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IV 

 

Abstract 

Fragmentation in heterogenous and widely distributed HISs (Health Information System) is a 

global problem and is still challenging to make them interoperable. One of the key factors 

includes the lack of standardization especially for the semantic interoperability layer.  

 

Presently, the Indian health ministry is making efforts nationwide to implement a set of 

standards that are designed for addressing the issue of interoperability in the health system. My 

research focused on exploring these health standards and analyzing how well they are 

implemented and adapted in and for the Indian primary health care level.  

 

The broader research project within which my thesis is situated focused on implementing HISs 

at two empirical sites in northern India. My research is a joint effort with the HISP-India team 

where, qualitative research methods were used for my data collection and data analysis, and the 

methodology was a combination of case study and action research. 

 

The work presented in this thesis mainly focused on identifying implementation challenges of 

government notified standards and finding possible approaches to address them. This thesis 

also provides description of the project sites, workshops, the developments that took place over 

the course of the design, development and implementation of the HIS. I focused on 

understanding of what all health data standards were followed, and the challenges and 

limitations experienced. Some of the key findings shows that the standards are not yet fully 

developed to accomplish the needs of semantic interoperability and are incomplete in serving 

the needs of primary health care. 
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1 Introduction 

The WHO (World Health Organization) has recognized the importance of interoperability in 

strengthening national HISs (Health Information Systems). The WHO (2011) stated that “the 

use of eHealth and mHealth should be strategic, integrated and support national health goals. 

In order to capitalize on the potential of ICTs (information and communication technologies), 

it will be critical to agree on standards and to ensure interoperability of systems. HISs must 

comply with these standards at all levels, including systems used to capture patient data at the 

point of care. Common terminologies and minimum data sets should be agreed on so that 

information can be collected consistently, easily and not misrepresented. In addition, national 

policies on health-data sharing should ensure that data protection, privacy, and consent are 

managed consistently” (p. 12). 

 

In this modern and global era, HISs are used for maintaining many types of data in different 

types of systems such as the EHRs (Electronic Health Records) of patients, HMIS (Health 

Management Information Systems) for aggregated facility-based data, particular systems for 

logistics, drug supplies, finance, human resources and various others (Braa & Sahay, 2012). It 

becomes very important that these systems can interoperate and share relevant data with each 

other to provide a comprehensive and holistic picture of the functioning of the health system. 

This interoperability cannot be developed without well-defined and implemented standards. For 

example, EHRs are used in hospitals for tracking patients and maintaining the complete patient 

medical history to help improving patient point of care. For this, the patient record must be able 

to also get data on drug supplies, costs of care for insurance purposes, and other information to 

enable effective referral services. This information may be available in a variety of systems, 

developed by different vendors in heterogeneous environments with their own database 

schema, data model, and unique terminology to represent data. This makes sharing of data a 

complex challenge for both technical and institutional conditions. A key challenge identified in 

HISs is the lack of capability to interoperate with each other. To achieve interoperability, 

common set of standards must be used to provide a common language for systems to talk with 

each other (Braa & Sahay, 2012). My thesis is an effort to understand in detail the challenges 

faced in building interoperability, and approaches to address them, in the context of the primary 

health care sector in India. 
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There are various standards being developed by SDOs (Standards Development Organizations) 

and maintained by SMOs (Standards Maintenance Organizations). Most recognized SDOs are 

ISO (International Organization for Standardization), HL7 (Health Level 7), IHTSDO 

(International Health Terminology Standards Development Organization), etc. Various 

standards are designed to solve particular purposes in achieving interoperability. I have tried to 

understand the purpose of a specific set of standards being adopted in India, and that I explain 

in my chapter on relevant literature and case study (see chapter 2 and chapter 4). 

 

The main objective behind this research is to gain empirical knowledge about interoperability 

and various health standards in the Indian primary health care domain. Specifically, I have 

tried to understand the different health data standards being developed and adopted by the 

Indian MoHFW (Ministry of Health and Family Welfare), and the processes around their 

implementation nationally. “Data standards are documented agreements on representations, 

formats, and definitions of common data. Data standards provide a method to codify in valid, 

meaningful, comprehensive, and actionable ways, information captured in the course of doing 

business” (Public Health Data Standards Consortium, 2018, p. para 1). I have tried to study 

their use in a specific project in the state of Punjab, involving the use of the platform of 

DHIS2 (District Health Information System Version 2 – see dhis2.org) for building a patient 

centric system for primary health care. DHIS2 is an aggregated data management tool that can 

be configured according to the need, which further help in the processes of data collection, 

data validation, data analysis and presentation. In this project, it was used as a platform to 

serve the primary health care employees who aid the semi-rural and rural communities. 

1.1 Research Context 

1.1.1 Research Project 

The broader research project within which my thesis is situated focuses on designing, 

developing and implementing a patient centric system for primary health care in resource 

constraint settings. The project is funded by INTPART (International Partnership) of the 

Norwegian Research Council involving collaborative partners including Ifi-UiO (Department 

of Informatics-University of Oslo), C3 (The Centre for Connected Care) and PGIMER 

(Postgraduate Institute of Medical Education & Research Chandigarh). The technical partners 

https://www.dhis2.org/


 

 

include HISP-India (The Health Information System Program in India). The INTPART 

provided appropriate funding in the project to help HISP India strengthen the use of DHIS2 in 

the states of India. Within this broader research project, my thesis is focused on the topic of 

standards.  

 

PGIMER is a leading medical and research institution in Chandigarh, India (see pgimer.edu.in). 

In addition to conducting education and research in the field of medicine and public health, it 

also manages on behalf of the state in designated study areas various health care facilities like 

hospitals, healthcare centers for primary care, pharmacies, drug stores, laboratories, etc. These 

activities benefit the health facilities to better serve the public by providing health care and also 

the students by providing faculty based medical education and creating research opportunities 

for them. 

 

UiO is the most recognized, largest university in Norway (see uio.no) and a leading European 

university. The university comprises of various faculties, departments and centres that let the 

students explore their respective areas of interests. In this case, the partnership was from the 

Department of Informatics, who have been cooperating and supporting the HISP R&D 

programme since 1995 (see hisp.org and hisp.uio.no). This programme aims to strengthen HISs 

in developing countries. Furthermore, providing support and capacity to promote the use of 

HISs by enabling “DHIS2 Academies” (see dhis2.orgacademies). It involves a global 

network of people, entities and organisations. The HISP programme provides FOSS (Free and 

Open Source Software) DHIS2 platform.  

 

DHIS2 is the successor of DHIS1 (DHIS1 was developed on Microsoft platform but not on 

FOSS). DHIS2 was born in 2006 in India and now has been deployed in more than 60 countries 

across the continents like Africa and south east Asia. Most of them are implemented at national 

scale and India is one of them which is primarily implementing the platform at the state level. 

 

HISP-India is an arm of HISP-Global and it is strengthening the use of integrated HISs in south 

east Asian countries since 1999 (see hispindia.org). It provides services around DHIS2 like 

professional development courses, training programs, public health analysis, HMIS evaluation 

etc. Various projects are handled by HISP-India at a time and a dedicated team is assigned to a 

http://www.pgimer.edu.in/
file:///C:/Users/sundeeps_adm/AppData/Local/Temp/uio.no
http://www.hisp.org/
https://www.mn.uio.no/ifi/english/research/networks/hisp/index.html
https://www.dhis2.org/academy
https://hispindia.org/
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single project involving project coordinators, software developers, health information officer, 

interns etc. 

 

In this project, both PGIMER and ifi-UiO created opportunities for their students to perform 

research in respective areas at the two empirical sites in Punjab, India. The first site is PHD25 

(Public Health Dispensary in sector 25, Chandigarh) and the second is PHC-Balahri 

(Community Health Center in the Khera Village). I have provided detailed information about 

these sites in my chapter on case study (see chapter 4). 

 

Till date, five project workshops have held. These workshops took place between the INTPART 

collaborative partners, and various other stakeholders. A brief description about these 

workshops are provided below.  

Table 1: Workshops held 

Date and Place Purpose of Workshop 

First workshop held 

on 20/04/2016 to 

22/04/2016 in 

Chandigarh, India. 

The motive behind this workshop was to understand the key patient 

centric HISs available for the Indian primary health care. Various 

stakeholders like HISP India, NIC (National Informatics Center), C-

DAC (Center for Development of Advanced Computing), and ICTPH 

(IKP Centre for Technologies in Public Health) presented their HISs 

for primary health care. Also, various challenges were identified 

regarding primary health care; the key being of poor IT infrastructure. 

Moreover, one Indian MoHFW employee even presented on the 

Indian health standards and motivated stakeholders for adapting to 

accepted standards and terminologies. 

Second workshop 

held on 21/12/2016 

to 23/12/2016 in 

Chandigarh, India  

The main aim for this workshop was to discuss the user requirements 

while keeping in mind the principal of designing a user-friendly 

system that should focus on reducing the work burden of the health 

employees. Also, one of the key pillars introduced was establishing a 

living lab. An analysis was done by another master student on the 

PHD25 workflow, various PHD25 health employees and their roles, 

the PHD25 registers and reports, area population, and IT-based 

hardware equipment’s. 



 

 

Third workshop 

held on  

15/05/2017, 

16/05/2017 and 

18/05/2017 in Oslo, 

Norway. 

The main motive behind this workshop was to discuss the work 

progress, challenges faced while system development and to find a 

best possible approach to address those challenges. The various 

challenges identified were no internet connectivity, capacity building 

of the health employees, interoperability between the implemented 

systems, designing the system with the Indian health data standards, 

data privacy and data security etc. Based on these challenges HISP-

India suggested possible approaches. Talking about interoperability, it 

was the biggest barrier identified among the implemented health 

systems. Thus, a possible solution suggested by HISP-India was to try 

through an integration approach. Furthermore, my supervisor gave me 

a research opportunity to explore and adapt to Indian health standards. 

Fourth workshop 

held on 19/02/2018 

to 21/02/2018 in 

Chandigarh, India. 

In this workshop, HISP India displayed the functionality of the 

developed patient centric system for primary health care. The experts 

gave their opinions about it. Moreover, various other participants 

provided their feedbacks for the first short course for public health 

informatics as well. One high ranking employee of the Indian 

MoHFW presented on adapting to Indian interoperability health 

standards like the MDDS and EHR under the National Health Policy 

of 2017. Also, the master students from ifi-UiO and PhD (Doctor of 

Philosophy) scholar from PGIMER presented their respective 

research areas. Furthermore, few of the development challenges were 

also discussed. Finally, the workshop ended with a short discussion on 

the system requirement for the second empirical site. 

Fifth workshop 

held on 06/09/2018 

to 07/09/2018 

This workshop mainly focused on the findings and discussions of the 

researchers from the ifi-UiO and PGIMER. The overall analysis of the 

data being collected by the implemented HISs was presented by the 

PGIMER team and to what extent it all supported the UHC (Universal 

Health Coverage). Future plans were made that included upgrading 

the system to the latest version is seek for the newer and more reliable 

DHIS2 android app and support the outreach. Moreover, plan to 
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approach the Indian MoHFW for the interoperability with the 

government health portals were also discussed. 

 

1.1.2 Research Questions 

It is very important to know how to formulate the research question because on this the whole 

research is carried out and data is analyzed. It represents the core subject matter by which the 

researcher arrives at other topics of conversations and the knowledge discovery (University of 

Southern California, 2017). It should be kept in mind that the research question should neither 

be too broad and nor too narrow. Otherwise, it will not be feasible to address the problem in 

time. Research will either end up too early or too late. 

 

I joined this project during ongoing development for one of the empirical sites i.e. PHD25. At 

that point of time, two programs including family folder and NPCDS (National Programme for 

prevention & Control of Cancer, Diabetes, Cardiovascular disease & Stroke) had been 

implemented in DHIS2. I have described about these programs in my case study (see chapter 

4). Thus, according to the user requirements of making the system adapt to Indian health data 

standards, and to understand the use of health data standards for primary health care in India. I 

have focused on the following research question. 

 

“What are the key challenges in applying health data standards in the context of design and 

development for primary health care information systems in India, and what are some 

approaches to address them.” 

 

Following are the key set of specific activities that I undertake to address the question posed 

above. 

1. Understanding the various Indian health data standards being used for primary care 

information systems in India, and what is the purpose and role of each of them. 

2. What have been the documented challenges in implementing these standards. 

3. What are some approaches to address these challenges? 



 

 

1.1.3 Research Approach 

My research lasted for about one and a half year i.e. from February 2017 to August 2018. I 

attended the third and fourth workshops. Moreover, I was involved in various random project 

activities for understanding and designing the system. To perform the research and finding a 

solution on the above defined research questions, the qualitative research methods were 

followed for data collection and data analysis. I travelled to India three times for my field work 

and data collection. Furthermore, for performing the research, a combination of case study and 

the action research methodology was followed involving two action research cycles which I 

have described in my chapter on methodology (see chapter 3). 

1.1.4 Target Beneficiaries of this thesis 

This thesis targets readers, both researchers and practitioners, who are interested in gaining 

knowledge about interoperability and standards in HIS in the context of developing countries 

like India. Especially, the focus is on health data standards and the challenges associated with 

their implementation and use. Readers can also learn about the challenges and approaches in 

following the data standard guidelines in designing programs in DHIS2. The importance of 

standards in design is crucial as it directly influences end user experiences. 

1.1.5 Personal Motivation 

While living in India for past 27 years since birth, I have visited doctors from both the private 

and public sector several times. I have also visited some private laboratories for the health 

checkups. But have to always travel with the past medical history and reports. I have 

experienced fragmentation in the health systems for a long time and it is still there. Thus, I 

always wanted to know why it is so and how I can contribute. I discovered that, interoperability 

is one of the largest challenges that hinders the strengthening of national HISs. 

 

During the third workshop, PGIMER made a requirement of implementing the Indian health 

MDDS (Metadata and Data Standards) designed for interoperability in the systems being 

developed under the INTPART project (see chapter 4). My Supervisor gave me an opportunity 

to explore the Indian health standards that were applicable for the primary health care in India 

and motivated me to work with the HISP India team in a joint effort for handling this 

requirement. I was interested to explore these standards because they could also help in 
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designing the required system according to the primary health care needs and thus I collaborated 

with HISP India team and was actively engaged in the customizations and developments in 

DHIS2. 

1.2 Structure of the thesis  

Chapter 2: Relevant Literature  

In this chapter, I have presented the relevant literature covering issues of interoperability and 

its frameworks, standards, hierarchy of standards and strategies for standardization. Various 

health information models are discussed, and finally the documented standards implementation 

and adoption challenges. 

Chapter 3: Methodology 

In this chapter I explain the qualitative methods involving the tools and techniques used for my 

data collection and data analysis. Furthermore, I also explained the how the combination of 

Action Research (AR) and case study methodology was followed including an overview of both 

the AR cycles that took place involving stages of planning, acting, evaluating, learnings. 

Chapter 4: Case Study 

This chapter focuses on the project background involving detailed information about the 

empirical sites, the implemented systems, workflow etc. All the DHIS2 customization and 

development with a focus toward the metadata and data. Moreover, I have also given a detailed 

description about the Indian health data standards. 

Chapter 5: Implementation of Standards 

This chapter focuses on the possible approaches planned and followed to implement the 

standards. It covers the key technical learnings involving some limitations and challenges. 

Chapter 6: Analysis and Discussion 

In this chapter, I have discussed about my analysis in terms of challenges while implementing 

MDDS in DHIS2 and the underlying limitations. I compare my findings with the reviewed 

literature.  

Chapter 7: Conclusion and Future work 



 

 

This chapter focuses on describing the answers to my research questions, my main findings, 

limitations and identifying some potential areas of future research. 

1.3 Summary 

In this chapter, I introduced the research objectives along with some details of the research 

context, the project under study and the guiding research questions. The structure of the thesis 

has also been outlined. 
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2 Relevant Literature: Interoperability 

and Standards for HIS 

In this chapter, I seek to understand the concept of interoperability and its key pillar i.e. 

standards. I discuss this by reviewing relevant literature, to help understand the challenges 

associated with their implementation, particularly within the context of the primary care health 

sector. 

2.1 Introduction 

To understand the current global status of the processes of standardization and interoperability 

in strengthening the health systems especially in LMICs (Low and Middle-Income Countries), 

the WHO (a United Nation agency for health) has conducted two key forum meetings with the 

key representatives from various member states, SDOs, research institutions, donors, subject 

matter experts and implementing partners.  

 

The primary objective of the first meeting1 was to gain an insight of the progress of the health 

data standards implementation within countries. The second meeting2 was conducted as a 

continuity to the first one, with a goal to accelerate a dialogue on the need to draft high-level 

content by creating a policy and governance framework for full adoption of standards within 

countries and their sub-divisions.  

 

It was stressed by the WHO that, it is a critical need for full adoption of health data standards 

and use of related ICTs (Information and Communication Technologies) for achieving 

interoperability in various health systems. It was also pointed out that the area of developed 

standards itself are vast and heterogeneous that include standards from the network of WHO 

collaborating centers and International SDOs such as ISO, IHTSDO, HL7 etc. Moreover, they 

also claimed that these standards (e.g., HL7, SNOMED CT, LOINC etc.) have been developed 

by the highest level of technical experts. 

                                                 
1 December 2012, First forum on health data standardization and interoperability. 

(http://www.who.int/ehealth/forum2012/en/) 
2 February 2014, Second forum on e-health standardization and interoperability. 

(http://www.who.int/ehealth/events/standardization_forum_2014/en/) 

http://www.who.int/ehealth/forum2012/en/
http://www.who.int/ehealth/events/standardization_forum_2014/en/


 

 

Sahay, Sundararaman, and Braa (2017) also mentioned that “a flurry of recent activity at WHO 

over the past three years has increased the pressure on all countries to adopt e-health standards 

and develop HIE (Health Information Exchange) architectures” (p. 218). A HIE helps in 

transferring the health information safely and securely by also maintaining the context and 

integrity of the exchanged information (HIMSS, 2009). In a HIE standards play a major role 

for the interoperability involving multi-direction flows of information between sources 

(HIMSS, 2009). 

 

The WHO have provided the national e-health strategy toolkit3 (a practical guide) to various 

national governments, ministries and stakeholders. This toolkit provides the framework and 

methods for development and implementation for the national e-Health vision. It points out the 

key components that enable interoperability across different regions including related to (WHO 

& ITU, 2012, p. part 1) standards e.g., data structure standards, common terminologies, 

messaging standards etc. (p. 53); services and application components e.g., individual 

electronic health information, health care communication and collaboration etc. (p. 50); and 

Infrastructure components e.g., high speed data connectivity, computing infrastructure, 

identification and authentication services, health facility identifiers etc. (p. 52). 

 

It can be concluded that for strengthening the health systems, it is a necessity for all countries 

to adopt and implement health data standards for the HIE. 

2.2 Interoperability 

Interoperability can be defined as the ability of different systems, made capable to connect, 

exchange and understand (interpret) each other’s information and appear as if working as one 

system by adapting common standards; without shared standards there is no interoperability 

(Braa & Sahay, 2012, p. 59; HIMSS, 2013). 

 

Interoperability can strengthen the HISs in many ways. There are a lot of claims made by the 

WHO itself with regards to how it’s use can benefit countries. According to the WHO (2012), 

interoperability is a vital way of acquiring the full potential of the health systems (i.e., by 

effective, consistent and accurate data collection and sharing when required) which is possible 

                                                 
3 National e-health strategy toolkit. (http://www.who.int/ehealth/publications/en/) 

http://www.who.int/ehealth/publications/en/
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by having seamless data exchange through ICTs. Moreover, it can help to ensure compatibility 

of data for comparative statistical measures (e.g., doctors can easily view the patient vitals from 

other systems and compare them to make decisions), decrease the effort of entering the data in 

multiple systems and by removing data redundancies and consequently improving data quality. 

Putting it simply, it can be said that interoperability can help in boosting the efficiency of the 

systems. 

2.2.1 Framework for interoperability 

The framework for interoperability as described by several authors (e.g., Braa & Sahay, 2012, 

p. 68; Benson T., 2010, p. 25; HIMSS, 2013) is divided into the following four interdependent 

levels. A successful interoperable system needs to fulfil all the necessary requirements of these 

levels and their inter-linkages. 

 

 

Figure 1: Framework for interoperability (Braa & Sahay, 2012, p. 67) 

 

Organizational level – This is the main or the highest level in the process of making various 

heterogeneous systems interoperable. Here the roles of stakeholders come into play, who need 

to sign agreements for making systems interoperable and for what data to be shared. They plan 

on how the process of the interoperability at the lower levels should be achieved. Various actors 

are involved like the programme managers, donors and Ministry of Health administrators to 

develop shared understandings. 

 

Semantic level – This is an intermediate and a very important level. Here the systems are made 

capable to interpret the exchanged data, and as it can be seen in the figure above the systems 



 

 

use the language which they can understand. It is associated with the terminologies standards 

like SNOMED CT. The metadata and data are specific to domain and context thus include the 

use of codes and identifiers. Therefore, the receiving system can easily interpret and use the 

data. 

 

Syntactical level – This is another important level, here the primary focus is towards predefined 

communication protocols and syntax (same data format and structure) an example could be 

XML (Kossi, 2016). 

 

Technical level – At this lower level, the focus is towards making a successful connection 

between the systems so that the system can exchange the data with each other. At this level, the 

focus is more on the hardware components, protocols and drivers that makes the machine to 

machine communication. 

2.2.2 Interoperability architectural approaches 

There are two key models which are described as SOA (Service Oriented Architecture) and 

EAI (Enterprise Application Integration). (Innovative architects, 2017) conceptualized as a 

Russian stacking set of three dolls. The ESB (Enterprise Service Bus) is the inner most doll, 

SOA as middle one and EAI as the outer most doll and each of them has a specific role to play 

and comes with their respective challenges and approaches to implement them. 

 

An ESB plays the role of a communication system between the software applications in a SOA 

and EAI. It interprets the message of one node to the required type and sends it further to another 

node. ESB can be used in distributed computing and can also work as a client-server model 

which encourage agility and flexibility (Enterprise service bus, 2018). 

 

“SOA is one way to achieve EAI” (Innovative architects, 2017, p. para 1). It is a software design 

where the application components can share services and data with other components. The SOA 

services uses the communication protocols for data transfers for example in case of transactions 

(Service-oriented architecture, 2018). It is also independent of the third-party solutions. 
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OpenHIE (Health Information Exchange) 

Sahay, Sundararaman, and Braa (2017, p. 86) described OpenHIE as a present-day architectural 

solution that is being promoted in LMICs. It works like a universal translator and makes sharing 

of health data possible across multiple IS (Information Systems). “HIE normalizes data and 

secures the transmission of health information throughout databases, between facilities, and 

across regions or countries” (OpenHIE, 2018, p. para 2). 

 

OpenHIE (see wiki.ohie.org) architecture uses SOA (Service Oriented Architecture) approach 

and makes use of the health information standards to support interoperability. As it can be seen 

in the figure below, it has a component layer containing six open-source components. All of 

these use the interoperability layer for interacting with each other while collecting health 

information from several external systems used by health workers (e.g., OpenMRS, EMR 

systems, RapidSMS mHealth application, DHIS2) into a unified patient centric medical record. 

  

 

Figure 2 OpenHIE architecture framework – High level conceptual diagram (ohie.org) 

 

These components are described as: 

1) TS (Terminology service) which acts as a centralized source (of vocabulary) for HIE 

standards and definitions including terminologies, code systems, value sets etc. 

2) CR (Client Registry) focuses on the unique identification and management of patient 

identities who received the health services. 

http://wiki.ohie.org/


 

 

3) SHR (Shared Health Record) is a centralized repository containing e-health records for 

example on the patient’s cumulative health history. 

4) HMIS focuses on presenting the collected aggregate health data of populations. 

5) FR (Facility Registry) maintains the unique identitifiers of health service providers and their 

locations. 

6) HWR (Health Worker Registry) maintains the unique identitifiers of the health workers who 

provides the health services. 

 

Currently, this model has been attempted to be implemented as a proof of concept in Rwanda 

and Tanzania, and there are ongoing implementation processes in few other countries like 

Bangladesh and Philippines (OpenHIE, 2017). Sahay, Sundararaman, and Braa (2017, p. 89) 

have shared a case study of building infrastructure and designing the Rwanda HIE, and have 

pointed out few of the challenges like inadequate bilateral agreements between various 

providers, their limited coordination mechanisms, and the locations of different providers in 

different time zones. Furthermore, there was low capacity and ownership building processes, 

and poor infrastructure related to power supply and internet connectivity which constrained 

implementation. 

PHR System  

The PHR (Patient/Personal Health Record) system helps the health consumers to collect, track 

and share both past and present personal health information. This information can be helpful 

in saving money by not repeating routine medical tests (HIMSS, 2009). 

 

A research conducted by Balsari, et al. (2018), have reimagined the health information 

exchange for India and have proposed a federated patient centric model involving a PHR system 

(Personal Health record) which should be API (Application Programming Interface) enabled 

because APIs have proved out to be a very reliable and secure way of sharing data. The system 

should function on the blockchain principles. That PHR would query all the various nodes in 

the federated system to get updates. Balsari, et al. (2018) asked the Indian government to 

implement the global standards while also considering in creating a set of minimum datasets 

which could also be useful to the stakeholders in the processes of standardization and 

interoperability. 
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2.3 Standards 

Standards in healthcare can be defined as the agreed set of rules that explain the proper way of 

achieving something (e.g., storing and sharing health data). According to (HIMSS, 2013), both 

data exchange schema and standards can help in sharing data among various heterogeneous 

applications. These standards can also help in removing complexities in data and reducing 

system development costs. Benson T. (2010) claimed that the deployment of standards should 

be done in an ordered way otherwise it is a waste of time and effort. He explained the benefit 

of using standards by taking an example of the combinatorial explosion problem. “It is the 

problem that the number of combinations that one has to examine grows exponentially, so fast 

that even the fastest computers will require an intolerable amount of time to examine them” 

(Tsang, Combinatorial Explosion, 2005, s. para 1). According to the formula the number of 

links needed to connect n different systems is (n2-n)/2. Therefore for 6 different systems it 

requires 15 links or interfaces. Figure below shows how using single specification replaces 15 

links.  

 

Figure 3: Benefit of one standard (Benson T. , 2010, s. 26) 

 

Sahay, Sundararaman, and Braa (2017, p. 217) described that, standards can either be de-facto 

or de-jure. De-facto are those which evolve by practice and due to their unforcefully 

spontaneous adoption in market, they win acceptance. But, these standards might also become 

unstable over time while being accepted as formal standards. Whereas, de-jure are those that 

exists legally and are developed by government accredited SDOs like ISO, WHO, HL7 etc.  

 

Furthermore, these standards can also be categorized as open and proprietary. Open standards 

are those which are available publicly and can be used by anyone who would like to join, these 



 

 

standards are either available free of cost or can be charged at a nominal fee. Whereas, 

proprietary standards are developed for private use by for-profit organizations, thus are 

copyright protected (Adebesin, Foster, Kotze, & Greunen, 2013). 

 

I now talk about the various globally used standards for primary care and EHRs. The primary 

care includes International classification of primary care and for EHR it includes HL7 FHIR, 

LOINC, SNOMED CT etc. Moreover, I also discuss the aggregate health data standards like 

ADX. Finally, I discuss about the Indian health data standards which are MDDS and EHR 

standards. 

2.3.1 WHO Classifications 

The WHO manages a suit of classification4 of products that can be used internationally. These 

classifications cover the key parameters of the health and the health systems e.g., cause of death, 

various diseases, disabilities etc. First are the reference classifications which are the major 

classifications that are widely accepted, approved and recommended in the health sector. These 

classifications are ICDs (International Classification of Diseases), ICF (International 

Classification of Functioning, Disability and Health) and ICHIs (International Classification of 

Health Interventions). Second are the derived classifications which are based on the reference 

classifications. These classifications either acts as an extension (e.g., provide additional 

information) to the reference classifications or are derived by rearranging or filtering terms 

from one or more reference classifications. These classifications are ICD-10-NA (Application 

of the ICD to Neurology), ICFCY (ICF Version for Children and Youth) etc. And the third are 

the related classifications which describes the key aspects of health and health systems that are 

not included in the reference or the derived classifications. The contributions to these 

classifications can be from the outside sources that are selected by the WHO. These sources are 

generally the identified experts, NGOs (Non-Government Organizations) etc. Related 

classifications are ICPC (International Classifications of primary care), ICNP (International 

Classification for Nursing Practice), ICECI (International Classification of External Causes of 

Injury) etc. (Madden, Sykes, & Ustun, 2018). I now describe the two key classifications that 

can be relevant for this research. 

                                                 
4 WHO Classifications: http://www.who.int/classifications/en/  

http://www.who.int/classifications/en/
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International Classification of Diseases 

ICDs5 provides a common vocabulary and this vocabulary consists of codes (generated by both 

alphabets and numbers) assigned to the various medical terms that are (can be) used in the 

hospitals and clinics. This vocabulary helps in a way that if the doctors (nurses, researchers etc.) 

works in another country and are unaware of the language (e.g., Chinese, Japanese etc.), then 

they can understand the medical terms by the codes. Moreover, ICDs vocabulary can also be 

used in data recording, reporting and monitoring health problems. The ICD 106 (released in 

1990) lists about 14400 codes and the ICD 11 (the latest release i.e., in June 2018) lists about 

55000 codes. These revisions are made due the advancements in health & IT sectors and to 

achieve more granularity in data. The provided mapping tables on the mentioned websites7 can 

help in upgrading from ICD 10 to ICD 11. For getting more clarity of vocabulary, it can be 

understood by an example; one of the listed diseases in ICD 11: Short term insomnia is coded 

as 7A01 and it can have severity values which are further coded as Mild (XS5W), Moderate 

(XS0T) and Severe (XS25). 

International Classifications of primary care 

ICPC-2 can be used for primary care (i.e., for patient data and clinical activity) or wherever 

applicable. Although, these classifications are accepted by the WHO, they are a copyright 

property (both in hard copy and electronic form) of WONCA (World Organization of National 

Colleges, Academies and Academic Associations of General Practitioners/Family Physicians -

World Organization of Family Doctors). These are available in various languages and are 

followed in various countries including Norway. The classifications are listed on the mentioned 

website8 containing the list which is divided into seventeen parts (e.g., digestive, eye, ear, 

cardiovascular etc.) and each part is categorized into seven divisions (e.g., process codes, 

symptoms, infections etc.). For getting more clarity of ICPC-2, it can be understood by an 

example; considering one of the seventeen parts i.e. ear (E); it can have symptoms like hearing 

complaint (H02), which may have infections like otitis externa (H70) that furthermore can be 

diagnosed as excessive ear wax (H81) etc. 

                                                 
5 ICD http://www.who.int/health-topics/international-classification-of-diseases 
6 ICD 10 https://www.icd10data.com  
7 ICD 11 https://icd.who.int 
8 ICPC2 English: https://ehelse.no/icpc-2e-english-version#icpc-2-contact-information- 

http://www.who.int/health-topics/international-classification-of-diseases
https://www.icd10data.com/
https://icd.who.int/
https://ehelse.no/icpc-2e-english-version#icpc-2-contact-information-


 

 

2.3.2 SDOs and health data standards 

There are various SDOs that develops several health data standards. I now describe the key 

recognized SDOs together with their approved health data standards below. 

International Organization for Standardization 

ISO (2018), is an NGO which is powered by various national standards agencies e.g., ANSI 

(American Health Information Management Association) etc. contributed from different 

countries. ISO has chosen specific technical experts from these national agencies and follows 

a specific protocol to approve standards. The standards are first kept in draft mode that are 

approved by ISO based on voting from the chosen members and this process might take years. 

The products and services that are ISO approved are expected to be “safe, reliable and of good 

quality” (ISO, 2018, p. para 4). There are various ISO committees that contribute to the listed 

seventeen SDGs (Sustainable Development Goals). To be specific, various ISO technical 

committees contribute to the third SDG (i.e., Good health and well-being) and these technical 

committees as seen on the website9 are ISO/TC 215 for health informatics, ISO/TC 106 for 

dentistry, ISO/TC 304 for health organization management, ISO/TC 150 for implants for 

surgery and so on. It should be noted that “ISO sets many of the rules of the game, and it 

requires experience, skills and influence (and sometimes brute force) to effectively manipulate 

the standards that emerge from their interaction” (Sahay, Sundararaman, & Braa, 2017, p. 217). 

HL7 and its set of standards 

Health Level Seven international (HL7-see hl7.org) is an ANSI accredited SDO. This 

organization provides interoperability framework and set of standards for system integration 

and interoperability. It provides a set of primary standards which they claim to be very popular, 

including:  

 

• CDA (Clinical Document Architecture) Release 2 

• CCOW (Clinical Context Management Specification) v1.6 

• FHIR (Fast Healthcare Interoperability Resources Specification) Release 3 STU 

(Standards for Trail Use) 

                                                 
9 ISO/TC 215 Health Informatics: https://www.iso.org/committee/54960.html 

http://www.hl7.org/
https://www.iso.org/committee/54960.html
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• HL7 v2 Product Suite 

• HL7 v3 Product Suite 

 

FHIR (pronounced as FIRE) is the latest release by HL7. These standards are developed from 

the learnings of previous standards like CDA, v2 Product suite etc. (Hay, 2012) . FHIR provides 

the data elements, data formats and resources for using the web-based APIs to exchange data 

e.g., from EHRs. Furthermore, these standards can be used in mobile based applications as well 

(Peterson, Deeduvanu, Kanjamala, & Boles, 2016). 

IHTSDO-SNOMED CT 

The IHTSDO (International Health Terminology Standards Development Organization) is a 

non-profit organization that develops SNOMED CT which are used in EHRs. SNOMED CT is 

the most comprehensive Health care core terminology in the world (Snomed CT, 2018) as it 

provides non-ambiguous definitions of health care concepts and contains the most detailed 

information for representing clinical and patient safety information (Aspden, 2004, p. 149). 

Other than SNOMED CT, there are no single terminology standards which can represent the 

in-depth knowledge of the broader medical terms (Aspden, 2004, p. 15). These standards are 

mapped to the other international standards like ICD10, ICPC-2, LOINC etc. It requires a 

license to use SNOMED CT which costs a fee for non-member territories e.g., the Indian 

government paid the fees of 60 Million INR in acquiring the SNOMED CT license (Sahay, 

Sundararaman, & Braa, 2017, p. 221). 

LOINC 

LOINC (Logical Observation Identifiers Names and Codes) standards are developed by the 

Regenstrief Institute and are open for adoption. It provides a common language which contains 

a set of identifiers, codes and names for laboratory and clinical observations. The laboratory 

covers the test, measurements, specimen observations and contains categories of chemistry, 

serology etc. (Regenstrief Institute, 2018). Whereas clinical observation covers vitals like blood 

pressure, respiratory rate etc. The LOINC terms are made of six dimensions called as parts 

which are component, property, time, system, scale, and method (Regenstrief Institute, 2018). 

 



 

 

ADX 

ADX (Aggregate Data Exchange) is being developed by Quality Research and Public Health 

(QRPH) technical committee within the Integrating the Health Enterprise consortium. These 

standards are used for exchanging aggregate health data and its indicators. These standards 

have now replaced the older SDMX-HD (Statistical Data and Metadata Exchange for Health 

Domain) (Sahay, Sundararaman, & Braa, 2017, p. 217). These standards are currently 

published for trial implementation (QRPH Technical Committee, 2017). 

2.3.3 Indian Health data standards 

Sahay, Sundararaman, and Braa (2017, p. 220) have discussed about the two key health data 

standards in India which are MDDS and EHR. They emphasize the need for effective 

governance of these open standards to ensure health systems strengthening. The authors 

described that the Indian government systems themselves are working in silos and to address 

the issue of integration that includes building a common agreement they need to focus on 

“creating data standards including data and meta data; creating technical standards specifying 

common codes of communication and storage; and, most challenging at the level of institutions, 

creating the readiness for them to be transparent and collaborative in their endeavors.” (p. 214). 

As per the current date, the NHM (National Health Mission), the NHPS (National Health 

Protection Scheme) i.e. Ayushman Bharat launched in 2018, and the National Health Policy of 

2017 aims on digitizing the health industry and is highly depended on the integrated health 

systems architectures.  

MDDS 

The Metadata and Data Standards for health are being developed by the Indian MoH to support 

semantic interoperability between data elements to strengthen healthcare IT applications and 

products. The MDDS list contains approximately 1000 data elements grouped under 39 logical 

entities and it also provide 141 code directories to support the data elements. Moreover, for 

identification of diseases, clinical procedures, laboratory, diagnostic tests etc. the standards are 

referred from ICD10, SNOMED-CT, LOINC etc. (Indian MoHFW, 2018). The Indian MDDS 

are the closest possible standards, which can help in some way for the primary healthcare as it 

provides a set of common data elements which can be used in any health care IT application 

for the community care. 
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EHR 

EHR standards were notified by the IMoHFW with the goal to promote interoperability within 

hospital information systems.  These standards include MDDS for the demographics details of 

patients. Aadhaar for the Patient Identifiers, SNOMED CT for the terminology, LOINC for the 

laboratories, DICOM for Imaging, ICDs for disease classification and reporting. They also 

include a long list of standards for data exchange, privacy and security, data encryption etc. 

(Indian MoHFW, 2018). These standards have been criticized because they had largely 

“ignored aggregate data, and its recommendations include a list of standards that is so wide that 

it made little difference to practice” (Sahay, Sundararaman, & Braa, 2017, p. 221). 

2.3.4 Categories of standards 

It is identified by the WHO (2012) that various standards are required for full interoperability 

between e-health systems and services. The area of standards itself is vast and heterogeneous 

and includes standards for vocabulary and terminology, health information content, health 

information exchange, identifiers, privacy and security, functional and business domains. 

Aspden (2004, p. 127) described and categorized the various health care data standards into the 

data interchange standards (p. 132) and terminologies standards (p. 142) that focus primarily 

on the syntactical and semantical levels of interoperability. The data interchange standards 

include message format standards, document architecture, patient data linkage etc. (e.g., HL7 

messaging standards, DICOM for radiology images, HL7 CDA) and terminologies standards 

include core terminologies, supplemental terminologies etc. (e.g., SNOMED CT, ICD 11, 

LOINC). 

2.3.5 Strategies for Standardization 

Standardization can be defined as the process of developing and implementing standards. 

Hanseth, Bygstad, Ellingsen, and Johannesen (2012) explained three strategies for 

standardization. This covers the steps to be taken for defining and implementing a new standard 

while also explaining the roles of the different actors involved. These strategies are anticipatory 

standardization, integrated solutions and flexible generification which can bebe top-down 

specification driven, bottom-up and experimental (Braa, Hanseth, Heywood, Mohammed, & 

Shaw, 2007). They are summarized in the table below. 

 



 

 

 

Table 2: Strategies for Standardization 

Anticipatory 

standardization 

It follows a top-down approach. It is an official, formal and 

traditional strategy where the standards are developed within 

the framework of a standardization body. These standards are 

based on the anticipated user’s future requirements and s 

anticipated used. 

Integrated solutions This strategy also follows the top-down approach and is more 

of a user requirements specification driven one where thethe 

user is more actively involved in the phases of requirement and 

functionality development. The standards are developed as a 

part of the project. 

Flexible generification This follows a bottom-up and an evolutionary approach. It also 

focuses on the user requirement like the integrated solution 

defined above. The flexible standards strategy allows the 

change to occur in small steps and allows mechanisms for 

scaling and to change (Braa, Hanseth, Heywood, Mohammed, 

& Shaw, 2007). This process is useful when standards are 

required to serve a larger user community. 

 

The research by Hanseth, Bygstad, Ellingsen, and Johannesen (2012) showed that among the 

above defined strategies the flexible generification is more successful than others in terms of 

delivering effective solutions. It also enables and stimulates service innovation and is found out 

to be more efficient i.e. takes less cost and time to implement. Braa, Hanseth, Heywood, 

Mohammed, and Shaw (2007) explained that in this strategy the standards develop in the 

process of practice and reconstructs according to the environment. Latifov, Mukherjee, 

Chakravarthy, & Sahay (2011) simplified that while developing the standards, a hierarchy of 

standards (explained next) are useful which are flexible enabling new inputs incorporated over 

time. An example of this is DHIS2 which promotes the flexible standards strategy by allowing 

the functionality of modifying data elements, programs and other customizations even at later 

stages of development. 
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2.3.6 Hierarchy of Standards 

According to the principal of hierarchy of standards, as described by Braa and Sahay (2012, p. 

72), focuses on both the paradoxes of standardization and integration.  

 

 

Figure 4: Hierarchy of standards (Braa & Sahay, 2012, p. 73) 

 

Firstly, the paradox of standardization focuses on providing the flexibility and control needed 

at the lower and upper levels to guide the standardization process. The lower levels of the health 

services generally need more detailed data to support their daily work, and the higher levels, 

require only that data which support their needs for co-ordination and overall management. In 

the figure above, the hierarchy of standards is shown in the form of a pyramid where the lowest 

level requires additional and more granular/disaggregated data and as the level gradually 

increases it requires more aggregated/lesser granular data (Braa & Sahay, 2012). 

 

Secondly, the paradox of integration focuses on providing co-ordination and independence 

between actors. It can be seen that in the pyramid, the higher level is a subset of the level below 

which shows vertical integration and different independent databases are integrated 

horizontally. All the important data resides in the central core. It follows the approach of flexible 

standards which allows the standards to grow locally within centrally defined templates (Braa 

& Sahay, 2012).  



 

 

2.4 Challenges for adoption and implementation of 

standards 

Adoption and implementation are two different terms, adoption here refers to the agreement of 

and in countries for adapting the standards (e.g., India is encouraging stakeholders to adapt to 

Indian health data standards like MDDS and EHR). Implementation refers to the process of 

standardization in the health system. According to the WHO, implementing health data 

standards at all levels of health care is not an easy task. The broader view of key challenges 

includes policy barriers for adoption of standards, absence of sustainable approaches to 

implementation, insufficient country engagement in the standards development process, Lack 

of capacity is also a major challenge for adoption and implementation of standards (WHO, 

2014). India was an early adopter of standards but still remains a slow implementer (Balsari, et 

al., 2018). South Africa has the mandate to use HL7 standards for its provincial hospitals, but 

adoption has not been effective (Sahay, Sundararaman, & Braa, 2017, p. 216). There are many 

reasons for the slow pace of adoption of standards in LMICs like the existence of conflicting 

and overlapping issues, high costs, upgrading to new versions, upgrading and mapping issues. 

(Adebesin, Foster, Kotze, & Greunen, 2013). The standards are being revised with newer 

versions even before the older versions have been adopted and implemented which results in 

confusion and instability (Hammond, 2005). I discuss few of the key implementation challenges 

below:  

Lack of expertise of health staff 

Many scholars and the WHO have presented this challenge of implementing standards (e.g., 

Adebesin, Foster, Kotze, & Greunen, 2013; Zhang, Xu, Shang, & Rao, 2007). Adebesin, Foster, 

Kotze, and Greunen (2013) described this challenge while considering the cases of 

implementation in the LMICs in Africa. They discussed that the low level of human resources 

with limited expertise while working on standards generates gap i.e. producing a different thing 

than what is required.  

 

An important contributing factor for incorrect implementation of standards is due to lack of 

technical experts. It is very important to effectively implement the standards.  Firstly, the 

implementer should have adequate technical knowledge of the systems deployed, including 

about their databases, application software, architecture of system etc.). Secondly, knowledge 
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is required of the particular standards itself, and the process of their implementation, 

particularly in its totality. Thirdly, there is the need for general knowledge about the key 

concepts of health informatics, standardization, interoperability and so on.  

Technical barriers 

The technical barriers here are those issues faced by the implementers while implementing 

standards and making systems interoperable. Following standards from the design phase is still 

easier than making older systems compliant to standards.  Those systems are already into work, 

containing patient data which must not get affected, this process needs high level of technical 

expertise, especially related to databases and being able to effectively query them.Further, there 

are issues of  mapping and  compatibility which need to be taken care off.  Srivastava, Soman, 

and Sharma (2017) identified challenges while implementing SNOMED CT in hospital 

applications like mapping the existing vocabulary with the SNOMED CT, handling free text, 

and lack of trained staff.  Madalli (2007) in her study of the MDDS, envisioned that data varies 

from department to department, thus there is a need for different sets of metadata elements for 

effective and comprehensive representation.  

 

Benson and Grieve (2016, s. 28) shared a case study of a project in England, where only the 

patient record was to be sent electronically from the old system to the new system and this work 

was very challenging as each record was checked before transmission. And due to some 

technical limitations not all of the clinical information was shared. Even sharing the basic 

information like the names, address, also created problems.  

Developers and User perspectives 

To perform the process of standardization. It is very important to understand how the developers 

and the users feel about working with the standards. From the developer’s perspective, 

designing a system by following a standardized nomenclature, format and language has proven 

to be difficult  (Skrocki, 2013). Furthermore, from the user perspective as well (who being 

unaware of the software development process) don’t commit to their requirements and keep 

asking for changes in the system according to their needs (Benson & Grieve, 2016, s. 33). 

Latifov (2013) also mentioned that implementing global standards into a local context is a 

complex and challenging task as various actors comes with their inputs and demands. 



 

 

Moreover, when using codes in place of text in many database fields (like ICDs), while it helps 

to save computer space, they prove to be difficult for the medical staff to understand. (Skrocki, 

2013).  

Complexities in understanding standards guidelines 

Generally, when the implementation is done at a wide scale (e.g., throughout the country), 

guidelines are followed which often grow complex and voluminous. Sometimes domain experts 

misunderstand the specifications, which results in errors caused by complexity, language, 

length and so on. These errors increase costs and reduce the quality (Benson & Grieve, 2016, 

s. 31). Sometimes training courses are provided, but they tend to be limited. 

Poor Infrastructure  

A key challenge in LMICs, including India is of poor infrastructure, including fluctuating or no 

electricity, poor internet connections, especially at the primary health care centers in rural areas. 

A good infrastructure can help in achieving the federated HIE approach of interoperability, and 

also help in providing online support and training.  

Implementation costs 

There are a lot of financial challenges related to the adoption and implementation of standards 

like the cost of purchasing licenses. And even if the standards are open, there are costs for 

training and implementation. Training is usually given by that particular SDO whose standard 

is to be followed like HL7, SNOMED CT etc. There are other miscellaneous costs like traveling 

and lodging which add significantly to the cost of implementation (Adebesin, Foster, Kotze, & 

Greunen, 2013; Zhang, Xu, Shang, & Rao, 2007). 

2.5 Summary 

In this chapter, I have discussed some of the conceptual foundations related to standards, 

interoperability, frameworks models. I talked about the various widely adopted standards 

around the world for the primary care and EHRs. I also discussed the Indian health data 

standards. Finally, various key challenges with regards to adoption and implementation of 

standards. 
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3 Methodology 

In this chapter, I describe the methodology and the research methods that were followed to 

investigate the research question. Here I define the data collecting and data analyzing 

techniques used to identify, process and analyze the research objective. 

3.1 My Research 

In this section I describe the project timeline which shows when and what all the key tasks that 

took place during my research cycle and my position in the research. 

3.1.1 Project timeline 

Figure below describes all the key events of my research.  

 

Figure 5: Project Timeline Chart 



 

 

I was introduced to the project at the end of January 2017. From there and then I worked actively 

on different tasks. I began with reading all the relevant documents that included the INTPART 

1st and 2nd workshops held in April 2016 and December 2016 respectively that gave me better 

understandings of INTPART project i.e. design and development of the patient centric system 

in resource constraints settings. In April 2017, an online DHIS2 instance of the local site was 

shared with me by one of the HISP India developer. From there I started gaining practical 

knowledge about the actual model. I also contributed in designing the registration forms in 

April. In May, I attended the 3rd workshop held in Oslo, where I formulated my research aim 

of interoperability around meta data and data standards (MDDS). Thus, following the 

suggestion of my supervisor, I started gaining knowledge about the interoperability standards. 

In the middle of June, I went for my field work to India and continued my research involving 

my data collection and data analyzing. Furthermore, I started working on implementing the 

standards which got completed in second AR cycle. In February 2018, I attended the 4th 

workshop held in Chandigarh, India where I presented my work. And, in April 2018, I visited 

the empirical site again to work on the clinical module for making it compliant to standards 

from its design phase. Finally, I was again a part of the 5th workshop held in September 2018 

in Oslo where I presented my learnings, results and way forward. 

3.1.2 My Position in the research 

I participated on behalf of the University of Oslo in the INTPART project for making DHIS2 

adapt to the MDDS guidelines. Most of the time, I used to work from the remote location i.e. 

Oslo. But the important part of my research was carried during my field visit in India. There, I 

used to work mostly at the empirical site i.e. Chandigarh. Although in-between, I was traveling 

to HISP India office situated in Noida-Delhi for the interviews, meetings and presentations. In 

total I visited India three times, including, twice for conducting field work and once for 

participation in the 4th workshop. 

3.2 Research Design 

There are four major types of methodologies in IS (Information Systems) research including 

AR (Action Research), Ethnography, Case study and Grounded theory. Each approach has its 

own distinct characteristics (Myer, 1997). To carry out my research, my methodology includes 

a combination of action research and case study. The case study is about understanding a 
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research phenomenon in the context and thus was followed to practically learn the various 

modules of DHIS2 by working with HISP India in customizing and developing DHIS2. 

Moreover, understanding the workflow of PHD25, roles of health actors and their daily tasks 

etc. Here I used qualitative data collection methods like observing and interviewing the IT and 

health employees who were part of the living lab (see chapter 4). Furthermore, the AR 

methodology is mostly used at large-scale projects but in this case, it was used at a smaller level 

and that is for performing the implementation of standards and addressing the documented 

challenges. AR comes with its own advantages, the key being the iterative cycles that help in 

continuous learning to achieve the goals of the project and research. However, with the help of 

AR cycles, a prior action plan was created for dealing with the challenges identified in the 

literature (see chapter 2) and that helped in proceeding further. The first cycle taught me the 

risk involved in making the older system compliant to standards and the limitations of the 

existing databases. The learning from this cycle helped to bring changes in the second cycle 

that helped in implementing the standards, and also create new learnings regarding the 

standards. I have explained these cycles in detail in the next section. 

3.2.1 Action Research 

The origin of AR is unclear but, it is widely believed my many researchers that it originated 

with Kurt Lewin (Masters, 1995). Lewin constructed a theory of AR where he described its 

working in spiral of steps, and each step is composed of planning, action and the evaluation of 

result of action (Masters, 1995). AR was introduced to IS as an action-based system 

development methodology called Multiview by Wood-Harper in 1985 (Baskerville, 1999). 

However, till now there are many definitions of action research but the most cited is of Rapoport 

(Myer, 1997) which is stated as “Action research aims to contribute both to the practical 

concerns of people in an immediate problematic situation and to the goals of social science by 

joint collaboration within a mutually acceptable ethical framework” (Rapoport, 1970, p. 449). 

AR aims to promote change by engaging the participants in a process of sharing knowledge 

(Atlas.ti, 2017). 

 

AR has gained its popularity in IS research. This methodology produces relevant research 

results because it is grounded in practical action aimed at solving immediate problems while 

carefully informing theory (Baskerville, 1999). According to Peters and Robinson (1984), AR 



 

 

consists of action and change orientation; a problem focus; an organic process involving 

systematic and iterative stages; and collaboration among participants. 

 

AR consists of multiple cyclical processes which are each flexible and responsive (Dick, 2000). 

Each cycle consists of five phases, shown in figure below, which are diagnosing, action 

planning, action taking, evaluating, and specifying learning. First the client system 

infrastructure or the research environment is established and then these five phases are iterated 

(Susman & Evered, 1978). 

 

 

Figure 6: AR Cycle (Susman & Evered, 1978) 

 

Baskerville (1999) explained that in an AR cycle, the researchers identify the primary problem 

in the first phase of diagnosing. Then, in the second phase of action planning, they plan the 

actions that can relieve or improve these problems. Moving further to the third phase, they 

implement the planned action for making the change. In the fourth phase the outcomes are 

evaluated and here they check whether the problem is relieved, or the change made was 

successful or not. In the last phase, the learnings are identified and is made available to the 

public in the form of journal or books for the future research. But from this stage, the cycle can 

either be continued to the next cycle or it can be ended as well. 

AR Cycles 

The research was conducted in two AR cycles. The first AR Cycle was conducted for the PHD-

25 site and the second was for the PHC-Balahri site with some minor changes in the plan. An 

overview is presented below. 
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Table 3: First AR Cycle (Post implementation for PHD-25) 

Diagnosis  Considering all the challenges identified in the previous chapter, how and 

what all documents to follow in adapting to the MDDS for the post-hoc 

implementation? 

Action Plan  1. To achieve a level of technical expertise: For understanding the 

DHIS2 system, plan was to read and understand all its user, 

implementation and developer documentation guides. And for 

understanding the system practically, the plan was to work with HISP-

India team during my field visit by giving small contributions in the 

customizations and developments. Moreover, for the standards, the 

aim was to study the MDDS documents available on the Indian 

MoHFW website and plan an interview in the Indian MoHFW. 

2. To clear doubts regarding the MDDS guidelines: Plan A was to 

perform detailed analysis on the MDDS documents provided by the 

Indian MoHFW and based on that analysis, create a spreadsheet 

document of the pre-used standards at PHD-25 and the newer relevant 

MDDS. That document would then be sent to the Indian MoHFW 

through mail to get confirmation if the standards have been 

understood correctly. Furthermore, plan B was to find a relevant 

health system which has been designed with these standards and based 

on that plan an interview for that system where it is implemented. 

3. Post-hoc and design phase implementation: Another big challenge 

was to find a solution for the post-hoc implementation of standards. 

Thus, the plan was to prepare implementation guidelines which should 

also cover if standards were to be followed from the design phase. 

Then those guidelines will be followed for implementation. 

Action 

Taking 

1. As planned, the required modules of DHIS2 (tracker, maintenance, 

dashboard, etc.) was understood and for the clarification of my doubts 

regarding the MDDS, my supervisor arranged an interview in the 

Indian MoHFW with an employee who worked on developing these 

standards. This interview was conducted in collaboration with HISP-

India senior developer. 



 

 

2. As discussed in the action planning phase. For the plan A, an analysis 

was conducted, and the required spreadsheet was created and sent to 

the Indian MoHFW for confirmation. For the plan B, (as most of the 

Indian government systems follows the MDDS) concerning the 

MDDS for health domain, e-Hospital@NIC system as seen on its 

website10 followed these standards. Thus, as planned, my supervisor 

together with the approach of a senior participant of PGIMER team 

guided me to conduct an interview in the sector 32, hospital in 

Chandigarh where this system was being used.  

3. Then, based on the learnings about DHIS2 and MDDS, the standards 

implementation guidelines were prepared and followed which I have 

discussed in chapter 5.  

Evaluation While implementing standards and modifying the metadata of the data 

elements, it was found that these modifications were impacting the Older 

patient’s data that involved the risk for corrupting the data. 

Specifying 

Learning 

1. Gave a presentation about the learnings outcomes to the HISP India 

team. 

2. Documented the implementation challenges and limitations of 

MDDS. 

3. Dropped the idea of implementing standards at the first empirical site. 

 

Table 4: Second AR Cycle (Implementation for PHC-Balahri) 

Diagnosis The basis of the PHC-Balahri system was to be designed from the learnings 

of PHD-25 system. Which means an OPD module should be integrated in it 

and should be designed with MDDS. It involved implementations to be done 

from both post-hoc and design phase therefore similar customized database 

of PHD25 was used. 

Action Plan 1. Based from the learnings of the first AR cycle and because of the new 

empirical site it was planned to empty the previous PHD25 site patient 

data so that the modifications could be done without any risk.  

                                                 
10 https://ehospital.gov.in/ehospitalsso/faqHospital.jsp  

https://ehospital.gov.in/ehospitalsso/faqHospital.jsp
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2. The same implementation guidelines were to be followed in this cycle 

as well. 

3. Developers and user perspectives: To know how developers and users 

feel about the standards, the plan was to observe them and conduct 

few informal interviews to know about their comfort zone while 

working with the standards. 

Action 

Taking 

1. HISP-India team provided me the required database in which I did all 

the modifications according to the standards by following the 

guidelines. 

2. For the OPD module from its design phase, I went to India on my field 

visit and worked with HISP-India. While working as a part of living 

lab on the OPD module I observed and interviewed the users and 

developers to get their views on standards.  

Evaluation Modifications with standards were successfully done but with some 

limitations and challenges as some indicators got affected which were to be 

reworked, few program rules were applied again and at some places the form 

were redesigned as well. 

Specifying 

Learning 

1. Prepared a document regarding the data elements which were 

available and unavailable in the MDDS list according to the primary 

health care needs. 

2. All the challenges and limitations that were faced are mentioned in 

chapter 6 of discussion. 

 

3.2.2 Interpretive approach 

Guba and Lincoln (1994) analyzed the four competing paradigms with regards to qualitative 

research, representing broader philosophical perspectives. These paradigms are positivist, post 

positivist, critical theory and constructivist / Interpretivist with its categorization at different 

level of ontology, epistemology and methodology. These paradigms represent different levels 

of ontology, epistemology and methodology. Qualitative research data can be collected and 

analyzed through positivist, interpretive or critical approaches.  

 



 

 

My research approach falls in the category of an Interpretivist paradigm because I began “with 

the assumption that access to reality is only through social constructions such as language, 

consciousness and shared meanings” (Myer, 1997, p. 5). Moreover, “Interpretive studies 

generally attempt to understand phenomena through the meanings that people assign to them” 

(Myer, 1997, p. 5) and the methodologies and methods used by an interpretivist researcher are 

usually qualitative in nature. 

 

For understanding the various concepts during my research, I tried to understand what people 

(e.g., health employees, developers etc.) informed me in response to my questions. Thus, from 

my personal knowledge and inputs from others, I sometimes even made assumptions and 

interpreted things in my own way e.g., I tried to carefully observe the discussions during the 

workshops and learnt about the experiences of the participants. I would not strictly say that I 

blindly trusted people because at some places when I felt uncertainty, I further tried to probe 

for clarifications. Throughout my research, I looked for clues or suggestions from various 

people that I met and other data collection sources to help enrich the understanding of my 

research problem. 

3.3 Data Collection 

Qualitative data is typically in a non-numerical format which cannot be measured. Qualitative 

research methods as described by Myer (1997) were developed to enable researchers to study 

social and cultural phenomena. These methods help the researcher in understanding the 

phenomenon deeply by analyzing in subjective, impressionistic or interpretative manner. Some 

of the qualitative data collection methods involve focus groups, individual interviews, 

participant observations and content analysis.  

 

Qualitative research methods were appropriate for my research needs because the data that I 

had to collect and analyze was mostly in non-numerical format and the qualitative methods and 

tools helped me to look deeper into the research problems. I have categorized my collected data 

as primary and secondary. The primary data that I collected was from the interviews, 

observations, workshops (e.g., presentations, workshop reports etc.) emails (e.g., minutes of 

meetings, weekly progress reports etc.) and other communication sources (e.g., skype and 

WhatsApp). Whereas the secondary data that I collected was through internet from various 
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websites. I read a lot of relevant researches, which I would not directly call as a part of data 

collection but would call it as sources of knowledge for setting up my base. One of the biggest 

challenges that I faced was of finding relevant researches with regards to cases of health data 

standards implementation in LMICs like India. I also faced difficulties in finding reliable 

sources of knowledge that is because I found that every author explained a particular 

phenomenon in their own way. The way of interpreting and presenting a phenomenon differ 

from person to person and few of them even added up their own philosophical assumptions. 

Which for me at some places created confusion. Therefore, to understand a particular 

phenomenon I tried my best to find the reliable sources of data collection. e.g., for learning 

about a particular standard, I followed documents available from that standards website and not 

from any third-party author. 

 

I now describe all the data collections methods and data recording tools that were used. 

3.3.1 Primary data collection 

Interviews 

Qualitative interviews can be categorized as formal and informal. Formal can be either 

structured or semi-structured and informal are usually unstructured. In structured interviews, 

predefined set of closed ended questions are asked, and these interviews does not provide 

flexibility of asking more questions e.g., researcher cannot probe. In semi-structured interviews 

both open-ended and closed ended questions can be asked and researcher can even probe. But 

these interviews can be time consuming. Whereas, Informal unstructured interviews are mostly 

like a friendly conversation that includes open ended questions. 

 

Interviews can be recorded through an audio/video recording and later can be transcribed. A 

convenient tool to transcribe and analyze an interview is by video recording because it helps in 

understanding word to word conversations, and also helps to see the facial expressions and body 

language. Pictures can also be a data recording tool. Another recording tool can be field notes, 

notes taken during the field e.g., while conducting interview, which are generally referred to as 

scratch notes, which can be later organized properly as field notes. I now describe the various 

formal and informal interview that I conducted and the recording tools that I used. 

 



 

 

I conducted three formal interviews in total, summarized below.  

 

Table 5: Interview conducted in Indian MoH 

Date and time of Interview 05/07/2017 ----10 Am 

Place Ministry of Health and Family Welfare, Nirman Bhawan, 

Delhi. 

Interviewee Indian MoHFW employee 

Interviewer Researcher and HISP India developer 

Conversation Language English 

Type of Interview Semi-structured 

Tools Field Notes 

Purpose of Interview The main purpose for this interview was to gain additional 

information that was not available on the Indian MoHFW 

website. 

• Information about MDDS and NIN. 

• Information on the database schema architecture. 

• How to approach for unavailable data elements. 

• Documents to follow for exploring and adapting 

MDDS. 

Outcome/Summary • We do not need to follow any particular schema for 

DHIS implemented in any of the empirical sites.  

• Mail to Indian MoHFW can be written and can wait to 

get metadata for the unavailable data elements, but the 

processing time is unknown. 

• Latest version of the documents were provided i.e., for 

the year 2017. 

1. MDDS Demographics 

2. MDDS Health Domain 

I. Part I: The Overview 

II. Part II: Data Elements: Quick Reference 
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III. Part III: Code Directories: Quick 

Reference; Sample Values and their 

structure: 

IV. Part IV: Metadata of Data Elements 

• As Open standards, both public and private health 

organizations are eligible to use MDDS. 

Attachments See appendix A (Entry pass) 

 

Table 6: Interview conducted for e-Hospital Standards 

Date and time of Interview 24/07/2017 ---- 12 noon 

Place Sector 32 Hospital, Chandigarh. 

Interviewee Hospital IT employee 

Interviewer Researcher 

Conversation Language Hindi 

Type of Interview Semi-structured 

Tools Field Notes, they did not allow to take picture of the user 

interface. 

Purpose of Interview The main purpose for this interview was to understand how e-

Hospital has adapted MDDS. 

• How the MDDS for health are being implemented in e-

Hospital@NIC i.e. used in the frontend and backend of 

the application? Understanding its data model? 

• How the codes are used, in the database? 

• How is the patient data being stored in the database?  

Outcome/Summary • I observed that in the frontend of the application, the 

user interface seemed like it was following MDDS as 

the names of the data elements and their values were 

very similar to the MDDS documents. 

• I was not able to see how the codes were being stored 

in backend because the database was encrypted due to 

security reasons. Although the IT employee tried but 

did not succeeded in decrypting. 

 



 

 

Table 7: Interview conducted for data analysis and workflow 

Date and time of Interview 19/06/2017 to 21/06/2017 ---- 2 pm (Conducted in parts for 

three days) 

Place Public Health Dispensary, Sector 25, Chandigarh. 

Interviewee Doctor and Multi-purpose health worker (handles both 

patient registration and pharmacy) 

Interviewer Researcher 

Type of Interview Semi-structured 

Conversation Language Hindi and English 

Tools Field Notes and Pictures were taken 

Purpose of Interview The main purpose of this interview was to understand the 

workflow of the empirical site. This was the first interview I 

conducted, and it helped me to gain an idea on how to conduct 

an interview.  

• What is the workflow? How the information is 

collected in the registers? How the DHIS2 and 

OpenMRS were used? How were the unique IDs 

generated? 

Another reason for this interview was to perform a quantitative 

analysis of the volume of patients, diagnosis list, medicines 

provided for the last six months. This was needed because of 

the demand of having only one system instead of two. Thus, to 

support the clinical functionality, building OPD module in 

DHIS2 for the PHD25 site was a necessity and for that I was 

informed that the following information is needed. 

• Volume of patients that visited the dispensary from 

Jan,17 to June,17. 

• Diagnosis List from Jan,17 to June,17. 

• List of provided Medicines. 

Outcome/Summary • I prepared a detailed data analysis document which can 

be found in the appendix E  

Attachments See appendix E  
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Other than these above defined formal interviews, I also conducted various informal interviews, 

both during my field visits and through skype meetings which was mostly with the HISP India 

project manager and software developer who were assigned to this project. These informal 

interviews sometimes even ended up with discussions. The main reason behind these interviews 

was to eliminate my doubts about the customization and developments which I couldn’t 

understand while working from the remote locations. On skype we used to share the screen to 

understand the developments. Moreover, while working as a part of living lab during my second 

field work for OPD module, I conducted three informal interviews with the HISP India 

developer and one with the Doctor who used the systems (i.e., OpenMRS and DHIS2) to 

understand about the usability of standards. 

Participant Observations 

Various observations were made both in understanding the workflow of the public health 

dispensary and issues of interoperability. Beginning with, entering the data in both systems i.e. 

DHIS2 and OpenMRS which were complex to integrate. I saw that the patient is first registered 

by the MPW (Multi-purpose worker) into OpenMRS and then is registered in DHIS2 by another 

health employee. Furthermore, I observed that some health employees like the ASHAs and 

ANMs were more comfortable working with the registers. I viewed those registers and noticed 

that at some places, the work done was very messy, which only that particular health employee 

could understand. But the MPW, on the other hand, was really happy with the systems because 

it helped reduce the work burden. Lastly, during the interview that I conducted for e-Hospital, 

I observed that the e-hospital data elements and few of its modules (e.g., patient registration, 

blood bank management, billing and accounts, pharmacy management etc.) closely matched 

the MDDS list. This led me to believe that may be the NIC (National Informatics Centre) had 

either imported the data elements from the MDDS list or the MDDS list itself was generated 

from the e-Hospital, but they were following the accurately as it appeared from the user-

interface. 

Workshops 

Workshops were an important source of my data collection. Till date, five project workshops 

have held. These workshops took place between the INTPART collaborative partners, and 

various other stakeholders. I was a part of three workshops (i.e., third, fourth and fifth). I also 



 

 

contributed in writing reports for the third and fifth workshops. The workshops reports, 

participants presentations and discussions were one of the key data collection sources. 

Furthermore, the reports and transcription of presentations from the first and second workshops 

were shared to me by my supervisor during my joining. I have briefly discussed about these 

workshops in my introduction chapter (see chapter 1) and for the workshop that I attended have 

attached the agendas (see appendix C). 

 

I was introduced with various scholars from both the health and IT sector in these workshops 

which led to some discussions and feedbacks from them. The third workshop gave me my 

research motive, in the fourth workshop I presented my research area, and in the fifth workshop 

I shared my learnings, results and way forward. I have discussed the discussions happened 

during workshop at various places in this thesis were relevant and few of the chats and feedback 

I discuss below 

 

I share the feedback that I got in the fourth workshop after the presentation. One senior Indian 

MoHFW employee said, “It is a very interesting topic for your master thesis and we are glad 

that someone has taken initiative on implementing MDDS. You should also try to explore more 

on the EHR standards” 

 

Another private chat was with a doctor who said, “I don’t even know what a data element is, I 

didn’t understand your presentation”. My supervisor had already notified me from his 

experience that people from health sector might not understand more technical terms. There, I 

learned that before presenting, one must first understand the heart of the people. 

 

Lastly, During the lunch time, I had a chat with another scholar from the IT sector. I asked him 

about his views on MDDS. He said, “MDDS are garbage. Junk It. Why need to follow these 

older RDBMS technology standards at the time of NoSQL. There are other recognized 

standards as well like FHIR from HL7. And as far as interoperability is concerned the data 

fields can be mapped as well.” My initial thoughts with these standards were that they might 

also help in designing a better and required health system for the Indian primary health care. I 

experienced that people or stakeholders have different opinion about these open standards, 

some might agree to follow, and some might not. 
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Emails 

Emails were another key data collection source that involved sharing of the weekly project 

progresses, documents, reports, minutes of meetings etc. between the team involving assigned 

HISP-India partners, PGIMER partners and the UiO students. Most of the time I worked from 

the remote location i.e. Oslo, Norway. Thus, the method of communication with the HISP-India 

team was either on skype or on e-mails. 

 

Other than this, there was another master student working on this project. In the beginning of 

my research, we worked collectively in achieving our first task of understanding the DHIS2. 

Afterwards, we even worked on designing the registration forms by dividing our tasks equally. 

Thus, working on the same project we used to share our respective work and notes with each 

other and with the HISP-India team on mails which was all very helpful. 

Face to face and Skype meetings 

Various meetings and discussions took place during my project cycle. The meetings that took 

place between the PGIMER team and HISP India team, generally involved discussions on 

requirements, design, development, and usability of the system. I was involved in total of three 

face to face meetings with PGIMER team during my field visits. I also had various skype 

meetings with the HISP-India development team for understanding the developments through 

screen sharing. 

3.3.2 Secondary data collection 

Online Sources 

I collected the relevant textual data from various sources on internet; the key being IEEE Xplore 

digital library, UiO Oria, Endnote online databases like PubMed (NLM), DUO vitenarkiv, 

Researches from hisp.uio.no, Google, Indian MoHFW websites, Indian National Rural Health 

Mission website, Indian Ministry of electronics and information technology (MeitY) e-

governance standards website, and many more. All the secondary data I collected from these 

sources helped me in building a knowledge base for the various concepts about interoperability 

and standardization. 

 



 

 

3.3.3 Data Recording 

Pictures 

I took several pictures with consent during my field visit as a part of my data collection and 

some pictures were shared by the PhD. scholar of PGIMER as well. Few of them are listed 

below, Picture 1 and Picture 3 shows; the MPW and Doctor using OpenMRS, whereas Picture 

2 and Picture 4 shows; the health employees like ASHAs and ANMs using DHIS2. Here, the 

patient data is entered in both the systems because they are not interoperable and are used for 

different purposes. Picture 5 is of the OPD register; that shows when the patient revisits, this 

was how he/she is entered in the registers which sometimes results in a messy work. Picture 6 

is of the server/IT room, where the HISP-India developers works on the requirements by health 

employees, it is based on a concept of living lab which I explain in chapter 4. 

 

 

Figure 7: Few Data Collection Pictures 
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Field Notes  

Field Notes is an essential data recording tool. It is generally based on the researcher’s 

observations who jots down key words spoken in the interviews etc., which are then expanded 

upon at the end of the research day. Everyone tends to have a different way of taking notes. 

 

For my research, I usually took all my field notes on a same paper field notebook which I used 

throughout my project. I took notes during all the interviews that I conducted, during face to 

face meetings and discussions with the HISP India developers and my supervisor, and also 

during the workshops that I attended. For my other data analyzing and study notes I used other 

notebooks. 

3.4 Data analysis 

For the data analysis, I had a collection of raw data from the primary and secondary data 

collection sources as defined above. For the textual material (i.e., MDDS Documents, workshop 

reports and secondary data.), I used the coding techniques which in simple words can be said 

as categorizing data. I coded the data and combined them to form themes and conclusions. For 

example, I analyzed the MDDS documents that were collected from the Indian MoHFW. I 

coded it in terms of finding the required data elements for the Indian primary health care and 

discovered that due to the unavailability of the lot of common data elements these standards 

will not serve the expected primary healthcare needs. Following this, a conclusion was made 

between me and my supervisor that whatever percentage of data elements are available shall be 

implemented into the system. 

 

Similarly, when I analyzed the workshop reports and other secondary data analysis, I coded the 

data in terms of topics and discussions that covered standardization, integration, 

interoperability, implementation challenges, other socio-technical challenges etc. and based on 

that I made decisions on proceeding further in conducting my research. 

 

I believe that data analyzing techniques varies from person to person and from the type of data 

to be coded and analyzed from the raw data. I have my personal way of coding and analyzing 

data. Glaser and Holton (2004) have explained these coding techniques. Usually, when I have 

printed documents (books, articles, field notes etc.), I code them differently than the way I code 



 

 

them in digital form. I code data to study a complex phenomenon by making hand written notes 

for clarifying my doubts e.g., when reading a printed book, I start with going through its table 

of contents to understand what all topics the book covers, and then I quickly go through every 

page of the book and marked the pages of interest by using the page markers. Then, I start 

reading the marked content and code the data by using usually three different colors text 

markers plus one ball point pen or pencil for writing notes (e.g., related to standardization 

challenges). I mostly use different text markers for setting priority to the textual material (e.g., 

low, medium, high). But when I have material in electronic form than it is more difficult and 

complex to analyze e.g., for pdf formatted material, I use the adobe reader marking and 

commenting tool which has some limitations as it is not a proper data analyzing tool. There are 

a lot of other data analyzing tools like NVivo, ATLAS.ti etc. But I didn’t use any of these. 

Figure below shows few of my manual data analyzing methods and tools.  

 

 

Figure 8: Data analyzing 

3.5 Presentations 

I presented four times during my research cycle. Each presentation was given for a particular 

purpose that I explain below: 

Table 8: Presentations 

Date and Place of presentation Purpose 

Workshop 3, Oslo, Norway. – 16 

May 2017 

This was the first presentation that I gave and as I was 

new joinee, I presented on my involvement in the project 

with all the recent tasks and learnings.  
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HISP-India Office in Noida, 

India. – 14 July 2017 

This presentation was given on a purpose to explain 

about my learnings on MDDS and NIN. And how I plan 

to implement them in DHIS2. 

Workshop 4, Chandigarh, India. 

– 19 Feb 2018 

This presentation was about the challenges and 

approaches in implementing MDDS in patient-based 

systems for primary health care. 

Workshop 5, Chandigarh, India. 

– 6 Sept 2018 

Here, I presented about my learnings, results achieved 

and way forward. 

 

3.6 Summary 

With this chapter I presented, how things took place during my research. Also, how the 

methodologies were followed. I also explained how I used the various qualitative data collection 

and data analysis methods and tools. 



 

 

4 Case description  

This chapter starts with providing the context of the research including relevant details of the 

Indian public health systems and on the project studied. Then details of the specific 

interventions carried out are described as part of the case study. 

4.1 India’s Health System 

According to the UN, India’s population in 2017 is estimated to be 1.3 billion people and out 

of these 77% of the population comes from the rural areas. India has a vast health care system; 

it is divided into public and private sectors and India spend about 1.2 % of its GDP on the public 

health sector which is extremely low in relation to the population. Moreover, there are 

differences in the quality of healthcare given to the rural and urban areas and also between the 

public and private sectors. These differences often include physician shortages, limited 

medicines, inadequate knowledge, human resources capacity and infrastructure. This lack of 

adequate healthcare in the public sectors motivates the people to move to the private sectors 

which is usually expensive and is generally inaccessible to the poor.  

 

 

Figure 9: India's Public Healthcare architecture (Planning Commission of India, 2011, p. 195)   
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The previous figure displays the six-level architecture of the Indian public health care sector 

and the proposed plan for year 2020 of the human resource under the Universal health coverage 

by the Planning Commission of India (2011). The six-level architecture moves upwards starting 

from the village level, and then sub-health centers, primary health centers, community health 

centers, district hospitals and medical colleges. At the first level, comes the community health 

workers like ASHAs and at the second level, comes the ANMs who works in PHCs or SHCs 

and provides health services in the urban or semi-urban areas while at the third level comes the 

PHCs covering a population for about 30,000 people. Then comes the fourth level that mostly 

includes the CHCs with higher number of health staff and it provides services to approximately 

1,00,000 people and finally comes the district hospitals and Medical Colleges at the fifth and 

sixth level of health service providers. 

 

In order to address provide health coverage throughout India, the Indian government has 

launched various programmes. One is the National Health Mission (NHM). The motive behind 

this mission is to improve the health system and the health status of the people, especially those 

who live in the rural and semi-urban areas. Similarly, other national programs like for Stroke, 

Diabetes, Cardiovascular have also been initiated and many others. 

 

In February 2018, the reported world’s largest public health insurance program (Balsari, et al., 

2018) has been launched by the Indian government called Ayushman Bharat under the national 

health protection scheme (NHPS). This scheme proposes to give benefits to 50 crore Indian 

citizen by providing coverage of up to INR 5 lakh. As mentioned on the official website,11  an 

interoperable IT platform will be made operational that will entail for paperless and cashless 

transactions. Balsari, et al. (2018) have also mentioned that the health data in India (both in 

public and private sectors) are mostly not digitized, standardized, not interoperable, and not 

readily accessible. They also mentioned that the NHPS will largely depend “on the technology 

to effectively scale services, monitor quality, and ensure accountability” (Balsari, et al., 2018, 

p. 2). 

 

 

                                                 
11 https://www.india.gov.in/spotlight/ayushman-bharat-national-health-protection-mission 



 

 

4.1.1 Data standards  

The Indian MoHFW has started focusing on major issues including legislative gaps, lack of 

uniform standards for e-healthcare, fragmented and uncontrolled nature of the private sector 

and ineffective implementation of standards in the public sector. The Indian MoHFW focuses 

on two key e-health standards in India: i) the EHR Standards; and, ii) the MDDS (National 

Informatics Centre, 2018). The government is seeking to enforce compliance amongst the 

public sector to the use of prescribed standards like using SNOMED CT license what has been 

purchased by the central ministry and distributed free all over the country (Balsari, et al., 2018). 

4.2 Research Context 

According to the WHO, “ Universal health coverage (UHC) means that all people and 

communities can use the promotive, preventive, curative, rehabilitative and palliative health 

services they need, of sufficient quality to be effective, while also ensuring that the use of these 

services does not expose the user to financial hardship” (WHO, 2018, p. para 2). Consequently 

in 2005, India made commitment to achieve UHC (Faujdar, Sahay, Singh, & Kumar, 2018). 

Sahay, Nielsen, and Aanestad (2018) have described various efforts made by the Indian states 

in implementing the UHC-HIS within the primary health care sector. Similarly, Faujdar, Sahay, 

Singh, and Kumar (2018) have identified the various HISs (both Open and Proprietary) that are 

evolving in India and none of them focus specifically on the Indian primary health care but do 

help to a limited extent. These systems range from HMISs (e.g., DHIS2), Tracking and 

surveillance systems (e.g., Mother and child tracking system MCTS, NIKSHAY a Tuberculosis 

case tracking system etc.), EHR Systems (e.g., OpenMRS). It is also mentioned by Faujdar, 

Sahay, Singh, and Kumar (2018) that DHIS2 is able to submit reports to the NIC-HMIS portal 

in the required format whereas the NIC-MCTS system which is soon to be replaced by NIC-

RCH portal does not speak with the NIC-HMIS portal. 

 

In this research project, efforts to implement two UHC-HISs (i.e., DHIS2 and OpenMRS) have 

been made. The research is conducted at two empirical sites, and both lie in the northern region 

of India (i.e., Punjab). The focus is on the primary health center and its sub centers (called 

outreach centers) (Sahay, Nielsen, & Aanestad, 2018). More detailed information about these 

sites (i.e., PHD25 and PHC Balarhi), is given below. It includes information about their 
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location, the key actors, the implemented HISs and the workflow for both before and after 

implementation of the health systems. 

 

4.3 PHD25 

4.3.1 Location and Population 

The Public Health Dispensary lies in sector 25D (PHD25) of Chandigarh city. Sector 25D is a 

semi urban area and the dispensary lies at the center of it. Figure below shows a Satellite view 

of the area and the location of dispensary. It is a densely populated area with a high migration 

rate and about 25 percent of the population lives in the slums. PHD25 provides health care to 

around 25,500 individuals with a daily patient load (on working days) of approximately 50 

patients. 

 

 

Figure 10: Satellite view of Sector 25 D Chandigarh. (Google Maps) 

 



 

 

4.3.2 Background 

PHD25 is managed by PGIMER and it provides various healthcare preventive and curative 

services to patients, including clinical care services like OPD (Outpatient department), 

dispensing drugs (at free of cost), few laboratory tests (e.g., blood sugar, hemoglobin, HIV test, 

pregnancy test etc.). Furthermore, various other primary care services like RCH (reproductive 

child healthcare) that includes services like child immunization, ANC (antenatal care), family 

planning counseling to patients, child birth, postnatal care, eligible couple; NPCDS (National 

programme for prevention & control of cancer, diabetes, cardiovascular disease & stroke); 

Health education etc. The dispensary also collects and maintains medical records for the 

patients and further generates reports out of it for their local use and also for sending it to higher 

management.  

 

The key health employees of PHD 25 includes two doctors i.e. one senior and one junior, one 

MPW (multipurpose worker), five ANMs (auxiliary nurse midwives), four ASHAs (accredited 

social health activists), one part-time MSW (medical social worker) and one part-time PHN 

(public health nurse). Each of these health employees maintain their own records in set of 

registers. 

 

The Doctors examines the patients, performs the diagnosis and prescribe medicines. Sometimes 

they refer the patients to other higher medical institutions for diagnosis and treatment. Whereas, 

the key tasks of an MPW involves patient registration, handling the pharmacy that also include 

dispensing drugs to patients, providing TB-DOTS (Directly Observed Treatment Short course). 

The MPW also prepares malaria slides, educates people on environmental sanitation, organize 

surveys (e.g., leprosy survey), maintains the records of the patient’s registration, drugs 

consumption and generates weekly, monthly and yearly reports by performing the manual 

analysis of the registers records.  

 

The ANMs are the contractual government employees (a grass root level female health worker) 

who provide health services to 5000 people and are assisted by ASHAs. ASHAs are the 

community health volunteers (who provide health services to 1000-2500 people). Basically, 

they all work together with slightly different roles. They have a weekly schedule to follow and 

in between they also go on a field visit to perform surveys, provide medical health care, and 

also urge patients to visit the dispensary. They cover various health programs, mainly RCH 
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program and screening NCDs under NPCDS programme. They maintain registers and generate 

reports from their field records. 

 

There are around 22 AWWs (aanganwadi workers) in the area as well who provide basic health 

care to the women and child. These AWWs are not directly part of PHD25, but work for the 

ICDS scheme (Integrated Child Development Services) and support the ASHAs and ANMs as 

well. Each AWW cover a population of 1000 people, track the patients and visits house to house 

to ensure that the new born baby is immunized, sometimes they also cover ANC, and postnatal 

care. 

 

Whereas, PHN assist in triage, sometimes in clinical care and first aid, the MSW provides 

counselling services and health education. 

4.3.3 Registers and Reports 

The employees of PHD25 maintain around 28 registers. They fill up these registers on a daily 

basis. At the end of every month they analyze the data from the registers and generate the 

respective reports. These registers and reports follow a particular format provided by Indian 

MoHFW. Most of the reports are generated on monthly basis but one to two reports are 

generated on weekly and yearly basis. The health workers spend a lot of their work time in 

maintaining these registers and generating reports. The list of some key registers and reports 

are displayed in the table below 

 

Table 9: Registers and Reports 

Registers Reports 

Survey & Eligible Couple Register Monthly RCH Report 

IUD/Still Birth Register NPCDCS report 

ANC Registes Maternal Death Report 

MTP Register Monthly Birth Report 

Family Planning Register Monthly report of family planning 

RCH Register Monthly Vaccine report 

NPCDCS Register HBNC report 

PNDT Register MTP report 



 

 

Tracking of Children HMIS report 

Stock Register PTK report 

OPD Register JSY report 

 

4.3.4 Infrastructure improvements 

Earlier all the work in PHD25 was done on paper-based registers. But to move from paper-

based to electronic and for implementing the HISs in the dispensary. There was an obligation 

to improve the infrastructure. Thus, some furniture and new IT based hardware were purchased 

and installed. This included installation of LAN ports with all the cabling that also included 

earthing in the rooms, three desktop computers including server, one laptop, four tablets for 

outreach, two printers, Broadband Wi-Fi + LAN internet connection, LAN networking 16-port 

switch, Uninterrupted power supply (UPS) source, an inverter and a microphone with amplified 

speaker.  

 

A Living Lab was also established at PHD25. It was an important means of data collection in 

the empirical site to enable system design in context (Sahay, Nielsen, & Aanestad, 2018). This 

research concept brought both the health and IT world together and this collaboration helped in 

designing, developing and implementing the expected patient centric systems. The living lab 

team included the health employees of PHD25, a HISP-India developer and a data entry 

operator. The IT team used to sit and work at the server room in PHD25. The system was 

designed by handling the requirements made by PGIMER and PHD25 health employees. Most 

of the development was done at PHD25 by a dedicated software developer who was supported 

by the HISP-India team from Noida. The dedicated data entry operator was hired on a purpose 

to avoid untrained users to corrupt the data. All this helped in saving a lot of time. Furthermore, 

the system was tested right on spot by PHD25 staff like ASHAs and ANMs and based on their 

positive or negative feedbacks, further changes were made in the system. It helped in gaining 

better insights of the work and challenges from both worlds. 
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4.3.5 Integrated HIS Architecture 

As per the need of PHD25, two FOSS based patient centric systems (i.e., DHIS2 and 

OpenMRS) were implemented with an aim to support the health workers in their daily work 

routine by reducing their workload. Moreover, the system was designed in a way to cover the 

public health programmes with scalability of adding more programmes in future, providing 

comprehensive primary health care service delivery including disease prevention and health 

promotion. 

 

As it can be seen in the figure below DHIS2 is used by various health actors for different 

services like sending health education messages, and scheduled appointment reminders alerts, 

generation of reports and registers for the various customized programs. Furthermore, 

OpenMRS is also linked (partially integrated) with the DHIS2 which is explained in section 

4.5(1.2.3).  

 

 

Figure 11 Integrated HIS architecture  

DHIS2 Tracker – The tracker module of DHIS2 supports the community with a smooth 

integration between community health data and aggregated data management. The tracker 

module provides the facility to track different types of entities (e.g., persons, commodities like 

medicines etc.). The health employees (i.e., ASHA and ANMs) use DHIS2 for the preventive 



 

 

and promotive services including collecting and maintaining the patient data, tracking the 

patients, generating reports, sending health SMSs and reminder alerts.  

 

The data standards followed in the system were mostly based on the heath care registers. The 

aim was to design a user-friendly system, so that the health employees feel familiar as they are 

working with registers which can result in learning the system early and gain trust. Various 

health care programs are implemented in the tracker module of the system like Family Folder, 

RCH Program, NPCDS Program, RNTCP etc. and the system not only helps in generating e-

reports but also e-registers. Various other developments like generation of work plan, 

indicators, patient medical history, graphs etc. have also been done which is explained in detail 

in section 4.5. 

 

OpenMRS – OpenMRS is an open source electronic medical record system. This system is 

used primarily by the doctors for supporting the provision of curative services i.e., for the 

clinical use. It helps in capturing and maintaining the medical records of the care provided to 

the patients by the doctors. OpenMRS includes the modules like patient registration, OPD, 

laboratory, triage, and pharmacy. Furthermore, it also helps in generating various reports.  

4.3.6 Workflow 

There are two scenarios, firstly, there are ASHAs and ANMs who follow their respective health 

care programs, provide health care, spread health knowledge, and go out to reach for patients. 

Secondly, there are doctors and MPWs who provide medical care and drugs to patients who 

visit the dispensary.  

 

Earlier, before the implementation of health systems. All the work done by health employees 

was paper-based. The quantitative data analytics were done manually by themselves which 

could sometimes lead to miscalculations. They needed to look-up patients by performing 

manual search. Due to the fact that every health employee has their own way of working with 

registers and reports, sometimes this could lead to messy work which only they could 

understand and no other. Furthermore, for clinical care, the patients were given hand written 

medical slips by the doctors and MPWs. 
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Now, after the implementation of health systems. Considering the first scenario, the ASHAs 

and ANMs are gradually trying to shift their work to DHIS2, but this is not an easy task for 

them and efforts are been made to convince them. The ASHAs and ANMs records all their 

patient data in the registers. Thus, the first and foremost task was to gain their trust and for that 

all registers data was needed to be entered into the system. The first program that was designed 

in the tracker was the family folder which consists of two programs that are linked manually 

with each other i.e. household and household member. Now along with the development that 

was going on with DHIS2, the data entry operator worked on entering data in the family folder. 

As the records were big, it was a time-consuming task to achieve. Simultaneously, another 

program named NPCDS was customized in the system. Then the patients were assigned into 

this program accordingly. Gradually the developments on reports and other programs were also 

done. When the ASHAs and ANMs saw the first system generated report, (which was 

developed according to the exact format they used to work on) it somewhat helped in gaining 

trust towards the system. As per the analysis presented by the PGIMER researcher during 

workshop 5, the reports from DHIS2 helped save a lot of time, improve accuracy in data and is 

easy to understand. Another part which is done from the system is informing the patients by 

sending SMSs in local language. The health workers are trying to gradually move their work to 

the system for the implemented programs. Figure below shows how the patients are enrolled in 

various programs implemented in DHIS2 Tracker, which is customized in a way that no patient 

can be directly registered into the program without being first registered in the family folder. 

 

Figure 12: Patient enrolling process in DHIS2 

 

Considering the second scenario, as it is depicted below. When the patient visits the dispensary. 

The MPW performs the patient registration in OpenMRS by taking the patients demographic 



 

 

details like name, address, sex, birth date etc. The patient is assigned a system generated unique 

patient id. The patient is then entered in a queue in OpenMRS by the MPW. This queue can be 

seen by the doctor who have administrative rights. The doctor then announces the patient name 

on the speaker with a mic. The patient who waits in the waiting area after hearing his name, 

visits the doctor in the OPD room.  

 

Figure 13: OPD Workflow 

The first doctor takes the vitals like blood pressure, weight, height in the triage module. The 

other doctor then performs the diagnosis and prescribes the medicines; using OpenMRS. The 

doctor also prints-out a medical slip and hands it over to the patient. This medical slip contains 

the details like the diagnosis and medicine etc. The patient then goes back to the MPW to collect 

the prescribed medicines. In case of a revisit, patient is searched in the system by his/her name 

and given the same previous id and not registered again.  

 

For maintaining the drug inventory, when the new drug stock arrives, the MPW updates the 

system on a regular basis. The stock module in the system then automatically calculates that 

when and to whom the drugs are being dispensed. This saves a lot of MPWs time. The stock 

inventory reports are also automatically calculated by the system. 

4.3.7 Key Challanges 

There were three major technical challenges (discussed next) faced during developments at this 

site that led to some key learnings: 
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1. The biggest challenge faced at the PHD25 was of not able to make DHIS2 and 

OpenMRS interoperable because of the differences in databases (i.e., DHIS2 had 

family-based data while OpenMRS had patient based). The health employees demand 

was to work with one patient centric system capable of helping both the community care 

programs and the clinical care. Like having a complete patient centric solution for the 

primary care. So that the patient is registered once, all the patient medical data and 

reports can be accessed from one system. 

 

2. Another challenge was to not able to serve ASHA and ANM for the outreach because 

with the older version of the DHIS2 tracker android app there were some data syncing 

issues with uploading the data but the HISP-India team somehow managed to download. 

 

3. The last challenge that was faced included post-hoc implementation of standards 

(MDDS). Due to my late joining in the project during the on-going development. The 

available standards were to be modified post-hoc. Thus, an attempt was made but it was 

impacting the pre-entered patient data and was increasing the risk of corrupting the data 

Therefore the idea of implementing standards for this site was dropped. 

4.4 PHC Balarhi 

4.4.1 Location  

The second research site is the Public Health Center (PHC) which lies in Balarhi village in the 

Balarhi Tehsil. The village is covered by agricultural land. This rural area comes under the 

Fatehgarh sahib district in Punjab. The figure shown next is of the Balarhi village. 

 



 

 

 

Figure 14: Satellite view of PHC Balarhi. (Google Maps) 

4.4.2 Current Progress  

To begin with, the workflow in Balarhi are expected to be similar as PHD25. The infrastructure 

needs improvement and for that the planned IT based hardware will soon be installed. 

Following that the HIS will be implemented.  

 

To address the challenges faced at the PHD 25. The HIS which will be implemented at the PHC 

Balarhi site is DHIS2, that now have the same PHD25 developments but with added 

functionality of a Clinical Module; customized in Tracker. This system is now also developed 

according to the Indian health data standards. The clinical module includes the functionalities 

for Registration, Triage, OPD, Laboratory, Patient queue system. The rest of the functionality 

is same as of PHD25.  

 

The development for the Pharmacy with stock module is still in-progress. But the first beta 

version is ready to be installed and tested in context. Moreover, as discussed during the 5th 

workshop, the plan is to be upgrade DHIS2 to its latest version (i.e., 2.30), so that it can support 

the new DHIS2 Tracker android app for the outreach. 
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4.5 DHIS2 Customizations and Developments 

In this section, I discuss all the customization and developments done by the HISP- India team 

in DHIS2 for PHD25 and PHC Balarhi. To implement DHIS2 at any site, it must first be 

customized according to the user requirements. In this project, DHIS2 related work was not 

only limited to customization. Due to the establishment of a living lab the requirements kept on 

evolving. Thus, to meet the demands of the health employees, some developments in DHIS2 

were also done by the HISP-India team and a few times HISP-global team was also involved. 

Setup  

At first an online instance was created where the initial customization for the family folder took 

place. But later after the establishment of living lab and the infrastructure improvements, the 

HISP-India developer started working from the site by setting up DHIS2 locally at his machine 

for testing purposes. All the development was done either on his machine or on the online 

testing instance. After testing the customizations and developments, the progress was updated 

on the main working site. Furthermore, daily backup was also taken, and the online instance 

was updated simultaneously.  

 

The online instances are still maintained from HISP-India Office situated in Noida. There are 

two online instances one for PHD2512 and other for PHC Balarhi13. Users are created with 

limited administrative rights. 

Mapping Unique ids  

The unique ids of data elements were mapped into the reports and the various other tracker 

functionalities. So that any minor modifications (e.g., change of name, addition of code etc.) 

to the data elements does not affect the working of the code. It can be understood by an 

example, by looking at the next figure that displays the code for the relationship functionality. 

                                                 
12 http://139.162.61.147:29016/intpart/dhis-web-commons/security/login.action 

13 http://139.162.61.147:33016/khera/dhis-web-commons/security/login.action 

http://139.162.61.147:29016/intpart/dhis-web-commons/security/login.action


 

 

 

Figure 15: Mapping with unique ids 

 

The unique ids of the data elements (Tracked entity attributes) are mapped in the code. Figure 

below shows the database view which shows the similar ids that were modified with MDDS. 

These data elements were modified carefully to avoid affecting the functionality. 

 

 

Figure 16 Database view 

GitHub 

JavaScript and HTML code were written during the development process. The code was written 

in tracker-capture files like: registration-controller.js, default-registration-form.html, scripts-
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controller.js, dashboard-controller.js, dashboard.html and so on. All these code modifications 

were uploaded to GitHub on a timely basis. The code is open source and can be viewed for 

PHD2514 and PHC Balarhi15. 

 

DHIS version 2.28 has been implemented at PHD25 and it will be upgraded to 2.30 for PHC 

Balarhi. The customization of various programs was done according to the registers. Most of 

the data elements, attributes, option sets etc. had been created from the register fields and 

approximately 700 data elements and attributes were created. This list can be found in appendix 

B. Accordingly, the program rules were applied in addition with various indicators. Most of the 

metadata was created one by one from the maintenance module. 

4.5.1 Tracker 

Here, I explain the Customization and Development done in DHIS2 Tracker, Reports, etc. Here 

I worked with the HISP-India in customizing the programs according to the standards both post-

hoc and design-phase. Moreover, being the part of living lab, I also learned to perform the 

developments in DHIS2. Following programs are customized in the tracker module of DHIS2. 

I have focused on the aspects related to standards.  

 

1. Family folder 

It was the first program which was customized in tracker in February 2017. There was data for 

about 10000 individuals in the registers. A particular family form is maintained by the ANMs. 

This form is a part of NPCDS program shown in the next figure. The idea was to enter those 

names familywise in the program. Thus, the concept of family folder was introduced. This 

family folder is linked to all the other programs as well. All the patient registration is done here 

and then the patient is enrolled to other programs. Here the work of tracked entity attributes 

come into play so that they could be viewed in the profile. It consisted of two programs i.e. 

Household and Household member. 

 

                                                 
14 https://github.com/hispindia/dhis-tracker-capture-app/tree/INPART-v28 

15 https://github.com/hispindia/dhis-tracker-capture-app/tree/INTPART-KHERA-v28 

https://github.com/hispindia/dhis-tracker-capture-app/tree/INPART-v28


 

 

 

Figure 17: Form for a family filled by ASHA 

 

1.1. Household 

Household program basically represents one house were the family lives. To create a family, 

first the household data is filled up. This data includes the common demographic and other 

information for all the family members for example: Address, Caste, Religion, the name of the 

assigned ASHAs and ANMs etc.  

 

1.2. House hold Member 

The Household member program represents one individual of a particular family or household. 

Here the data is collected at an individual level for example: Date of birth, Name, Sex, Contact 

details, Education, Occupation etc. 

 

1.2.1. Linking with manual ids 

There is a process of creating manual unique id for every household. This process was chosen 

because every household member is needed to be linked with household. These manual ids are 

created by following a particular format i.e. Facility/House Number/Type of house/Head of 

Family. 
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Facility – This field is always kept as CHD25 

Type of House – This field values are taken as B1, B2, B3, B4, J, J1, J2. 

Head of Family – It is an alphanumeric character given to the head of family i.e. H1, H2, H3 

etc. In case there are two or more family living in one house. For example, Father have 3 

Married Sons. They all live in one building with their families. Thus, it becomes 4 families in 

total living in the same building. 

 

In the same way manual unique ids are created for the Household Member Program. But here 

M1, M2, M3 etc. is used instead of H1, H2. Because M1, M2, etc. here represents the number 

of family members.  

 

It can be seen in the figure below that the household link is provided in the household member 

program. Thus, while entering the details of the family member, he/she can be linked up with 

the particular family.  

 

Figure 18: Screenshot of Household link 

 

1.2.2. Relationships 

In the Household program, the functionality of relationships has been developed  

 

Figure 19: Screenshot of Household relation 



 

 

By clicking this link in the house hold program, A pop-up window occurs that contains all the 

family members linked with the particular household as shown in figure below. It also shows 

their details like Name, Unique health id, Sex, Date of Birth etc. 

 

Figure 20: Screenshot of Household members pop-up window showing demo data 

Similarly, is the case in Household Member Program where the relatives name and relation is 

shown and in what all program they are enrolled in. 

 

Figure 21: Screenshot of relationships 

 

1.2.3. Integration with OpenMRS 

There was a requirement to integrate OpenMRS and DHIS2, for a purpose to transfer the patient 

data between both systems, generating reports and removing duplicity as well. But the data in 

DHIS2 was family based and OpenMRS had patient based thus integration was not feasible. 
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Yet, another approach was implemented to view patient’s data (in a unidirectional way) of 

OpenMRS through DHIS2. This process was achieved by performing development and 

manually mapping the OpenMRS patient’s id with DHIS2 patient’s id in DHIS2. Figure below 

shows a button containing a link to OpenMRS in the Household Member program. 

 

Figure 22: Screenshot of the link to OpenMRS  

 

By clicking this button, OpenMRS would be opened showing the medical details of this same 

patient. 

 

Figure 23: Screenshot of same record opened in OpenMRS 

 

2. NPCDS Program 

The National Programme for Prevention & Control of Cancer, Diabetes, Cardiovascular disease 

& Stroke (NPCDS) program took comparatively longer time to customize than other programs 

because of their more extensive requirements. Though it was customized in April 2017, 

requirements kept evolving requiring more developments.  Some out of the box developments 

also took place in this program. This program is divided into sections and stages. At the first 

stage, information captured includes patient’s history, family history, patient’s examination, 

blood cholesterol, etc. and the second and onward stages are names as NPCDS follow-up. 



 

 

Customization for some data elements have been done which are made visible specifically for 

Male or Female sexes. SMS integration is also done in this program. 

 

2.1. Medical History 

One of the developments done is of viewing the patient’s medical history. For this a button is 

created as shown in the figure below. By clicking on that button, a popup window shows up 

stating the patient’s selected vitals for all the visits he/she made. Those visits are added in the 

program stages. The figure below shows how it appears.  

 

Figure 24: Screenshot of the Medical history pop-up window 

 

Furthermore, it also shows the last visit vitals at the top as shown in figure below. 

 

Figure 25: Screenshot of the floating medical history 

 

2.2. Graphs for Hypertension and Diabetics Mellitus 

Similarly, as medical history, another development is for the graphs for patients for each visit 

he/she had made. By clicking on this button, the doctor can view variations in patient’s data for 

his/her multiple visits.  
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Figure 26: Screenshot of the Graph for Hypertension and Diabetics Mellitus 

 

3. RCH Program 

The Reproductive and child health program (RCH) is a very complex program because of the 

requirements. Patients visits are organized in program stages and the vaccinations are not only 

shown visit wise but also missed vaccinations are displayed in all subsequent visits. This 

program was customized by using a lot of program rules. The RCH program consists of three 

programs as defined below. 

 

3.1. Eligible Couple 

Eligible Couple is the first step, the purpose of this program is to collect all the required 

essentials of a married couple. The key details include data about the woman’s fertility status, 

previous children (if any), pregnancy test details etc. If the pregnancy test is positive, then the 

woman is enrolled to the Maternal Health program. Otherwise, the Eligible couple is assigned 

to the next stage i.e. of Family planning. 

 

3.1.1. Family Planning 

This program is customized as a program stage. The purpose of this program is to provide 

necessary guidance and medication to the Eligible couple. If the couple do not want any more 

children, then medication for preventing pregnancy is provided. 

 

3.2. Maternal Health 

This program is for the expecting mothers. It has two key phases. One is the Antenatal care and 

other is the Postnatal care. There are four ANC visits customized as program stages. The key 

details in these visits include data about Hemoglobin test details, Urine analysis, Vaccinations 

like TT Booster, Medicines like Folic acids, Risk in Pregnancy etc. Then is the postnatal care, 

here the key details of the Infant are also captured like the vaccinations given at birth, Any sign 



 

 

of danger both in mother and infant. Figure below show how the visits are organized in the 

program stages. 

 

 

Figure 27: Screenshot of Program stages for Maternal health 

 

3.2.1. Quick Info 

This is another development done by the HISP-India team in the Maternal health program. The 

user can have a quick look at all the necessary details of a particular patient without wanting to 

click and check those details one by one. Thus, this development includes a small star symbol 

in front of every patient enrolled, which the user can click on and view the key information as 

shown in the figure below. 

 

Figure 28: Screenshot of Quick info functionality  

 

3.3. Child Health 

Similarly, in the Child health program, when the infant is born it is enrolled in this program. 

And all the vital details about the immunization doses, and the growth of the child is collected 

according to the visits. 

 

4. RNTCP Program 
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The Revised National Tuberculosis Control Program (RNTCP) was also customized in the 

PHD25 system. This program had been adapted from the NIKSHAY System. Thus, all the data 

elements were created accordingly. It includes two stages of TB screening and TB Treatment. 

 

5. Clinical (For PHC Balarhi site) 

For this program, I went to India and made sure that it is customized according to MDDS from 

its design phase. Thus, we have followed the standards wherever we could. This program is 

developed for the PHC Balarhi site. In Balarhi only the DHIS2 will be implemented with an 

added functionality of the Clinical Module. User demanded DHIS2 to work like OpenMRS, 

and DHIS2 has been customized as closely as possible to OpenMRS. i.e. it is customized with 

similar data elements and workflow. The development is ongoing and is in beta mode. 

 

5.1. Metadata – Registration, Triage, OPD, Laboratory, Pharmacy. 

The idea here is that the patient registration is done at the household member program and then 

the patient is enrolled to the clinical program. The clinical program consists of four sections 

which are triage, OPD, Laboratory and Pharmacy. Program stages are used for the follow-up 

visits with similar sections. The data elements for the Triage module is adapted from the MDDS 

list. Similarly, that is the case for the OPD. But according to the user requirements, the 

procedure, diagnosis, and investigation list is exported from the OpenMRS and imported into 

the option sets of DHIS2. In total approximately 2500 option set values are imported through a 

CSV file. The Drugs list and Laboratory tests list was provided by the user. This is because the 

PHC performs limited number of tests and dispenses limited number of drugs. The pharmacy 

module is a challenging task to achieve and development is ongoing. 

 

5.2. User authorizations  

The users are created with limited rights and only the doctors are given the administrative rights. 

Sections are hidden according to user role. For example, a Pharmacist will only be able to view 

the Pharmacy section and not the other three sections. 

 

5.3. Queue Management 

Development for Managing the patient queue is done. This queue is also role specific which 

means the users will be able to see their respective patient queue. When the MPW registers the 

patient in the system, he enters him into a queue which is visible to the doctor. The doctor 

removes the patient from his queue after examination. 



 

 

4.5.2 Indicators 

Various indicators are also created for various programs like MCH (e.g., Vitamin A Doses, 

ANC 1st to 4th Visits etc.), NPCDS Indicators (e.g., BMI, HTN, DM, Age, Risk assessment 

etc.), GIS Mapping for TB Cases etc. These indicators were added for different customized 

dashboards. 

 

Body mass index (BMI) indicator is calculated based on the height and weight of the patient. 

HTN is for the Hypertension cases for both controlled and uncontrolled and so on. But a very 

important indicator is the Risk assessment which is calculated by asking set of six questions to 

the patient. Each question is created here as a data element. These data elements are assigned 

respective option sets and the values in the option sets is assigned a respective score from 0 to 

2. If the total score increases by 4 than extra care of that patient is taken. Then a program rule 

is applied to calculate the total. The scoring can be understood by following example for one 

of the questions that is asked. 

Table 10: Risk assessment question 

Question/Data element Answers/Option set values Codes in option sets 

Do you smoke or 

consume smokeless 

products such as Gutkha or 

Khaini? 

Never 0 

Used to consume in the 

past / Sometimes now 

1 

Daily 2 

 

Similarly, the next figure shows the complete list of questions (data elements) as it is 

customized into the program section. 
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Figure 29: Risk assessment data elements 

4.5.3 E-Reports 

There are various reports which are sent on weekly and monthly basis to different health 

departments. Various Aggregated Reports are generated from both the implemented systems.  

The required data elements from customized programs are mapped into these reports. 

 

Table 11: Antenatal care (ANC) reports 

Report Description 

ANC 1st Visit  Patients who came for their 1st visit 

ANC 2nd Visit  Patients who came for their 2nd visit 

ANC 3rd Visit Patients who came for their 3rd visit 

ANC 4th Visit  Patients who came for their 4th visit 

ANC- Albendazole  Patients who has been given Albendazole 

treatment 

ANC- Hemoglobin Record  The record of patient’s hemoglobin 

ANC- High Risk Pregnancy The patients with high pregnancy risk 

ANC- IFA 180 Patients who are suggested to take IFA 180  

ANC- J.S.Y Record of maternal health Beneficiaries who are below poverty line 

ANC- Monthly monitoring of severe anemia Patients with anemia 

ANC- Scheduled ANC Visits  

ANC- TT Booster  Patients who are given TT Booster 

ANC- TT1 Record  Patients who are given TT1 



 

 

ANC- TT2 Record Patients who are given TT2 

 

Table 12: Child health reports 

Child Health- Low Birth Weight Children with low birth weight 

Child Health- New Vaccine (IPV/Rota) Children who are given IPV/Rota vaccine 

 

Table 13: HMIS reports 

 

HMIS reports are very important and complex to generate. For these reports the data is taken 

from both the implemented systems, then the data is merged into one report. At first the report 

is generated from OpenMRS in an excel format and then it is imported to DHIS2. That data is 

mapped with the data elements created in the DHIS2. And then the final report is generated. 

 

 

 

Table 14: NPCDS reports 

NPCDCS- Missed scheduled appointment Patients who have missed their scheduled 

appointments 

NPCDCS- Cancer  It is an aggregate report and displays the 

monthly record related to cancer. 

NPCDCS- DM & HTN it’s an aggregate report displays the 

monthly record related to DM & HTN. 

 

NPCDCS- Early detection (ASHA Form) It displays where person is suffering from 

any disease. its provide the report of early 

detection section in NPCDCS program. 

NPCDCS- Follow up Done  Patients who visited their next scheduled 

visit 

NPCDCS- Graph Indicator (Follow up 

HTN/Total HTN) 

 

HMIS FACILITY WISE  

HMIS POPULATION WISE 
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NPCDCS- Household member (ASHA 

Form) 

 

NPCDCS- Individual Page (ASHA Form)  

NPCDCS- Risk assessment (ASHA Form) It’s an individual report, it provides the risk 

score of all the person enrolled in that 

program. 

NPCDCS- Schedule person morning alert   

NPCDCS-Consolidated Report NCD 

screening  

 

 

Table 15: SMS reports 

SMS based on Diagnosis In this a health message is sent to patient 

having common diagnosis. 8 diagnosis 

buttons have been made. By clicking on it, 

we can get all the patients linked to that 

particular diagnosis. 

SMS TO HEALTH WORKERS An SMS can be sent directly to ANM. ANM 

receives the summary of one day like number 

of households, patient name, diagnosis. 

SMS- Generic SMS   

 

Table 16: Other reports 

Stock Report 

Work Plan- ANC  

Workload - ANM 

Work Plan- Immunization  

Work Plan- PNC 

 

The figure below shows an example of High risk pregnancy report which is generated from 

DHIS2. 



 

 

 

Figure 30: Screenshot of High risk pregnancy report 

4.5.4 E- Registers  

The PHD25 health employees maintain around 28 registers. The most complex register is the 

RCH register. DHIS2 is the main data collecting instrument, which is designed according to the 

registers. Thus, the demand was to generate through DHIS2 the important registers like NPCDS 

and RCH. The format of the registers is designed with the exact standards as it was asked. 

Following registers have been created from DHIS2 by the reports module. 

Table 17: e-Registers 

e-Register- NPCDCS  

e-Register- NPCDCS Follow up 

e-Register- RCH  

 

The figure below shows an example of Tracking of the pregnant women e-register which is 

generated from DHIS2. 
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Figure 31: Screenshot of RCH e-Register i.e. Tracking of a Pregnant women 

 

4.6 MDDS 

Metadata and data standards (MDDS) are adapted by using the guidelines set by Indian ministry 

of electronics and information technology (MeitY) under national e-governance plan (NeGP) 

to establish interoperability across e-governance applications in India. The MDDS guidelines 

help in structuring the information so that the data can be easily read, sorted, indexed, retrieved 

and communicated between systems (Indian MoHFW, 2018). The MDDS contains two parts: 

one focuses on the demographics v1.1 and the other on the health domain v1. The MDDS 

demographics v1.0 is released in 2010 and based on that the list of MDDS Health domain is 

developed. The data elements presented in these lists can be used according to the needs or 

requirements to build the application. 

4.6.1 Why MDDS? 

The goal of Indian MoHFW is to establish nationwide MDDS and other interoperability 

standards. The common data elements provide a standardized vocabulary for both public and 

private participants in the health system, for the interoperability. These standards can be readily 

accessed and used in the development of all healthcare IT applications. The need for adapting 

to MDDS arose because in India most of the public and private healthcare IT applications are 



 

 

developed without any standards, especially related to semantic interoperability and “MDDS 

solves the problems at the semantic level” (Indian MoHFW, 2018, p. 25). 

4.6.2 MDDS Demographics 

The MDDS demographics focuses on the data elements which are divided into two categories: 

1.Generic data elements: These are the commonly used data elements which are further divided 

into three categories the person identification, land region codification and other data element 

which are common across all domains for example date, measurement etc.  

2.Custom data elements: These are derived from generic data elements according to the 

requirement of the domain application. 

 

The values need to be uniform and therefore are specified into the metadata and code 

directories and for that the codification scheme is used which provides a unique reference 

number to every data element. The generic data elements are denoted by ‘G’ and custom data 

element by ‘C’. The generic data elements which are common across all domains are denoted 

by ‘G00’, the person identification by ‘G01’ and land region codification by ‘G03’. A data 

element can be of a distinct identity or it can have instances or parts. It can be well understood 

with the help of an example:  

Considering ‘Date’ as one of the data elements which comes under the category of generic data 

element common for all domain applications 

Table 18: Codes format 

Domain name: Common across all domain applications G00 

Data element: Date G00.01 

Day G00.01-00-01 

Month G00.01-00-02 

Year G00.01-00-03 

 

As it can be seen from the table above, the code for date is ‘G0.01’ and the day, month and year 

are its parts.  

 

The metadata of every data element is created by following the structure as shown in the 

appendix D. The metadata includes the reference number of the data element, name of the data 
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element, description, data format, size etc. It can be well understood with the help of few 

examples as shown in table below: 

 

Table 19 MDDS Demographic data elements 

Reference 

Number 

Name of data 

element 

Description Data 

Format 

Maximum 

Size 

G01.04 Marital Status 1-Never Married 

2- Currently Married 

3-Widow/Widower 

4-Divorced 

5-Seperated 

Char 1 

G01.05-01 Appellation 

Code 

Title for person 

Values as per Code directory 

CD01.04 

Integer 2 

G02.03-

00-01 

Address Type -Residential 

-Commercial 

Varchar 15 

 

Table 20: CD01.04 Appellation Codes and values 

Appellation Code Value 

1 Mr 

2 Mrs. 

3 Ms. 

4 Shri 

11 Dr. 

12 CA 

13 Er. 

14 Prof. 

 

Likewise, the MDDS demographics includes a long list. In some of the data element the values 

can be found in the code directories as shown above in the case of appellation code. 

 

 



 

 

4.6.3 MDDS Health 

The MDDS Document for health domain is divided into four parts (National Informatics Centre, 

2018): 

1. Part I: The Overview 

2. Part II: Data Elements: Quick Reference 

3. Part III: Code Directories: Quick Reference; Sample Values and their structure: 

4. Part IV: Metadata of Data Elements 

These standards are designed by following the similar approach as of demographics. It consists 

a list of common data elements which are needed by any new healthcare application. The 

MDDS Health data elements are grouped under 39 logical entities like the Patient, Examination, 

Diagnosis, Mortality, Pharmacy etc. 

Few of the data elements of these entities of MDDS health domain can be understood with the 

help of an example. As it can be seen in the example below the code scheme to represent the 

data elements is divided into three parts. The first part tells the code for health domain which is 

‘05’. The second part tells the code for the particular entity which can be from 001 to 039 which 

in case below is ‘24’ that represents immunization order entity. The third part tells the data 

element code. 

Table 21: MDDS Health data element 

Reference 

Number 

Name of data 

element 

Description Data 

Format 

Maximum 

Size 

05.024.0005 Immunization 

Product Code 

A code describing the 

immunization product from a 

controlled vocabulary. 

Values: Refer Code Directory 

CD05.036 

Integer 3 

 

Table 22: CD05.036 

Immunization 

Product Code 

 

Values 

01 BCG 

02 Hepatitis B 
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03 Polio 

04 DTP 

05 Haemophilus Influenzae Type B (Hib) 

06 Rota Virus 

07 Measles 

08 Rubella 

09 Human Papilloma Virus (HPV) 

10 Japanese Encephalitis 

11 Yellow Fever 

12 Tick Borne Encephalitis 

13 Typhoid 

14 Cholera 

15 Meningococcal  

16 Hepatitis A 

17 Hepatitis B 

18 Rabies 

19 Mumps 

20 Influenza 

21 Pneumococcal Conjugate 

22 Others 

 

4.7 Facility identifiers 

The Identifiers are the standards for identifying the facility i.e. the one providing the healthcare 

services across different locations in India. Every citizen in India has been issued a unique 12-

digit identification number called the Aadhar number. Similarly, in case of facility identifiers, 

all the HIS implemented at a particular facility will be assigned with two unique identifiers. For 

avoiding issues related to database porting two identifiers are being used. The management of 



 

 

Facility Identity is complex therefore a Facility Code Directory is created which will serve as a 

Master to all the applications. 

4.7.1 Global Unique Identifier (GUID) 

It is a system generated 16-bit number by using a standard algorithm. Example 40e74fae-c0er-

13her342-0473f8700bf7. This number will be used at the back-end and it will guarantee global 

uniqueness of the facility. But it is not available yet. 

4.7.2 National Identification Number issued to every Health Facility 

of India (NIN-2-HFI) 

Similarly, as the GUID, this number is assigned to every health facility i.e. both public and 

private. It is also a system generated number but is a 10-digit number and is generated by using 

LUHN algorithm. This unique number will be used at the front-end of the application. Example 

for the NIN issued to a public health dispensary is 142****138. 

4.8 EHR Standards 

These standards were first introduced in 2013 and was revised in 2016. Similar to MDDS, EHR 

standards as well are based on the concept of living document. But here the Indian MoHFW 

have focused on choosing the most recognizable and used set of standards that are applicable 

for EHR from around the world. They have tried to focus on giving a complete solution for 

achieving interoperability. The document (Ministry of Health & Family Welfare Government 

of India, 2017) is divided into various parts i.e. Health Record IT standards, guidelines, and 

data privacy and security. Their plan is to follow a particular standard for an intended purpose, 

For example: SNOMED CT for clinical terminology, LOINC for tests, measurements and 

observations. HL7 for message exchange, MDDS for Identification and demographics and so 

on. Similarly, guidelines are to be followed for IT hardware like equipment’s, networking and 

connectivity, Finally EHR standards also focus on the data privacy and security listing standards 

for data encryption, data integrity etc. 
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As per the analysis of EHR standards, it can be said that its foremost requirement for adapting 

to MDDS for Identification, Demographics and Patient Identifiers for the PHC-Balarhi is 

successfully achieved. 

4.9 Summary 

This chapter presented all the necessary information about the DHIS2 customizations and how 

the meta data was created and being used. The key point here is that all the linking is done by 

the unique ids of the data elements. Thus, no data element was deleted but only modified. The 

Indian health data standards designed for interoperability were also discussed providing the key 

information about these standards. The MDDS were followed for the PHC Balarhi site and an 

attempt was made for the PHD 25 site. The list of data elements was not feasible to show here 

therefore all the data elements is attached in appendix B program wise. 



 

 

5 Implementation of standards 

In this chapter, first I present my DHIS2 setup and the necessary fundamentals about 

performing modifications with metadata in DHIS2. Then I proceed to present the 

implementation guidelines that were followed to implement standards and to deal with the 

technical challenges. 

5.1 My DHIS2 Setup 

DHIS2 runs on the (JVM) Java virtual machine and thus is platform independent and can run 

on any operating system. It uses Hibernate database abstraction framework and is compatible 

with databases like PostgreSQL, MySQL and H2 (in-memory database). It supports REST-

based APIs for the additional software artifacts. DHIS2 is a generic tool rather than a pre-

configured database application, with an open meta-data model and a flexible user interface 

that allows the user to design the contents of a specific information system without the need for 

programming. The metadata in DHIS2 can be created by setting up organization hierarchy, then 

defining data elements, data sets and data entry forms, validation rules, indicators, reports etc. 

Further, the metadata can be accessed through URLs using HTTP requests. DHIS 2 comes with 

capabilities for system interoperability and features its own format for meta-data and data 

exchange called DXF 2 as well as the ADX standard. Most parts of the system can be accessed 

through the extensive REST-based Web API, making interoperability with third-party clients 

like Android apps, Web portals and other information systems easy. 

 

The DHIS2 Implementation guide provides information on how to setup DHIS2 on a dedicated 

machine. I setup DHIS2 on my personal machine by following the installation guidelines 

(DHIS2, 2017). In addition, I used the pgAdmin v4 for interacting with the PostgreSQL 

database. Furthermore, for my research project, I used the PHD25 database and war file which 

was provided to me by the HISP-India development team. 
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5.1.1 Configuring metadata in DHIS2 database  

For developing the DHIS2 database, the data elements are the most important building block 

representing what data is being collected and analyzed. It also helps in generating indicators, 

reports, dashboards etc. The DHIS2 user guide (DHIS2, 2017) provides a detailed information 

about how customize DHIS2 and for configuring its metadata, the detailed information is 

provided for configuring its objects like the data elements, categories, indicators, validation 

rules, program rules and so on. I noted that later in the DHIS2 customization process, the 

production phase, one should be even more careful while editing or modifying the various meta 

data, as any change, also to the less critical meta data, might affect how data is aggregated 

together or presented in a report. I was aware of the conceptual design principles (DHIS2, 2017) 

that helped me to make better use of the software when customizing a local database. 

5.2 Implementation guidelines 

To find the best possible approaches for both post-hoc implementation and design-phase 

implementation of MDDS in DHIS2, Implementation guidelines were planned and followed. 

5.2.1 Standards Analysis 

An in-depth manual analysis on MDDS was conducted for getting an overall idea about these 

standards, and for that the relevant standards documents (provided by the Indian MoHFW) were 

thoroughly scanned and were coded into the spreadsheet. A list of all the required data elements 

and attributes used in the DHIS2 tracker programs were written. Based on that list, MDDS 

guidelines were searched for those data elements and the spreadsheet was updated 

simultaneously with the relevant metadata. The format followed for the list is stated below: 

Program 

Name 

Current 

Data 

Element 

MDDS 

Data 

Element 

Ref no. 

of data 

element 

for its 

Metadat

a 

Descript

ion 

Data 

Format 

Maximu

m Size 

Validati

on 

Values Default 

value 

Comments 

 

This exercise yielded to about 650 data elements that were used in the customized DHIS2 

tracker programs. This analysis list can be found in appendix B. After completing the analysis 

on MDDS it was discovered that the MDDS are incomplete for the Indian primary health care 

as for the demographics needs these standards were 90% complete, and for the health domain, 



 

 

it was around 15% complete (mostly available for the clinical and reproductive child health 

programs). To make sure that these standards were understood and analyzed correctly, the 

analysis of the available standards were sent to the same Indian MoHFW employee who was 

interviewed (see chapter 3) and after his approval the implementation guidelines were planned 

further.  

5.2.2 Technical challenges  

The plan was to implement these analyzed limited number of standards, but for that there were 

few technical challenges. Thus, a set of approaches were planned and followed for every 

challenge. 

Data types and size 

The metadata in MDDS guidelines is provided for the relational databases and this metadata 

for every mentioned data element is categorized into name of data element, description, code, 

values, value type and size. The data types that are provided in the MDDS are different than 

DHIS2. For example, in the MDDS guidelines, one of the data types is varchar (char string of 

variable length and maximum length of 8000 chars) and in some cases given a size limit of 

4096 chars for one of the data elements. While DHIS2 provides Text and Long text which in 

technical terms is comparatively larger in size (e.g., Text in DHIS2 allows 50,000 chars). Thus, 

with the best possible approaches the following datatypes for MDDS were related and used 

with the DHIS2 data types. It is yet to be explored on how it will affect while transferring data 

from one machine to other because during a discussion in workshop 4 with a MoHFW 

employee, he mentioned that “these size limits are very important for interoperability.” 

MDDS DHIS2 

Varchar Text, Long text 

Integer Number, Integer 

Char Letter, Text 

 

While on the other hand when creating a data element in DHIS2, it does not provide option for 

setting up size of a data element value type when creating its metadata but do provide this option 

by applying program rules to some extent. For example, in case of an integer, program rules 
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were applied to define the size limit and according to the MDDS guidelines, it is mentioned 

that the unique id of the patient (Aadhar number) must be of a 12-digit unique number. So, this 

size was achieved by applying program rule shown in figure below. 

 

Figure 32: Program rule to define size 

Design-phase implementation 

Here, the design-phase implementation means that following the standards right from the design 

phase of creating metadata. Here the first conceptual design principal of DHIS2 was kept in 

mind, which states that “All meta data can be added and modified through the user interface” 

(DHIS2, 2017, p. para 2). There was a protocol followed for the data attributes and data 

elements, for example, one of the data elements i.e. Caste and its metadata, as mentioned below 

in the MDDS list. 

Program 

Name 

Current 

Data 

Element 

MDDS Data Element Ref no. of data 

element for its 

Metadata 

Description 

Household Caste 

 

Caste Code 

 

05.002.0004 

 

This data element identifies a person's caste. Caste 

based data is mandatory because of certain 

Government policies. 

 

Data Format Maximum 

Size 

Validation Values Default value Comments 

Char 

 

3 

 

 SC- Scheduled Caste 

ST - Scheduled Tribe 

G- General 

OBC - Other Backward Classes 

OT - Others 

 

G- General  

 

These metadata values were implemented in DHIS2 as shown below. 



 

 

 

Figure 33:Data element according to MDDS 

Post-hoc implementation 

Post-hoc implementation means when the pre-existing system are made compliant to standards. 

As in this project, most of the modifications were done post-hoc because I joined this project 

in mid-way during the on-going implementation. Thus, for implementing MDDS, the main 

problem area was on how to proceed and what all approaches to follow in post hoc-

implementation modification? Making sure, the existing functionality and the data don’t get 

affected. 

Therefore, one way to do modifications was through the maintenance module (as shown in 

previous section), but due to the fact that DHIS2 separates the critical meta data which should 

not be changed much over time to avoid corrupting the data thus another approach planned was 

for the cases where DHIS2 won’t allow modifications for this critical metadata through the 

maintenance module. And for this, modifications needed to be directly performed in the 

database by using the SQL commands. For example, SQL update syntax used which is, 

UPDATE tableName 

SET column1 = value1, column2 = value2, ... 

WHERE condition; 

 

There were many cases where DHIS2 didn’t allow modifications as the data elements were also 

being used by the programs. One of the cases is while modifying the option sets. DHIS2 don’t 
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allow to change the codes value, but names and order can be changed. Thus, codes were 

modified with the help of the third-party application pgAdmin, as shown in figure below. 

 

Figure 34: View of database through pgAdmin 

 

This could be done by two approaches i.e. one is by using the SQL update command to perform 

the modifications as shown in the figure below.  

 

Figure 35: SQL Command 

 

And another way in pgAdmin was by just double-clicking on the particular field, edit and save, 

as shown in figure below. It was a very simple and time saving approach. 

 

Figure 36: Another way of updating 



 

 

NIN-2-HFI Implementation 

As discussed in the previous chapter about these facility identifiers (NIN-2-HFI), the 

implementation information about these unique facility identifiers is not clearly provided in the 

MDDS documents and on the website. For example, in case of two HIS implemented in PHD25, 

how the NIN be assigned to both systems, and where exactly it should be linked with the 

database at backend. Although in the documents it is suggested that the NIN should be made 

visible at the frontend to the user. Therefore, it can be done just by modifying the name of the 

organization unit in DHIS2 as shown in the figure below. 

 

Figure 37: NIN-2-HFI 

I believe that these NIN-2-HFI is not yet disclosed publicly to the health facilities because 

during the workshop 4, I had a small chat with some another health facility employee and he 

asked me that “where did you get this NIN from? How could I know the NIN for my facility? 

We filled and sent a form for NIN to Indian MoHFW a year ago.” Also, an important point to 

be noted is that NIN are used to enable interoperability throughout India and it is not functional 

yet. 

5.2.3 Testing 

While testing it was found that, modifying the data elements is feasible in post-hoc 

implementation but despite of putting so much effort it still was impacting the pre-entered data 

and as the larger quantity (almost at all places) of data was getting affected there was a huge 

risk of corrupting the data. It can be understood by an example for one of the cases.  

 

The previously created data element was named as BPL i.e. Below poverty line which was 

assigned value type as YES/NO.  
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Figure 38: Previous data element 

 

Now, to update it according to the standards involve in changing its value type to text and 

adding an option set as shown below. 

 

Figure 39: Modified data element 

 

By doing this, the data got affected which resulted in showing true/false values. This happened 

in most of the cases as the value types, option sets got changed. 

 

But for the PHC Balarhi, the same system was planned to be implemented thus the PHD 25 

data was removed and furthermore, clinical program was planned. Here, the post-hoc 

modifications were done successfully, and the working was also somewhat similar. The overall 

design was little improved. The data elements, tracked entity attributes, option set modifications 

were done again. But here in addition to this, newer program rules were also applied, and 

redesigning of program forms were done.  

 

All these metadata modifications did affect few indicators. e.g., the risk assessment indicator 

stopped working. As discussed in the previous chapter the calculations in this indicator were 

done by adding the values provided in the codes of option sets. But according to MDDS they 

have provided their own codes and values for every data element. Figure below shows how the 

risk assessment data elements look before and after modifications.  



 

 

 

Figure 40: Previous data elements for risk assessment 

 

Figure 41: Standards compliant risk assessment indicator 

 

Similarly, there were some other challenges also identified like the clashing of the similar codes. 

For example. There were two data elements which were Husband bank account number and 

Wife bank account number. But the MDDS list only had Bank account number and while 

entering details for both husband and wife the codes were clashing. Thus, for similar codes, 

another number was added at the ones place which is referred to as a part of code in MDDS 

(see chapter 4). 

 

5.3 Technical Learnings 

The key technical learnings include that, following standards from the design-phase is 

comparatively a lot easier than post-hoc. The post-hoc implementation requires more effort and 

is more challenging, the most challenging part is of dealing with the older data and for that one 

need to possess in-depth knowledge of the databases otherwise an unprofessional technical staff 
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might increase the risk of corrupting the data. Thus, it can be said that making older system 

compliant to standards is not a child’s play but the newer systems that are yet in the planning 

phases can easily be made according to the standards. But on the other hand, it is also important 

that these standards are able to fulfil the require needs for the health care and that is also not the 

case in the MDDS because it was also found that these standards are incomplete in terms of 

providing common data elements for the Indian primary health care needs. 

5.4 Summary 

With this chapter, I have presented the approaches planned and followed for implementing the 

standards in DHIS2. These approaches helped in dealing with the technical challenges like 

standards datatype and size, design phase and post-hoc implementation of standards. 



 

 

6 Analysis and Discussion 

This chapter focuses on my analysis on the findings that I also relate with the literature I 

presented earlier (see chapter 2), and simultaneously I also present my overall practical and 

theoretical contributions in addressing the challenges identified. 

6.1 Standards for Indian primary health care 

Various Indian and internationally used EHR and primary health care standards were identified 

in the literature chapter. ICPC2 (International Classification of Primary Care) are used in the 

context of primary health care in many developed countries around the world but the programs 

running under the Indian NHM for the primary health care have different requirements. Thus, 

the closest possible standards that can be used for the Indian primary health care needs are the 

Indian MDDS (Meta Data and Data Standards) because these are open and provide a set of 

common data elements which can be used in any health care IT application for the community 

care. But my analysis indicates that these MDDS are incomplete, because they are limited to 

providing most of the common data elements for the demographics, clinical care needs and few 

for the other implemented programs that includes RCH program, NPCDS program, TB. I have 

provided a complete list of the missing and available data elements for the implemented 

programs in the appendix B. The framework of interoperability presented in literature has 

shown that these standards focus in achieving semantic interoperability across the public and 

private systems that are planned to be part of the Indian federated HIE architecture. These 

standards are a good attempt by the Indian MoHFW and are based on the concept of a living 

document and as the health needs evolve, they need to update these standards in a timely manner 

so that they can help in building better designed interoperable systems for the Indian primary 

health care needs. As mentioned in the literature, approach of flexible standards strategy and 

hierarchy of standards are useful while developing these standards. Currently they do not exist 

such governance mechanisms to enable this updation based on empirical experiences in trying 

to use these standards. 
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6.2 Challenges 

To address the challenges identified in the literature, some approaches were planned and 

followed (see chapter 3). I discuss the analysis and the contributions they have resulted in 

below. 

6.2.1 Lack of Technical expertise:  

As per my learnings, it is very important to effectively implement standards and an important 

factor for inadequate implementation is the lack of technical expertise related to knowledge of 

the HISs, standards and the process of their implementation. Thus, for both practical and 

theoretical understandings of the DHIS2, I studied its documentation guides (user, 

implementation and developer) and worked with HISP-India team during my field visit by 

giving small contributions in the customizations and development of the patient centric system. 

Besides, for the standards, although my key focus was on the Indian health standards, I also 

tried to understand other health standards, concepts of standardization and interoperability as 

mentioned in the literature (see chapter 2) which takes me to the next challenge. 

6.2.2 Complexities in understanding standards guidelines: 

For interoperability and standards, I did a theoretical study about these concepts from my data 

collection (both primary and secondary). But for the practical understanding, I worked with 

HISP-India and planned to implement standards with best possible approaches. I found this a 

challenging task because I didn’t get to learn it through a proper channel (for e.g., through 

trained professionals in this field). Although for the doubts regarding the standards analysis, I 

did get help by consulting and interviewing the Indian MoHFW employee. Another approach 

of inspecting MDDS in e-hospital@NIC could also have been very helpful but did not go as 

planned because the database of e-hospital@NIC was encrypted for security reasons. I believe 

there is a strong need of in-depth-training of the interested staff for the concepts of 

interoperability and standards. This is currently lacking, and standards is only viewed as a 

technical exercise ignoring the various kinds of knowledge that are needed in their 

implementation. 

 



 

 

6.2.3 Design-phase and post-hoc implementation:  

For addressing the challenges related to the design-phase and post-hoc implementation some 

approaches were planned and followed. The most challenging part was that post-hoc 

implementations included making relatively major modifications such as related to definition 

and working of indicators etc. (see chapter 5). But the design-phase implementation of 

standards was done successfully as it was planned. 

6.2.4 Developers and user perspectives:  

During my field work for the clinical module, I carefully observed developers and users and 

also conducted few informal interviews to know their comfort zone and perspective on the 

standards. Thus, while following standards, the developer asked, “can we just use the given 

MDDS codes because I usually add program names in front while naming a data element (e.g., 

OPD-drug name instead of drug name). This helps me easily search for a data element when I 

want to use it in the reports or programs etc.” According to my understanding from the 

literature I reviewed, in achieving semantic and syntactical interoperability the structure and 

syntax needed to be followed exactly as it is for accurate interpretation otherwise implementing 

standards inaccurately might increase the risk of errors. Furthermore, one time even the user 

(doctor) asked to follow different set of data values because the local requirements were 

different from the standards data values. Thus, it can be said that from the developer’s 

perspective, system can be designed by following standards but at some places complying with 

the exact standardized nomenclature might become difficult. Furthermore, from the user 

perspective as well (who is unaware of the software development process) keeps asking for 

changes in the system according to their needs (Benson & Grieve, 2016). 

6.2.5 Working from Remote Location:  

At the beginning of my research it was bit challenging for me to work from the remote location 

of Oslo. But later, after my first field visit when I met and talked to people face to face and 

gained practical knowledge about the site, key actors of living lab and the HISP-India team, I 

gained more contextual knowledge and things got more interesting. All this experience helped 

me in learning how to work from the remote location while engaged in a live project. 
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6.3 Interoperability approaches 

Fragmentation in health systems is a global problem and as per my analysis by looking at the 

present-day scenario and from my learnings after dealing with the implementation challenges 

mentioned above, I feel interoperability among health systems will remain an enduring and 

long-lasting challenge especially for the systems that are not compliant to standards. One senior 

participant during the 5th workshop, suggested that over the course of time these older systems 

will die out, but the newer systems must be made according to the uniformly recognized 

standards. 

 

But I do like the concept of connecting the distributed heterogeneous systems with one powerful 

system in a federated architecture as it is presented by Balsari, et al. (2018) of having one API-

enabled PHR (Patient Health Record) system. As per my learnings from the 5th workshop, a 

PHR system in Sweden has proved out to be successful and thus been selected as a national 

solution where national harmonization (i.e., minimizing conflicting standards) was based on 

the bottom-up innovation and now most of the citizens can access their health records (Sellberg 

& Eltes, 2017). Scholars like Kossi (2016) also suggested that, in addressing the challenges in 

fragmented HISs must be achieved by hybrid approaches but particularly following the bottom-

up approaches with few injections of top-down approaches.  

 

According to my understanding, the Indian MoHFW has a NHP (National Health Portal). Its 

website16 says that it includes a PHR locker (named as my health record) which is to be launched 

soon. After reading the reviews of the various people on Google reviews and Facebook, it seems 

like NHP has been successful as people are finding it very helpful in getting in touch with the 

nearest doctors, hospitals, information about the diseases etc. It also includes various mobile 

applications which I believe can help in exchanging data with the portal through APIs. But all 

this is under the government ecosystem and as per my knowledge they are not sharing the APIs 

with the other stakeholders yet. Moreover, they have setup an IHIP (Integrated health 

information portal) to enable standards compliant EHRs for integration and interoperability. 

And under the Indian NHP (National Health Policy) 2017, the goal by 2025 is to establish a 

federated integrated health information architecture, health information exchanges and national 

health information network (Indian MoHFW, 2017). For the integrated HIS, the participation 

                                                 
16Indian NHP:  https://www.nhp.gov.in/  

https://www.nhp.gov.in/


 

 

from the private sector is a necessity, and the collaboration between public and private sector 

is “consistent with MDDS and EHR standards” (Indian MoHFW, 2017, p. 21) for developing 

seamless HISs. The policy aims to develop digital health technology ecosystem have an integral 

role of technologies like eHealth, mHealth, Cloud, Internet of things, wearables, etc. in the 

healthcare delivery. The policy also encourages stakeholders to use “smartphones/tablets for 

capturing real time data” (Indian MoHFW, 2017, p. 25). 

 

Currently, scholars are proposing newer interoperability architectural approaches that focus on 

using newer API based HL7 FHIR standards and technologies like Blockchain (Peterson, 

Deeduvanu, Kanjamala, & Boles, 2016), and even AI (Artificial Intelligence) based on machine 

learning (Siwicki, 2018). It will be interesting to explore how AI would be developed in 

addressing the issue of fragmented health systems.  

 

I noticed that, the issue of following common or minimum set of standards for accurate data 

exchange is largely omitted from these discussions. 

6.3.1 My Vision 

I communicated with the primary health care doctors for their opinions and expectations from 

interoperable systems and found that they are presently not used to work with HISs and would 

want to do minimal data entry work to save their time. They expect from the heterogeneous 

interoperable systems to show past medical history for individual patients to enable improved 

point of care and provide better medical analysis. As a patient, I have also been to private and 

public doctors many times in India and sometimes even visited private laboratories for tests, I 

have always been handed over some medical reports and test results but have never been able 

to access my medical record digitally all at one place.  

 

Thus, as a health consumer (patient), and an IT student, I would suggest a simpler and less 

complex approach in solving the fragmentation of health systems to some extent that I believe 

will help both the patients and the doctors. Generally, I liked the concept of implementing a 

PHR system, but I would suggest it to also be having one private, properly organized, read-only 

storage repository for all the patient’s personal health records. I am suggesting this solution 

because when there is a PHR System then the data will be transferred digitally using APIs and 

use the minimal set of standards. Incorrect implementation of standards anywhere will start 
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generating errors during data transfer. But in case of a repository, I would suggest transferring 

a whole document e.g., once the doctor has diagnosed the patient and at the time of generating 

the medical slip, he/she also uploads one medical copy (e.g., in pdf format) with a single click 

to the patients PHR repository with some initials of the medical issue (e.g., Diabetic detail with 

date and time). So that even if the patient visits some other doctor then he/she just tells his PHR 

id to the doctor and the doctor can access his past detail. 

 

As per the findings of one senior participant of workshop 5, more than 50% of the people in 

semi-urban community around PHD25 owned smartphones. So, it means that they must be 

having google accounts. Therefore, I believe the PHR storage repository can be developed with 

an SOA approach that can use the google login and storage services. So, the patient just has to 

register for one time and then he/she can access all his/her medical records at one single place. 

I believe that after developing a repository it can be integrated to the PHR system or other HISs 

in use.  

6.4 Summary 

In this chapter, I presented my summarized analysis of the available Indian standards for the 

primary health care, and then how I have tried to address the challenges that were documented 

in the literature chapter and my own experiences gained from meetings, workshop discussions 

and practical field work. Finally, I discussed the approaches currently been planned in India for 

addressing the issue of fragmentation in health systems and presented my personal views on it. 



 

 

7 Conclusion and Future work 

With this chapter I present answers to my research question and then the overall conclusion 

and the work that might be done in future. 

7.1 Meeting the Research Objective 

For finding solution to my research question posed below, the research took place gradually, 

evolving over the three field visits to India for different purposes and by working from the 

remote location i.e. Oslo.  

 

“What are the key challenges in applying health data standards in the context of design and 

development for primary health care information systems in India, and what are some 

approaches to address them.” 

For my research, I followed the qualitative methods, and the methodology was a combination 

of action-research and case study. Some specific set of activities were planned, my first target 

was to understand the various Indian health data standards being used for primary care where I 

learned about the two key Indian health data standards which are the MDDS and EHR. I also 

studied about the various globally used standards for EHR (e.g., SNOMED CT, LOINC, HL7 

etc.) and primary health care (e.g., ICPC2). Here the broader challenge was of trying to apply 

EHR standards for the primary care, and the relevance of MDDS for primary health care. Thus, 

an in-depth study of MDDS was conducted to find out how these can be applied in the context 

of design and development. The findings were that these standards were incomplete according 

to the primary health care needs and its metadata model was different from that of DHIS2. My 

second target was to understand the implementation challenges of these standards and find 

approaches to address them. The key challenges identified included post-hoc implementation 

and design-phase implementation, lack of technical expertise, complexities in understanding 

guidelines, and particular developers and user perspectives. To address these challenges various 

approaches were tried based on an in-depth study of designing, building and implementing a 

DHIS2 application. The concepts of interoperability and standards were explored while 

conducting interviews and email conversations. 
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7.2 Conclusion 

Under the universal health coverage, national health mission, national health policy of 2017 

and the newly launched national health protection scheme in India, it is expected that health 

care will soon be digitized all over India. Thus, for accomplishing the vision of implementing 

interoperable HISs MDDS, EHR and many more standards would be needed by the ministry 

for achieving semantic interoperability.  

 

The findings from this research conclude that the MDDS is a good attempt by the Indian 

MoHFW and can be followed while designing systems but are currently incomplete for the 

primary healthcare and are limited in providing proper implementation guidance and training 

courses on their use. Standards must be followed accurately during the design-phase otherwise 

could lead to errors while data exchange. And once the system is developed, post-hoc 

implementation of standards becomes very challenging task therefore the common set of 

standards must provide complete and correct information. I have discussed the possible 

approaches for following MDDS in DHIS2 and the related limitations for addressing them. 

7.3 Future work 

As per my knowledge from the discussions during project workshops, for the long-term 

sustenance of the currently implemented HISs, interoperability with government health portals 

is a must. Thus, the government needs to engage with discussions with developers and ensure 

proactive implementation of APIs so that data can be transferred to portals. This is seen more 

as an institutional rather than a technical challenge. 
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Appendix A: Entry pass to the interview 

conducted in Indian MoHFW 

  



 

 

Appendix B: Standards Analysis 

I did an in-depth manual analysis on the standards. The following document has two sections 

that provides all the details about the available and missing standards for the implemented 

primary care programs. The document can be accessed at the mentioned public link17. 

 

                                                 
17 Link: https://drive.google.com/open?id=1NuQT7Wtoi0y4TPr2dpraUpMJPyWqxhWt 

https://drive.google.com/open?id=1NuQT7Wtoi0y4TPr2dpraUpMJPyWqxhWt
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Values of data elements 

 

  



 

 

Appendix C: Workshop contributions 

I participated and presented my work in three workshops (i.e., 3rd 4th and 5th) which can be 

seen in the attached agendas and participation certificates. I also worked on the 3rd and 5th 

workshop reports based on my analysis from my field notes and the participant presentations. 

C1: Agenda for workshop 3 
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C2: Agenda for workshop 4  
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C3: Agenda for workshop 5 
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C4: Participation certificates 
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Appendix D: Format of metadata of the 

generic data element defined in MDDS 

Source: (Indian MoHFW, 2018) 

 

  



 

 

Appendix E: Analysis from the interview 

conducted with MPW and Doctor 

General OPD Process – When the patient visits the dispensary, the pharmacist registers the 

patient in the OPD register. The pharmacist has an OPD register for every month. He enters the 

patient with two registration numbers based on monthly count and yearly count and enters 

details like first name and demographic details address, age/sex. Then he issues the slip and 

sends the patient to the doctor. The doctor examines the patient and write diagnosis and the 

medicine on that same slip (These drugs are sometimes not available at the dispensary, so the 

patient buys from outside). The patient goes back to the pharmacist and show him the slip. The 

pharmacist gives the medicine and update the OPD register with diagnosis and medicines given 

for that patient. When the patient revisits he is given the same OPD number as earlier and 

sometimes entering the data becomes difficult on the registers which result in a messy work.  

 

All the data is recorded on this OPD register. They aggregate the data and generate the monthly 

report out of it. They follow the old report structure till now which was made in 2004. Those 

reports have limited number of diagnosis list. Most of the diagnosis which is not mentioned on 

that list goes into other diseases column.  

 

From March 2017, they started using OpenMRS and DHIS2. DHIS2 is used for family folder 

and NPCDS program. Whereas OpenMRS is used for clinical operations by the pharmacist and 

the doctor. They are entering the patient data on both the registers and the OpenMRS 

simultaneously. Whereas another employee is performing the data entry on dhis2 for the family 

folder and NPCDS program.  

 

In DHIS2, they are creating the unique ids manually. For the House Hold Member Unique id, 

they are using this format – “AREA/ADDRESS,BULDING/FIRST 4 Alphabets of First 

Name/Member number”; For example - CHD25/4001B1/ROBI/M4. 

 

For the House Hold Unique id, they are using the following format – 

AREA/ADDRESS,BULDING/FIRST 4 Alphabets of First Name/Head Number; For example 

- CHD25/4001B1/RAKE/H1. The only difference is they are using H instead of M. 
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In case of OpenMRS, earlier they were registering the patient with Monthly count and yearly 

count. But now they are registering the patient in OpenMRS. The registration number is auto 

generated by the system. For example, one of the autogenerated registration number: 

PHD25S176211135444352- 

 

Below is the analysis from February 2017 to 20th June 2017. February analysis is from the hand-

written reports and from march onwards it is OpenMRS data. Open MRS data is more accurate 

and more aggregated than the hand-written reports because the reports are following the old list 

of diagnoses created in 2004. That is the reason in the table below the February diagnosis list 

is less in number. 

 

“I have removed the following list because it had some critical information of the dispensary.”  

 

1) Diagnosis – Below is the list of all diagnosis given. The aggregated data for the month 

of January is misprinted and that is the only copy they have.  

 

2) Volume of Patients – The data for march is not accurate w.r.t. new and old patient. 

Table below shows the volume of patients visit. 

 

3) Medicines – The data Below are the list of all medicine given to patients. The 

Dispensary receive medicines from sector 16 and PGI. Some diseases are seasonal 

therefore, the medicines may change, when they receive the new stock. They need to 

update the stock inventory every time. They have currently not aggregated the 

consumed quantity for the year 2017 and I could not find it on any report as well. But 

they do the calculations daily on a register which only a pharmacist can understand. 

Therefore, I was not able to get the exact numbers of the consumed quantity of 

medicines. But, I could get the data for the most used medicines which are marked with 

green being high priority and yellow being normal priority. Other than this in the table 

below: C is for capsule, T for tablet, S for syrup, O for ointment, P for powder. 
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