone to extinction from random events.

The power-law form of the relationship arises from the fractal-like nature of habitats and the
distribution of species within them.

Example 19.16: Predicting Extinction from Deforestation - A tropical forest of 100,000 
km² is home to 500 bird species. 50% of the forest is cleared for agriculture, leaving 
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50,000 km². We assume a z-value of 0.3. - Snew=500× ¿. - The model predicts that 500 - 
406 = 94 bird species will go extinct.

Example 19.17: The 90% Habitat Loss Rule A common rule of thumb derived from the 
SAR is that a 90% loss of habitat leads to a 50% loss of species (assuming a z-value of 
~0.3).

Example 19.18: Conservation Planning the SAR can be used to estimate the minimum area 
of a nature reserve required to protect a certain number of species.

Example 19.19: Mean Species Abundance (MSA) Another emerging metric is Mean 
Species Abundance (MSA), which measures the average abundance of original species in a 
disturbed area relative to an undisturbed area. An MSA of 50% means the area has lost half
of its original species abundance.

Example 19.20: Potentially Disappeared Fraction (PDF) of species PDF measures the 
potential extinction rate of species over time in a certain area due to an environmental 
pressure. For example, 1 m² of urban area might have a score of 0.05 PDF·m²·yr, indicating
the rate of species loss associated with that land use.

Problem 19.16: Calculate Species Loss A national park of 10,000 km² is reduced to 8,000 
km² due to development. If it originally contained 200 mammal species and we assume a z-
value of 0.25, how many species are predicted to be lost?

Problem 19.17: The z-value Why is the z-value generally higher for islands than for 
continental areas? What does this imply about the vulnerability of island ecosystems?

Problem 19.18: Criticisms of the SAR What are some of the main criticisms or limitations 
of using the simple Species-Area Relationship to predict extinction rates?

Problem 19.19: Other Biodiversity Metrics Besides species richness, what are two other 
dimensions of biodiversity that are important to measure? (Hint: think about genetic, 
functional, and ecosystem diversity).
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Problem 19.20: Monetizing Biodiversity How could you use the results of an SAR analysis 
in a social cost-benefit analysis? What challenges would you face in putting a monetary 
value on the species predicted to be lost?
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Chapter 20: Inequality and Distributional Impact
Previous chapters have focused on measuring the average impact of an intervention. 
However, the average can hide a great deal of variation. An intervention that produces a 
large average benefit might still leave the most vulnerable groups behind or even increase 
inequality. This chapter introduces the essential mathematical tools for analyzing the 
distributional effects of a program, that is, for understanding who benefits and by how much.
The cornerstone of this analysis is the Lorenz curve and the Gini coefficient.

20.1 The Lorenz Curve and the Gini Coefficient

The Lorenz curve is a graphical representation of the distribution of income or wealth, and 
the Gini coefficient is a single number that summarizes the information in the Lorenz curve.

Theorem 20.1: The Gini Coefficient and the Lorenz Curve Theorem

The degree of inequality in a distribution can be measured by the Gini coefficient, which is 
defined as the ratio of the area between the line of perfect equality and the Lorenz curve to 
the total area under the line of perfect equality.

Formal Definition:

1. The Lorenz Curve: The Lorenz curve, L( p), plots the cumulative percentage of a 
resource (e.g., income) held by the bottom p percent of the population, where p ranges 
from 0 to 1. In a perfectly equal society, the Lorenz curve would be a straight 45-
degree line, known as the line of perfect equality, where L( p)=p. For example, the 
bottom 20% of the population would hold 20% of the income.

2. The Gini Coefficient (G): The Gini coefficient is calculated as:

G=Area A
Area A+Area B

 where:
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– Area A is the area between the line of perfect equality and the Lorenz curve.
– Area B is the area between the Lorenz curve and the axes.

 Since the total area under the line of perfect equality (Area A + Area B) is 0.5, the 
formula can be simplified to:

G=Area A
0.5

=2×Area A=1−2×Area B

 Using calculus, if the Lorenz curve is given by the function L( p), then Area B is

∫
0

1

L( p)dp, so:

G=1−2∫
0

1

L( p)dp

 The Gini coefficient ranges from 0 (perfect equality) to 1 (perfect inequality, where one
person holds all the income).

Proof of The Gini Coefficient Theorem:

The proof is geometric and definitional. The theorem defines a standardized measure of 
inequality based on the visual deviation of the Lorenz curve from the line of perfect 
equality.

1. Line of Equality as Benchmark: The line L( p)=p represents the state of perfect 
equality. Any deviation from this line indicates inequality.

2. Lorenz Curve as Reality: The Lorenz curve L( p) shows the actual distribution. The 
further it bows away from the line of equality, the greater the inequality.

3. Area as Magnitude: The area between these two curves (Area A) is a measure of the 
magnitude of this deviation. A larger area means greater inequality.

4. Normalization: To create a standardized, unit-less index, this area is divided by the 
maximum possible area of deviation, which is the entire area under the line of equality 
(0.5). This normalization ensures the Gini coefficient is always between 0 and 1, 
allowing for comparison across different populations and time periods.
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Therefore, the Gini coefficient provides a consistent, standardized, and universally 
comparable measure of inequality derived directly from the Lorenz curve. ∎

Example 20.1: Calculating the Gini Coefficient from a Simple Distribution

Consider a population of 5 people with incomes: 10, 20, 30, 40, 100. Total income = 200. 
- Bottom 20% (1 person) has 10/200 = 5% of income. - Bottom 40% (2 people) have 
(10+20)/200 = 15% of income. - Bottom 60% (3 people) have (10+20+30)/200 = 30% of 
income. - Bottom 80% (4 people) have (10+20+30+40)/200 = 50% of income. - The 
Lorenz curve is the plot of these points. The Gini coefficient can be calculated from this 
discrete data, yielding G  0.38.≈

Example 20.2: Visualizing an Impact on Inequality

A social program provides a cash transfer that benefits the poorest 40% of the population. 
This will shift the Lorenz curve upwards and closer to the line of equality, resulting in a 
lower Gini coefficient and demonstrating a reduction in inequality.

Example 20.3: The Palma Ratio

The Palma Ratio is another inequality metric, defined as the ratio of the income share of the
top 10% to the income share of the bottom 40%. It is often more sensitive to changes at the
extremes of the distribution than the Gini coefficient. - If the top 10% hold 30% of income 
and the bottom 40% hold 15% of income, the Palma Ratio is 30/15 = 2.

Example 20.4: The Atkinson Index

The Atkinson Index is a measure that incorporates a society’s aversion to inequality. It is 
defined as:

Aϵ=1−[ 1
N ∑

i=1

N

( yiý )
1−ϵ ]

1
1−ϵ
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where ϵ is the “inequality aversion parameter”. A higher ϵ means the society cares more 
about inequality. When ϵ=0, the index is 0 (no aversion). As ϵ→∞, the index only cares 
about the poorest person.

Example 20.5: Evaluating a Policy

A government is considering two policies: - Policy A: A tax cut that benefits everyone 
equally in percentage terms. - Policy B: A targeted subsidy for low-income households. 
Policy A will likely leave the Gini coefficient unchanged. Policy B will decrease the Gini 
coefficient. An analysis using these tools can make the distributional consequences of the 
choice clear.

Problem 20.1: Draw a Lorenz Curve Draw a rough Lorenz curve for a society with high 
inequality and one for a society with low inequality. Label the axes, the line of perfect 
equality, and the areas A and B.

Problem 20.2: Gini Coefficient Interpretation Country A has a Gini coefficient of 0.30. 
Country B has a Gini coefficient of 0.55. Which country has a more equal distribution of 
income? Explain.

Problem 20.3: Impact on the Gini Would the following interventions likely increase, 
decrease, or have no effect on the Gini coefficient of income? - A progressive income tax 
system. - A regressive sales tax on food. - A universal basic income.

Problem 20.4: Palma Ratio vs. Gini Why might a policymaker prefer to use the Palma 
Ratio instead of the Gini coefficient to track changes in inequality over time? What does 
Palma Ratio highlight that the Gini might obscure?

Problem 20.5: The Atkinson Index and Social Choice Imagine you are a social planner 
choosing between two programs. Program X increases the income of the middle class. 
Program Y increases the income of the poorest by 10% by a smaller total amount. If you 
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use the Atkinson Index with a high inequality aversion parameter (e.g., ϵ=2), which 
program are you more likely to favor and why?
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Appendix A: Visual Frameworks Library
This appendix contains visual representations of the key frameworks and models discussed in
this book. These diagrams are essential tools for planning, executing, and communicating 
social impact analysis.

A.1 Theory of Change Logic Model

Figure C.1: A logic model for a hypothetical job training program, illustrating the causal 
pathway from inputs to impact.

Theory of Change Diagram

A.2 Impact Value Chain

Figure C.2: The generalized Impact Value Chain, showing the core stages of value creation.
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Impact Value Chain Diagram

A.3 Stakeholder Map (Power-Interest Grid)

Figure C.3: A stakeholder map classifying stakeholders into four categories to guide 
engagement strategy.

Stakeholder Map
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C.4 Lorenz Curve and Gini Coefficient

Figure C.4: A Lorenz curve illustrating the distribution of income and the calculation of the 
Gini coefficient.

Lorenz Curve

A.5 Difference-in-Differences (DiD) Visualization

Figure C.5: A graph showing the DiD estimator as the difference between the observed 
treatment trend and the counterfactual trend.

107



Difference-in-Differences Graph

A.6 Regression Discontinuity Design (RDD) Visualization

Figure C.6: A graph showing the RDD estimator as the jump (discontinuity) in the outcome
variable at the cutoff point.
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Regression Discontinuity Design Graph
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Appendix B: Practical Templates and Tools
This appendix provides a set of practical templates and tools to help organizations 
implement the concepts described in this book.

B.1 A Step-by-Step Guide to Impact Measurement and Management 
(IMM)

This guide outlines a typical IMM cycle, aligned with the principles of the Impact 
Management Project.

Step 1: Define Strategy & Objectives - Action: Develop a Theory of Change (ToC) for 
your intervention. - Tool: Use the Logic Model framework (Chapter 17). - Output: A clear 
ToC and a visual logic model that defines your impact goals.

Step 2: Select Indicators & Metrics - Action: Choose meaningful, measurable indicators for 
each step of your logic model. - Tool: Use the IRIS+ Catalog of Metrics (Chapter 16) to 
find standardized metrics. Use the SPICED criteria (see D.4) to ensure your indicators are 
robust. - Output: A list of Key Performance Indicators (KPIs).

Step 3: Collect & Analyze Data - Action: Gather baseline and ongoing data for your 
selected indicators. - Tool: Use surveys (see D.3), interviews, and administrative data. 
Employ quasi-experimental methods (Chapter 18) to analyze the data and estimate your 
contribution. - Output: A clean dataset and an analytical model of your impact.

Step 4: Verify & Value Impact - Action: Have your data and results verified by a third 
party. Use valuation techniques to translate outcomes into a common unit (e.g., monetary 
value, QALYs). - Tool: Social Cost-Benefit Analysis, SROI (Chapter 4), QALY/DALY 
calculations (Chapter 19). - Output: A verified impact result and a valuation of that impact.

Step 5: Report & Manage - Action: Report your findings to stakeholders in a clear and 
transparent way. Use the findings to make management decisions to improve the program. - 
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Tool: Use the GRI or SASB standards (Chapter 16) for reporting. Use the impact report 
template (see D.5). - Output: A public impact report and a set of management actions.

B.2 Materiality Matrix Template

A materiality matrix helps organizations prioritize the social and environmental issues that 
are most important to their business and their stakeholders.

Figure D.1: A sample Materiality Matrix.

Materiality Matrix

How to Use: 1. Identify Issues: Brainstorm a list of potential ESG issues relevant to your 
industry. 2. Assess Importance to Stakeholders: Survey or interview key stakeholders 
(investors, customers, employees, community) to rate the importance of each issue. 3. Assess
Importance to Business: Evaluate the potential impact (risk or opportunity) of each issue on 
the company’s financial performance, operations, or reputation. 4. Plot the Matrix: Plot each
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issue on the matrix based on its scores. 5. Prioritize: - Strategic Focus (Top Right): High 
importance to both business and stakeholders. These are the top priorities for management 
and reporting. - Key Issues (Bottom Right): High importance to the business but lower to 
stakeholders. Manage these risks and opportunities closely. - Keep Satisfied (Top Left): 
High importance to stakeholders but lower to the business. Engage with stakeholders on 
these issues. - Monitor (Bottom Left): Low importance to both. Monitor for changes but 
require minimal resources.

B.3 Sample Survey Questions for Impact Measurement

Baseline Survey (Pre-Intervention): - Demographics: Age, gender, location, income level, 
education. - Current State: “On a scale of 1 to 10, how would you rate your current job 
satisfaction?” - Counterfactual: “In the next 6 months, how likely do you think it is that you
would find a new job without this program?”

Endline Survey (Post-Intervention): - Outcome: “Did you get a new job after completing the
program?” - Attribution: “How important was the program in helping you get your new job?
(Scale: Not important, slightly important, very important)” - Satisfaction: “On a scale of 1 to
10, how would you rate the quality of the training you received?”

B.4 Indicator Selection Criteria (SPICED)

Use the SPICED framework to develop high-quality indicators:

• Subjective: What is the stakeholder’s own view of the change?
• Participatory: Have stakeholders been involved in selecting the indicator?
• Interpretable: Is the indicator easy to understand?
• Cross-checked: Can the indicator be verified by other sources?
• Empowering: Does the process of collecting and analyzing data empower stakeholders?
• Disaggregated: Can the data be broken down by gender, age, income, etc.?

112



B.5 Simple Impact Report Template

1. Executive Summary - A one-page summary of the key findings.

2. Our Theory of Change - A diagram and narrative of your logic model.

3. What We Measured (Our KPIs) - A list of the output and outcome indicators you 
tracked.

4. Our Results (The 5 Dimensions of Impact) - What: What were the key outcomes? - 
Who: Who experienced the outcomes? (Include demographics). - How Much: What was the 
scale, depth, and duration of the outcomes? - Contribution: What was our unique 
contribution? (Present your DiD, PSM, or RDD results here). - Risk: What are the key 
impact risks?

5. Social Return on Investment (SROI) - A summary of your SROI calculation, showing 
the total social value created per dollar invested.

6. Lessons Learned and Next Steps - What did you learn, and how will you use this data 
to improve your program?
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Appendix C: Consolidated References
This appendix provides a consolidated list of key references and foundational concepts that 
underpin the frameworks and theorems presented in this book. While many of the theorems 
are novel formulations for the specific context of social impact accounting, they are built 
upon established theories from economics, sociology, and statistics.

Chapter 1: Introduction to Social Impact Accounting
1. Cost-Benefit Analysis (CBA): The fundamental equation of social value is a direct 

extension of CBA. For a comprehensive overview, see:
– Boardman, A. E., Greenberg, D. H., Vining, A. R., & Weimer, D. L. (2017). 

Cost-Benefit Analysis: Concepts and Practice. Cambridge University Press.
2. Social Return on Investment (SROI): The concept of monetized social value is central 

to the SROI framework.
– The Cabinet Office (2009). A Guide to Social Return on Investment. London: 

The Office of the Third Sector. https://socialvalueuk.org/resource/a-guide-to-
social-return-on-investment-2012/

Chapter 2: Mathematical Foundations for Social Metrics
1. Measurement Theory: The validity-reliability trade-off is a classical concept in 

psychometrics and measurement theory.
– Cronbach, L. J., & Gleser, G. C. (1965). Psychological tests and personnel 

decisions. University of Illinois Press.
2. Goodhart’s Law & Campbell’s Law:

– Goodhart, C. A. E. (1975). “Monetary Relationships: A View from Threadneedle
Street.” Papers in Monetary Economics, Reserve Bank of Australia.

– Campbell, D. T. (1976). “Assessing the Impact of Planned Social Change.” The
Public Affairs Center, Dartmouth College.
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Chapter 3: Stakeholder Theory and Value Networks
1. Stakeholder Theory: The foundational concept that a firm should create value for all its 

stakeholders.
– Freeman, R. E. (1984). Strategic Management: A Stakeholder Approach. 

Pitman.
2. Value Co-creation: The idea that value is created through the interaction of multiple 

stakeholders.
– Prahalad, C. K., & Ramaswamy, V. (2004). “Co-creating unique value with 

customers.” Strategy & Leadership.

Chapter 5: Impact Attribution and Counterfactual Analysis
1. Causal Inference: The potential outcomes framework is the foundation of modern causal

inference.
– Rubin, D. B. (1974). “Estimating causal effects of treatments in randomized and

nonrandomized studies.” Journal of Educational Psychology.
– Pearl, J. (2009). Causality: Models, Reasoning, and Inference. Cambridge 

University Press.

Chapter 6: Human Capital Accounting
1. Human Capital Theory: The concept of valuing individuals based on their future 

earnings potential.
– Becker, G. S. (1964). Human Capital: A Theoretical and Empirical Analysis, 

with Special Reference to Education. National Bureau of Economic Research.
2. National Human Capital Accounting:

– The World Bank. “The Changing Wealth of Nations” series. 
https://www.worldbank.org/en/publication/changing-wealth-of-nations

Chapter 7 & 10: Social Capital and Network Analysis
1. Social Capital: The foundational work on the concept of social capital.
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– Putnam, R. D. (2000). Bowling Alone: The Collapse and Revival of American 
Community. Simon & Schuster.

– Bourdieu, P. (1986). “The forms of capital.” Handbook of theory and research
for the sociology of education.

2. Network Theory:
– Metcalfe’s Law: Gilder, G. (1993). “Metcalfe’s Law and Legacy.” Forbes 

ASAP.
– Network Structure: Watts, D. J., & Strogatz, S. H. (1998). “Collective dynamics

of ‘small world’ networks.” Nature.
– Centrality: Freeman, L. C. (1979). “Centrality in social networks: Conceptual 

clarification.” Social Networks.

Chapter 8: Impact Multipliers and Spillover Effects
1. Keynesian Multiplier: The concept of the social multiplier is directly analogous to the 

economic multiplier.
– Keynes, J. M. (1936). The General Theory of Employment, Interest and Money.

Macmillan.

Chapter 9: Social Risk Quantification
1. Enterprise Risk Management (ERM): The framework of valuing risk as “probability 

times impact” is central to ERM.
– COSO (2017). Enterprise Risk Management—Integrating with Strategy and 

Performance. https://www.coso.org/SitePages/ERM-Integrating-with-Strategy-and-
Performance.aspx

Chapter 11: Social Value Monetization Methods
1. Contingent Valuation & Revealed Preferences: These are standard methods in 

environmental economics for valuing non-market goods.
– Carson, R. T. (2012). “Contingent Valuation: A Practical Alternative.” Journal 

of Economic Perspectives.
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Chapter 12: Optimization for Social Impact Maximization
1. Linear Programming & Knapsack Problem: These are classic optimization problems in 

computer science and operations research.
– Dantzig, G. B. (1963). Linear Programming and Extensions. Princeton 

University Press.’’’
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