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Introduction 

Health information systems undoubtedly play a critical role in the effective management 

of health systems, measuring and improving performance, and for Results-Based 

Financing Programs. Gradually, countries are moving from the use of paper-based 

registers to digitize patient/beneficiary information, automatically generate all monthly 

reports, performance indicators, and stock management reports, and minimize physical 

data verification costs, to accelerate the pace of performance improvements within the 

health system. However, low- and middle-income countries face challenges related to 

infrastructure required by many electronic information systems, such as the need for 

devices, secure storage and regular replacement of devices, reliable electricity, internet, 

and technical support at service points. 

Shifo Foundation, a not-for-profit social enterprise based in Sweden, develops and 

implements hybrid paper-to-digital solutions and methods to strengthen health 

information systems within immunization, maternal, newborn, child health, Primary 

Healthcare, and Supply Chain Management. Shifo is currently working on the 

implementation of SPT Solution, an innovative paper solution with a digital component 

based on Smart Paper Technology (SPT) that allows for beneficiaries' health data to be 

captured on paper by health workers and subsequently scanned and digitized. Daily 

transactions such as patient-level data, services received, and stock management data 

are digitized, from which Health Management Information System (HMIS) and Logistics 

Management Information System (LMIS) reports are generated and shared at the health 

facility, district and national levels. All the data is also integrated with national-level 

systems, such as DHIS2. 

Shifo Foundation is working in collaboration with the Government of Uganda through the 

Ministry of Health (MoH) and Gavi to implement SPT for the Expanded Program on 

Immunization (EPI) services in Uganda using a phased approach. As part of the 1st 

phase, the SPT Solution was implemented for EPI services in 10 districts in Uganda in 

February 2022.  

Following the implementation of Phase 1, a scheduled evaluation was conducted to 

determine the extent to which SPT Standard Operating Procedures (SOP) have been 

implemented and to identify the factors affecting their adoption. At the end of phase 1, 

MoH and Shifo aim to identify the gaps in the implementation of SPT and draw lessons 

for its improvement. The objectives of the evaluation per the terms of reference are to 

assess:  

1. Assessment of the roll-out process of SPT to the health centres 

2. Adoption of SPT tools and processes at the health centre level 
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3. Adoption of SPT for reporting and data sharing at the district and national level 

4. The ability of the SPT Solution to generate high-quality data  

5. The total annual operational cost of the SPT Solution 

6. SPT solution readiness for national scale-up and recommendations  
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Key takeaways 

Adoption of SPT at health centre and district level  

● SPT is considered to have many benefits, including individual-level data collection 
capability, the ability to track defaulters, shorter wait times for patients, reduced 
workload, improved data quality, the ability to provide insight into and improve 
performance and simplified and more rapid work processes. 

● SPT adoption is facilitated by its benefits, training and support, and endorsement by the 
ministry. 

● Some health centres continue to operate a dual system with both SPT and paper 
registers, mainly as a means to fill gaps in SPT functionality, i.e. as a backup to replace 
lost SPT forms, as a data source if feedback after scanning takes a long time, and to 
record metrics not captured on SPT forms. 

● Lack of smartphone access, lack of data bundles, and poor network prevent or limit the 
extent to which health workers and health facilities can benefit from SPT’s potential, as 
does limited phone ownership among patients. 

● Transport issues prevent timely scanning of SPT forms.  

● SPT report generation takes time, and facilities do not always receive the required 
aggregate data feedback by the time it is needed. 

● A solution must be found to store scanned SPT forms. 

● Some health workers request more training, including in the use of the MyShifo mobile 
phone application as well as in general computer and scanning skills. 

Adoption of SPT at the central level 

● SPT is a simple, user-friendly, low-cost solution that is not too much of a departure from 
previous data collection processes with the ability to improve data quality, reduce 
reporting burden and result in additional functionality such as individual-level data 
collection and patient follow-up irrespective of location. 

● The impact of SPT is mainly at the health facility level. 

● To ensure data quality, more training is needed for individuals tasked with collecting 
data using SPT. 

● SPT ownership, decision-making, and support should be transferred from Shifo to the 
Ministry of Health. 

● SPT is a useful tool and should be scaled up to the rest of Uganda. 

Data quality with SPT 

● The SPT Solution produces good quality data as measured by internal 
consistency metrics of the WHO data quality review metrics. 

Incremental annual costs comparison 

● In comparison with the HMIS, the SPT Solution is more cost-effective in 
producing individual-level electronic data if HMIS data is to be digitized, as was 
done for Covid-19. 
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Adoption of SPT tools and processes 

Introduction 

A qualitative evaluation consisting of interviews and field observations were performed to 

assess the adoption of SPT by health workers and district- and central level health 

professionals for EPI services. The evaluation explored the perceived benefits and 

challenges of transitioning from traditional paper registers to the SPT solution, the barriers 

and facilitators of implementation, and the readiness and capacity of health system 

infrastructure. 

Research questions 
1. How is the SPT solution perceived by health workers and public health 

professionals at the district- and central level working with SPT? 

2. What are the perceived benefits and challenges associated with SPT for EPI 

services? 

3. What are the barriers and facilitators of SPT implementation for EPI? 

4. To what extent do health workers and public health professionals at the district- 

and central have the capacity to carry out SPT activities? 

5. To what extent is carrying out SPT activities feasible considering current 

infrastructure and work processes?  

6. How can SPT for EPI be improved? 

7. To what extent are health workers and public health professionals at the district- 

and central level supportive of scaling up SPT to other districts in Uganda? 

Methods  
Semi-structured interviews were conducted with health workers and key stakeholders 

working in EPI at the district- and central level, and field observations were conducted at 

health centers where SPT was implemented. The interviews focused on exploring health 

workers' and key stakeholders' perspectives on the benefits and challenges associated 

with transitioning from traditional paper registers to SPT, and their experiences as they 

related to SPT activities. The capacity and resources required and available for SPT were 

assessed, and thoughts on future applications and expansion of SPT to other settings 

and services were probed. Interviews with health workers and district-level stakeholders 

were carried out during 3 - 4 days of field visits by two evaluation teams to the three 

districts where SPT was implemented, namely Mbarara, Masindi and Isingiro. Field visit 

locations spanned all levels of care and included a general hospital, a Regional Referral 

Hospital (RRH), three Health center IV's, six health center III's and one health center II. 

One of the health centers that was visited was located in a refugee settlement and served 

refugees. Data collection was supported by MoH: Uganda National EPI and Division of 

Health Informatics (DHI) team members, and a consultant from Makerere university. 
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Fifteen interviews were conducted at the health facility and district levels. The interviewed 

health workers included nurses, assistant nurses, EPI focal persons, and midwives. The 

interviewed district public health professionals were all biostatisticians. The majority of 

interview participants were female (93%), and interview participants had an average of 6 

(IQR 3.25 – 6.75) years of work experience. Interviewees were asked about their 

perceptions and use of Smart Paper Technology (SPT) for the Uganda National 

Expanded Program on Immunization (EPI), including barriers and facilitators of SPT use 

and suggestions for SPT improvement. Interviews were conducted by two interviewers 

working at the MoH with a background in health information and consisted of closed and 

open-ended questions.  

In addition to interviews with frontline health workers and public health officers working 

with SPT at the district level, three interviews were conducted with senior central level 

actors. Interview participants included a program manager at the Uganda National 

Program on Immunization (UNEPI), a senior medical officer for UNEPI, and the assistant 

commissioner in charge of the Division of Health Information with the Uganda MoH. 

Interviews were conducted in August 2022 and lasted approximately 30 minutes per 

participant.  

 

Data was analyzed using thematic analysis to identify recurring themes. The conclusions 

of the analysis were presented to interviewers who conducted the interviews for validation 

as a way of enhancing the trustworthiness of the results. In addition, interviewers were 

asked to share SPT-related observations from their field visits. 
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Results and conclusions 

Qualitative interviews with health facility and district staff 

SPT training 

All district public health professionals and all health workers who were interviewed report 

being trained in the use of SPT for immunization services. 

 

Availability of SPT forms 

Two district biostatisticians report having all the required SPT forms available at the 

district store. Still, the third interviewee reports there is an inadequate supply of the 

specific forms as a result of these papers being misplaced.  

Health workers at the health facility level confirm having sufficient SPT forms, which they 

pick up from the district store to report routine vaccination data. One interviewee reports 

missing an HPV form and having only an HPV tally sheet. 

Capacity for SPT processes at the health facility level 

All interviewed health workers report having the capacity required for SPT processes at 

their health facilities. One interviewee mentions that while she as an individual has the 

capacity, there are others who use SPT forms incorrectly and are using Registration 

Forms as Update Forms. 

Access to SPT-generated EPI data through the MyShifo mobile application or SPT 

EPI dashboard 

All interviewed district public health professionals report having access to SPT-generated 

EPI data through the SPT EPI dashboard, and one interviewee describes sharing the 

general report with the assistant district health officer. 

Ten out of thirteen interviewed facility health workers report having access to SPT-

generated EPI data. The remaining three give as a reason for their lack of access that 

they either do not have a smartphone or did not receive training on how to use the mobile 

application. 

 

Receiving SMS key performance indicators (KPIs) to allow monitoring of EPI 

performance at the health centre level 

Eleven out of thirteen interviewed health facility health workers report receiving SMS key 

performance indicators for plotting KPIs and monitoring EPI performance. One 

interviewee explains that even if they do not receive SMS reminders, this information can 

be accessed through the MyShifo application. A different interviewee reports that while 

health workers have access to this data, it is not always clear what the percentages mean. 
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One of the two health workers who reported not having access stated that it was promised 

SMS KPIs would be set up during the training but that this did not happen. 

 

Scanning of SPT forms at the district level 

Interviewed district public health professionals confirm that they are able to successfully 

scan SPT forms that are delivered from the health facilities. They explain that all health 

centre III’s now have scanning capability and that scanning is also possible at the district 

health office. They describe how health workers often combine scanning of SPT forms 

with scheduled visits to the district health office to pick up vaccines or deliver reports. 

However, some health facilities forget to submit SPT forms or cannot come to the 

scanning station due to a lack of transport. 

 

Exclusive use of SPT 

Two out of the three district biostatisticians report that health facilities in their district 

exclusively use SPT to record routine vaccination data. The remaining biostatistician 

explains that in her district, some facilities continue to use paper registers. She offers as 

an explanation that health workers at these facilities are not experienced with digital 

recording of data and therefore have a preference for paper registers. 

 

Most health workers who were interviewed reported exclusive use of SPT for routine 

vaccination reporting. However, three interviewees describe a dual system in which SPT 

and paper registers are used. Specifically, one interviewee reports the use of tally sheets 

to augment SPT forms explaining that these sheets help “to balance the vaccines that 

have been issued out”. Another interviewee reports that their health facility in charge 

promoted using the registers as a backup since SPT forms would occasionally get lost or 

scanning of the data would take a long time. Looking up a child in the register at these 

facilities was considered easier than using the SPT forms. Finally, one interviewee 

mentioned using the postnatal register to record newborns’ data at 24 hours since an SPT 

form to capture postnatal care was lacking. 

 

Perception of the use of SPT for EPI  

District level public health professionals perceive the use of SPT as positive to very 

positive. They mention that it simplifies, speeds up, improves the accuracy and quality of 

data collection, and, as a result, also reduces the workload. One interviewee describes 

how SPT forms allow for individual-level data collection, making it possible to link data to 

a specific child as opposed to a tallying system that yields only aggregate data. Not all 

facilities, however, have fully adopted the use of SPT forms and continue to use paper 

registers despite receiving the SPT forms. 
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The majority of health workers at the health facility level consider the use of SPT very 

positive, highlighting that it is easy and quick. SPT has made it possible to quickly track 

defaulters, can be used to look up immunization data on a child even when a mother has 

lost the child’s immunization card, and is helpful because SPT reports reveal where the 

health centre can improve. Interviewees also explain that with the introduction of SPT, it 

has now become possible to do outreaches with only one health worker as it has 

eliminated the need for carrying many different paper registers. Those that consider SPT 

use positive appreciate the reminder function of SPT, which leads to a bigger number of 

patients coming for immunization, but also state that challenges remain, including poor 

network and lack of data bundles at the health facility, which prevents health workers from 

benefiting from all SPT capabilities. One health worker had a neutral perception of SPT, 

commenting that capacity building for computer and scanning skills would be required.  

 

Benefits of SPT implementation for EPI 

Benefits of SPT listed by district public health professionals include eliminating the need 

to look up each child in paper registers or manually write down their information. This 

reduces the workload for the health workers and patient wait time. SPT is believed to 

reduce errors, thus improving the quality and accuracy of data. 

Health workers at the health facility level concur that SPT saves time and reduces their 

workload compared to paper registers. They describe how it would take a long time to 

look up a child when a mother visits for an immunization appointment, and health workers 

would have to cross-check across a number of different registers to find them. Now, all 

health workers need to do is copy the identifier from the SPT card and tally immediately. 

Health workers also appreciate the ability to quickly compile reports and how KPI 

indicators on monitoring charts allow for performance evaluation to determine whether 

targets are being reached and identify areas that can be improved. The MyShifo mobile 

application is mentioned specifically for its ability to track defaulters, and the appointment 

reminders generated through SPT are thought to lead to lower default rates. SPT is also 

considered less risk-sensitive; with the old registers, information would sometimes not be 

updated, and the paper registers could get lost or suffer water damage.  

Facilitators of adopting SPT for EPI data collection 

The fact that SPT use can reduce the workload for health workers and waiting time for 

patients is thought by district public health workers to facilitate SPT adoption, as cutting 

down the time the immunization process takes is currently a priority for facilities. District 

public health workers also believe the quality of data generated through SPT facilitates 

its adoption since the quality is superior to the data gathered through tallying and paper 

registers, which is error-prone. The evaluation comparing data generated through SPT 

and the old paper registers clarified this. Other facilitators listed at the district level are the 
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comprehensive SPT training that was provided and the continuous support and 

communication about reports and updates provided by the Shifo team. The official 

directive from the permanent secretary that all facilities and health departments are to 

use SPT also promoted its adoption. Finally, the simplicity of SPT facilitates its use. 

 

Health workers at the health facility level describe that when they first used SPT, it quickly 

became clear that SPT was easier to work with, more accurate, and reduced the workload 

compared to the old paper registers. The ability to easily track defaulters and prevention 

of vaccination without identification was appreciated. Other facilitators reported good 

training, the availability of the necessary forms at the health facility, and follow-up from 

the Shifo team. The communication from the Ministry of Health further facilitated SPT 

adoption. 

Scaling up SPT  

District-level public health professionals are positive about scaling up SPT for EPI to the 

rest of Uganda and believe it will improve data quality. Nationwide implementation is 

expected to facilitate troubleshooting of any SPT challenges that arise.  

Health workers at the health facility level agree and have positive attitudes towards 

national implementation. Health workers report that the many benefits of SPT include 

shorter wait times for patients, a lower workload for providers, the ability to send 

reminders to parents, easy identification and tracking of defaulters, KPI functionality to 

improve performance, easier reporting, and prevention of data loss warrant national scale 

up. Currently, with some health centres having implemented SPT while others have not, 

it is sometimes challenging to communicate and handle patients transferring between 

facilities. One health worker mentions that existing challenges will first need to be ironed 

out.  

 

Challenges executing SPT activities and processes 

Some of the challenges listed by district public health workers include poor networks at 

some health facilities that prevent health workers from downloading the Shifo mobile 

application and accessing reports. Other challenges that are mentioned are the non-

adoption of the technology by certain facilities and the late submission of SPT forms by 

health facilities to the scanning station. Training, support and supervision are considered 

essential to tackling these issues. One interviewee reported that challenges regarding the 

installation of the SPT mobile phone application had been solved through a WhatsApp 

support group. 

Challenges identified by health workers at the health facility level can be divided into 

challenges related to infrastructure, the omission of certain indicators of interest on the 

current SPT forms, and difficulties encountered when working with SPT in the field. 
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Similar to the district health professionals, health workers describe how poor networks 

and lack of internet data limit the extent to which facilities can benefit from SPT’s potential. 

Some mothers do not have a phone and are, therefore, unable to receive appointment 

reminders. Health workers report that human resource availability is a time-limiting factor 

for scanning SPT forms, explaining that scanning is sometimes delayed because the 

person responsible at the scanning facility is not available. Generating SPT reports also 

takes time, and health workers explain that they sometimes do not receive feedback by 

the time that they need it. Another reported challenge is the storage of SPT forms. Health 

workers also list a number of indicators currently missing from the SPT form that they 

would like to see included, such as a field for the baby’s nationality at the 6-week visit and 

space for first and second deworming and for vitamin A on the tally sheet. Health workers 

report challenges tracking children when mothers lose their immunization cards, 

especially when this occurs during outreaches when health workers do not have the paper 

registers or SPT papers with them. Once documents have been scanned into the SPT 

system, there is also no way of making changes or adjustments when a mistake has been 

made. Finally, one interviewee reported that supervision and follow-up have not been 

continuous. 

 

Recommendations for improvement 

Access to district data and greater autonomy in data cleaning and analysis are requested 

by the district public health professionals. Currently, this part of the process falls under 

Shifo’s responsibility. Other recommendations offered include an option to track which 

facilities have submitted their reports, adding missing indicators such as refugee/national 

status and HIV status to SPT forms, expanding SPT to other health programs, including 

antenatal care, and raising funds needed to ensure support and supervision at facilities 

that are located further away, greater supervision and mentorship on the ground, and 

provision of scanners to all sub-counties to prevent delays that occur as a result of the 

distance to scanning facilities. 

Recommendations for improving SPT offered by health workers are similar to those 

provided at the district level. Health workers recommend continued support and 

supervision, requesting that everyone in the EPI section be trained to scan and access 

reports, as this would help improve performance. Interviewees also request that the 

turnaround time for generating reports after SPT form scanning can be improved. Health 

workers echo the request made at the district level for certain indicators to be added to 

the SPT forms, including the distinction between refugee/Uganda national patients, sex 

of the baby for later visits, more for certain sections, a space for comments, a section for 

totals on a tally sheet, the option to add the contact information for village health teams 

to send reminders to mothers without phone numbers, and the date of next child visit. 

Certain SPT health forms and child health cards need to be restocked, and the issue of 
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accumulating old SPT forms needs to be addressed. One interviewee recommends 

providing extra facilitation for health workers on outreaches. Another recommendation is 

that scanners are provided to all health facilities with adequate infrastructure so that costs 

no longer have to be incurred for travel to a scanning facility. Finally, health workers 

inquire about the option of tracing a child by name in the SPT system when mothers forget 

their child’s health card. 

 

Capacity building and SPT training 

Interviewers observed an association between the comprehensiveness of SPT training at 

a health facility and the perception of SPT. At facilities where few health workers had 

been trained, there was less appreciation for SPT. SPT was considered more time-

consuming than at facilities where providers had extensive training. Interviewers also 

noted that often, only select providers had been trained in SPT, and as a result, the 

burden of SPT activities at that health facility rested largely on these individuals. When 

the SPT focal person was on leave, SPT activities often did not take place. At some health 

centres, individuals who had received SPT training had since moved to another health 

centre, and there was no longer anyone present who had been part of the original SPT 

training. Interviewers emphasized the need for knowledge and responsibility sharing. 

While it had been the expectation that providers would share the knowledge they received 

during SPT training with others at the facility through Continuing Medical Education 

(CME), this did not always take place. Interviewers suggested that encouragement to do 

so from higher up would likely be necessary. The COVID-19 pandemic and restrictions 

on congregation were thought to have contributed to the lack of knowledge sharing. The 

virtual nature of some of the training and support offered was also thought to be less 

effective and preferable than in-person options. 

 

Mindset change 

One of the interviewers reported a mindset change might be necessary at some health 

facilities. Many providers were used to the old register system and working with paper 

and pen. Computer literacy is low, and anything to do with a computer is considered 

complex and challenging. The interviewers reported more efforts are required to help 

providers appreciate the benefits of SPT. A suggestion interviewer offered to achieve this 

was to use the SPT data to generate visuals of how the facility is performing to clearly 

bring out the benefits of SPT compared to the old system. 
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Challenges to SPT implementation 

Specific challenges to successful SPT implementation listed by interviewers included a 

persisting knowledge gap, connectivity issues, and challenges relating to the transport of 

SPT Forms from some facilities. Interviewers reported that some key SPT skills were not 

mastered, and a lot of emphasis on training and support supervision should be placed, 

especially during the introduction phase. At remote facilities, SPT functionality was limited 

by low phone ownership and network problems, which are causing problems in accessing 

SPT-generated data.  

Qualitative interviews with central level actors 

SPT Adoption 

Key central level stakeholders described how they came to work with SPT. They 

described having heard of SPT through the pilot at Mukono General Hospital and having 

seen the benefits of SPT when it was implemented for COVID-19 vaccination. SPT was 

considered an attractive technology that had the potential to improve program 

performance. SPT was described as a simple, user-friendly, low-cost solution, not too 

much of a departure from previous data collection processes that could improve data 

quality, reduce reporting burden and result in additional functionality such as individual-

level data collection and centralized storage that would allow for patient follow-up 

irrespective of their location, simplifying monitoring of performance, and simplifying 

payment procedures based on performance at facility and district levels. 

 

Impact of SPT at the central level 

Since the introduction of SPT, interviewees agree that work processes at the central level 

have largely remained the same. While SPT may have successfully reduced the workload 

at the facility level, data verification and cleaning still need to occur at the central level. 

SPT provides largely the same information as the previous manual system. However, 

individual-level and stock-level data from facilities allow for more relevant information, 

including a defaulters list, better denominators, automatic calculation of complex 

indicators, such as fully-vaccinated children, or accountability for outreaches performed 

per facility.  

 

Impression of SPT 

In general, central level actors are positive to very positive about SPT. Interview 

participants praise the simplicity of the tool and its ability to capture individual-level data, 

track unvaccinated children, and support performance-based payments. One interview 

participant notes that while the tool itself is very useful, its implementation could have 

been executed better. He explains that there was a focus on training district-level actors 

when the focus should have been on training those individuals tasked with collecting data 
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using SPT since the quality of the reports will depend on the quality of the data entered 

into the system. 

 

Benefits of SPT 

Interview participants consider the value added by SPT to be mainly at the health facility 

level, where it facilitates data collection. The functionality of SPT that interview 

participants appreciate includes the ability to send reminders to parents, trace children 

who have dropped out, and visualize geographic areas that should be prioritized for 

vaccination efforts. One interview participant sees potential for SPT to function as a 

backup system in the future when electronic medical records are the norm. Another 

interviewee mentions the potential for automating immunization parameters and the role 

of SPT in digital payments to the facility and districts. 

 

Challenges surrounding SPT 

Some challenges remain in working with SPT. One participant reports that the level of 

SPT training for data collectors is insufficient. Data errors are being made that result from 

illegible handwriting, and health workers at the facility level complain that the numbers in 

the reports do not match the data they entered.  

Another participant describes challenges with scanning SPT forms, including accidental 

double scanning, sticking together of papers, and misidentification of health center names 

by the scanning software. SPT is considered somewhat of a black box, and it is 

sometimes challenging to determine the issue and where something went wrong. The 

third participant reports that it is challenging that much of the decision-making still lies 

with the Shifo foundation as opposed to with the Ministry of Health. 

 

SPT assistance 

When asked about the availability of assistance for SPT, participants listed multiple 

sources. While the Shifo foundation still provides technical support, there are also 

technical officers available in-country who helped design the SPT solution and who are 

managing a WhatsApp group that includes all people who were trained in SPT and a 

weekly webinar that is held to support SPT implementation. One participant explains that 

SPT technical support has not yet been institutionalized and recommends taking 

advantage of the health system structure to provide this kind of support.  

 

Scaling up SPT 

Interview participants are in agreement that SPT should be scaled up to the rest of 

Uganda. They believe that this will benefit data quality and use and help completely shift 

to the new system and get rid of the old one. One interview participant adds that before 

SPT can be scaled up, local ownership of the technology should be strengthened through 

capacity building, and dependence on the Shifo Foundation should be decreased. 
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Quality of SPT data 
Introduction 
Good quality data is required for effective performance monitoring and decision-making. 

This makes the ability to generate good quality data a core component for consideration 

in decisions regarding HMIS systems. For this reason, a data quality aspect assessing 

the ability of the SPT Solution to correctly/accurately digitize (internal consistency) 

information recorded on the smart paper forms was included in this evaluation. 

Considering that the implementation data available is just four months, it was not possible 

to examine all data quality indicators stated in the WHO data quality review (DQR) toolkit 

[1]. Therefore, this evaluation focused on internal consistency data quality metrics, which 

are key and possible to measure considering the data available and evaluation terms of 

reference. 

 

Research questions 
1. How internally consistent is data produced by the SPT Solution? 

2. What are the mechanisms implemented in the SPT Solution to enhance data 

quality? 

 

Methods 

March to June data was obtained from the SPT system and used to assess three 

indicators of internal data consistency, namely: 

The ability of the SPT Solution to correctly digitize information from the smart 

paper forms (SPFs): This was measured using two metrics described below. The 

threshold for internal consistency in the form of a verification factor is ±10%. Using a 

margin of error of 1%, confidence level of 95%, response distribution of 99% (based on 

previous evaluations [2]), and a minimum of 20000 ticks (March to June 2022), the 

effective sample size is 374 using Raosoft’s Sample Size Calculator. A random number 

of 16 scanned SPFs was generated using their document IDs. The randomly selected 

documents contained 752 ticks of services delivered to the beneficiaries. 

I. The proportion of ticks (vaccination and other services) on the SPFs 

recognized by the SPT system: We measured this indicator by visually 

comparing the number of ticks recognized by the SPT system with the 

number of ticks in the originally scanned SPFs. A tick is used to represent 

receipt of a service, e.g., vaccine dose, or long-lasting insecticide nets, or 

to indicate a particular characteristic, e.g., HIV exposure and testing. 

http://www.raosoft.com/samplesize.html
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II. The proportion of visits with complete recognition of all ticks 

(vaccination and other services): This was measured by comparing visits 

with all ticks in scanned SPFs correctly recognized (numerator) against the 

total number of visits in the randomly selected SPFs. 

b. Proportion of health facilities without z-score outliers: Data from implementing 

health facilities was analyzed for moderate (≥ 2 - 3 standard deviations) and 

extreme (> 3 standard deviations) outliers. Ideally, this indicator should be 

calculated monthly over annual data. Since the data at hand is less than 12 

months, we calculated the z-scores using weekly data. 

c. DPT1 - DPT3 dropout rate: This was defined as the proportion of eligible children 

who received the first dose of a DPT-containing vaccine but did not receive the 

third dose. This indicator is not expected to be negative, considering the 

relationship between the two vaccine doses. 

d. The validation rules and verification processes of the SPT Solution are put in place 

to strengthen the generation of high-quality provided. 

 

Results 

SPT internal data consistency 

The ability of the SPT Solution to correctly digitize information from the smart 

paper forms (SPFs) 

I. The ability of the SPT Solution to correctly digitize information from the smart paper 

forms: There were 752 ticks in the 16 original document images we checked. Out 

of the 752 ticks, 749 representing 99.6%, were correctly recognized. The 

remaining three were not recognized and, therefore, not digitized by the system. 

II. The proportion of visits with complete recognition of all ticks: Two hundred and 

ninety-four of the two hundred and ninety-seven visits had all ticks as contained in 

the scanned documents checked fully recognized, resulting in a visit-based 

recognition rate of 99.0%. 

 

The proportion of health facilities without z-score outliers: Data from a total of 417 

health facilities in the 10 districts implementing SPT for routine immunization was 

evaluated for the presence of outliers by the facility. Most [n = 409 (98.1%)] of the health 

facilities had no outliers. 

 

DPT1 🡪 DPT3 dropout rate: The dropout rate for DPT1 –> DPT3 observed for the period 

evaluated was non-negative (5.4%). 

 



18 

 

SPT data quality enhancement processes 

The SPT Solution utilizes two categories of data quality assurance processes. One type 

is comprised of automated processes carried out by the system called validation rules, 

and the second one is composed of manual processes called data verification. 

Validation rules 

Table 1 below shows poor data quality signals detected by the SPT system and the rules 

used by the system in handling such cases through auto-correction.  

 

Table 1: Cases that may result in invalid data and their validation rules 

No Cases that may result in invalid 

data 

Validation rules 

1 Multiple scanning of the same 

form which could result in 

duplication of data. 

The system uses immunization session date, 

site name (fixed or outreach) and visits 

information to identify multiple scans of the 

same form. Information from the last form is 

considered. 

2 A health worker recording in the 

form that the same vaccine 

dose was administered multiple 

times to a child in one day 

(visit/session). 

The SPT system considers only unique 

vaccine doses administered to a child in a 

day. 

3 A health worker records that the 

same vaccine dose was 

administered multiple times to 

a- child on different dates 

(sessions/visits). 

No validation rules are applied in the 

aggregate data, and all administered doses 

are reported. However, in the electronic 

immunization register (individual records of 

the child) the last date of the administered 

dose is shown. 

4 A health worker does not record 

the child’s date of birth in the 

registration form. 

A child’s date of birth is estimated based on 

the vaccine doses received and the 

recommended age for the received vaccines. 

This is used to generate aggregate data 

stratified by age groups. All estimated dates 

of birth in the electronic register are marked 

as “estimated”. 

5 A health worker does not 

register a child’s gender in the 

registration form. 

Cases of unknown gender are randomly 

assigned to one of the gender groups. This is 

done to allow stratification of aggregate data 

by gender in the monthly reports. However, 
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no random assignment is done in the 

individual records. 

6 A mistake is made while 

recording the child’s ID number 

in the Health Record Form. 

Incorrect IDs are identified and corrected 

based on inbuilt algorithms that analyze 

registered children who match those with 

incorrect ID numbers based on: 

a. Registered ID numbers that differ by 1 

digit. 

b. Registered ID numbers that differ by 2 

digits have been switched around. 

c. History of vaccines and other services 

provided. 

d. Date of birth. 

e. Vaccination site 

f. Session/scanning date 

 

Data verification 

When SPT detects bad handwriting, poor marking, and/or damaged/dirty document 

images, it flags such errors and sends them to the data verification officer. The verification 

officer then checks all discrepancies and corrects all flagged fields and cases where the 

digitized data is incorrectly recognized by comparing the electronic data with what is 

written or marked on the scanned Smart Paper Forms. The Verification Officer rectifies 

and/or inputs actual data seen in the original document image. 

 

The system also flags possible discrepancies/incomplete data for the Verification Officer 

to review and compared with the original document image. The Verification Officer 

reviews and rectifies incorrectly recognized data based on information in the health 

workers’ original document image. The discrepancies flagged for verification by the 

system are listed below: 

1) The date of birth of the child is not recorded in the registration form. 

2) The recorded date of birth is in the future or more than five years in the past. 

3) The phone number does not adhere to the country-specific format. 

4) The gender of the child is not recorded in the registration form. 

5) The same vaccines but different doses were administered during the same visit 

(e.g., OPV 1 and OPV 2). 

6) Not all vaccines a child is expected to receive are administered (ticked in the 

form) during a particular visit. 
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7) No vaccines or other services are provided during a visit. 

8) Incorrect IDs. 

9) The type of form is recognized by the system from the form's barcode. If the 

barcode is not printed properly, the system might fail to identify the type of the form 

and send a task to the verification officer to include the form type manually.  

10) The session date is in the future or more than two months in the past. 

11) If the wrong health facility name/code that does not exist in the database is 

entered. 

 

Conclusions 
The SPT for the EPI solution implemented in 10 districts in Uganda produces internally 

consistent data per the WHO DQR toolkit. The system has algorithm-based and manual 

mechanisms to enhance the generation of quality vaccination data, as depicted in the 

consistency of the evaluated data. 
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Incremental annual operating costs of SPT and the 

conventional HMIS 
Introduction 

In consideration of resource limitations, ensuring that new systems are financially 

sustainable and context-appropriate is fundamental to their continued use. To this end, a 

cost analysis was included in the present evaluation to shed light on how the cost of the 

SPT Solution compares with that of the system that it replaced. Although the costs of the 

inputs for the two systems can be quantified and compared, the consequences of using 

two systems are not easily comparable. The compared operational costs include printing 

costs, data verification costs, and costs related to maintenance and replacement 

equipment and data storage and backup costs. With a view of enhancing the 

comparability of the consequences of the two systems, the cost of digitizing individual 

level HMIS register data by manually entering it into the DHIS2 was also accounted for. 

Research questions 

1. What are the annual operational costs for SPT Solution? 

2. Is the annual operational cost of the SPT Solution sustainable? 

 

Methods 

The cost analysis approach was guided by the WHO guide for standardization of 

economic evaluations of immunization programs [3]. All operational costs for the SPT 

solution were identified in collaboration with the relevant stakeholders (Shifo and Ministry 

of Health), who provided information on the annual quantities and costs for each cost 

item. Quantities were based on actual consumption patterns or estimated using 

considering target populations (children under 1 year = 1901151, women expected to 

receive TD in one year = 1901151, HPV target = 676456); expected maximum contact 

frequencies (e.g., number of doses required for full HPV vaccination); and the number of 

health facilities (n = 4253) delivering vaccination services. Costs related to the 

maintenance and replacement of equipment were based on their manufacturers’ 

recommendations.  

The SPT Solution and the HMIS produce a different type of data (paper-based vs. 

electronic individual-level records). This is one of the challenges faced in estimating the 

incremental costs of the two systems. As a strategy to improve the comparison of the two 

systems, the approach used to digitize paper-based Covid-19 vaccination records in 
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Uganda was used to estimate the costs of digitizing HMIS data. Although this may not be 

done for routine immunization, this hypothetical scenario helps in ensuring that both 

systems are on the same scale in terms of data out (electronic register), thereby improving 

the comparison of their costs. The cost to be incurred if HMIS data were to be digitized 

by manual entry into the DHIS2 was valued using the costs paid for the digitization of 

individual level paper-based Covid-19 records in Uganda. Costs were valued using their 

market prices. All costs were converted to USD during analysis. An incremental and 

ingredients approach was used in the costing for easier understanding such that the unit 

costs of items were multiplied by their quantities to obtain the cost amounts. 

Assumptions 

In our costing, we assumed that the following are the same for both the SPT system and 

the system that it replaced in the ten districts. 

o Printing procurement and distribution processes; 

o Costs to deliver printed materials to the districts and health facilities (SPT will be 

using the same delivery strategy as the existing HMIS when rolled out nationally); 

o Costs to deliver forms from the health facility to the district level (the same existing 

structures will be used); 

o Costs for storing printed materials at the health facilities and districts; 

o Electricity and computers access at district health offices; 

o Costs for manual EPI data entry into the DHIS2 are negligible; 

o DHIS-2 maintenance costs; 

o Time taken to scan SPT forms at the regional level (this is negligible as scanners 

can scan one sheet per second). 
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Results 
Based on the costing approach used, the annual incremental costs of the conventional 

HMIS and SPT Solution are $260,1171 and $1,085,347, respectively, as can be seen in 

Table 1 below. Table 2 below shows that the incremental cost per beneficiary of the 

conventional HMIS is $0.24, and that of the SPT Solution is $0.06. The major cost driver 

of the conventional HMIS is the hypothetical scenario of digitizing individual level data 

through manual entry into the DHIS2 (about $990,000). Without this cost, the cost of the 

conventional HMIS would be lower ($141,307) than that of the SPT Solution.  

 

Table 1: Annual incremental costs of the conventional HMIS and the SPT Solution. 

Cost item Annual 

quantity 

Unit cost in 

USD 

Conventiona

l HMIS 

SPT 

Solution 

Child /TT/HPV register 4886  $                7  $    34,202  $               -   

Daily: HMIS form 076: child 

tally sheet  

1110033  $         0.057  $    63,272  $               -   

Weekly: table 3: health unit EPI 

attendance summary  

221156  $         0.057  $    12,606  $               -   

Monthly: table 10: vaccine 

utilisation monitoring form – 

health facility level 

51036  $         0.057  $      2,909  $               -   

Monthly: HMIS form 105: 

health unit outpatient monthly 

report just for EPI 

102072  $         0.057  $      5,818  $               -   

Manual entry of individual child 

vaccination records from paper 

registers into the DHIS 2 

9505750  $         0.057  $  541,828  $               -   

Manual entry of individual 

pregnant woman TT records 

from paper registers into the 

DHIS2 

5703450  $         0.057  $  325,097  $               -   

Manual entry of individual HPV 

vaccination records from paper 

registers into the DHIS 4 

1352912  $         0.057  $    77,116  $               -   



24 

 

Internet for data entry into the 

DHIS2 

900  $              25  $      22,500  $               -   

Child registration form 559845  $         0.032  $                -    $     17,803 

Child vaccination form  1684188  $         0.013  $                -    $     22,484 

TD vaccination form 1122792  $         0.013  $                -    $     14,989 

HPV vaccination form 561396  $         0.013  $                -    $       7,495 

Child Nutrition form  1122792  $         0.013  $                -    $     14,989 

Scanning station maintenance  900  $             50   $                -  $     45,000 

Data verification  12  $        1,000   $                -  $     12,000 

Equipment maintenance 900  $           114   $                -  $   102,857 

Internet costs  900  $             25   $                -  $     22,500 

Total cost     $1,085,347  $   260,117 

 

Table 2: Incremental cost per beneficiary for the conventional HMIS and the SPT 

Solution. 

  Conventional 

HMIS 

SPT Solution 

Incremental cost per 

beneficiary 

 $          0.24  $           0.06 

 

It is worth noting that the SPT Solution saves healthcare workers more than half of the 

time they spend on immunization data collection, collation, and reporting administrative 

tasks [4]. This would mean that with SPT, health care workers will save substantial 

administrative time they can invest in improving the quality-of-service delivery, which in 

turn could lead to improvements in the quantity and continuity of services they deliver. If 

this time saving was valued, it would have led to cost savings on the side of the SPT 

Solution (though the cost saving will not translate to direct financial savings). 

 

Since SPT data is generated from the same source, it has the potential to eliminate data 

verification checks, such as verifying if data from tally sheets is the same as in the 
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electronic register, monthly reports, or DHIS2. This can also lead to cost savings in the 

context of pay-for-performance schemes in which data verification is a key component of 

costs to be factored in. 

 

Conclusion 
Taken together, the costing results suggest that producing electronic individual-level data 

is more cost-effective using the SPT Solution in comparison with the conventional HMIS.  
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Recommendations 

Based on qualitative interviews, data quality assessment, and incremental cost analysis, 

we hereby make the following recommendations. 

● Design a program for continuous SPT training to deal with staff turnover. 

○ Ensure training includes hands-on practice of filling out and scanning of 

SPT forms, installation of the MyShifo application, supervised set up of SMS 

key performance indicators, and correcting mistakes in uploaded data. 

○ Expand SPT training to all immunization staff so that SPT activities are less 

dependent on a handful of individuals. 

● Improve the integration of SPT reporting into the routine Ministry of Health 

programming. 

○ Streamline deadlines for SPT form submission with routine reporting to the 

Ministry of Health to minimize the number of trips required to scanning 

facilities. 

● Speed up SPT report generation so that health facilities receive the feedback they 

need in time for their decision-making processes. 

● Use SPT reports to provide insight into the benefits of the technology to the staff 

at health facilities. 

● Create a medium through which health workers can provide feedback and report 

any desired SPT form modifications or additions. 

● Create a plan for the transfer of SPT responsibility from Shifo to the Ministry of 

Health. 

● Design a solution for the accumulating SPT forms that have been scanned. 

● Invest in connectivity infrastructure at the health facility level. 

○ Consider the distribution of internet data or the provision of a dedicated 

health facility smartphone. 

● Provide facilitation of transport to SPT scanning stations. 

● Design a method of tracking which facilities have submitted SPT forms. 

● Means by which SPT could be improved listed by interview participants include 

promoting implementation by increasing the understanding of those working with 

SPT of how SPT aligns with the District Health Information System (DHIS2). It is 

considered beneficial if facility-level actors are given feedback on their 

performance through SPT-generated reports and the impact of SPT on service 

delivery is emphasized.  

● Although the data quality assessment component of this evaluation has provided 

insight into the quality of data generated through the SPT for the EPI solution, it 

has not provided a complete picture of all data quality metrics due to the short time 

between implementation and operations, considering the DQR toolkit data 

requirements for specific metrics. Therefore, we recommend a more 
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comprehensive data quality evaluation at least one year after the implementation 

of the solution. 

● Based on our examination of document images of scanned smart paper forms, it 

seems the system does not flag visits during which the tetanus toxoid (TT) vaccine 

was not recorded. This may explain why some TT doses were not digitized 

because such cases will not be flagged by the system if there are no validation 

rules for it. So, we recommend that TT is included in the systems validation rules 

to improve the digitization of service data.  
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