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Background Traditionally, health care-seeking for child illness is assessed through population-based and nationally representative demographic and health surveys (DHS) that are conducted once every five to
seven years and are based on maternal recall. These maternal reports are
subject to recall bias. Mobile phones (with the use of GPS technology)
have the potential to constantly track movements of phone owners and
provide high quality and more accurate data at a population level in low
and middle income countries (LMICs) to assess the validity of maternal
recall. We provided a group of mothers with smartphones installed with
a location-aware application and visited them monthly to administer a
survey questionnaire on care-seeking for diarrhoea, fever and cough with
fever. This paper assesses for any reactivity to smartphones or repeated
study contacts for measuring care-seeking and if this resulted in change
in health care provider preference.
Methods We enrolled 749 mothers from rural areas of Pune district in
Maharashtra, India and randomly allocated them to one of three groups –
a longitudinal phone group, a longitudinal control group and a cross-sectional control group. We collected baseline information from mothers,
including individual and household demographic and socio-economic characteristics and care-seeking preferences for child illness. We followed up both longitudinal groups monthly and each cross-sectional
sub-group once over a period of 6 months. At each follow up, we administered questions identical to those in the National Family Health Survey (NFHS) questionnaire to determine an episode of diarrhoea, fever or
cough within the last 15 days, care seeking for the same, and the type of
provider. The data were analysed using the χ2 test or Fisher Exact Test for
categorical variables, or with the Kruskall-Wallis non-parametric test for
continuous variables (due to the non-normal nature of the data). Multivariable joint models of group and visit time were analysed with logistic
regression methods.
Results All three groups were similar in their socio-demographic characteristics at baseline. We did not observe any significant difference in care
seeking for diarrhoea, fever or cough with fever between groups. Also,
we did not observe any significant difference in proportion of children
seeking care from the private sector.
Conclusions We did not observe any reactivity in this study due to the
presence of the phone (Hawthorne effect) or repeated study visits. The
study also shows the potential of using GPS enabled smartphones to enrich DHS surveys in LMICs like India. However, further studies need
to be conducted in other population groups before the findings can be
generalised.
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The World Health Organization estimates that globally about 5.6 million children younger than 5 years
died in 2016 [1]. Pneumonia, diarrhoea and malaria are among the leading causes of mortality in under-5
children. More than half of child deaths worldwide are preventable using cost-effective interventions and
improved access to health care [1]. However, there are many factors that contribute to the under-utilisation of effective health interventions in low- and middle-income countries (LMICs) [2]. Children are
dependent on an adult carer for accessing health care and are therefore vulnerable to both demand side
barriers (like recognition of symptoms, knowledge and attitudes, and affordability of the caregiver) as
well as supply side barriers which are generally related to health systems [3].
Traditionally, health care-seeking behaviour for child illness in India is assessed through population-based
and nationally representative demographic and health surveys such as the National Family Health Survey (NFHS). These surveys are conducted once every five to seven years and are based on maternal recall
[4]. Maternal reports of care-seeking behaviour are subject to recall bias [5]. As mobile phone penetration continues to increase globally, recently reaching over 7 billion mobile connections worldwide [6],
mhealth presents itself as a promising avenue through which to tackle challenges to collecting high quality and more accurate data at a population level [7]. With features such as GPS being available to constantly track movements of phone owners, mhealth-based interventions can be used to improve the measurement of health care-seeking in LMICs. The Improving Coverage Measurement (ICM) for Maternal,
Newborn and Child Health Study in Pune involved development and deployment of an android mobile
app (TrackCare) to record and transmit the mobile phone’s location data in real-time. This was done with
a primary aim to validate maternal reporting of care-seeking for child illness on the a priori assumption
that a mother’s movement to a health facility as determined by TrackCare was more accurate than her recall of a visit to a health facility. However, use of an app enabled smartphone where the participants are
aware of their movements being monitored and repeated surveys (for validating recall) has the potential
to alter health care seeking behaviour. This is known as Hawthorne effect and has been well described in
studies reporting health-related behaviour [8]. Studies involving direct observation of or repeated contact with participants have reported significant change in behaviour [9,10], while those that have used
devices monitoring participants remotely (eg, accelerometer) have either reported no effect or time-decaying effect [11,12]. The possible effect of altering a health-related behaviour as a result of exposure to
a measurement device is called reactivity [12].
As a secondary aim of the larger ICM study, (in this paper) we aimed to assess the change in reported
care-seeking subsequent to introducing the above-mentioned smartphone-based measurement tool and
monthly face-to-face contact to administer a survey questionnaire on care-seeking for the three common
childhood illnesses (diarrhoea, fever and cough with fever). We also wanted to examine if use of mobile
phone and / or repeated contacts resulted in changing the health care provider preference (ie, if there was
increased utilisation of private health care or vice versa).

METHODS
We conducted the study in 22 villages in Pune district in Maharashtra State in the western region of India.
The detailed methods are described elsewhere [13]. In summary, we randomly selected 926 mothers aged
15-49 years with at least one child under the age of five years for participation in the study. Of these, 749
mothers consented to participate in the study and were randomly allocated to one of the three groups – a
longitudinal phone group (200 mothers), a longitudinal control group (100 mothers) and a cross-sectional control group (divided into six equal sub-groups of about 75 mothers each). Participants were enrolled
between June and September 2015 and were followed up over six months. The mothers in the longitudinal phone group were given a smartphone with the TrackCare app, which was the measurement tool
under study. We included a longitudinal control group to assess the potential bias in reporting care-seeking due to the presence of the study phone. We included the cross-sectional control group to determine
whether changes in care-seeking reports were due to repeated administration of the survey questionnaire.
We collected baseline information from mothers including individual and household demographic and
socio-economic characteristics, and care-seeking preferences for child illness. At each follow up, questions
identical to those in the National Family Health Survey (NFHS) questionnaire were used to ask the mother to recall if the child had diarrhoea, fever or cough within the last 15 days, if care was sought, and the
type of provider from which care was sought. Additional questions were asked to find when (how many
days before the follow up) and where (name of health care facility) the care was sought.
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We calculated sample size only for the longitudinal phone group (as the primary objective was to test the
validity of maternal recall) and this was based on the prevalence of diarrhoea, fever and cough under-5
children in the NFHS-3 [14]. The sample size for the longitudinal and cross-sectional control arms were
based on what was feasible within the given resources (as assessing bias by the introduction of mobile
phone tracking was a secondary objective). Our sample size of 200 mothers in phone group (assuming 2
under-5 children per mother) would have detected 80% of an estimated 480 episodes with 9% precision
(Table S1 and S2 in Online Supplementary Document).
The main outcome being tested during the monthly visit was care-seeking for childhood illness (as a binary
variable). Some variables were compound variables, formed from the responses to two or more questions.
We analysed any fever and fever with cough as two separate variables. We reduced the care provider categories to three groups (public health sector, private health sector and other). Private health sector included private practitioners qualified in allopathic medicine namely private doctor or clinic, private hospital
and private paramedics. Similarly, we computed socio-economic status (analysed as wealth quintiles) as a
composite of ownership of various assets (property, various durable goods, agricultural land, livestock, a
bank/post office account, and health insurance or a health scheme), household building materials, drinking water source, toilet facility, and the presence of a servant or maid within the household [15].
The majority of the analyses examined the association between the group assignment or the visit time,
with the various baseline and follow up variables. These were mainly cross-tabulations, analysed by either the χ2 test or Fisher Exact test, depending on the cell counts, or non-parametric comparisons of continuous data such as age (Kruskall-Wallis test). Wealth quintiles were analysed using the χ2 test for trend,
since there is an ordinal relationship between the levels. The comparison of randomisation group and
visit by care-seeking behaviour (“was care sought for the condition?”) were examined by simple logistic
regression. Since we expected only a small proportion of the 2249 interviews would report diarrhoea,
fever, and cough with fever, we assumed that including a model with parent random effect with nested
child would risk over-fitting the data.
Due to the exploratory nature of the study, no adjustment for multiple testing was made. All analyses were
conducted using Stata v12.1 (Stata Corp, College Station, TX, USA).

Ethical considerations
Mothers provided written informed consent prior to enrolment and randomization. Prior to consent,
mothers were informed that those assigned to the phone group would be allowed to keep the study phones
even if they withdrew their participation at any stage of the study. The study was approved by the Ethics
Committee of the KEM Hospital Research Centre, Pune, India (Study ID No. 1415) and the University
of Edinburgh, UK. The study was not registered with the Clinical Trials Registry as it was not considered
by investigators to meet the criteria for such a trial. Study groups differed in the method and frequency
with which their care-seeking behaviour was measured but no group was provided with a health-related
intervention intended to affect a health outcome.

RESULTS
We enrolled and followed up 200 mothers in the (phone group) and 100 mothers in the longitudinal control group at monthly intervals over six months (Table S3 in Online Supplementary Document). We also
enrolled 449 mothers in the cross-sectional control group, divided them up in six sub-groups (five with
75 mothers each and one with 74 mothers) and followed up each group once over the six-month period.
We observed loss to follow up (increasing with time) in both the phone and control groups, with a greater proportion being lost to follow up in the control group (20% compared to 10.5% in the phone group).
We compared the mothers in the three groups for various baseline characteristics in both parents (number of children younger than five years, age, years of education, occupation, household wealth quintile,
ownership of mobile phone and religion) and found no significant difference between the three groups
(Table 1). There was some indication of a difference in wealth quintile between the groups (P = 0.016),
with mothers in the cross-sectional group more likely to be in quintiles 1 and 2 than the phone or longitudinal control groups. We also observed a significant difference in the ownership of smartphones (at
household level) in the three groups.
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Table 1. Characteristics of the three groups compared at baseline*
Number of children <5 y old to a mother:
1
2
3
Median maternal age [Median (IQR)], n*
Mother ever attended school (%)
Completed years of maternal education (Median, IQR), n*
Mother’s occupation- agriculture (%)
Father’s age (Median IQR), n*
Father’s completed years of education, Median (IQR), n*
Father’s occupation
Agriculture (%)
Manufacturing (%)
Any mobile phone ownership in household
Smartphone ownership in household
Household wealth quintile:
1
2
3
4
5
Religion of head of household- Hindu

Phone group (n = 200)

Longitudinal control group
(n = 100)

Cross-sectional control
group (n = 449)

87 (43.5%)
104 (52%)
9 (4.5%)
25 (23-27), n = 194
193/193 (100%)
10 (9-12), n = 192
37/60 (62%)
30 (28-32), n = 193
12 (10-13), n = 189

50 (50%)
46 (46%)
4 (4%)
25 (23-27), n = 99
98/99 (99%)
10 (9-12), n = 98
25/34 (74%)
30 (28-32), n = 98
10 (9-12), n = 97

220 (49%)
209 (46.5%)
20 (4.5%)
25 (23-27), n = 442
436/442 (99%)
10 (9-12), n = 433
94/134 (70%)
30 (28-32), n = 437
11 (9-13), n = 432

30/188 (16%)
91/188 (48%)
196/197 (99.5%)
133/193 (68.9%)

12/98 (12%)
56/98 (57%)
98/98 (100%)
45/98 (45.9%)

94/429 (22%)
202/429 (47%)
442/446 (99.1%)
245/431 (56.8%)

29 (15%)
36 (18%)
45 (23%)
49 (25%)
41 (21%)
184/199 (92%)

20 (20%)
17 (17%)
22 (22%)
24 (24%)
17 (17%)
88/99 (89%)

101 (22%)
97 (22%)
83 (18%)
77 (17%)
91 (20%)
410/448 (92%)

P-value
0.74

0.96
0.27
0.12
0.35
0.88
0.26
0.10
0.10
1.00
0.0004
0.016

0.30

y – years
IQR – interquartile range
*Where there are missing data, the number of respondents have been given.

We identified 133 episodes of diarrhoea in children younger
than five years in the three groups over the six-month period,
101 (76%; 95% CI = 69%-83%) of which sought care (Table 2).
We did not observe any significant difference in care seeking for
diarrhoea between visits (Figure 1, Table S4 in Online Supplementary Document) or between groups (Table 2).

Figure 1. Episodes of diarrhoea, fever and cough with fever
in under-5 children and care seeking for these by month
during study period.

There were 606 episodes of fever (including 391 with cough)
of which 486 (80%, 95% CI = 77%-83%) and 338 (86%, 95%
CI = 83%-90%) respectively sought care (Table 2). We did not
observe any significant difference in care seeking for fever between groups (Table 2) or between visits (Figure 1, and Table
S4 in Online Supplementary Document).

Table 2. Episodes of diarrhoea, fever and pneumonia in children younger than 5 y and care seeking in the three groups
Phone group (n = 1588)

Longitudinal control group
(n = 759)

Cross-sectional control group P-value
(n = 555)

Children <5 y with diarrhoea in past 2 weeks
64/ 1581 (4%)
42/757 (6%)
27/555 (5%)
Proportion of children with diarrhoea who sought
47/63 (75% [64%-85%])
33/41 (80% [68%-93%])
21/27 (78% [62%-93%])
care (%, 95% CI)*
Children <5 y with fever in past 2 weeks
341/1570 (22%)
154/758 (20%)
105/551 (19%)
Proportion of children with fever who sought care
283/341 (83% [79%-87%]) 120/151 (79% [73%-86%])
83/105 (79% [71-87])
(%, 95% CI)†
From public sector
24 (8.4%)
6 (5%)
4 (5%)
Number of days from onset of fever to first seeking
0 (0-1), n = 280
0 (0-1), n = 118
0 (0-1), n = 83
care or advice (Median, IQR), n‡
Children <5 y with fever and cough in past 2 weeks
224/1542 (14%)
95/747 (13%)
72/545 (13%)
Proportion of children with fever and cough who
195/221 (88% [84%-92%]) 79/94 (84% [77%-91%])
64/72 (89% [82%-96%])
sought care (%, 95% CI)§
From public sector
17 (8.7%)
7 (8.9%)
2 (3.1%)
y – years
IQR – interquartile range, CI – confidence interval
*χ2 test: P = 0.69.
†χ2 test: P = 0.51.
‡n = number of respondents.
§χ2 test: P = 0.50.
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We did not observe any significant difference in proportion of children seeking care from the private sector, the interval between appearance of symptoms and care seeking, and the proportion of children with
fever (with or without cough) who were administered medication for the illness across the three groups
(Table 2).

DISCUSSION
We enrolled and actively followed up 749 mothers in three groups (one that was provided a smartphone
and followed up monthly, another only followed up monthly, and the third only once) over a six-month
period. We did not observe any significant difference in the reported incidence or care seeking for diarrhoea, fever or fever with cough in under-5 children in the three groups. This suggests no reactivity resulting from to the awareness that movement was being monitored through the smartphone or due to
repeated study contacts.
We observed that in the 724 under-five children in the study, fever was the most common illness (1.65
episodes per child per year). Care seeking varied by illness. For example, care seeking varied from about
78% in diarrhoea to about 87% in fever with cough. However, we did not observe any difference in the
illness and choice of provider. For example, about 92% of the children were treated in the private sector for fever (with or without cough). The finding of low utilisation of public services is consistent with
other published findings from Indian subcontinent. For example, a study from Bangladesh reported that
90% of children presenting with symptoms of diarrhoea for whom care was sought were taken to a private sector provider even though the public health care sector was well established in the country [16].
In Maharashtra, private health care has historically been seen to be “far superior” to government provided
care, with women seeking care feeling that the benefits outweigh the cost [17]. Despite efforts over the
last decade by the Indian government to increase use of public health care systems, private sector is still
the preferred provider of health care [18]. This highlights that promotion of ineffective services is unlikely to increase utilisation of public health care by people unable to afford private care. Improvement of
these health services must go hand in hand with promotion to increase behavioural change and reduce
the health inequalities between the socioeconomic classes.
Our inability to observe any significant differences between the phone and control group, could be attributed to lack of power. Although, we calculated sample size for the phone group based on the combined prevalence of all the three conditions reported in literature, we were not sufficiently powered
for some of the sub-group analyses. The lack of any significant differences between the phone and the
longitudinal control group could also be attributable to either the phone having no effect, or a change
in health seeking behaviour with repeated contacts affecting both groups equally. This finding is similar
to what has been observed by Tobias and Inauen in Columbia where the intervention group (receiving
solar water disinfection promotional campaign) and a control group were followed up through repeated contacts using face to face surveys [19]. One of the key limitation of our research design was that
we were not well set up to answer if the repeated contacts influenced a change in health care seeking
behaviour. Such an analysis would have required each cross-sectional group to be of the same size as
the phone and longitudinal control group. However, it must be pointed out that Tobias and Inauen argue that repeated surveys at short interval when introducing a new intervention have only a minimal
effect on behaviour if the face to face contacts are not performed more often than once a week [19].
In our context, mobile phone ownership is very high in India and >99% of the study participants had
a mobile phone. Smartphone ownership was significantly different in the three groups – 46%-57% of
the participants in the control groups had smartphones of their own (compared to 69% in the phone
group) (Table 1). Therefore, it is unlikely that presence of a phone itself would alter behaviour. Also,
the population in Vadu HDSS is accustomed to regular surveys (on a six-monthly basis) and have participated in clinical studies. Therefore, it is unlikely that an increased frequency of contacts would alter their behaviour. We trained the research team in administering the surveys meticulously, and supportive supervision with random spot checks was maintained throughout the study. By doing this, we
attempted to minimise observer and interviewer bias.
This study shows potential of a ubiquitous technology like smartphones to enrich DHS surveys in LMICs
like India. The early results are encouraging, but further studies need to be conducted in other population groups before the findings can be generalised.

www.jogh.org

• doi: 10.7189/jogh.08.020807

5

December 2018 • Vol. 8 No. 2 • 020807

RESEARCH THEME 4: IMPROVING
VIEWPOINTS
COVERAGE MEASUREMENT

Reactivity to mobile phones and repeated surveys and reported care-seeking for childhood illnesses in India

RESEARCH
THEME 4: IMPROVING
VIEWPOINTS
COVERAGE MEASUREMENT

Harish et al.

Acknowledgements: Vadu HDSS is a member of the INDEPTH Network. We are grateful to the members of the Improving Coverage Measurement Core Group for their guidance in developing this study. Lastly, we wish to thank the
study participants and the project staff at the Vadu HDSS, without whom this study would not have been possible.
Funding: The study was funded by the Improving Coverage Measurement (ICM) grant from the Bill and Melinda
Gates Foundation (grant No. OPP1084442) made to the Johns Hopkins University of which University of Edinburgh, Edinburgh, UK and KEM Hospital Research Centre, Pune, India were sub-grantees.
Author contributions: All authors conceived of the study and protocol. AM, TB, PL, UC and SJ conducted data
collection. LJW analysed the data. HN wrote the paper. AM, SH and HC provided guidance on the analysis and interpretation of results. All authors read and agree with the manuscript and conclusions.

REFERENCES

Competing interests: Harry Campbell is the Co-editor in Chief of the Journal of Global Health. To ensure that any
possible conflict of interest relevant to the journal has been addressed, this article was reviewed according to best
practice guidelines of international editorial organisations. Harish Nair reports grants and personal fees from the Bill
and Melinda Gates Foundation during the during the conduct of the study; grants and personal fees from the World
Health Organization, grants and personal fees from Sanofi, grants from the Innovative Medicines Initiative (Horizon
2020), grants from the National Institute of Health Research, outside the submitted work. The authors completed the
Unified Competing Interest form at www.icmje.org/coi_disclosure.pdf (available on request from the corresponding
author), and declare no other competing interests.

1 World Health Organization. Children: reducing mortality Geneva: World Health Organization; 2017.
2 Ensor T, Cooper S. Overcoming barriers to health service access: influencing the demand side. Health Policy Plan.
2004;19:69-79. Medline:14982885 doi:10.1093/heapol/czh009
3 Jacobs B, Ir P, Bigdeli M, Annear PL, Van Damme W. Addressing access barriers to health services: an analytical framework for selecting appropriate interventions in low-income Asian countries. Health Policy Plan. 2012;27:288-300. Medline:21565939 doi:10.1093/heapol/czr038
4 International Institute for Population Sciences. National Family Health Survey, India 2015-2016 (NFHS-4) 2015. Available: http://rchiips.org/NFHS/NFHS4/schedules/NFHS-4Womans.pdf. Accessed: 12 May 2018.
5 Manesh AO, Sheldon TA, Pickett KE, Carr-Hill R. Accuracy of child morbidity data in demographic and health surveys.
Int J Epidemiol. 2008;37:194-200. Medline:17911149 doi:10.1093/ije/dym202
6S
 tatista. Global mobile connections from 2008 to 2020. Available: https://www.statista.com/statistics/371828/worldwide-mobile-connections/. Accessed: 18 May 2018.
7 Shao D. A Proposal of a Mobile Health Data Collection and Reporting System for the Developing World. Malmo: Malmo University; 2012.
8 Wickstrom G, Bendix T. The “Hawthorne effect”–what did the original Hawthorne studies actually show? Scand J Work
Environ Health. 2000;26:363-7. Medline:10994804
9W
 u KS, Lee SS, Chen JK, Chen YS, Tsai HC, Chen YJ, et al. Identifying heterogeneity in the Hawthorne effect on hand
hygiene observation: a cohort study of overtly and covertly observed results. BMC Infect Dis. 2018;18:369. Medline:30081843 doi:10.1186/s12879-018-3292-5
10 Rosenberg M, Pettifor A, Twine R, Hughes JP, Gomez-Olive FX, Wagner RG, et al. Evidence for sample selection effect
and Hawthorne effect in behavioural HIV prevention trial among young women in a rural South African community.
BMJ Open. 2018;8:e019167. Medline:29326192 doi:10.1136/bmjopen-2017-019167
11 Vanhelst J, Beghin L, Drumez E, Coopman S, Gottrand F. Awareness of wearing an accelerometer does not affect physical
activity in youth. BMC Med Res Methodol. 2017;17:99. Medline:28693500 doi:10.1186/s12874-017-0378-5
12 Clemes SA, Deans NK. Presence and duration of reactivity to pedometers in adults. Med Sci Sports Exerc. 2012;44:1097101. Medline:22595985 doi:10.1249/MSS.0b013e318242a377
13 Hirve S, Marsh A, Lele P, Chavan U, Bhattacharjee T, Nair H, et al. Concordance between GPS-based smartphone app for
continuous location tracking and mother’s recall of care-seeking for child illness in India. J Glob Health. 2018;8:020802.
doi:10.7189/jogh.08.020807
14 International Institute for Population Sciences (IIPS) and Macro International. National Family Health Survey (NFHS3), 2006-06: India. Mumbai: IIPS; 2007.
15 Filmer D, Pritchett LH. Estimating wealth effects without expenditure data–or tears: an application to educational enrollments in states of India. Demography. 2001;38:115-32. Medline:11227840
16 Larson CP, Saha UR, Islam R, Roy N. Childhood diarrhoea management practices in Bangladesh: private sector dominance and continued inequities in care. Int J Epidemiol. 2006;35:1430-9. Medline:16997849 doi:10.1093/ije/dyl167
17 Griffiths P, Stephenson R. Understanding users’ perspectives of barriers to maternal health care use in Maharashtra, India. J Biosoc Sci. 2001;33:339-59. Medline:11446398 doi:10.1017/S002193200100339X
18 Dongre AR, Deshmukh PR, Garg BS. Childhood morbidity, household practices and health care seeking for sick children in a tribal district of Maharashtra, India. Indian J Med Sci. 2010;64:7-16. Medline:22301804 doi:10.4103/00195359.92482
19 Tobias R, Inauen J. Gathering time-series data for evaluating behavior-change campaigns in developing countries: reactivity of diaries and interviews. Eval Rev. 2010;34:367-90. Medline:21071433 doi:10.1177/0193841X10383940

December 2018 • Vol. 8 No. 2 • 020807

6

www.jogh.org

• doi: 10.7189/jogh.08.020807

