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Abstract

Background: More than half of Pakistani women are illiterate, marginalized, and experience myriad health
problems. These women are also disadvantaged in terms of their restricted mobility and limited access to public
space. Nonetheless, user-friendly information and communication technologies (ICTs) have opened up new
opportunities to provide them with information that is essential for their health and well-being.

Methods: We established an Information and Communication Centre (ICC) in a village in Sialkot (Pakistan) on
a pilot basis in 2009. The basic philosophy of the ICC was to provide women with health-related information
by exposing them to modern sources of information on their doorstep. By design, the ICC was a community-based
and community-managed institution where women could access information through online (e.g., internet, mobile
phone etc.) and offline (e.g., CDs, TV etc.) resources. The ICC was managed by a group of local volunteer women who
had the capacity and skills to use the devices and tools of modern ICTs.

Results: We noted an overwhelming participation and interest from local women in the activities of the ICC. The
women wanted to receive information on a wide range of issues, from family planning, antenatal care, and childcare
to garbage disposal and prevention of domestic violence. Overall, the ICC was successful in initiating a meaningful
“information dialogue” at community level, where much-needed information was retrieved, negotiated, mediated, and
disseminated through intimate and trusted relations.

Conclusion: We conclude that ICTs have the capacity to cross the barriers of illiteracy and can reach out to
disadvantaged women living under a conservative patriarchal regime.
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Background
A majority of Pakistani women is illiterate and dependent
on their male guardians (e.g. father, husband, brother, son)
for seeking health care or accessing the resources and in-
formation needed to maintain their health [1]. With the
exception of a tiny privileged minority, women’s social role
is largely restricted to household chores. Therefore, they
have limited exposure to or contact with the outside world
[2,3]. Furthermore, these women cannot take independent
and autonomous decisions on issues related to their re-
productive and general health [4]. Additionally, due to the
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under-developed health care system and insufficient trans-
port and communication facilities, rural women cannot
get appropriate antenatal, delivery, or postnatal care ser-
vices. As a result, there are high rates of maternal mortal-
ity and morbidity, especially among women of low socio-
economic status [5]. The results of the Global Burden of
Disease study 2010 indicate the relevance of maternal and
neonatal disorders in terms of disability-adjusted life years
(DALYs) in Pakistan. The DALY is a summary measure of
population health, which describes the overall disease bur-
den, expressed as the number of years of life lost due to
premature mortality (YLL) and the years of life lived with
disability (YLD). In Pakistan, maternal and neonatal disor-
ders accounted for 11.9% of the total age-standardized
DALYs. In comparison, DALYs attributable to maternal
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and neonatal disorders in countries of the developed world
accounted for only 2.5% of the total age-standardized
DALYs in 2010 [6]. Being relatively socially powerless,
most of these women are vulnerable to various types
of abuse and human rights violations, including sex-
ual exploitation, spousal violence, and denial of repro-
ductive freedom [7].
Given the serious deficit in their literacy and numeracy

skills, the possession and independent use of informa-
tion and communication technology (ICT) equipment
(especially mobile phones, computers) are still consid-
ered to be a “man’s job” and women are incapable or re-
luctant to operate such equipment [8]. A combination of
these factors can severely restrict women’s ability to ac-
cess and use innovative information for the improve-
ment of their health and well-being.

Women, ICTs and empowerment
Recent advancements and popularization of ICTs, espe-
cially mobile phones, text messages and emails, have
opened up new opportunities to upgrade the level
and quality of information for marginalized women
[9]. These technologies are inexpensive, user-friendly,
and are also available in remote regions [10]. Because
of technological innovations, ICTs can reach out to poor
and socially excluded rural women by crossing the barriers
of infrastructural underdevelopment, illiteracy, and the
many restrictions and inhibitions imposed by the rigid
patriarchal regime [11].
Nonetheless, the mere provision of ICTs may not be

helpful in creating information equality or empowering
marginalized women. Research has reported that some de-
veloping countries have successfully harnessed ICTs to ex-
pedite the process of women’s capacity building [10,12-14]
and their involvement in income-generating activities. Al-
though technology opens up new opportunities, it has
limitations: ICTs cannot automatically create information
equality or cater to the information needs of socially dis-
advantaged women. Technology, not being gender neutral,
cannot itself guarantee empowerment [15]; rather, it could
further widen the digital divide [10,16,17].

Women’s access to health information
Studies have reported that, under conservative patri-
archal regimes, any initiative meant to empower women
is received with suspicion and skepticism [18]. In rural
areas of Pakistan, women are usually denied access to
information [10] and the information they do get is
scrutinized and controlled by their male guardians. If
they get any information at all, it might not be rele-
vant or applicable to their real life because of their mul-
tiple dependencies on men. Furthermore, women lack
economic resources and social support to try innovative
initiatives.
In developing countries, one of the most crucial areas
of women’s lives is the availability of relevant and timely
information about their health and disease prevention
[19]. In Pakistan, both traditional and modern medical
systems coexist [20] and women receive health-related
information from both traditional and modern sources
[21-24]. The sources of traditional medical informa-
tion include family elders, traditional birth atten-
dants (TBAs), spiritual healers, and hakeems [21]. The
sources of “modern” medical information include officials
of the government’s health department, doctors, para-
medics, community-based lady health workers (LHWs),
TV, radio, advertisements for pharmaceutical products,
etc. Since traditional and modern sources of health-
related information represent different world-views and
bodies of knowledge, sometimes the information pro-
vided appears to be contradictory. This adds to confusion
among the end-users (women) [21-23]. There seems no
effective and viable institutional mechanism to clear the
confusion and cater to the women’s health-related in-
formation needs [22].

Rational and aims of research
There are challenges and complications in providing
health-related information to Pakistani women. Despite
the overflow of information, especially through cable TV
channels, Pakistani women are particularly disadvan-
taged in terms of accessing information that is relevant
and applicable to their health-related issues. The prob-
lem is further complicated because of women-specific
cultural restrictions. For example, women are discour-
aged from talking openly about their reproductive health
issues as these are considered to be “women’s problems”.
Additionally, some women’s health conditions are stig-

matized, such as sexually transmitted infections and abor-
tion. Therefore, they are reluctant to talk about these
topics. In such a conservative environment, it is not easy
to upgrade the level and quality of health-related informa-
tion for rural women [25]. Nonetheless, recent advance-
ments in modern information technology have opened up
new avenues to reach out to these women by cutting
across cultural, structural, patriarchal, and geographical
boundaries [10,12-14]. Particularly, cell phones have in-
creased women’s accessibility and connectivity because of
affordability and usability. Providing information using
ICTs is mainly used to mobilize the community to solve
their own health problems [22]. However, there is paucity
of literature that describes how this approach could be
beneficial for rural women within their cultural, structural
and economic contexts.
This paper intends to document the experiences gained

from the establishment of an Information and Communi-
cation Center (ICC) in improving the level of health-
related information of rural women in Sialkot, Pakistan.
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This paper also evaluates the capacity of ICC in improving
the level of health-related information by conducting a
cross-sectional survey with women who directly or indir-
ectly sought information from the ICC.

Methods
This study was conducted in two phases: during the first
phase, an ICC was launched at community level, and dur-
ing the second phase, we evaluated the functioning of the
ICC by conducting a cross-sectional comparative study
among three groups of women. The study methods were
reviewed and approved by the Institutional Review Board
(IRB) of the University of the Punjab.

Phase I: Establishment of the Information and
Communication Center (ICC)
Objectives of ICC
Despite the various advantages of ICTs, these alone can-
not bring about social change [15]. Arguably, technology
needs social institutions that help individuals to set the
direction and orientation of change in a particular direc-
tion. Keeping this assumption in mind, we decided to es-
tablish an ICC at the community level.
The ICC was designed to help women to use ICTs to

improve and update their information within their socio-
cultural, structural, and capacity constraints. The primary
objective of the ICC was to mobilize the community’s
resources, especially the social capital, to augment the
capacity of rural women to seek the information they
desired within their own locality. The specific objectives of
this ICC were:

� To build the capacity of women by developing an
information-seeking culture and exposing them to
diverse sources of information including ICTs;

� To enhance coordination and interaction between
local health care functionaries and women by
connecting them to the latest information at the
ICC; and

� To retrieve the latest information about women’s
health using modern ICTs and disseminate that
information to women using simple local language
and concepts, and to create an information-seeking
and information-utilization culture.

Process of ICC
During the whole process, the research team undertook
the role of interventionists, who not merely helped the
women (facilitative role), but taught the women how to
help themselves (expert role) [26]. The planning process
of ICC entailed seven stages which are defined less as
temporal sequence than as logical areas where the inter-
ventionists worked [26]. These stages were: 1) Contacting
local people, both ordinary and influential to get familiarity
with the community. 2) This familiarity helped to define
relations with the community. At this stage, we also en-
tered into a sort of contract; it was both a formal as well as
cognitive contract with the community’s women. 3) Delin-
eation of the study setting. 4) Data collection to make
evidence-based diagnosis of the specific problem (the gap
between actual availability of information and the informa-
tion needs of the women). 5) Based on the diagnosis,
the intervention (ICC) was designed and implemented.
6) When local women started getting integrated with the
intervention and realized its utility and relevance, our in-
volvement gradually reduced. 7) At the last stage, the
intervention stood terminated from our side; as the local
women owned the intervention and started operating it by
themselves as a part of the local information system.

Structure of the ICC
By learning from our previous experience of establishing
an ICC to assist the capacity building of farmers in 2006
[11] we decided to establish another ICC to improve
women’s access to health-related information. The ICC
was established in a village named Pathanwali in Sialkot
(Pakistan) from January to December 2009 on a pilot
basis. After the launch of a campaign for community
mobilization, one influential villager in Pathanwali volun-
teered his premises to establish the ICC. It was a big room
that could accommodate about 60 women at a time and
had some open space in front of it. The premises already
had an electricity supply and one phone line. Three com-
puters with internet connections and one multimedia pro-
jector were installed in the room. The ICC was managed
by a group of volunteer women who had the capacity and
skills to use the tools and devices of modern ICTs such as
computers, the internet and mobile phones.
In addition to these volunteers, we also invited local

health care provision staff to participate in the ongoing
activities of the ICC. The participation of local health
personnel had multiple benefits: 1) they could update
their own information using ICTs; 2) the local women
had some familiarity with the staff, so the information
they shared at the ICC carried some validity and authen-
ticity; and 3) by creating awareness and interest, they
could also facilitate the local women to participate in
ICC activities.
The ICC remained open for about three hours per day.

Timings were not rigidly fixed and depended on the avail-
ability of electricity, the weather, and the household engage-
ments of women. Normally, it was opened from 10:00 a.m.
to 12:30 p.m. (when children were in school) and 3:00 p.m.
to 6:00 p.m. There was no restriction or qualification for
membership of the ICC. All women living in the village
and nearby villages could be members; no membership fee
was levied. Due to cultural reasons, men were not allowed.
However, male health care providers could be members
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and could attend ICC proceedings by invitation. Women
from ethnic and religious minorities and marginalized sec-
tions of the community were particularly encouraged.

Philosophy and functional parameters of the ICC
The basic philosophy of the ICC was to improve rural
women’s information regarding health-related issues by
exposing them to modern sources of information on their
doorstep. The ICC was a community-driven and people-
owned institution. It was of the community, for the com-
munity, and by the community. By design, this institution
was meant to retrieve the latest information from online
(e.g., internet, mobile phone) and offline (e.g., CDs, TV)
ICT sources and transmit it to the local women through
face-to-face interaction and dialogue. The idea was that,
under the umbrella of the ICC, information would be
shared, explained, and interpreted to ordinary women
through culturally understandable social discourse. It may
be noted that the intended role of the ICC was not just to
transmit information, but also to initiate a social process
involving the information retrieved through ICTs by har-
nessing women’s local contacts and web of relations. In
this way, women could have the opportunity to evaluate
the applicability, relevance, and economic viability of a
piece of information within their local resources and in
the cultural context. In essence, the ICC was meant to
create information plurality at a community level by con-
necting relatively more informed and less informed
women and encouraging them to use ICTs to upgrade
their information and awareness about their own and their
families’ health-related issues.
At the ICC, information was retrieved, shared, and dis-

cussed with rural women by various stakeholders at
community level. The stakeholders included health pro-
fessionals such as doctors, nurses, LHWs, TBAs, and
other service providers at the local level. It may be noted
that information-based dialogue was not restricted to
health professionals but also included local agriculture
extension officials, school teachers, and community rep-
resentatives. All of these officials/social actors negotiate
and influence the local population to accept or reject a
particular piece of information. Therefore, all of them
were encouraged to be associated with the ICC to initi-
ate a comprehensive dialogue with ordinary women. For
example, they discussed the causes and prevention of
different infectious diseases such as malaria, dengue
fever, hepatitis, etc., antenatal and postnatal care, preg-
nancy complications, and childbirth with women and
their families.
The ICC was in fact designed to mobilize and coordin-

ate the existing community health information resources
to build the capacity of women to seek appropriate
health care. By pooling various information resources,
the ICC was designed to develop information-seeking
cultures among women, especially the marginalized and
illiterate ones, as they were not able to connect and en-
gage with the new information systems. At the ICC a
major focus was to keep the excluded women on board,
include them in the ongoing information discourse and
create information equality. In addition to giving them
exposure to the benefits of ICTs, we also wanted to de-
velop their connectivity and face-to-face interaction with
community-level health care functionaries like LHWs,
family planning staff and dais (traditional birth atten-
dants), who were also members of the ICC (see Figure 1).
The purpose of bringing information haves and have-
nots together under the roof of the ICC was to initiate
discourse around health-related information.

Data collection
Qualitative data was collected regularly during the func-
tioning of ICC with participants/attendees of the ICC.
The data were collected by using techniques of field ob-
servation, informal interviews, and in-depth interviews
with women. Notes were taken from the ongoing con-
versation of women with the research teams and other
stakeholders at the ICC. These notes captured the per-
spective of women regarding their experiences with the
ICC, their information needs and the relevance and
practicality of information, as well as their expectations
from the ICC activities. At the end of each month, the
data was compiled and discussed with all team members
during the debriefing sessions.
After the completion of eight months of the ICC func-

tioning, the data was translated into English for analy-
tical purposes. Constant comparison strategies were
used by systematic examination of similarities between
the different groups of data. After multiple readings of
the transcripts common themes were identified. The
themes were coded into categories [27]. The data were
searched for similar or repeating ideas and finally four
themes emerged from the data: 1) women’s connectivity
with information agencies; 2) creating sense of em-
powerment among women; 3) cross-verification of infor-
mation; and 4) getting non-health information.

Phase II: Evaluation of the functioning of the Information
and Communication Center (ICC)
The ICC operated for about one year. Initially, the com-
munity responded with caution and reservations. Some
people were suspicious about the “hidden purposes” of
the ICC. Some started floating conspiracy theories such
as “ICC advances a Western agenda to promote birth
control”. Others considered the ICC to be some foreign-
funded organization aiming to “secularize Pakistani soci-
ety” under the guise of women’s health. Nonetheless,
gradually, with the increased participation of the local
women, these suspicions and fears subsided.



Figure 1 Functioning of the Information and Communication Center (ICC) at community.
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ICC evaluation and capability approach
The intervention launched at the ICC was evaluated
within the framework of capability approach [28] intro-
duced by Sen [29] and others [30,31]. A number of studies
have referred to the relationship between ICT and capabil-
ity approach [32,33]. In this framework [29], expansion of
freedom was viewed “both as the primary end and as the
principal means of development” (xii). Arguably, both
political and social freedom is contingent upon individual’s
freedom to access information of his/her own choice.
Hence, for many advocates of capability approach, access
to information is a basic human right. For the optimal
functioning, one needs to stay healthy; and to be healthy
access to health information is necessary.

Evaluation process of functioning of ICC
We noted that women from almost all sections of the
village participated in the ICC’s activities. However, to
measure the success of the ICC caused some difficulties,
because information seeking and utilization entails a
complex social process. The functioning of the ICC was
evaluated by conducting a descriptive comparative study
in selected villages of Sialkot. For evaluation purposes,
we selected women of reproductive age (15–49 years)
who had ever been married living in the catchment areas
of the ICC. Three group of women were selected:
firstly, women who had direct contact with the ICC
(i.e., women who attended the information sessions at
the ICC and participated in most of its activities),
secondly, women who had indirect contact with the
ICC (i.e., women who did not actually participate in
ICC activities but received information indirectly from
women who visited the ICC), and thirdly, women
who had no direct or indirect contact with the ICC.
Out of the total number of ICC participants (n = 2,045),
a random sample of 380 women was selected. The same
number of women was randomly selected from those who
had indirect contact with ICC participants and those who
had no contact with the ICC. During the ICC activities,
the women who attended the information sessions at ICC
were regularly asked to identify the women in their per-
sonal networks with whom they had contacted and shared
the information received from the ICC. The researcher at
the ICC prepared a list of all those women who did not
actually participate in the ICC activities but received infor-
mation indirectly from women who visited the ICC, that
is, the indirect group. And women were selected randomly
from the list to conduct interviews. For the selection of
no-contact groups of women, LHWs of the localities situ-
ated in the catchment areas of ICC were contacted. LHWs
are community based female health workers responsible
for providing preventive care to the local women at their
doorsteps. They live in the same communities and have
the knowledge about all women of their localities. The
LHWs went door to door to get information and prepared
the list of all women who did not participate in the ICC
activities. The no-contact group of women was randomly
selected from this list. The response rate was 90%, 87%,
and 74% among direct, indirect and no contact group,
respectively.

Data collection
The data were collected by using a face-to-face cross-
sectional survey method at the end of a one year time
period after the ICC’s establishment, between January and
April 2010. To assess the impact of the ICC project on the
health information behavior of women, a structured pre-
coded questionnaire was used to collect information. The
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interview schedule was developed on the basis of informa-
tion provided and discussed at the ICC (e.g., information
about reproductive health, pregnancy, childcare, garbage
disposal, prevention of domestic violence). The interview
schedule was developed on the basis of information pro-
vided at the ICC. Each variable had some indicators to
measure the information about these variables. For ex-
ample, the information regarding availability of contracep-
tives was measured by asking if women knew the free of
cost availability of contraceptives at basic health units,
family planning clinics, and family welfare centers. Data
were collected by three female field researchers. They
were involved in ICC activities and had a prior experience
of survey research. Additional intensive data collection
training was provided to field researchers before data col-
lection. Written informed consent for participation was
obtained from all study participants.

Data analysis
Data were analyzed by using SPSS version 17. A bivari-
ate analysis was performed by comparing the informa-
tion gathered from the three groups of women using a
Chi-square test of independence.

Results
Functioning of the ICC in the local context
At the ICC, we noted that women took an interest in
seeking information from diverse sources depending on
their social capacity and specific information needs. For
instance, illiterate women sought information about re-
productive health from local dais (birth attendants) or
LHWs or from the neighboring women. At the ICC they
tried to verify the validity of that information. Other local
institutions like schools, mosques, the basic health unit
(BHU), vaccinating staff, and even veterinary staff were
also providing information about various health-related is-
sues. We noted that, for women, getting information was
not a problem; the real problem was how to get relevant,
applicable, and practically viable information.

Connecting women with various information providing
agencies
In medical encounters, there has been a chronic com-
plaint of a disconnection between information providers'
and information receivers’ perspectives. Ideally, the
doctor-patient relationship is structured in such a way
that the patient can get appropriate medical information
from the doctor. Nonetheless, in the rural areas of both
developing [19,24] and developed countries [20,34], pa-
tients feel that their concerns are not heard or responded
to in a manner that meets their needs.
It was noted that most of the women came to the ICC

to verify information and make sense of it within their
cultural and cognitive context. From the queries and
comments of the women, we found that there was a sort
of disconnect between the information provided by vari-
ous government functionaries and the possibilities of
women actually utilizing this information. For instance,
many women considered that information from govern-
ment institutions about “flood warnings” or use of “con-
taminated water” or “family planning methods” was useless,
irrelevant, and not applicable to their life-world. For ex-
ample, one woman in her early forties said:

‘They [referring to staff of the department of
population welfare] are repeating that we should use
contraceptive pills. But we heard and witnessed that
these pills are dangerous (by using these pills, the user
becomes over-weight). Nobody explains things to us; when
we put questions health care staff just laughs at us.’

Similarly, many women knew that treatment from med-
ical quacks or self-medication was risky but they still tried
these options. The reason was that the quacks translated
and interpreted modern medical information according to
the cognitive capabilities of village women. At a local level,
it was not easy to compete with quacks on the “informa-
tion turf” and women usually subscribed to the quacks’
version of medical knowledge while ignoring the scienti-
fically valid information provided by the government
health department.
The most effective and engaging meetings at the ICC

were those when local health care staff, community
workers, and common women got together, talked, and
discussed various health issues. The health care staff dis-
cussed local knowledge about symptoms and the preven-
tion of common childhood diseases and the risks of self-
medication by using pictures and videos on computers
and the internet. The LHWs and TBAs helped to translate
the technical information provided by health experts into
local women’s concepts and world-view about health and
illness. This face-to-face interaction at the ICC played an
important role in debating the relevance and applicability
of information in the local cultural context. Participant
women were also concerned about the absenteeism of
health care staff and the irresponsible and dangerous be-
havior of medical quacks (in villages about 70% of women
sought health care from various types of medical quacks).
The most frequent complaints were about the uncaring
and unsympathetic attitude of the health care staff, espe-
cially towards poor women.

Creating sense of empowerment among the women
One of the most important and unexpected impacts of the
functioning of the ICC was a sense of empowerment
among ordinary women. Since officials from various gov-
ernment departments interacted with women and an-
swered their questions at the ICC, women felt satisfied
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and empowered as otherwise the health care staff rarely
took ordinary women’s concerns seriously. It appeared as
though the “collective” power of the ICC made medical
staff accountable and answerable to ordinary women. One
30-year-old woman while explaining her feelings said:

‘These uncaring people [referring to health care staff]
never listen to us when they are in their offices as they
know that we don’t have any say. But when we are
here [referring to the ICC] they answer our queries
very seriously.’

Cross-verification of medical information
During our interaction with women at the ICC we noted
that they were not interested in the information given by
the health department on the prevention of hepatitis C
and other standard one-way flow of information.
Women needed new information but they wanted to en-
sure that it was applicable to their local needs and avail-
able resources. They tried to verify information from
their own trusted resources. If information was success-
fully used by their neighbors, they were more likely to
use that information. Although women were not infor-
mation resistant, they were dissatisfied with the prevail-
ing “information environment”. One middle-aged woman
with no schooling said:

‘Everybody keeps on telling us what is healthy and
what is dangerous: as if we are stupid. Nobody tells us
how to live a healthy life within our available
resources.’

With regard to the utilization of health care services,
almost all the women knew that medical quacks were
not fully qualified doctors. But despite knowing this,
they sought medical care from quacks as they had no
other option. One 40-year-old woman with five years of
schooling said:

‘It’s not a question of information; it’s a question of
affordability and availability. When we go to him
[referring to a local quack], he helps us. He gives
something to relieve the pain.’

Seeking information on non-health-related matters
Despite their illiteracy and social exclusion, almost all
the women knew the importance of new information for
the solution of their health and other problems. Al-
though the main purpose of the ICC was to give infor-
mation about health and health-related issues, women
were curious to get information about other issues of so-
cial and economic significance like information about
the employment of their husband or son or knowledge
about an effective ointment for healing the nipples of
their buffalo (about 45% houses had buffalo, cows, or
goats on their farms). Women also needed information
about minor issues like how to get rid of head lice, treat-
ment for painful teeth, to reduce weight, or some easy
remedy for their backache or to improve their children’s
blood iron level.
Some of the women also sought information about

foreign currency rates and about some foreign countries.
The reason for this interest in foreign currency conver-
sion rates was that the husbands or sons of some women
in the village and catchment areas were working in the
Middle East and various European countries. Their
husbands/sons sent remittances, so women were inter-
ested in the foreign currency conversion rates and they
thought that the ICC could give them correct information.
A 30-year-old woman with no schooling whose husband
was working in Saudi Arabia regularly asked about the
conversion rate of the Saudi Riyal to Pakistani rupees. She
suspected that her father-in-law did not tell her the true
rate and gave her less money than her husband intended.
Another middle-aged woman whose son was working in
the USA as a taxi driver said: ‘What does your computer
say about today’s conversion rate for the dollar?’
We noted that women from marginalized families

were particularly vulnerable to disease and unhealthy liv-
ing conditions because of their poverty, poor sanitation,
and social exclusion. One woman said:

‘The information you give us is useless. We process
animal dung to make fuel for kitchen use. We do
cleaning jobs around the toilet [no concept of gloves].
Our animals [goats, hens, etc.] live with us and make
things dirty. There is no sewerage and waste water
flows around. We know the virtues of cleanliness, but
we cannot afford it.’

Another woman with low socio-economic status said:

‘Yes, information is good, but how to generate
resources… You tell us to boil water for drinking, but
where is the fuel? We can hardly arrange fuel for
cooking two meals a day… How can we boil water and
then cool it for drinking when we don’t have a fridge?’

Evaluation of the functioning of the ICC
After one year of the ICC functioning on a pilot basis,
we evaluated its impact on the level of information of
women who came into contact with the ICC directly, in-
directly, or not at all. The age distribution was different
in each group. Mostly young women participated in ICC
activities. As shown in Table 1, young women (<25 years)
were highest (55%) in the direct-contact group, followed
by 48.4% and 21.5% in the indirect and no contact
groups, respectively. Among the women who had direct



Table 1 Socio-demographic characteristics of the sample (N = 1,140)

Variables Direct contact with
the ICC, % (n = 380)

Indirect contact with
the ICC, % (n = 380)

No contact with
the ICC, % (n = 380)

Chi square p-valuea

Age of respondents (in years) <0.001

<25 55.3 48.4 21.5

25-34 25.3 31.6 32.6

≥35 19.4 20.0 45.9

Education of respondents <0.001

No schooling 43.2 46.5 32.1

Up to secondary level 37.9 35.3 42.1

> Secondary level 18.9 18.2 25.8

Education of the husband <0.001

No schooling 40.1 34.7 32.6

Up to secondary level 42.6 41.1 34.8

> Secondary level 17.3 24.2 32.6

Caste (Baraderi) <0.001

Gujjar 32.6 28.4 14.7

Jatt 29.5 34.8 24.2

Rajput 24.2 20.5 28.9

Kashmiri 10.3 11.1 20.6

Others 3.4 5.2 11.6

Duration of marriage (in years) <0.001

≤10 54.2 46,5 20.6

11-20 26.6 32.7 34.7

>20 19.2 20.8 44.7

Women’s employment status <0.001

Housewife 79.6 81.6 84.2

Unskilled worker 15.2 16.8 4.7

Skilled worker 5.2 1.6 11.1

Total family income (in Pak Rs.)b <0.001

<10,000 53.7 41.1 39,5

10,000-20,000 26.7 38.4 19.4

>20,000 19.6 20.5 41.1

Number of children 0.57

≤3 46.8 50.5 48.0

>3 53.2 49.5 52.0

House goods available at home c

Radio/cassette player (yes) 40.1 44.7 38.4 0.18

TV (yes) 52.1 46.5 57.9 <0.01

Bicycle (yes) 42.6 34.7 37.3 0.07

Motorcycle (yes) 20.5 17.3 23.1 0.13

Car (yes) 3.1 2.1 3.6 0.83

Mobile phone (yes) 44.2 47.9 52.1 0.09

Computer (yes) 8.4 10 11.0 0.47

Internet connection (yes) 2.6 3.1 3.6 0.71
aFisher exact test.
bPak Rs. = Pakistani rupees; 1 US $ = 97 Pak rupees.
cOwned by husband/son/brother.
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contact with the ICC, 43% had no school education
and 53.7% had a familial monthly income below 10,000
Pakistani rupees (equivalent to 120 US $). The majority of
the women (direct contact = 79.6%, indirect contact = 81.6%,
and no contact = 84%) were housewives and less than 20%
were employed as skilled or unskilled workers.
Regarding the availability of modern information de-

vices at home, 44% of women in the direct contact group,
47.9% in the indirect contact group, and 52% in the no
contact group reported having mobile phones at home.
Most of the women reported that usually mobile phones
were owned and used by male members of the household.
Similarly, there was no difference in the availability of
computers (p = 0.47) and internet connections (p = 0.71)
at home in all three groups.
There was a significant difference in terms of having

information regarding reproductive health issues among
the three groups of women (see Table 2). About 97% of
women in the direct contact group reported having infor-
mation about the availability of contraceptive methods,
compared with 82% of women in the no contact group
(p < 0.001). Similarly, 89% of women in the direct contact
group reported having information about dangerous signs
during pregnancy. There was no significant difference
among the three groups with respect to information
about use of appropriate diet during pregnancy (p =
0.21) (Table 2).
We also assessed women’s level of information regard-

ing knowledge about general health issues (see Table 3).
Information about the dangers of self-medication was
better among the direct (76.6%) and indirect contact
groups (77.1%) than the no contact group (66%). Simi-
larly, regarding the use of disposable syringes for injec-
tion, 83% women in the direct contact group reported
having this information, whereas there was no difference
in the indirect (51.8%) and no contact (52.9%) groups. In
contrast, there was no difference regarding information
about causes of hepatitis B and C among the three
groups (p = 0.12). Regarding garbage disposal, 53% and
49% of women in the direct and indirect contact groups
respectively reported having this information compared
to 42% of women in the no contact group. Overall, the
level of information of the direct contact group was bet-
ter than that of the no contact group.

Discussion
As in other developing countries, in Pakistan access to
information is not evenly distributed, and neither is the
capacity to understand and utilize the available informa-
tion. For instance, some sections of society have dispro-
portionally high access to knowledge and information
and also use that information to their socioeconomic ad-
vantage [34,35]. Conversely, illiterates and the poor, in-
cluding women, old, and marginalized people have lesser
access to information, and as a result they become fur-
ther isolated and excluded [10,19]. Recent research has
shown that the digitally driven flow of information, in-
stead of bridging the information gap, is further widen-
ing it [10,36].
In Pakistan, the importance of information for human

development and poverty alleviation is not yet fully rec-
ognized. Despite the fact that information is essential for
the maintenance of health and well-being, the official
Department of Health has made no systematic arrange-
ments to improve the level of health information. Women,
irrespective of location, need information on family health,
food and nutrition, family planning, and child education
as well as opportunities to become involved in socio-
economic growth [23], but a majority of rural Pakistani
women are deprived of access to knowledge and informa-
tion [10,23,37].
The information deficit tends to cause countless and

lifelong deprivations such as poor health, the inability to
earn independently or protect their basic health rights,
and a lack of reproductive autonomy. In essence, women
who are deprived of knowledge and information cannot
help themselves and remain trapped in a vicious cycle of
poverty [38]. This could be one reason why Pakistan is
ranked 134th out of 135 countries in terms of the gender
gap. This means that Pakistani women are considerably
below the global average on four sub-indexes: economic
participation, educational attainment, health and sur-
vival, and political empowerment [39].
For the provision of this information, there is a need

for the democratization of knowledge and an inclusive
approach to enhance access to information. But informa-
tion systems do not operate in a vacuum; the provision
of information entails some sort of social change and
may upset the existing political order and gender rela-
tions. With our experience of the ICC, we noted that
provision of information to women was a sensitive and
challenging endeavor, particularly in rural areas. The
local culture was very cautious and skeptical about any
possible change in the role and status of women. In a
strict patriarchal regime such as Pakistan, women are
only allowed to access “culturally correct and dramatic-
ally useful” information.
The experience of the ICC showed that health-related

information was abundant and easily available. But the
real problem was the absence of a cultural mechanism
that made sense of this information for common people,
especially for rural women. For this, a culturally relevant
information processing system needs to be developed. A
system that connects people to each other despite bar-
riers of time, distance, and literacy is in high demand
among poor rural communities [38]. Such a system can
only be developed with the active participation and en-
gagement of the end-users, the village women.



Table 2 Knowledge/information about reproductive health (n = 1,140)

Variables Direct contact with
the ICC, % (n = 380)

Indirect contact with
the ICC, % (n = 380)

No contact with
the ICC, % (n = 380)

Chi squarea

p-value

Information about: <0.001

Availability of contraceptives

Yes 97.4 91.6 82.1

No 2.6 8.4 17.9

Proper use of contraceptive methods <0.001

Yes 90.0 65.3 57.8

No 10.0 34.7 42.2

To get rid of misconception about contraceptive methods <0.001

Yes 81.1 58.4 31.6

No 18.9 41.6 68.4

About antenatal care <0.001

Yes 92.1 87.6 82.9

No 7.9 12.4 17.1

Dangerous signs during pregnancy <0.001

Yes 88.9 57.8 55.0

No 11.1 42.2 45.0

Use of appropriate diet during pregnancy 0.21

Yes 82.1 77.9 77.4

No 17.9 22.1 22.6

Safe delivery <0.001

Yes 88.9 58.4 53.9

No 11.1 41.6 46.1

Post-partum care <0.001

Yes 77.8 37.4 51.8

No 22.2 62.6 48.2

Breast-feeding 0.09

Yes 91.8 87.4 87.8

No 8.2 12.6 12.2

Menstrual hygiene <0.001

Yes 78.2 57.6 37.4

No 21.8 42.4 62.6
aFisher exact test.
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Despite various limitations, the greatest success of the
ICC was to provide an opportunity for ordinary poor
women to become engaged in the process of discourse
and dialogue about health-related information on their
doorstep. The encouraging aspect is that most of the
local women, illiterates included, were fully aware of the
importance of information and became proactively in-
volved in the activities of the ICC.
The results of the evaluation of the functioning of the

ICC showed that the women who had direct or indirect
contact with it had better levels of information than the
no contact group. This indicates some success in improv-
ing the quality and quantity of health-related information
for women. Nonetheless, it does not necessarily mean that
the no contact group lacked information just because of
their lack of connection with the ICC. There is a possibil-
ity that these women might belong to families that place
harsh restrictions on their mobility or establishing outside
contact with other women.

Strengths of the ICC
The functioning of the ICC brought many unexpected
outcomes. Firstly, it exposed the redundancy and irrele-
vance of information available on the “official websites of
government departments”. The participants of the ICC
termed standard “one-size-fits-all” information useless for



Table 3 Knowledge/information about general health issues (n = 1,140)

Variables Direct contact with
the ICC, % (n = 380)

In-direct contact with
the ICC, % (n = 380)

No contact with
the ICC, % (n = 380)

Chi squarea

p-value

Information about: <0.001

Dangers of self-medication

Yes 76.6 77.1 66.6

No 23.4 22.9 33.4

Use of disposal needle for injection <0.001

Yes 83.4 51.8 52.9

No 16.6 48.2 47.1

Causes of hepatitis 0.12

Yes 53.7 51.8 58.9

No 46.3 48.2 41.1

Dangers of treatment with quacks <0.001

Yes 52.9 31.8 43.9

No 47.1 68.2 56.1

Importance of washing hands after dispensing pesticide <0.001

Yes 91.8 83.9 85.0

No 8.2 16.1 15.0

Importance of washing hands before eating 0.16

Yes 97.9 95.8 97.7

No 2.1 4.2 2.3

Importance of boiling drinking water <0.001

Yes 88.9 73.9 68.9

No 11.1 26.1 31.1

Harmful effects of spousal violence <0.001

Yes 48.9 32.1 27.8

No 51.1 67.9 72.2

Importance of garbage disposal <0.01

Yes 52.9 48.9 41.8

No 47.1 51.1 58.2

Cleaning teeth daily <0.05

Yes 62.9 55.8 53.2

No 37.1 44.2 46.8
aFisher exact test.
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them. The ICC provided the government functionaries a
platform where they interacted with “common women” in
an informal environment and they knew the worth of their
“information products”. In this way, ICC helped the
government functionaries to improve their information
provision services.
Secondly, the ICC tried to bridge the conceptual and

cognitive gap between modern medical system and indi-
genous medical system. It may be noted that the govern-
ment health department provides health-related scientific
information in the areas of reproductive health, sanitation,
and prevention of epidemics. But in villages, where the
literacy level is quite low, women usually believe in the
indigenous medical system, which is different from the
modern bio-medical system. Since both systems are
grounded on different language, terminology and world-
view, the transfer of knowledge/information from one
system to another needs a trusted and credible local insti-
tution. The ICC successfully performed this function.
Thirdly, the health-related information was just printed

or presented and nobody was there to address the ques-
tions, concerns, and fears of women about its applicability
and relevance to their health needs. It was just one-way
flow of information. For instance, in the local culture,
there was a tradition to give a bath to an infant immedi-
ately after birth. But doctors viewed this as a dangerous
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practice because the infant is exposed to a sudden change
of temperature. Now, just giving the information that “one
should not give a bath to infants immediate after delivery”
is not enough, unless women are thoroughly educated
about the harmful effects of this practice in a culturally
understandable way. So, it is not just a question of giving
information, there needs to be a comprehensive strategy
to change the health-related behavior of women. At ICC,
the participants comprehensively and frankly discussed in-
formation. Such live and locally understandable debates at
the ICC thoroughly addressed the women’s concerns and
removed their deep-seated fears about what might happen
if they opted to abandon their traditional health beliefs
and practices.

Limitations of the functioning of ICC
Despite various strengths of the ICC, there were some
structural and procedural limitations of the functioning
of ICC. Firstly, there was a serious shortage of health-
related information which could be relevant and applic-
able for the local population. In some situations, women
were disappointed when the ICC management was un-
able to provide them appropriate information. It may be
noted that ICC had no mandate to generate health-
related technical information which otherwise was not
available in lucid local language (e.g., information related
to prevention and treatment of reproductive tract infec-
tions). Given the paucity of relevant and updated infor-
mation, sometimes, the ICC management had to refer
these women to distant government institutions and the
women were reluctant to contact these organizations be-
cause of various cultural and infrastructural inhibitions.
It was one of the major limitations of the ICC.
Secondly, sometimes, cultural norms of gender segrega-

tion undermined the functioning of ICC. For example,
many local experts and functionaries of government depart-
ments were male. When they visited the ICC to dissemin-
ate information, some conservative local leaders raised
objections to these “co-gatherings” and considered them
contrary to the cultural norms and religious tradition.
Thirdly, frequent breakdown of electricity, disruption

in internet connectivity, high temperature in summer
season and general feeling of insecurity undermined the
smooth functioning of the ICC. For instance, in the ab-
sence of electricity (in summer, daily breakdown of elec-
tricity was 8–12 hours) it was simply not possible to
continue information providing sessions at ICC because
of hot and humid weather and stoppage of ICT tools
and devices.

Strengths and limitations of the study
The major strength of this study is that the ICC opera-
tions were embedded in the real life of the women
within their institutional and community contexts. The
women’s perspectives on functioning of the ICC were
drawn by direct, constant, and engaging interactions in
the natural setting. Hence, this pilot study has good
prospects of replication in similar settings to improve
health information of rural women.
Nonetheless, short duration of the project was its limi-

tation. Additional positive impacts can be assumed by
enriching the community health information system for
a longer duration. Similarly, the evaluation phase of this
study has some limitations. Women in the direct and no
contact group greatly differ in respect to their socio-
demographic characteristics, so it was difficult to discern
accurate results regarding their knowledge about repro-
ductive and general health issues. Additionally, the sur-
vey was cross-sectional in nature: hence, we were unable
to check that whether the health information imparted
through the ICC was followed.

Conclusions
In short, the experience of the ICC deepened our under-
standing of the health-related information needs of rural
women in Pakistan. Based on the experiences gained from
the ICC, we suggest that the provision of standard one-way
information is not enough. In order to make women cap-
able of utilizing health-related information, Pakistani policy
makers, academia, and development experts need to make
concerted efforts to create information according to local
needs and demands. It is not safe to assume that the tech-
nology will automatically empower women and improve
their access to health-related information. Technology does
help, but society needs to develop a social mechanism
whereby women become engaged and involved in infor-
mation discourse and dialogue at grass-roots level.
There is a paucity of research in Pakistan on the devel-

opment of health-related information systems which
could be useful for local population. For this, the first
step is to establish community-based and community-
owned information dissemination institutions. The ICC
was a step in this direction. It is also important that
Pakistani policy makers understand the complexity and
multidimensionality of the information needs of various
sections of the society and increasing plurality of infor-
mation provision sources. It is suggested to compare the
effectiveness of information received through different
sources of information (e.g., ICTs, print media, radio and
TV) and to determine the relative impact of different
sources of information on behavior-change of people. Fu-
ture research ought to focus on the main health concerns
of rural women, their health information needs, and the
barriers to getting health-related information within their
cultural and structural limitations.
Competing interests
The authors declare that they have no competing interests.



Zakar et al. BMC Women's Health 2014, 14:105 Page 13 of 13
http://www.biomedcentral.com/1472-6874/14/105
Authors’ contributions
MZZ conceptualized the study. RZ and MZZ carried out the study and
participated in the field research. They also performed the qualitative and
statistical analysis. SQ and FF contributed to the interpretation of data. RZ,
MZZ, SQ and FF drafted the manuscript and contributed in revising the
manuscript. All authors read and approved the final manuscript.

Acknowledgements
The authors greatly appreciate all the local women who voluntarily managed
the functioning of ICC and made this study possible by providing their local
knowledge and skills. We are also thankful to all the women for their
participation in this study. We wish to thank Elizabeth Sourbut for
proofreading this manuscript. We acknowledge support of the publication
fee by the Open Access Publication Funds of Bielefeld University.

Author details
1Institute of Social and Cultural Studies, University of the Punjab, Lahore,
Pakistan. 2Faculty of Law, University of the Punjab, Lahore, Pakistan.
3Department of Public Health Medicine, School of Public Health, Bielefeld
University, P.O. Box 100 131, 33501 Bielefeld, Germany.

Received: 3 January 2014 Accepted: 2 September 2014
Published: 4 September 2014

References
1. Shaikh BT, Hatcher J: Health seeking behavior and health service

utilization in Pakistan: challenging the policy makers. J Public Health 2005,
27:49–54.

2. Gurumurthy A: Bridging the digital gender divide: Issues and Insights on
ICT for Women’s Economic Empowerment. New York: United Nations
Development Fund for Women (UNIFEM); 2004.

3. Huyer S, Siskoska T: Overcoming the gender digital divide: Understanding
the ICTs and their potential for the empowerment of women. Instraw
research paper series no 1. [http://nirapad.org.bd/admin/soft_archive/
1308633754_Overcoming the Gender Digital Divide.pdf]

4. Sathar ZA, Kazi S: Women’s autonomy in the context of rural Pakistan.
Pakistan Dev Rev 2000, 39:89–110.

5. Midhet F, Becker S: Impact of community-based interventions on mater-
nal and neonatal health indicators: Results from a community random-
ized trial in rural Baluchistan. Pakistan Reprod Health 2010, 7:30.

6. IHME: Global Burden of Disease – Data Visualizations. [http://vizhub.
healthdata.org/gbd-compare/]

7. Zakar R: Intimate partner violence against women and its implications for
women’s health. Hamburg: Disserta Verlag; 2012.

8. Hafkin N, Huryer S: Women and gender in ICT statistics and indicators for
development. Information Technologies and International Development 2007,
4(2):25–41.

9. Nath V: Empowerment and governance through information and
communication technologies: Women's perspective. Int Inf Libr Rev 2001,
33:317–339.

10. Khalafzai AK, Nirupama N: Building resilient communities through
empowering women with information and communication technologies:
A Pakistan case study. Sustainability 2011, 3:82–96.

11. Zakar MZ, Zakar R: Diffusion of information technology for agricultural
development in rural Punjab: Challenges and opportunities. Pakistan Vis
2009, 9(2):136–174.

12. Alexandru A, Ianculescu M, Paryan M, Jitaru E: ICT and its impact upon the
globalization and accessibility of the education in the health domain.
In Paper International Conference on Education and Educational Technology.
2007:287–291.

13. Dabla A: The role of information technology policies in promoting social
and economic development: The case of the state of Andhra Pradesh,
India. Electron J Inf Syst Dev Countries 2004, 19:1–21.

14. Tripathi M: Transforming India into a knowledge economy through
information communication technologies – Current developments.
Int Inf and Libr Rev 2006, 38:139–146.

15. Richardson D, Ramirez R, Haq M: Grameen telecom's village phone program
in rural Bangladesh. A multi-media case study. Final report. Ontario:
TeleCommons Development Group; 2000.

16. Annan K: On the digital divide: CNET networks. [http://news.cnet.com/
2100-1069_3-964507.html]
17. Wood P: Gender and information and communication technology:
Towards an analytical framework. [http://www.apcwomen.org/gemkit/en/
understanding_gem/wood.htm]

18. Coleman I: The payoff from women’s rights. Foreign Affairs 2004, 83:80–95.
19. Chib A, Chen VH: Midwives with mobile phones: A dialectical perspective

on gender arising from technology introduction in rural Indonesia. New
Media Soc 2011, 13:486–501.

20. Zakar MZ: Coexistence of Indigenous and Cosmopolitan Medical Systems and
Care Provision in Pakistan. Lage: Verlag Hans Jacobs; 1998.

21. Wathen CN, Harris RM: An examination of the health information seeking
experiences of women in rural Ontario, Canada. Inf Res 2006, 11(4):267.

22. Tsehay AB: Seeking health information in rural context: exploring sources of
maternal health information in rural Ethiopia. MPhil Thesis. Bergen: University
of Bergen; 2014.

23. Hossain A, Islam S: Information needs of rural women: a study of three
villages of Bangladesh. Lib Phil Pract (e-journal) 2012:693

24. Longo DR, Schubert SL, Wright BA, Master JL, Williams CD, Clore JN: Health
information seeking, receipt, and use in diabetes self-management.
Ann Fam Med 2010, 8(4):334–340.

25. Zakar MZ: AIDS, culture and body politics in Pakistan. Lage: Verlag Hans
Jacobs; 2004.

26. Baskerville R, Wood-Harper AT: Diversity in information systems action
research methods. Eur J Inf Syst 1998, 7:90–170.

27. Auerbach CF, Silverstein LB: Qualitative data: An introduction to coding and
analysis. New York: New York University Press; 2003.

28. Grunfeld H: Framework for evaluating contributions of ICT to capabilities,
empowerment and sustainability in disadvantaged communities.
In Proceedings of the CPRsouth2 Conference on Empowering rural
communities through ICT policy and research. 2007:1–21.

29. Sen A: Development as freedom. London: Oxford University Press; 2001.
30. Nussbaum M: Capabilities as fundamental entitlement. In Capabilities

equality: basic issues and problems. Edited by Kaufman A. New York:
Routledge; 2006:44–70.

31. Alkire S: Why the capabilities approach? J Hum Dev 2005, 6(1):115–133.
32. Byrne E, Sahay S: Participatory design for social development: a South

African case study on community-based health information systems.
Inf Technol Dev 2007, 13(1):71–94.

33. Walsham G, Sahay S: Research on information systems in developing
countries: current landscape and future prospects. Inf Technol Dev 2006,
12(1):7–24.

34. Kleinman A: Parents and healers in the context of culture: An expression of the
borderland between anthropology, medicine, and psychiatry. Los Angeles:
University of the California Press; 1980.

35. Chandrasekhar CP, Ghosh J: Information and communication technologies
and health in low income countries: The potential and the constraints.
Bull World Health Organ 2001, 79:850–855.

36. Saeed S, Rohde M, Wulf V: Civil society organizations in knowledge
society: A roadmap of ICT support in Pakistani NGOs. Int J Asian Business
Inf Manag 2012, 3:13.

37. Ilahi N, Grimard F: Public infrastructure and private costs: Water supply
and time allocation of women in rural Pakistan. Econ Dev Cult Chang
2000, 49(1):45–76.

38. Cecchini S, Christopher S: Can information and communications
technology applications contribute to poverty reduction? Lessons from
rural India. Inf Technol Dev 2003, 10:73–84.

39. The Global Gender Gap Report: The global gender gap index 2012. Geneva:
World Economic Forum; 2012.

doi:10.1186/1472-6874-14-105
Cite this article as: Zakar et al.: Harnessing information technology to
improve women’s health information: evidence from Pakistan. BMC
Women's Health 2014 14:105.

http://nirapad.org.bd/admin/soft_archive/1308633754_Overcoming the Gender Digital Divide.pdf
http://nirapad.org.bd/admin/soft_archive/1308633754_Overcoming the Gender Digital Divide.pdf
http://vizhub.healthdata.org/gbd-compare/
http://vizhub.healthdata.org/gbd-compare/
http://news.cnet.com/2100-1069_3-964507.html
http://news.cnet.com/2100-1069_3-964507.html
http://www.apcwomen.org/gemkit/en/understanding_gem/wood.htm
http://www.apcwomen.org/gemkit/en/understanding_gem/wood.htm

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Women, ICTs and empowerment
	Women’s access to health information
	Rational and aims of research

	Methods
	Phase I: Establishment of the Information and Communication Center (ICC)
	Objectives of ICC
	Process of ICC
	Structure of the ICC
	Philosophy and functional parameters of the ICC
	Data collection

	Phase II: Evaluation of the functioning of the Information and Communication Center (ICC)
	ICC evaluation and capability approach
	Evaluation process of functioning of ICC
	Data collection
	Data analysis


	Results
	Functioning of the ICC in the local context
	Connecting women with various information providing agencies
	Creating sense of empowerment among the women
	Cross-verification of medical information
	Seeking information on non-health-related matters

	Evaluation of the functioning of the ICC

	Discussion
	Strengths of the ICC
	Limitations of the functioning of ICC
	Strengths and limitations of the study

	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

