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This study aims to examine the effect of administration of shorter and longer versions of questionnaires on key
indicators such as age displacement, birth displacement, age heaping, and skipping questions on antenatal care
(ANC) visits and use of contraceptive methods in India using National Family Health Survey (NFHS)-4 data. At
Skipping the individual level, the effect of the adoption of the shorter and longer versions of the questionnaires on the age
Translator displacement of women and children and skipping of the key questions is insignificant. However, the results from
NFHS the two-level logistic regression model reveal that at the primary sampling unit (PSU) level, work pressure,
depending on the number of eligible women in a household, emerges as a confounder in skipping certain
questions, namely ANC [1.18 (p < 0.09)] and contraceptive use [AOR = 1.17 (p < 0.05)]. To expand the
coverage of NFHS in providing state- and district-level estimates since 2015, the overall sample size was
increased from 88,562 households and 89,777 eligible women in 1992-93 to 6,01,509 households and 6,99,686
eligible women in 2015-16. As a strategy to reduce workload and non-sampling errors during the survey, a
nested design and modular approach were adopted to provide estimates of maternal and child health indicators
at the district/state level and sexual behaviour, HIV/AIDS, and women’s empowerment at the state level. It was
hypothesised that a longer version of the questionnaire canvassed in the state module may be detrimental to data
quality issues. The findings of this study establish the effectiveness of adopting a modular approach in large-scale
surveys, depending on the scale of investigation. However, the differential workload calls for expanding the
duration of surveys in PSUs, where the number of eligible women is higher. State level variation in the key data
quality indicators may be partially explained by differentials in the training of investigators by the agency and
use of translators.

1. Introduction

Large-scale sample surveys are an important source of data on
various demographic and health-related indicators in a country. In
developing countries, particularly those collecting retrospective data,
these surveys have traditionally suffered from incomplete and incon-
sistent reporting (Croft, 1991). The quality of the data was significantly
affected by both sampling and non-sampling errors. Among non-
sampling errors, respondents’ under-reporting of events, incorrect
recording of information by the interviewer, errors arising from

questionnaire design, etc., are of a more serious nature. Errors due to
non-response arise when some units do not respond or are not investi-
gated at all. In addition, an increase in the length of the questionnaire
can increase interview time and ultimately be more burdensome for
both the interviewer and the respondent.

Age is one of the most important demographic variables that is rarely
free from reporting bias in developing countries, including India. Age
misreporting is a common phenomenon in demographic and health
surveys for which there are numerous reasons. The trend and pattern of
disparity in age heaping varies between countries (Blum & Krauss, 2018;
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Fayehun et al., 2020; Singh, 2017; Singh et al., 2021). Data collected
through census or sample surveys in developing countries are more
likely to have age misreporting than data collected in developed coun-
tries (Talib et al., 2010; Singh et al., 2021).

One of the most commonly mentioned problems of demographic and
health surveys (DHS) birth histories is the displacement of births,
meaning that birth dates are moved from one calendar year to another
(Arnold, 1990; Pullum, 2006, pp. 1985-2003) (Schoumaker, 2011). This
birth displacement may also be the result of both reporting issues due to
recall bias and intentional incorrect entry by field investigators to avoid
a lengthy questionnaire (Al Zalak, 2017).

Several studies documented that age and date of birth remain the
main focus of data quality issues (Lyons-Amos & Stones, 2017; Pullum,
2006, pp. 1985-2003; Pullum, 2019; Pullum, 2017) An analysis of age
heaping over time in 34 countries in Sub Saharan Africa between 1987
and 2015 concluded that a number of countries have considerable in-
creases in the proportion of age misreported (Lyons-Amos & Stones,
2017). Some studies focused on fieldwork conditions and interviewer
characteristics to better understand data quality (Johnson et al., 2009;
Pullum, 2018) suggesting that older, more educated, and experienced
interviewers are more likely to collect high-quality data.

The scope and complexity of DHS have increased since it extended
the length of the questionnaire and additional survey modules. Bradley
(2016) and Short Fabic et al. (2012) concluded that a longer question-
naire duration is significantly associated with a decrease in data quality.
Allen et al. (2020) argued that longer questionnaires would have
different effects than shorter versions of questionnaires on fieldwork,
interviewer fatigue, performance, and survey implementation. It offers
an opportunity to explore the extent to which questionnaire length may
have an effect on data quality. An increase in questionnaire length can
increase interview time and may ultimately present a greater burden for
both the interviewer and the respondent (Sbort Fabic et al., 2012; Allen
et al., 2020). Many DHS surveys include modules or additional
topic-specific sections only among subsamples, resulting in question-
naires of different lengths within the same survey. Individual interviews
vary in length because respondents are asked fewer or more questions
based on their circumstances (Allen et al., 2020). Several studies have
shown that large-scale population-based surveys are facing a persistent
decrease in the response rate due to the effect of the length of the
questionnaire (Wallander et al., 2015; Morton, Cahill & Hartge, 2006;
Deutskens et al., 2004; Bouranta, Chitris, & Paravantis, 2009; Blumen-
berg et al., 2019).

This study has been conceptualised with the following rationale.
First, NFHS surveys are representative of the population at the national,
state, and district levels (since 2015), and the overall high quality of the
survey data has given policymakers and programme planners confi-
dence in using NFHS data as a key source (often the only source) of
relevant data. Since NFHS-4, district-level estimates were also provided,
as the sample size increased by six times from the first three rounds of
NFHS. Second, with each successive round, additional components were
added to capture the newly initiated health and development pro-
grammes by the government. These additions have resulted in a sub-
stantial increase in survey duration depending on age, marital status,
and the number of children in the five years preceding the survey. Third,
among the different sources of sampling and non-sampling errors, the
most commonly encountered error was inaccurate age reporting. Many
demographic and health estimates are age specific, such as estimates of
age-specific fertility rates and infant and child mortality rates, which can
be affected by the misreporting of ages and dates of birth and/or death
for a woman and her children. The age displacement of children can
seriously distort estimates of current levels and recent trends in fertility
and mortality and is by no means unique to DHS surveys. Evaluation of
censuses and community surveys has revealed severe age misreporting
(Bailey, 1996; Mukherjee, 1988). In this context, this study aims to
examine the effectiveness of administering a shorter and longer version
of a questionnaire on key data quality indicators.
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The study may provide evidence of improvement in data quality
despite continuously increasing contents and coverage of NFHS in India,
which have enhanced challenges in survey implementation and may
also have a detrimental effect on data quality. One of the tools for
reducing the burden of the large content of the questionnaire is the
introduction of the state module in the sample design. Since the NFHS-4
has adopted this design for the first time, the effects of the introduction
of a nested design and modular approach in sampling design on the key
demographic and health care indicators (skipping questions) need to be
studied.

2. Materials and methods
2.1. Data

This study used data from NFHS-4 (2015-16). In this survey, the
challenges of expanding the content and coverage of NFHS resulted in
innovations in data collection by adopting various strategies of survey
implementation. These innovations are mentioned in Supplementary
Table S1. A major one was the introduction of a modular approach to the
survey. In each district of India, approximately 30% of the primary
sampling units (PSUs) were randomly selected for implementation of the
longer version of the questionnaire. In the selected PSUs, every alternate
household was chosen for the administration of the longer version. This
research on data quality is based only on those PSUs that were selected
for canvassing longer versions of questionnaires in 50% of the selected
households and shorter versions in the remaining selected households.

The analyses were performed using the sample only for the PSUs that
were selected for the state module. The sample selection criteria for each
outcome indicator are presented in Table 1. Thus, in the selected sample,
ideally, the sample size in the state and district modules should be
equally divided because the state module is administered in every sec-
ond household in each selected PSU.

2.2. Variables

2.2.1. Outcome variables

The key outcome variables were age displacement, birth displace-
ment, age heaping, skipping questions on antenatal care (ANC) visits,
and the use of contraceptive methods. For comparison purposes between
the state and district modules, state-level analyses were carried out on
the outcome indicators and are presented in the graphs. A detailed
description of the outcome indicators is provided below:

Table 1
Sample selection criteria for each outcome variables included in this study.
Outcome Measures Sample selection criteria Sample
indicators distribution
Age 14/15 ratio The women aged 14 and Table S5
displacement 15 years
50/49 ratio The women aged 50 and Table S5
49 years
Birth 5/6 ratio The children aged 5and 6  Table S6
displacement years
Age heaping or Whipple’s The Women aged 18-47 Table S3
digit index years
preference Myers’ blended  The Women aged 20-49 Table S4
index years
Skipping of No ANC The women aged 15-49 Table S7
questions years who have delivered
at least one birth in last
five years of the survey
No The currently married Table S7

contraceptive
use

women aged 15-49 years
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2.3. Methodology

The methods used in the analyses included the ratio of initial and
terminal age, ratio of survey years, Myer’s index, Whipple index, two-
stage logistic regression, and propensity matching score. A brief
description of each is provided below.

a) Age displacement: The eligible ages for men and women were
15-54 and 15-49 years, respectively. To identify age displacement,
the age ratio (14 years/15 years) was estimated for women and men
in states and union territories in India.

b) Birth displacement: To identify the birth displacement in the data,
the ratio between children born in the six and five years preceding
the survey.

c) Age heaping or digit preference: Whipple’s index and Myers’
blended index were used to evaluate the extent of inaccuracy in
terms of age heaping and digit preference. Age heaping or age pref-
erence is the tendency of individuals to incorrectly report their age or
date of birth. Individuals’ heaping behaviours favour certain ages,
commonly those ending in ‘0’ or ‘5.

d) Skipping questions: There are different instructions in terms of
filter skipping, which gives the researcher an opportunity to capture
authentic information. To understand the skip pattern of selected
indicators with a larger skip from NFHS-3 to NFHS-4, the percentage
of women who said no to the selected indicators in both surveys will
be estimated. The specific indicators did not undergo any antenatal
check-ups and did not use any contraceptive methods. Here, it is
important to note that the skipping of questions includes both
intentional and unintentional skipping from both the respondents’
and investigators’ perspectives.

A two-level logistic regression model was applied for three in-
dicators: digit preference (age heaping) at 0 and 5 years, no ANC visits,
and not using contraceptive methods. In these two-level logistic
regression analyses, the pressure of the state module was incorporated
by combining the proportion of households with eligible women in a
PSU, average number of eligible women per household in the PSU, and
proportion of women to whom the state module was administered.
Details of the multilevel analysis are provided in the supplementary file.

Furthermore, propensity score matching (PSM) analysis was carried
out considering the state module as the intervention group for the three
outcome variables. In the selected PSUs, to administer the state module,
a questionnaire with state module was administered to each alternative
household. Given the similar socioeconomic characteristics among
households within a PSU, the administration of a questionnaire with a
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state module (longer version of the questionnaire) would work as an
intervention. Thus, the effects of the modular approach on reporting
quality, particularly age heaping and skipping questions, can be
measured using PSM analysis.

3. Results
3.1. Age displacement

Fig. 1 shows the differences in age displacement among women in
the shorter and longer versions of the questionnaire by taking the ratio
of the reported number of women aged 15 and 14 across states/UTs in
India. A value close to 1 indicates a smaller degree of age displacement,
while values less than 1 indicate downward displacement, and values
greater than 1 indicate upward displacement. With the existing age-sex
composition of the population, the age ratio may vary from 0.90 to 1.1;
therefore, values of the ratio in this range are well accepted. There was
no evidence of age displacement at the lower end among women in the
shorter and longer versions of the questionnaire in India. The age
displacement was higher in Andhra Pradesh and Telangana in the
shorter version of the questionnaire than in the longer version, whereas
Mizoram, Nagaland, Haryana, Punjab, and Gujarat showed higher age
displacement in the longer version of the questionnaire. Similarly, age
displacement was slightly higher at the upper end (50/49) in the shorter
version than in the longer version of the questionnaire in India. The
displacement of the age of women was higher in Maharashtra, Gujarat,
Meghalaya, Karnataka, Nagaland, Jharkhand, Bihar, and Mizoram
(Fig. 2).

3.2. Birth displacement

Several maternal and child health indicators are derived using in-
formation on the date of birth based on a five-year reference period,
wherein there may be a tendency to shift the date of birth by a few in-
vestigators to reduce their workload. Fig. 3 shows the ratio of the re-
ported number of children aged six and five years using the shorter and
longer versions of the questionnaire across the states of India. The figure
shows that displacement is higher in some states, such as the Andaman
and Nicobar Islands (1.64), Goa (1.57), Arunachal Pradesh (1.55),
Manipur (1.28), and Himachal Pradesh (1.26) in the shorter version of
the questionnaire than the longer version. Additionally, the majority of
the states reported children under the age of 5 years than in the shorter
version of the questionnaire.
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Fig. 1. Ratio between reported number of women at age 14 and 15 by shorter and longer version of the questionnaire across the states of India, 2015-16 Note: States

and union territories with less than 30 sample size is dropped.
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Fig. 2. Ratio between reported number of women at age 50 and 49 by shorter and longer version of the questionnaire across the states of India, 2015-16 Note: States

and union territories with less than 30 sample size is dropped.
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Fig. 3. Ratio between reported number of children aged 6 years and 5 years by shorter and longer version of the questionnaire across the states of India, 2015-16

Note: States and union territories with less than 30 sample size is dropped.

3.3. Age heaping

During fieldwork, when either the respondent or interviewer esti-
mated an unknown age or year, the tendency was to select numbers
ending in O or 5, resulting in heaping on these digits. We used two
measures to evaluate the extent of inaccuracy (in terms of age heaping
and digit preference) in age reporting: Whipple’s and Myers’ blended
indices. Fig. 4 shows the Whipple index for selected Indian states/UTs
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using the shorter and longer versions of the questionnaire. This shows
that the value of the Whipple index is similar in the shorter and longer
versions of the questionnaire across most states in India. However, the
value of the Whipple index revealed that age was not correctly reported
in the majority of the states, as the value was higher than the threshold
limit (110-125) suggesting that digit preferences of 0 and 5 are higher in
many states. These states were Bihar, Andhra Pradesh, Madhya Pradesh,
Uttar Pradesh, Assam, Rajasthan, Odisha, and Haryana.
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Fig. 4. Whipple index by shorter and longer version of the questionnaire across the states of India, 2015-16.
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Similarly, Fig. 5 reports the age heaping measured by the Myers
blended index using the shorter and longer versions of the questionnaire
across the states of India. The figure shows that the value of Myers’
blended index is almost similar in the shorter and longer versions of the
questionnaire across the states, except for a few states such as Telangana
and Chandigarh. Overall, the value of Myer’s blended index is 9.8 in the
shorter and 9.3 in the longer version of the questionnaire. The value of
Myer’s index varies from 3.8 to 18.6 in the shorter version of the
questionnaire, while in the longer version, it ranges from 3.5 to 18.0
across the states/UTs.

Table 2 presents the results of a two-level multilevel logistic
regression of reporting age ending with 0 and 5 among women aged
18-47 years in India, 2015-16. The level of variation in age heaping
between communities was similar in Model 1 (null model) and Model 2
(individual/household level characteristics), as the value of intra-class
correlation coefficient (ICC) 2% of the total variance in age heaping
was attributable to differences across communities. After including
community-level factors in Model 3, the ICC values decreased to 1.4%.
Further, there was no significant difference in age misreporting/heaping
in the long and short versions of the questionnaire in Models 2 and 3.
The likelihood of age heaping is higher among households with multiple
eligible women. As the age of women increased, the likelihood of age
ending with 0 and 5 increased with reference to the population aged
15-24 years in models 2 and 3. In addition, as the wealth index
increased, the likelihood of age heaping decreased significantly in both
models. Women belonging to the Muslim religion, SC, ST, and OBCs
castes are more likely to report age ending with 0 and 5 than their
counterparts. The pressure of the state module was not significantly
associated with age heaping among women. Most states showed a
insignificant association with age heaping among women.

3.4. Skipping questions

3.4.1. No antenatal care visits

In every survey, there were different instructions in terms of filters
and skips that provided the researcher with the opportunity to capture
authentic information. Fig. 6 displays the percentage of women who did
not report ANC visits during their last pregnancy in the five years pre-
ceding the survey. The figure shows that overall, at the national level,
majority of states have similar reporting of “No” response to any ANC
visits in the shorter and longer version of the questionnaire.

Table 3 presents the results of two-level multilevel logistic regression
of ‘No response’ to ANC visits among women who delivered in the last
five years preceding the survey in 2015-16. The results showed no
significant association between the state module and non-response to
ANC visits. The likelihood of ‘No response’ to ANC visits was higher
among those households with multiple eligible women in model 2 [AOR
= 1.07; 95% CI: 1.02-1.13]. As the age of women increases, the likeli-
hood of non-response to ANC visits increases with reference to age
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15-24 in both Models 2 and 3. As the wealth index and schooling of
women increased, the likelihood of non-response to ANC visits
decreased significantly in both the models. Women belonging to other
religions and castes, such as the ST caste, are more likely to report non-
response to ANC visits than their counterparts. The high pressure of the
state module is significantly 1.18 (p < 0.09) times more likely to report
non-response to the ANC visit question.

Most states showed a insignificant association with age heaping
among women. However, there are few states that show the significant
and higher likelihood of ‘No response’ to ANC visits reported by women,
which are Arunachal Pradesh, Bihar, Gujrat, Haryana, Madhya Pradesh,
Uttar Pradesh, Rajasthan, and Tamil Nadu. Furthermore, the level of
variation in ‘no response’ to ANC visits between communities is
decreasing from model 1 (null model) to model 2 (individual/household
level characteristics) to model 3 (community level). 51% of the total
variance in the ‘no response’ to ANC visits can be attributed to the dif-
ferences across communities in Model 1. When individual- and
household-level factors were integrated into the null model, the ICC
value decreased to 44% in model 2. With the integration of community-
level factors in Models 1 and 2, ICC values decreased to 35%.

3.4.2. Currently not using any contraceptive methods

Fig. 7 presents the percentage of women who did not report the
current use of any contraception method in both the short and long
versions of the questionnaire during the NFHS-4. It is evident that there
is no significant difference in the reporting of ‘no response’ to using any
contraceptive method by both versions of the questionnaire, except for
some smaller states. The percentage of women who reported no response
to currently using a family planning method in either type of question-
naire was nearly the same (longer version, 47.7%; shorter version,
47.8%].

Table 4 presents the results of the two levels of not using contra-
ceptive methods among currently married women in India, 2015-16.
The longer version of the questionnaire (state module) was more likely
to report not using any contraceptive methods among currently married
women in both Model 2 [AOR = 1.03; 95% CI: 1.01-1.06] and Model 3
[AOR = 1.04; 95% CI: 1.01-1.06]. Multiple visits to households were
significantly associated with and less likely to report not using contra-
ceptive methods among women, indicating that multiple visits to
households decreased the skipping of questions regarding the use of
contraceptive methods. It was found that the use of a translator during
interviews increases the likelihood of skipping the question of the use of
contraception methods among women in both models. The likelihood of
not using contraceptive methods was higher among households that had
multiple eligible women in both model 2 [AOR = 1.17; 95% CI:
1.14-1.20] and model 3 [AOR = 1.07; 95% CI: 1.02-1.12]. In the case of
the wealth quintile, as the wealth index increases, the likelihood of
skipping the question of contraceptive methods decreases significantly
in both models. With an increase in the level of education from primary
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Fig. 5. Myers blended index by shorter and longer version of the questionnaire across the states of India, 2015-16.
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Table 2
Results from two level logistic regression model: Estimated adjusted odds ratios

Table 2 (continued)

Community level factors

Background variables Model 1 Model 2 Model 3
of reporting age ending with 0 and 5 among the women aged 18-47 years in
India, 2015-16. 1.02
(0.98-1.07)
Background variables Model 1 Model 2 Model 3 Place of residence
Individual/household level factors Urban ® - - 1.00
Modules Rural - - 1.02 (1-1.05)
District module® - 1.00 1.00 States
State module — 1.01 1.01 Jammu & Kashmir ® — — 1.00
(0.99-1.04) (0.98-1.03) Andhra Pradesh - - 1.21 (1.09,
Multiple visits to the households 1.34)***
Single ® _ 1.00 1.00 Arunachal Pradesh - - 1.39 (1.26,
Multiple - 1 (0.96-1.03) 1 (0.97-1.03) 1.53)***
Use of translator Assam - - 1.04 (0.96,
No® - 1.00 1.00 1.11)
Yes - 0.99 1.01 Bihar - - 1.35 (1.26,
(0.93-1.07) (0.94-1.08) 1.44)%**
Number of eligible women in the household Chhattisgarh - - 0.98 (0.9, 1.06)
Single® — 1.00 1.00 Goa - - 0.77 (0.66,
Multiple - 1.06 1.04 (1-1.07)* . 0.89)**
(1.04-1.08)*** Gujarat - - 0.93 (0.86, 1)*
Age group of women Haryana - - 1.16 (1.06,
15-25® - 1.00 1.00 1.26)***
25-29 _ 1.91 1.93 Himachal Pradesh - — 0.69 (0.63,
(1.84-1.97)***  (1.86-1.99)*** 0.75)***
30-34 - 2.51 2.55 Jharkhand - - 1.24 (1.15,
(2.42-2.59)***  (2.47-2.64)*** 1.33)**
35-39 — 2.5(2.42-2.59)  2.57 Karnataka - - 0.97 (0.9, 1.04)
(2.48-2.66)%** Kerala - - 0.82 (0.75, 0.9)
40-49 - 3.73 3.86 e
(3.61-3.85)%** (3.74-3.99)*#* Madhya Pradesh — — }.1 (1.03, 1.17)
Wealth quintile e
Poorest® 1.00 1.00 Maharashtra - — 0.89 (0.82,
Poorer - 0.91 0.94 ) 0.96)***
(0.88-0.94)***  (0.91-0.97)*** Manipur - - 0.92(0.83,
Middle - 0.85 0.89 1.02)
(0.82-0.89)***  (0.86-0.93)*** Meghalaya - - 1.19 (1.05,
Richer - 0.76 0.8 (0.77-0.84) 1.33)*
(0.73-0.79)*#* o Mizoram - - 0.88 (0.78,
Richest - 0.68 0.72 0.98)*
(0.65-0.71)%** (0.69-0.76)*** Nagaland — — 0.96 (0.85,
Level of education 1.07)
No education ® - 1.00 1.00 Delhi - - 1.06 (0.92,
Primary - 0.98 1.01 . 1.21)
(0.95-1.02) (0.98-1.05) Odisha - - 0.93 (0.86, 1)
Secondary — 1.01 1.05 Punjab - - 1.01 (0.93,
(0.98-1.04) (1.02-1.08)** ) 1.11)
Higher - 1.15(1.1-1.2) 119 Rajasthan - - 1.16 (1.08,
sk (1.14-1.25)%** 1.25)%**
Access to mass media Sikkim - - 1(0.87,1.15)
No® _ 1.00 1.00 Tamil Nadu - - 0.93 (0.86, 1)*
Yes - 0.94 0.97 (0.94-1) Tripura - - 0.84 (0.74,
(0.91-0.97)*** 0.96)*
Current work status Uttar Pradesh - - 1.11 (1.05,
Not working ® — 1.00 1.00 1.18)%**
Working - 0.89 0.9 (0.87-0.93) Uttarakhand - - 1.06 (0.97,
(0.86-0.92)%x%  xxx 1.16)
Religion West Bengal - — 0.95 (0.87,
Hindu ® - 1.00 1.00 1.03)
Muslims - 1.15 1.16 (1.12-1.2) Telangana - - 1.17 (1.04,
(1.11-1.19)%** 1.31)*
Others _ 0.99 0.97 Constant 0.37 0.2(0.19-0.21)  0.14
(0.95-1.03) (0.93-1.02) (0.37-0.37)*** ok (0.12-0.17)***
Caste Random effects 0.07 0.07 0.05
General® - 1.00 1.00 variance (0.06-0.08) (0.06-0.08) (0.04-0.06)
SC - 1.1(1.06-1.13)  1.09 ICC (in 100) 2.0 (1.8-2.3) 2.0 (1.7-2.2) 1.4 (1.2-1.7)
e (1.05-1.13)*** Number of observations  2,09,904 2,09,904 2,09,904
ST - 1.05 1.06 (1.02-1.1) Wald test X2 _ 8136.0 8695.5
(1.01-1.09)* LR test vs. logistic 332.19 288.77 162.57
OBC - 1.09 1.05 regression: Chi?
(1.06-1.12)***  (1.02-1.08)*** Log likelihood ~122890.87 ~118496.6 ~118188.05

Pressure of eligible women and state module® Note: Ref. stands for reference group of the independent variables.

Low ® - - 1.00 ***p < 0.001, **p < 0.01, *p < 0.05.

Medium - - 0.98 @ Pressure of state module is the tertile of score generated by multiplying the
(0.95-1.01) proportion of the household which have eligible women in a PSU, average

High - -

number of eligible women per household in the PSU and the proportion of
women to whom state module is administered.
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Fig. 6. Percentage of women reported no ANC visit (ANC) during the pregnancy of their last birth who born in last five years by shorter and longer version of the

questionnaire across the states of India, 2015-16.

to higher, the likelihood of skipping contraceptive questions increases
among women in both models. Women belonging to Muslim and other
religions and castes, such as the ST caste, are more likely to report non-
response to contraception questions than their counterparts. Medium
and high pressure of the state module on female respondents showed a
higher likelihood of skipping the contraceptive questions.

State-wise analysis portrays that the skipping of contraceptive
question in Andhra Pradesh, Haryana, Maharashtra Odisha, Punjab,
Rajasthan, Tripura, and West Bengal is less likely (p < 0.001) but is
higher as compared to the Jammu & Kashmir. Furthermore, the multi-
level model applied without covariates (null model), on not using con-
traceptive methods among currently married women, showed a
significant amount of variation in the use of contraceptive methods
across individuals/households and communities. Based on the ICC
value, 22% of the total variance in skipping the contraceptive question
was attributable to differences across communities in model 1 (null
model). When individual- and household-level factors were integrated
into the null model, the ICC value increased slightly to 23% in Model 2.
Similarly, when community-level factors were integrated with the fac-
tors included in Models 1 and 2, the ICC values decreased to 16%.

Supplementary Table S8 presents the results of propensity score
matching (PSM) for age heaping and skipping questions on ANC and
contraceptive use. In this analysis, the longer version of the question-
naire was considered the intervention group, while the shorter version
of the questionnaire was considered the control group. It is evident from
the results that the values of average treatment on the treated (ATT),
average treatment on the untreated (ATU), and average treatment effect
(ATE) were statistically insignificant for all three outcome variables.

4. Discussion

Periodic evaluation of the quality of data is important to ensure the
accuracy of inferences drawn from the data (Borkotoky, 2014). Thus,
maintaining data quality becomes the fundamental objective in any
large sampling survey, so that they produce high-quality data that
provide a reasonably close representation of the economic, social, and
demographic indicators of the country. With the increasing sample size
of NFHS, innovations in survey implementation are necessary to safe-
guard data quality. It is essential to record the possible outcomes of these
innovations on data quality, particularly the introduction of the modular
approach in NFHS, which could pave the way for future surveys. This
study provides evidence to fill this research gap and several crucial
findings on survey-related issues.

This study suggests that the adoption of the modular approach in the
survey has an insignificant effect in terms of data collection on the age of

women and children and skipping key questions. Although the associ-
ation between not using contraceptive methods and administration of
the state module was marginally significant in the results of the two-
level logistic regression model, the results from PSM showed insignifi-
cant intervening effects of the administration of the state module on not
using contraceptive methods. PSM analysis was performed to check the
robustness of our argument and draw conclusions.

One previous study on this subject found that a longer version of the
questionnaire was associated with poor data quality (Bradley, 2016). A
recently published DHS methodological report that analysed the three
DHS surveys using longer and shorter versions of the questionnaire in
India (NFHS-4), Kenya (KDHS-2014), and South Africa (2016)found no
difference in data quality with different lengths of questionnaires (Allen
et al., 2019). These findings indicate that innovation in survey imple-
mentation, such as adopting nested design and modular approaches, is
an excellent strategy to maintain data quality despite expanding content
and coverage in large-scale surveys, providing multiple-level estimates
on a wide range of topics. In our study, the effects of introducing the
modular approach on data recording were negligible. This is perhaps
due to the different innovations mentioned in Supplementary Table S1.
For instance, the data collection process has become easier with the help
of computer-assisted personal interviews (CAPI) compared to the earlier
paper-pencil-based exercise. Field monitoring and checking of real-time
data collected in the field helped safeguard the data collection process,
even for the longer version of the questionnaire.

Despite the insignificant effects of administration of the longer
version of the questionnaire on the recording of the age of women and
children and the skipping of the key questions at the individual level, the
effect of a higher number of eligible women in a PSU is visible. The
results indicate that the administration of the state module itself does
not have any effects on the recording of the key outcome indicators;
rather, the pressure of a higher number of eligible women along with
state module administration at the PSU level leads to skipping the
questions. In general, the survey teams allot a certain time (4-5 days for
the shorter and longer versions of the questionnaires) to cover the 22
households in a PSU. With an increase in the number of eligible women
at the PSU level, particularly in households selected for the state mod-
ule, the risk of skipping questions on ANC and contraceptive use
increased. Therefore, PSUs with a higher number of eligible women
should receive more focus from the data quality perspective and may be
given more time for data collection to ensure data quality.

The effects of a higher number of eligible women on key skipping
questions are significant at both the PSU and household levels. This
result indicates that if the number of eligible women increases in a
household, the pressure to administer the questionnaire also increases,
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Table 3
Results from two level logistic regression model: Estimated adjusted odds ratios

Table 3 (continued)

Community level factors

(1.08-1.28)***

Pressure of eligible women and state module®

Low®
Medium
High

Place of residence
Urban ®

1.00
1.04 (0.95-1.14)
1.18 (1.02-1.36)

*

1.00

Background variables Model 1 Model 2 Model 3
of no antenatal care visits or nonresponse among the women who delivered their
last birth in last five years in India, 2015-16. 2:11’:‘1 - - 1.09 (0.97-1.21)
ates
Background variables Model 1 Model 2 Model 3 Jammu & Kashmir® — — 1.00
Individual/household level factors Andhra Pradesh - - 0.11 (0.05, 0.28)
Modules e
District module® — 1.00 1.00 Arunachal Pradesh - - 16.84 (12.06,
State module — 0.95 0.95 (0.89-1.01) 23.5)%x+
(0.89-1.01) Assam - - 0.93 (0.69, 1.26)
Multiple visits to the household Bihar - - 9.35 (7.24,
Single® — 1.00 1.00 . 12.07)%x*
Multiple - 1 (0.93-1.09) 1 (0.92-1.08) Chhattisgarh - - 0.28 (0.18, 0.41)
Use of translator
No® _ 1.00 1.00 Goa - - 1.04 (0.51, 2.12)
Yes - 1.14 1.29 (1.08-1.55) Gujarat - - 3.56 (271, 4.7)
(0.95-1.37) *
Number of eligible women in the household Haryana - - 13-19 (2.71, 5.3)
Single® — 1.00 1.00 ' i
Multiple - 1.07 (1-1.13)*  0.93 (0.84-1.04) Himachal Pradesh - - 2:36 (1.65, 3.39)
Age group of women s
15.25® _ 1.00 1.00 Jharkhand - - 3.03 (2.29, 4.01)
25-29 - 1.15 1.15 (1.08-1.23) i
(1.08-1.23)*** sexk Karnataka — — 1.5 (1.08, 2.08)*
30-34 - 1.39 (1.28-1.5)  1.38 (1.27-1.49) Kerala - - f;6+5 (1.77, 3.97)
35-39 - 1.58 1.58 (1.43-1.74) Madhya Pradesh - - 3.93 (3.05, 5.06)
(1.43-1.75)%+%  w¥x
40-49 _ 2.45 2.46 (2.14-2.81) Maharashtra - - 1.27 (0.92, 1.75)
(2.14-2.81)%%* . Manipur - - 1.33 (0.9, 1.97)
Wealth quintile Meghalaya - - 1.93 (1.25, 2.96)
Poorest ® 1.00 1.00 3
Poorer — 0.73 0.74 (0.68-0.8) Mizoram - - 1.71 (1.12, 2.61)
(0.67-0.78)***  xx
Middle - 0.51 0.53 (0.49-0.59) Nagaland - - 23.09 (15.94,
(0.47-0.56)***  *x* ) 33.45)**
Richer - 0.37 0.4 (0.35-0.45) Delhi - - 3.15 (1.8, 5.53)
(0.33-0.41)%*** Sk )
Richest - 0.25 0.28 (0.25-0.33) Odisha - - (3.*53 (0.38, 0.73)
(0.22-0.29)%**  wxx ) ok
Level of education Punjab - - 0.55 (0.34, 0.91)
No education ® — 1.00 1.00 . )
Primary — 0.67 0.69 (0.64-0.75) Rajasthan - - };_%4 (1.4, 2.43)
(0.62-0.73)%*  wxx o bl
Secondary - 0.52 0.55 (0.51-0.59) Sikkim - - 1.5 (0.8, 2.8)
(0.48-0.56)*** . Tamil Nadu — - 2.57 (1.9, 3.46)
Higher - 0.36 0.37 (0.32-0.42) ) e
(0.31-0.41)*** sk Tripura — — 1.47 (0.87, 2.5)
Access to mass media Uttar Pradesh - - 3.56 (2.81, 4.52)
No® - 1.00 1.00 o
Yes - 0.63 0.7 (0.65-0.75) Uttarakhand - - 5.74 (4.13, 7.96)
(0.59-0.68)*** sk dokk
Current work status West Bengal - - 1.32(0.92, 1.89)
Not working ® - 1.00 1.00 Telangana - - 0.44 (0.23, 0.84)
Working — 1(0.91-1.1) 1.02 (0.92-1.12)
Religion Constant 0.08 0.23 (0.2-0.26)  0.06 (0.02-0.16)
Hll’ldu® — 1.00 1.00 (0.07_008)*** dedkek ek
Muslims - 0.97 1.05 (0.94-1.16) Random effects 3.39 2.54 1.8 (1.67-1.94)
(0.88-1.07) variance (3.18-3.62)***  (2.37-2.72)%**
Others - 1.47 1.08 (0.92-1.27) ICC (in 100) 50.8 35.4 (33.7-37.1)
(1.29-1.67)*** (49.1-52.4)**
Caste Number of 66,028 66,028
General ® - 1.00 1.00 observations
SC - 1.14 1.05 (0.95-1.16) Wald test X2 _ 2957 4275
(1.03-1.27)** LR test vs. logistic 8674 5429 3540
ST - 1.26 1.21 (1.07-1.36) regression: Chi2
(1.12-1.41)%x%  wx Log likelihood —25,806 —24,211 —23,315
OBC - 1.18 1.02 (0.94-1.12)

Note: Ref. stands for reference group of the independent variables.
#x5p < 0,001, **p < 0.01, *p < 0.05.

 Pressure of state module is the tertile of score generated by multiplying the
proportion of the household which have eligible women in a PSU, average
number of eligible women per household in the PSU and the proportion of

women to whom state module is administered.
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Fig. 7. Percentage of women who did not using any contraceptive methods by

leading to intentional skipping of key questionnaires to reduce the
burden and shorten the duration of the interview.

The effects of the administration of the state module on key outcome
indicators were not significant at the individual level, but there were
evident state-wise variations in age and birth displacement, skipping
questions on ANC, and contraceptive use. These differentials in age,
birth displacement, and skipping questions, are the result of regional
disparities in demographic and health care indicators. For instance,
North Indian states, such as Uttar Pradesh, Bihar, and Madhya Pradesh
have a higher level of skipping which indicates a lower level of access to
contraceptive use and ANC compared to the South Indian states. This
regional variation is also observed in other large-scale sample surveys in
India that did not adopt the modular approach in their sample design
(IIPS, 2010; India, 2014).

The lower level of access to ANC and contraceptive use did not
explain the state-wise differences in age, birth displacement, and age
heaping. The recording of these indicators may be influenced by varia-
tions in the training of the investigators and the method of data
collection in the field across survey agencies. In the current form of data,
the effects of survey agencies on skipping key questions, such as ANC
and contraceptive use, age and birth displacement, and age heaping,
cannot be evaluated. Investigator-level information may be useful for
assessing the agency-level effects on the quality of reporting of key in-
dicators. Therefore, conducting a primary survey with interview in-
vestigators from different agencies may answer the question of the
effects of different agencies on data collection to some extent.

The use of a translator has emerged as an important indicator for
skipping questions on ANC and contraceptive use. Perhaps the inclusion
of a third person as a translator in the conversation between the inves-
tigator and respondents hampers rapport building. (Renschler, 2013). In
addition, the misunderstanding of questions by the investigators may
generate a non-response or skipping of questions. Thus, the use of a
translator may raise concerns about skipping questions, as well as for
age and birth reporting.

In addition to the key data quality predictors, this study also in-
dicates that demographic and socioeconomic variables, such as age,
level of education, and wealth status of the household, are closely
associated with the age heaping of women, birth displacement, and key
skipping questions. In line with previous studies, with an increase in the
age of women, the reporting of an age ending at 0 and 5 years increases
(Lyons-Amos & Stones, 2017). A possible reason for the reporting issue
in the older age groups is the higher recall bias among women in the
older age group than in the younger age groups. With increasing age, the
likelihood of contraceptive use increases as women achieve their desired
number of children at a higher age. However, ANC visits decrease with
an increase in age, which has also been found in previous studies (Bose &
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Trent, 2006 (Pandey & Karki, 2014);).
5. Conclusions and recommendations

This study offers several conclusions and implications for future
research. First, the mere administration of the state module as the longer
version of the questionnaire is not associated with data quality in the
recording of information at the individual level. However, the pressure
of eligible women, as well as the administration of the longer version of
the questionnaire at the PSU level affects the reporting of the key de-
mographic and health care indicators. Thus, at the PSU level, reducing
the pressure on the investigators during data collection would help
improve data recording. Therefore, mapping and household listing
should also collect auxiliary information, including the number of
eligible women during the house-listing process, that would give an idea
about the number of eligible women before the survey. This can be
achieved by increasing the number of listers in the mapping and
household listing teams. Accordingly, the time required to cover eligible
women in a PSU may be allotted so that the PSUs with differential
workloads get enough time to cover eligible women. Second, state-wise
variations in birth and age displacement and key skipping questions
were evident in this study. This state-wise variation may be partially
explained by the difference in training across the agencies of the
respective states, for which a primary survey may be conducted to
investigate the investigators’ training and data collection strategies
across the survey agencies. Third, the use of a translator may hamper the
quality of recording information from the respondents. Hence, at the
agency level, investigators should be selected considering the quality of
investigators in terms of their qualifications, communication skills, and
language, focusing on the languages spoken in the area/region. The use
of translators in urban areas may be lower than in rural areas, as
multilingual practices in urban areas may be higher than in rural areas;
hence, the focus should be on rural areas. Fourth, although the intro-
duction of CAPI has reduced the duration of the interview, the number of
questions has been increasing over the subsequent rounds of NFHS.
Therefore, it is recommended to add a few more sections to the state
module and reduce them from the district module. Some sections of the
questionnaire, particularly other health-related issues, may be shifted
from the district module to the state module. This would reduce the
pressure on the investigator as well as the duration of the interview in
the overall framework, adopting a nested design and modular approach.

Ethics

This study was based on secondary data available in the public
domain for research purposes. Therefore, ethical approval was not
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Table 4 Table 4 (continued)
Results from two level logistic regression model: Estimated adjusted odds ratios

of not using contraception among the currently married women in India, 2015-
16. High - - 115

(1.08-1.22)***

Background variables Model 1 Model 2 Model 3

Background variables Model 1 Model 2 Model 3 Place of residence
Individual/household level factors Urban® - - 1.00
Modules Rural - - 1.03
District module® — 1.00 1.00 (0.98-1.08)
State module - 1.03 1.04 States '
(1.01-1.06)* (1.01-1.06)* Jammu & Kashmir® 1.00
Multiple visits to the households Andhra Pradesh - - 0. ?6 (0.55, 0.8)
Single® - 1.00 1.00 -
Multiple — 0.95 0.96 Arunachal Pradesh — — 4.63 (3.91,
(0.92-0.99)* (0.92-0.99)* 5.49)%**
Use of translator Assam - - 1.01 (0.89,
No® - 1.00 1.00 1.15)
Yes - 1.26 1.28 (1.18-1.4) Bihar - - 3.87 (3.42,
(1.16-1.38)*** o 4.38)"+
Number of eligible women in the household Chhattisgarh - - 1.04(0.9,1.2)
Single® - 1.00 1.00 Goa - - 8.2 (6.34,
Multiple - 1.17 (1.14-1.2)  1.07 10.59)%**
o (1.02-1.12)** Gujarat - - 1.96 (1.73,
Age group of women 2.22)%**
15-25® - 1.00 1.00 Haryana - - ?:6 (0.51, 0.69)
25-29 - 0.33 0.33 sk
(0.32-0.35)***  (0.32-0.35)*** Himachal Pradesh - - 1.17 (1.00,
30-34 - 0.17 0.17 1.36)
(0.17-0.18)*** (0.17-0.18)*** Jharkhand - - 1.97 (1.73,
35-39 - 0.13 0.13 2.26)***
(0.12-0.14)*** (0.12-0.13)*** Karnataka — — 1.38 (1.2, 1.58)
40-49 — 0.17 0.17 o
(0.16-0.18)*** (0.16-0.17)%** Kerala - - 1.55(1.33,
Wealth quintile 1.82)%**
Poorest® 1.00 1.00 Madhya Pradesh - - 1.27 (1.14,
Poorer - 0.86 0.86 (0.83-0.9) 1.43)*
(0.82-0.89)*** o Maharashtra . — 0.64 (0.56,
Middle - 0.79 0.8 (0.76-0.84) ) 0.73)***
(0.76-0.83)*** Fekk Manipur - - 6.62 (5.52,
Richer - 0.77 0.79 7.95)%**
(0.73-0.81)***  (0.75-0.83)*** Meghalaya - - 5.24 (4.21,
Richest - 0.74 (0.7-0.78) 0.8 (0.75-0.85) 6.52)***
Fekk Fekk Mizoram - - 3.37 (2.78,
Level of education 4.09)***
No education® - 1.00 1.00 Nagaland - - 4.96 (4.07,
Primary — 0.92 0.91 6.04)%**
(0.89-0.96)***  (0.88-0.95)*** Delhi - - 1.92 (1.52,
Secondary - 1.11 1.08 2.41)%**
(1.07-1.14)%%*  (1.04-1.11)%** Odisha - - 0.9 (0.79, 1.03)
Higher - 1.72 1.65 Punjab - - 0.46 (0.39,
(1.63-1.81)*** (1.57-1.74)*** 0.54)***
Access to mass media Rajasthan — — 0.84 (0.74,
No® - 1.00 1.00 0.95)*
Yes - 0.74 0.76 Sikkim - - 1.71 (1.35,
(0.71-0.77)*** (0.73-0.78)*** 2.18)***
Current work status Tamil Nadu — — 1.79 (1.58,
Not working® - 1.00 1.00 . 2.03)***
Working - 0.78 0.77 (0.74-0.8) Tripura - - 0.65 (0.52,
(0.75-0.81)*** s 0.81)%**
Religion Uttar Pradesh - - 1.52 (1.36,
Hindu® - 1.00 1.00 1.69)*++
Muslims - 1.5(1.43-1.57)  1.53 (1.46-1.6) Uttarakhand - - 111);)(0.86,
Others - 1.44 1.13 (1.06-1.2) West Bengal - - 0.42 (0.36,
(1.36-1.52)*** e 0.49)***
Caste Telangana - - 1.02 (0.84,
General® - 1.00 1.00 1.24)
SC — 1.04 (1-1.09) 1.03 Constant 0.92 (0.9-0.94) 4.11 3.94
(0.99-1.08) (3.86-4.37)***  (2.86-5.42)***
ST - 133(1.26-1.4)  1.14 Random effects 0.93 0.98 0.63
- (1.08-1.19)*** variance (0.89-0.97)***  (0.94-1.03)***  (0.61-0.66)***
OBC - 1.04 (1-1.07)* 0.98 ICC (in 100) 22.1 23.0 16.2
(0.94-1.01) (21.4-22.8)*** (22.3-23.8)*** (15.6-16.8)***
Community level factors Number of observations ~ 1,74,207 1,74,207 1,74,207
Pressure of eligible women and state module® Wald test X2 — 15557.98 18189.88
Low® - - 1.00 LR test vs. logistic 16266.88 14526.57 8328.63
Medium - - 1.07 regression: Chi2
(1.02-1.11)** Log likelihood —112461.49 ~103377.98 ~101757.02

10
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Note: Ref. stands for reference group of the independent variables.
***p < 0.001, **p < 0.01, *p < 0.05.

2 Pressure of state module is the tertile of score generated by multiplying the
proportion of the household which have eligible women in a PSU, average
number of eligible women per household in the PSU and the proportion of
women to whom state module is administered.
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