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Abstract
Background In this article we analyzed the extent of the usage of Theories of Change (TOCs) and causal pathways 
in the evaluation of immunization programs to identify the challenges to generating evidence on how interventions 
improve immunization.

Methods We analyzed the use of the TOC in impact evaluations (IEs) of immunization interventions published 
after 2010, and its associated articles. The review includes studies from Evidence Gap Map and Yale review that were 
conducted in May and March of 2020, respectively. We synthesized data on six domains using NVIVO — program 
theory, context, assumptions, usage of TOC, use in evaluation, and description causal pathways.

Results Our review included 47 large-scale and 45 small-to medium-scale interventions. Of the included studies, 19% 
used a TOC, 56% described a causal pathway or used a conceptual diagram with varying degrees of detail, and 25% of 
the IEs did not provide any information on how their intervention was expected to affect change. Only 19 of the 92 IEs 
explicitly outlined any assumptions associated with the implementation of the interventions. Forty studies measured 
the outputs or intermediate outcomes leading to improved immunization coverage.

Conclusion Future implementers and evaluators need to develop clear TOCs that are based on established theory 
and have clearly articulated the underlying assumptions. Large-scale health system strengthening initiatives 
implemented by governments, also need to build TOCs and integrate them into their results frameworks. Additionally, 
there is a need to combine both impact and process evaluations to understand the how context affects the causal 
pathways.
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Introduction
With the increasing need to scale up immunization pro-
grams in diverse contexts, there is a rise in the demand 
for evidence on how interventions work and why [1–3]. 
The literature contains reviews that assess whether strat-
egies such as reminders/recalls [4], education of moth-
ers [5, 6], m-health interventions [7–9], or community 
mobilization interventions [10] are effective in improv-
ing routine childhood immunization outcomes. While 
there is extensive evidence on whether programs created 
an impact, there are gaps in our knowledge of how that 
impact was achieved. Consequently, there is a renewed 
focus at the international level on exploring pathways of 
change using an iterative, learning approach to monitor-
ing and evaluation, with context-specific actionable data 
[11, 12]. Guidelines for evaluating complex interventions 
underline the need for understanding the causal mecha-
nisms underpinning the intervention and for basing the 
evaluation on it to build an evidence base that informs 
policy [13].

Several tools such as the Theory of Change (TOC) 
have been used to depict the causal mechanisms through 
which programs are expected to create impact. Develop-
ing TOC is an exercise of drawing a diagram that links 
impact and the relevant inputs and intermediate out-
comes and has gained prominence with the rise of com-
plex, multilevel interventions in public health [14, 15]. 
With increasing complexity, TOCs were introduced to 
address the limitations of other tools such as the logic 
models and results frameworks. The logic models served 
more as a descriptive tool mandated by funding agencies 
and donors than as an explanatory tool to understand 
why the activities led to change. In a review, logic models 
were said to have a ‘missing middle’ that does not explain 
how outputs and intermediate outcomes translate to 
long-term outcomes [14]. Additionally, they did not 
facilitate critical thinking and learning as context, and 
the inherent beliefs and assumptions underpinning the 
program were not majorly accounted for [3, 16]. Since its 
initial use in the early 1990s, TOCs have been used as an 
implementation tool to aid program development, inter-
nal organizational communication, external dissemina-
tion and advocacy, program adaptation and learning, and 
more importantly, to determine how we evaluate pro-
gram implementation and its effectiveness [14, 17–19].

In this manuscript, we present results from the analysis 
of the use of TOCs by reviewing published impact evalu-
ations and relevant supplementary papers on immuniza-
tion interventions in low- and middle-income countries 
(LMICs). We also explored how TOCs and causal path-
ways were translated into evaluation approaches for 
these immunization programs to understand the gaps in 
evidence on how interventions improve immunization 
uptake. We aimed to answer the following questions on 

the use of TOC for immunization interventions: a)Where 
and how were TOCs used b) How have TOCs and causal 
pathways translated into monitoring and evaluation 
strategies, and what are the implications for evidence on 
how programs work?

Methods
Criteria for selecting impact evaluations in this review
Evidence bases used for the search
We conducted this review of impact evaluations (IEs) 
from a representative sample of countries from LMICs. 
We searched for studies from the Evidence Gap Map 
(EGM) on routine childhood immunization [20] and the 
review conducted by the Yale Institute for Global Health 
[21] (Refer to Fig. 1 for details). The last search of EGM 
and Yale review were conducted in May and March of 
2020, respectively.

Inclusion criteria
We identified impact evaluations from select WHO 
(2022) and GAVI (2022) priority countries from both 
the EGM and Yale reviews based on three main crite-
ria: (i) countries that have stagnant or low vaccination 
rates and (ii) those that have a sizeable evidence base 
(at least 3–4 studies) for a given country for synthesis 
of evidence. If three studies were not found from one of 
the three regions (Sub-Saharan Africa, South and South 
East Asia, or Latin America), countries with fewer studies 
were included. iii) Of the countries in each of these three 
regions, we selected one country that has a high routine 
child immunization coverage rate. Impact evaluations 
were included from the following 11 countries: India, 
Indonesia, Bangladesh, and Pakistan from the South and 
South East Asia regions; Ethiopia, Rwanda, and Nigeria 
from the African region; and Brazil, Nicaragua, Colum-
bia, and Guatemala from the Latin American region.

We selected all interventions that impacted the rou-
tine immunization coverage of children aged 0–5 years 
or any intermediate outcome as causal factors. We only 
included experimental and quasi-experimental studies 
with counterfactuals published on or after 2010 to deter-
mine the causal impact of an intervention in comparison 
to standard or usual care.

Identification of secondary /qualitative studies
We identified feasibility studies, qualitative studies, for-
mative or process evaluations, cross-sectional or obser-
vational studies, project documents or funder reports, 
and policy briefs related to the IEs from clinical trial reg-
istries and Google Scholar. In addition, we also carried 
out targeted searches of the websites of implementing 
agencies and funders. We also identified studies about 
the study area of the IE, discussing the intervention in 
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question, if it was conducted in or referring to the year in 
which the intervention was implemented.

Review and analysis of the use of theory of change
We reviewed the above IEs to identify explicit usage of 
TOCs, program theories, logic frameworks, conceptual 
diagrams, and explanations of causal pathways of the 
intervention written in the form of intended impact or 
rationale for the program. We analyzed and extracted 
data from the identified IEs and their supporting docu-
ments using a list of questions (Refer to Table  1 for 
details). This list was populated based on the report on 
TOCs commissioned by Comic Relief and UKAID in 
2011 [14, 17]. The questions also draw from the core 
principles identified by Coryn and his colleagues in their 
review on the use of program theory for evaluation and 
Medical Research Council guidance on evaluating com-
plex interventions [22–24]. The studies were coded using 
NVIVO software to identify any text on TOCs, causal 
pathways, or the mechanisms of action of the programs. 
Attributes such as the year of implementation, scale of 
implementation, and use of program theory in design-
ing programs were also captured. We defined large-scale 
interventions/programs implemented at the state or 

Table 1 List of questions guiding the data extraction for the 
review
Domains Key questions
i) Use of Program 
Theory

• Has program theory been cited in the manuscript?
• What type of program theory was used? (Existing 
theory/research, explicit or implicit theories from 
stakeholder experience, Emergent theories from 
implementation experience?

ii) Outputs and 
intermediate out-
comes affecting 
Impact

• What outputs and intermediate outcomes were 
identified? (outcomes, outputs, and inputs in the 
TOC)
• What causal pathways linking the outcomes 
and outputs with the impact were identified and 
measured?

iii) Context • How and where was context included? (Develop-
ment of the program, M&E, Learning)

iv) Usage of 
Theory of Change

• Was TOC used?
• For what purposes was the TOC used? (Internal 
organizational understanding, Stakeholder com-
munication, M&E, Program development, Adapta-
tion and Learning)
• How was TOC used in M&E?

v) Assumptions 
underlying the 
TOC

• What assumptions were made for the TOC to 
operate?

Fig. 1 Methods – search and inclusion of studies
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national level including studies implemented in many 
districts. All the other interventions were categorized as 
small- to medium-scale interventions.

The TOCs were classified in terms of scope and detail 
as Broad/Narrow or Deep/Shallow based on the work of 
ActKnowledge on TOCs [16]. In the context of immuni-
zation programs, pathways of broad/deep nature identify 
all the outputs and intermediate outcomes that can cause 
improvements in immunization coverage and identify all 
the pathways that can explain what, how, and why change 
has occurred. Narrow and shallow TOCs focus on none 
or a few intermediate outcomes affecting the outcome of 
the intervention. TOCs are classified as shallow TOCs if 
they do not provide any detail.

The data extracted for this review were analyzed to 
identify the extent of the usage of TOCs and how TOCs 
or causal pathways were translated into monitoring & 
evaluation. We present the results of the analysis using 
tables and matrices.

Results
The study reviewed 92 IEs along with 93 related arti-
cles to analyze the usage of TOCs (Refer to the Supple-
mentary File 1). The studies evaluated different types of 
intervention strategies that were used either singly or in 
combination with other strategies. Of the 92 IEs, 47 were 
large-scale interventions implemented at the national or 
state level, and 45 were small- to medium-scale inter-
ventions (Refer to Table  2 for details). Forty-six inter-
ventions were implemented before the year 2010, while 
the rest were implemented on or after 2010. Most of the 
included studies did not have a TOC or described causal 
pathways in text with varying degrees of detail; hence, 
most of the studies were classified as narrow or shallow. 
A total of 19.56% of the studies used a theory of change, 
56.52% described a causal pathway or used a conceptual 
diagram with varying degrees of detail, and 25% of the 
studies did not provide any information on how their 
intervention was expected to affect change. Only 19 of 
the 92 IEs explicitly outlined any assumptions associ-
ated with the implementation of the interventions. Of the 
interventions included in these 92 studies, 37 were sin-
gle-component interventions, while 55 were multicom-
ponent interventions. Forty interventions measured one 
or more of the outputs or intermediate outcomes leading 
to improved immunization coverage.

For this manuscript, we divided the results section 
into findings about large-scale interventions and small- 
to medium-scale programs and analyzed them consid-
ering the type of TOC, year of implementation, type of 
intervention, and TOC content (Refer to supplementary 
material 2 for details of data extracted from the included 
impact evaluations).
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Large-scale programs
Most of the large-scale interventions were started before 
2010 and involved an equal number of single and multi-
component programs (Refer to Table  3 for details). The 
large-scale interventions were implemented by govern-
ments or in partnership with governments using multiple 
strategies.

Theory of Change: Most of the evaluations of the 
large-scale interventions did not provide any TOC dia-
gram. Only three of the large-scale interventions had 
a detailed TOC explaining the various inputs, outputs, 
and intermediate outcomes [32, 34, 67]. Thirteen of the 
forty-seven large-scale programs had no details on how 
the intervention was expected to have an impact (Refer to 
Table 2 for details).

The authors of 33 of the 47 IEs of large-scale pro-
grams provided details of the causal pathways in the 
text in varying degrees of detail,  by referring to the lit-
erature in the area or through program theories (refer 
to Table 4 for details). The descriptions of the pathways 
of change can be described as shallow, as they provided 

little information on how these macro-level changes cre-
ate impact. The authors of evaluations of these nation-
ally implemented programs relied on the literature to 
explain how these programs could improve immuniza-
tion outcomes.

For example, Aggarwal cited studies that showed how 
access to all-weather roads could improve access to 
healthcare services by reducing transport costs, improv-
ing employment opportunities, and thereby improving 
incomes and increasing awareness through improved 
social interaction [113]. Kusuma et al. cited theories 
exploring how Conditional Cash Tranfers (CCT) could 
incentivize behaviors. The authors cited the human capi-
tal theory, which posits that consumers will invest in 
health if the expected private benefit exceeds the cost. In 
terms of vaccination, the cash element of the CCT was 
thought to help with financial barriers, and the condition-
ality element was shown to transfer health information 
on the benefit of vaccination and signal the importance of 
vaccination for both households and health workers [52]. 

Table 3 Description of the intervention included in the review
Intervention 
Category

Intervention 
Strategy

Intervention Description Large
Scale

Small-
Me-
dium 
scale

Caregiver 
oriented 
Interventions

Sensitization and 
Education includ-
ing mass-media 
campaigns

Education interventions including mass-media campaigns that provide targeted caregiv-
ers with information about immunization and its importance, the vaccination schedule, or 
where and how to access immunization services.

[25–34] [35–
46]

Material and Non-
material Incentives 
for Caregivers

Conditional or unconditional cash transfer programs that incentivize caregivers to vaccinate 
through monetary incentives or goods with/without being conditional upon specific 
behaviors like children receiving vaccination. Non-monetary incentives seek to motivate 
caregivers to vaccinate e.g., by social recognition.

[47–60] [61–
66]

Reminder/Recall: 
Written or mobile 
Phone based voice 
or text message

Use of technology-based solutions, automatically-generated voice messages delivered 
to the mobile phone or written messages/pictorial on the vaccination card, that remind 
caregivers about upcoming vaccinations, place and time of vaccination, and encourage 
them to vaccinate.

[67] [68–
80]

Health System 
oriented 
interventions

Health Worker Train-
ing and Education

Interventions that train or educate formal health workers and community health workers 
who are typically vaccinators in vaccine administration and related tasks.

[81–87] [68, 
88–90]

Health System 
Strengthening

To build infrastructure, governance, human resource, supply chain, and financing for im-
munization programs

[91–99]

Outreach and 
Home visits

Outreach to groups that are in hard-to-reach geographical areas, or have low socioeco-
nomic status. Use of visits to caregivers’ homes by health workers to encourage caregivers 
to vaccinate their children.

[100–
102]

[103, 
104]

Immunization 
Tracking and 
Reminders

Paper-based or digital HMIS systems used by health workers to keep track of children in 
the community who are due for upcoming vaccinations or have not received scheduled 
vaccinations.

[105, 
106]

Monetary or Non-
Monetary Incen-
tives for Providers

Provide monetary incentives or recognition for providing quality immunization services to 
caregivers.

[107]

Commu-
nity based 
Interventions

Interventions that involve or plan to involve all community members or a few groups 
beyond health workers in various aspects of the intervention, such as developing plans, 
tracking children, and providing solutions to improve immunization outcomes in the 
community.

[108–
112]

Others Infrastructure 
Interventions

General improvements in physical infrastructure beyond the health system. This may 
include electrification, roads, sanitation improvements, etc.

[113–
116]
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Study 
Name

Intervention How do programs cause impact?

LARGE SCALE INTERVENTIONS
Aggar-
wal, 2018, 
Banerjee & 
Sachdev, 
2015

Pradhan Mantri 
Gram Sadak Yojana

Authors have relied on literature to link access to all-weather roads with lowered transportation costs that could 
in turn improve access to health services. Provision of roads can also potentially improve health care supply, 
increase household income, increase awareness, and improve social interaction in the village. All of these factors 
together can additionally increase usage of preventive health care.

Alatas et al., 
2019

When celebrities 
Speak, Twitter Ex-
periment, Indonesia

The authors posit that hearing information from multiple different sources may be more powerful than hearing 
it from one person. Further, by linking online behavior to offline beliefs and behavior, authors felt that it is a step 
towards measuring, albeit in a limited and minimal way, policy impact.

Banerjee et 
al., 2010

Immunization 
Camps + Non-mone-
tary incentives, India

The authors posit that by addressing small barriers to vaccination like irregular vaccination camps and costs of 
accessing vaccination, immunization uptake can be improved. Regular vaccination camps coupled with lentils 
that serve to provide food and nutrition to families could motivate caregivers to seek vaccination for their 
children.

Chen, 
Chindarkar & 
Xiao, 2019

Jyotigram Yogana - 
Rural Electrification 
Program

Authors cite literature in linking access to continuous electricity with receiving health information and utilization 
of health services and also as a supply-side prerequisite for health facilities to provide safe and good-quality 
health services.

Cristia et al., 
2011, Cristia, 
Evans, Kim, 
2015, Cristia, 
Prado, 
Peluffo, 2015

Contracting-out 
of Services in 
Guatemala

Authors cite literature on contracting-out and point that access would increase by allowing contractors to 
compete through results-based management and through strong incentives linking supplier payments to the 
achievement of predefined targets. The program was expected to surmount two significant barriers -- the lack 
of adequate transportation system, which generates high costs of seeking care for the poor rural population 
and information gaps among the target population regarding the medical benefits of the prioritized preventive 
health measures.

Janssens, 
2011

Mahila Samakhya- 
Womens empower-
ment program, India

The Mahila Samakhya program was expected to mobilize marginalized women and disseminate information in 
their community through informal immunization campaigns and daily social interactions.

Kusuma et 
al., 2017

Kaluarga Harapan 
CCT, Indonesia

The authors relied on several theoretical pathways on Conditional Cash Transfers (CCT) improving vaccination. 
They hypothesized that according to the human capital theory, consumers are expected to invest in health if 
the expected private benefit exceeds the cost. In terms of vaccination, the cash element of CCT was expected to 
help with financial barriers and the conditionality element might be seen as a way to transfer health information 
on the benefit of vaccination and signal the importance of vaccination for both households and health workers.

Mohanan et 
al., 2020

Social Account-
ability Intervention 
in India

Social accountability interventions were expected to typically improve vaccine uptake by (a) providing informa-
tion to community members on services they are entitled to receive; and (b) facilitating citizen engagement 
with service providers and local officials through community meetings where grievances with service providers 
or officials might be redressed publicly.

Okoli et al., 
2014

CCT- SURE-P Pro-
gram in Nigria

Pregnant women were thought to be likely to suffer because of user charges for health services or for unofficial 
payments, out-of-pocket expenditures, and travel costs, due to the expense of obstetric care and the lower 
financial resources generally available to women. To address these demand-side barriers, the Federal Govern-
ment of Nigeria introduced a Conditional Cash Transfer for maternal and child health under the SURE-P MCH 
programme, conditioning regular payments to poor households on use of certain social services.

Pathak & 
Macours 
2016

Womens Reserva-
tion in India

Reservation was expected to lead to greater local representation of women, their influence in decision making 
and in motivating parents to invest in girls.

Talukder et 
al., 2014

Demand Side 
Financing - 
Voucher Scheme in 
Bangladesh

DSF program was intended to transfer purchasing power to the poor, to allow them to choose services directly 
from accredited providers, while providers are reimbursed for their services from a special fund. It aimed to 
improve service utilization by providing financial vouchers that could reduce the transport costs incurred by 
mothers. It also provided skill training to providers to increase their motivation.

Weldemari-
am, 2010

Fiscal Decentraliza-
tion in Ethiopia

The authors cited literature and theories pointing to the link between fiscal decentralization and the govern-
ment’s ability to make more responsive to the communities’ demand by tailoring levels of consumption to local 
preferences with an equitable distribution of resources; and to serve as a market preserving device that help to 
enhance and implement pro-poor policies in far reaching environment, via local empowerment.

Basinga et 
al., 2011, 
Sherry et al., 
2017

Pay-for-performance 
for healthcare in 
Rwanda

The P4P program was expected to supplement allocated budgets with bonus payments to facilities based on 
their performance on 24 output and quality indicators. P4P schemes provide financial incentives to health-care 
providers for improvements in utilisation and quality of specifi c care indicators, and can affect the provision 
of health care in two ways: by giving incentives for providers to put more effort into specific activities, and by 
increasing the amount of resources available to finance the delivery of services.

Ryman et al., 
2011

Reaching Every Dis-
trict (RED), Assam, 
india

Reaching Every District (RED) approach, is a strategy designed to improve immunization services, by strengthen-
ing core sub-national routine vaccination program functions. These include re-establishing outreach services; 
providing supportive supervision; monitoring and using data for action; improving planning and resource 
management; and increasing community links with service delivery [3].

Table 4 Examples of interventions providing causal pathways
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The authors also used conceptual diagrams depicting the 
program elements and their links with outcomes [57].

Assumptions: Notably, in only 12 of the studies, the 
underlying assumptions were outlined in varying degrees 
of detail. For example, Okeke et al. noted that imple-
menters assumed that the program would be effectively 
implemented without any roadblocks. Some authors 
have discussed the conditions that have been assumed to 

exist, in the causal pathways. Cristia et al. emphasize that 
there is a basic assumption about the number of potential 
providers in a market that would allow for competitive 
bidding [93]. Talukdar et al. assumed that the providers 
of health services would be aware of the voucher pro-
gram [99]. In their evaluation of the performance-based 
financing (PBF), Sato and Belel assumed that stockouts 
and absenteeism were barriers to vaccination uptake [97]. 

Study 
Name

Intervention How do programs cause impact?

SMALL/MEDIUM SCALE 
INTERVENTIONS
Banwat et 
al., 2015

Peer Education, 
Plateau State

Peer educators were used as ‘reminders’ to mothers to keep immunization clinic appointments. They acted as 
potent motivators to mothers as well since they were well respected members of the community. Postinterven-
tion, they were the main source of information on immunization to study subjects.

Busso et al., 
2015

Reminders to 
caregivers

The authors hypothesized that individuals living in poverty must constantly manage limited resources and face 
difficult trade-offs; these constant preoccupations leave fewer cognitive resources available, which may, in turn, 
lead to poor decision-making. Simple public interventions, such as providing reminders, could be particularly 
helpful for individuals living in poverty to make better health decisions.

Dipeolu, 
2017

Mobile-Phone Text 
Message Reminder, 
Nigeria

The health belief model was used where text message reminders were to serve as cues for action for mothers 
with children.

Ekhaguere 
et al., 2019

Automated phone 
call and text 
reminders 
(PRIMM), Nigeria

With literacy being a limitation in some areas, automated audible reminders in the native languages was ex-
pected to provide added benefit to text reminders

Eze & Adel-
eye, 2015

Automated client 
Reminder-Recall 
systems, Nigeria

The authors hypothesized that reminders or recalls for those overdue to ensure that caregivers know the next 
appointments of their wards or are made aware when they miss appointments as it will help parents who think 
their vaccinations are up to date, but are either missing routine immunizations outright or confuse them for the 
periodic supplemental immunization given during National Immunization Days – not knowing that the latter is 
grossly incomplete.

Habib et al., 
2017a

Community 
engagement and 
integration with 
polio vaccination 
campaign, Pakistan

The authors hypothesised that in polio-endemic areas of Pakistan with poorly functioning routine childhood 
immunisation systems, a strategy of enhanced community engagement together with the provision of supple-
mentary immunisation activities would enhance overall OPV coverage by enhancing its acceptability in such 
populations.

Manyazewal 
et al., 2018

Continuous Quality 
Improvement Inter-
vention, Ethiopia

A conceptual diagram of PDA cycle was given. This study hypothesized that employing continuous quality 
improvement (CQI) interventions to assess, improve, and continuously follow-up immunization programme and 
services is an effective and sustainable approach to achieve Ethiopia’s national immunization improvement plan.

More et al., 
2017

Community 
Resource Centres, 
Mumbai, India

Community mobilization was aimed to foster peer learning, and engagement with local government was done 
to improve communication with communities and facilitate outreach.

Nasir et al., 
2017

Mother Class Inter-
vention - Indonesia

TOC was not provided but the rationale and impact of the intervention was linked to knowledge and practice 
by mothers

Powell-
Jackson et 
al., 2018

Immunization Infor-
mation, UP, india

The intervention design was informed by the theory behind previous research on framing in health, and exten-
sive piloting to test how positively and negatively worded messages affect outcomes

Siddiqi et al., 
2020

Vaccine reminder 
and tracker bracelets 
in Pakistan

The bracelet was designed with the rationale to motivate parents to make all six visits to the immunization 
center in order to reach the ‘star’ symbol on the bracelet.

Usman et al., 
2011

Redesigned card 
and Centre based 
education for 
mohters in Pakistan

Redesigned card was hypothesized to address two shortcomings of the EPI card – difficulty in reading hand-
written immunization date by the EPI staff and Center-based education to enforce a standardized procedure 
describing how the EPI staff should inform mothers about subsequent immunization visits.

Vaidyana-
than, 2019

Information, Educa-
tion and Commu-
nication Strategy, 
India

IEC strategy on immunization was expected to transfer message provided by a researcher to school students 
to his/her peers and parents living in his/her household and immediate neighbourhood with children under-5 
child.

Table 4 (continued) 
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However, largely, the interventions provided little to no 
information on the assumptions underlying the program.

Context: Many of these large-scale programs were 
implemented by the government and were rolled out at 
the national or state level. Understandably, the context 
considered for these programs has been the broader 
national healthcare context, such as the burden of dis-
ease, the lack of coverage of services, or the critical bot-
tlenecks in the health system in general. The local context 
was not considered in many of these evaluations, which 
used national surveys to assess these programs.

Use of program theory or theoretical frameworks: 
Seven of the large-scale interventions were based on an 
established program theory. Examples include the PRO-
CEED-PRECEED framework for designing interventions, 
human capital theory, and the social justice theory for 
conditional cash transfers. Many of the large-scale inter-
ventions did not cite any program theory.

Integration of TOC/Causal pathways in the evalu-
ation of Large-Scale Interventions: In 14 of the evalu-
ations of the large-scale programs, one or more of the 
outputs and intermediate outcomes on the causal path-
way were assessed that led to improvements in vacci-
nation outcomes. Our review showed that of the three 
evaluations with a TOC, two measured intermediate 
outcomes and outputs, leading to improved vaccination 
uptake. For example, in the evaluation of the Midwife 
Service Scheme in Nigeria, Okeke et al. explored how the 
intervention affects mothers’ knowledge levels, access 
to quality care, and perceptions of quality [32]. Saggurti 
et al., in evaluating health intervention integration with 
women’s groups, measured the link between the inter-
vention and the extent of collectivization [34].

Of the 33 studies that described only the causal path-
way, 12 measured intermediate outcomes. For example, 
in their evaluation of the voucher scheme in Bangla-
desh, Talukdar et al. measured improvements in the 

quality of health services, reductions in out -of-pocket 
expenditures, and increases in beneficiary awareness of 
health issues [99]. In an evaluation of the impact of the 
rural electrification program, Jyotigram Yojana in Guja-
rat, Chen et al. assessed the impact of the availability of 
continuous electricity on cold chain maintenance which 
could in turn affect vaccination outcomes [115]. How-
ever, most of the evaluations did not assess intervention’s 
impact on intermediate outcomes (refer to Fig.  2 for 
details).

Small- to medium-scale intervention in immunization
There were 45 small- to medium-scale interventions that 
were included in this review. Unlike large-scale interven-
tions, which started before 2010, most small- to medium-
scale interventions started after 2010 and included twice 
the number of multicomponent interventions as single-
component interventions (Refer to Table 2 for details).

Theory of Change Diagram: Compared to large-scale 
interventions, the use of TOC is substantially greater in 
this category. Of the 45 interventions, 15 studies used a 
TOC diagram to explain how the intervention was likely 
to cause impact, while 18 of them described the causal 
pathway in the text. There are 13 TOCs in multicompo-
nent programs compared to two single-component pro-
grams. Among the programs that used a detailed TOC 
were complex multicomponent community mobilization 
interventions [117, 118].

Eighteen of the evaluations of the interventions 
described a causal pathway in the text (Refer to Table 4 
for details). Many of the interventions involved remind-
ers/recalls or education interventions, and the cited liter-
ature that links education and reminders with improved 
knowledge and awareness among mothers [37, 45]. For 
community mobilization interventions, the authors 
hypothesized the pathway of impact. Sengupta et al. 
hypothesized that if outreach immunization clinics and 

Fig. 2 Use of TOC in monitoring and evaluation
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community guardians were made available, then access 
to immunization would increase, thereby increasing 
childhood vaccination uptake [104]. Twelve interventions 
did not report any causal pathway in any form.

Assumptions: Only seven studies explicitly stated the 
assumptions underlying the interventions. Of these, six of 
the impact evaluations had a detailed TOC. For example, 
Adamu et al. stated that the intervention assumed that 
missed opportunities for vaccination rates would remain 
unchanged in the absence of the intervention [88]. 
Banerjee et al., in the evaluation of their intervention on 
incentives for immunization, reported being based on the 
assumptions that ASHAs (community health workers) 
were aware that the caregivers received the incentives, 
mobile recharge incentives were valued, and caregivers 
trusted and valued ASHAs [61]. Most of the studies that 
listed the underlying assumptions of the program had a 
detailed TOC.

Context: In many of the small- to medium-scale pro-
grams, the social, geographical, demographic, cultural, 
and health system context in which the program was 
being implemented was described. The context was also 
cited to provide a rationale for implementing the pro-
gram in the region. For example, IEs provided a detailed 
profile of immunization rates in a region along with the 
socioeconomic profile to show the lack of resources and 
poor health in a certain context. In some cases, such as 
the team-based goals and incentives program in Bihar, 
India, a feasibility study was performed to assess the 
acceptability of the program in a certain region [107, 
119].

The context was also discussed to explain the evalua-
tion results or any unanticipated changes that affected 
the program or evaluation’s implementation. For exam-
ple, Domek et al., in the evaluation of the text message 
reminder intervention in Guatemala, wrote that ‘politi-
cal instability that led to unusually high levels of vac-
cine shortages affected the study and the team’s ability 
to track specific vaccine completion rates’ [70]. Wallace 
et al. found that ‘healthcare providers in the Indonesian 
Ministry of Health did not have standard protocols in 
place on how to remind parents about future vaccination 
visits, and that providers followed a variety of localized 
practices, including creating their own written remind-
ers’ [80]. The context was discussed in interventions that 
had a feasibility study or a process evaluation as a part of 
the impact evaluation of the intervention.

Program theory and theoretical framework: Nine 
interventions cited a program theory or model under-
lying the interventions. The theories include diffusion 
theory, social cognitive theory, motivation theory, the 
framing of health theory, the health belief model, and the 
COM-B model.

Integration of TOC/Causal pathways in the eval-
uation of small- to medium-scale interventions: 
Evaluations of twenty-six of the forty-five small- to 
medium-scale interventions measured the outputs or 
intermediate outcomes leading to improved immuniza-
tion outcomes (Refer to Fig.  2 for details). Of the pro-
grams with a TOC, 11 impact evaluations measured the 
outputs and intermediate outcomes that could affect 
immunization uptake. For example, Oyo-Ita et al., in 
their evaluation of the program on engaging with tradi-
tional religious leaders, measured the degree of commu-
nity engagement; qualitative assessment of knowledge, 
attitudes, and beliefs; and satisfaction with TRLs [117].

Of those without a TOC but with a causal pathway, 
13 had one or more intermediate outcomes. For exam-
ple, interventions that focused on training or educating 
mothers about child health practices using face-to-face 
interactions or m-health interventions measured the 
knowledge levels among mothers [30, 36, 37, 43, 45, 75, 
78]. Manyazewal et al. measured process indicators such 
as human resources, documentation, and supply for qual-
ity improvement initiatives implemented in Ethiopia [90].

Discussion
Our review showed that TOCs have not been used in the 
evaluation of large-scale programs, particularly health 
system strengthening interventions. TOC usage is more 
common in small- to medium-scale programs and mul-
ticomponent interventions and has increased since 2010. 
We also find that there is a weak integration of TOCs/
causal pathways into many evaluations, which adds to 
the evidence gap on what we know about how and why 
interventions work. Additionally, aspects such as the use 
of program theory and the articulation of assumptions 
underpinning program implementation have been sparse, 
with only programs with a detailed TOC including these 
aspects in the evaluation. Our review also revealed that 
context has been mostly used to provide a background 
for the program—except in instances where a detailed 
TOC is provided—or as a part of the process evaluation 
performed alongside the impact evaluation.

Strengths and limitations
Our review is one of the few research publications on 
the use of TOCs in the context of routine immunization 
interventions. While there can be disagreements about 
the extent of the evidence included in this review, our 
analysis provides an initial understanding of the use of 
TOCs in the evaluation of immunization programs. With 
the increase in the use of theory-based evaluation tech-
niques and the acknowledgment of newer approaches 
to evaluating complex interventions, much of the lit-
erature on TOCs is dominated by evidence on the pro-
cess of developing TOCs [1, 120–124], the synthesis of 
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multiple theories of change [125], or the validation of 
TOCs by checking whether they are consistent with the 
literature [126, 127]. Our review adds to the small body 
of evidence examining the extent of the use of TOC in 
a specific area. Other such reviews include a scoping 
review on the use of TOC for child health interventions 
[128], a systematic review examining the use of TOCs 
in public health in general [129], and a review to under-
stand the use of TOCs in the development sector [14]. 
Unlike these reviews that focused mainly on high-income 
contexts, ours is the first to cover a large evidence base 
from 11 low- and middle-income countries in South and 
South East Asia, Latin America, and Africa in routine 
immunization.

It should be noted that our review is based on impact 
evaluations and relevant program documents identified 
for another review on immunization and its drivers. The 
analysis is limited by what is reported in impact evalu-
ations, specifically for large-scale programs that do not 
have a detailed TOC. Additionally, the review included 
evaluations conducted at the national level and did not 
include subnational process evaluations or qualitative 
studies related to nationally implemented large-scale 
programs. We also acknowledge that we conducted this 
analysis on studies from a representative sample of coun-
tries included from the EGM and Yale review which were 
conducted in the year 2020.

Our review has the following policy and research impli-
cations for immunization programs:

1. Evidence on how large-scale health system 
strengthening programs affect immunization has 
limited use for scalability without a detailed TOC

Many of the evaluations of large-scale interventions, spe-
cifically the Health System Strengthening (HSS) inter-
ventions included in this review, did not include a broad 
TOC to explain how the intervention strategies could 
affect immunization. The review showed that in many 
large-scale HSS programs, evaluators had taken a linear 
and siloed view of how the various health system strat-
egies work. Recently, there has been an increasing focus 
on taking a systems approach to evaluate HSS interven-
tions [130]. The literature in the HSS has shown a grad-
ual move from a view where theories of change exist for 
individual health system building blocks to a view where 
health system changes are viewed as interventions influ-
encing the whole system [130, 131].

Our results agree with the review by the ReBuild and 
ReSYST Consortia for FCDO in 2021, where authors 
reviewed 96 HSS studies to understand the state of evi-
dence [132]. The FCDO review showed that for HSS 
interventions focusing on service delivery integra-
tion, health financing, and logistics, evidence needs 

to go ‘beyond the effectiveness of an HSS intervention 
on service delivery, toward gaining an understanding 
of the processes and expected mechanisms of change’. 
For health financing interventions that facilitate func-
tions within various health system elements, the review 
revealed that studies need to explore the underlying 
pathways of change, as several different mechanisms of 
action can result in the same health system effects.

In the context of immunization, using TOCs to under-
stand how health system changes influence the wider 
system has greater importance, as routine immunization 
services are integrated with other child and development 
services, and can be influenced by other supplementary 
vaccination programs for emerging infections such as 
COVID-19. They can also depend equally on the demand 
side of the intervention.

2. Integration of TOC into evaluation needs to use 
multiple methods and approaches

Our review showed that the lack of a detailed TOC meant 
that there was a lack of or weak integration of TOC in the 
approaches used to evaluate the programs. Many of the 
evaluations did not measure any outputs or intermedi-
ate outcomes leading to improvements in immunization 
uptake. Evaluators took an impact evaluation approach 
for many of these large-scale interventions, especially 
HSS. They used quasi-experimental designs with second-
ary data from nationally administered surveys or rou-
tine administrative data to evaluate these programs. Few 
of them supplemented the findings of the results with 
concurrent process evaluations or used mixed methods. 
Consequently, the HSS intervention outputs—human 
resources, supervision, training, or infrastructure—could 
not be assessed to determine how the intervention influ-
enced these aspects. The spillover effects of HSS inter-
ventions on other health system components were also 
not measured. Finally, given that nationally administered 
survey data were used to assess impact, the subnational 
context could not be accounted for when interpreting 
the results of the evaluation. Multicomponent interven-
tions that operate at the familial, community, and health 
system levels did not measure many causal links between 
the intervention and immunization outcomes.

There is a need to use mixed methods and novel 
approaches to better understand how interventions 
cause change. In the context of HSS interventions, the 
FCDO review showed that for programs improving 
human resources and skills, the challenge is to under-
stand which combination of strategies works and how, 
pushing research towards exploring other fields, such as 
organizational development, to answer these questions 
[132]. Process evaluations have gained prominence for 
evaluating complex programs with a specific focus on 
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implementation aspects such as fidelity, adaptation, and 
dose, as well as mechanisms of impact [133]. Process and 
impact evaluation approaches are being integrated to 
better understand if an intervention works and how [23]. 
Future research needs to leverage multiple approaches 
and use both qualitative and quantitative methods for 
evaluation.

3. Evaluations need to be based on program theories

Program theories and frameworks are used to create a 
shared understanding of how a program is expected to 
have an impact in a certain context [134]. Our review 
showed that in most of the interventions, any theory or 
framework underpinning the intervention was not cited. 
The lack of a TOC and any relevant theory informing the 
intervention strategy adds to the gap in our understand-
ing of how programs are expected to make an impact on 
routine immunization. It also prevents the synthesis of 
evidence on what worked and how in the context of exist-
ing theories.

4. Context needs to be accounted in the design and 
evaluation of programs

The review has also shown that context is mostly used to 
provide only a background or rationale for the interven-
tion and to explain the challenges in the implementation 
or evaluation of the programs in a few studies. Overall, 
the descriptions of the context were cursory and did not 
adequately specify which features of the context were rel-
evant or were most significant to the intervention or its 
delivery.

In the case of HSS interventions, there are stark dif-
ferences in health system responsiveness and readiness 
across different contexts. Understanding why and how an 
intervention performs in a certain context as opposed to 
another requires constant adaptation and learning from 
evaluations. TOC helps identify and elaborate on the 
critical components that could be tested using imple-
mentation research techniques to adapt or drop across 
contexts. Furthermore, the availability of a TOC can help 
address the persistent challenge of balancing program 
fidelity and adaptation in newer contexts. This approach 
might enable some flexibility in intervention implemen-
tation and thereby its transferability to different contexts 
[134, 135]. In 2018, UNICEF, in partnership with GAVI, 
funded its implementation research for immunization 
programs in LMICs to understand what contextual and 
programmatic factors influence program implementa-
tion and why [136]. Context has also gained importance 
in learning systems to adapt programs according to the 
context and lessons learned [137].

There is a need to move away from looking at interven-
tions as separate packages of components that are intro-
duced in a certain context. In developing and justifying a 
theory of change to inform an intervention and its evalu-
ation, researchers should show a clear understanding of 
how the context influences the program and vice-versa 
[13]. An intervention that is effective in some settings 
could be ineffective or even harmful elsewhere [13, 24, 
138]. Thus, it will be beneficial to prioritize the analysis 
of heterogeneous and unintended effects in the evalu-
ation depending on the usefulness of information for 
decision-making.

Conclusion
Our review highlights the strong need to strengthen 
theory-based evaluation approaches for the routine 
immunization of children in LMICs. Future implement-
ers and evaluators need to develop clear TOCs that are 
based on established theory and have clearly articulated 
the underlying assumptions. Importantly, for the evi-
dence to be usable for policy or practice, the lack of evi-
dence on causal mechanisms can be a major roadblock. 
An increase in complex programs also require novel 
approaches and the use of multiple evaluation meth-
ods. Large-scale programs, specifically health system 
strengthening initiatives implemented by the govern-
ments, also need to focus on building TOCs and integrat-
ing them into their results frameworks. There is a need to 
combine both impact and process evaluations and to use 
implementation research techniques to understand how 
the intervention has affected the outputs and outcomes 
that can impact immunization uptake.
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