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Abstract

Background:Paradata are (timestamped) records tracking the process of (electronic) data collection. We an
paradata from a large household survey of questions capturing pregnancy outcomes to assess performance
and correction processes). We examined how paradata can be used to inform and improve questionnaire de
and survey implementation in nationally representative household surveys, the major source for maternal an
newborn health data worldwide.

Methods: The EN-INDEPTH cross-sectional population-based survey of women of reproductive age in five H
and Demographic Surveillance System sites (in Bangladesh, Guinea-Bissau, Ethiopia, Ghana, and Uganda)
compared two modules to capture pregnancy outcomes: full pregnancy history (FPH) and the standard DHS
birth history (FBH+). We used paradata related to answers recorded on tablets using the Survey Solutions p
We evaluated the difference in paradata entries between the two reproductive modules and assessed which
question characteristics (type, nature, structure) affect answer correction rates, using regression analyses. W
proposed and tested a new classification of answer correction types.
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Results:We analysed 3.6 million timestamped entries from 65,768 interviews. 83.7% of all interviews had at
one corrected answer to a question. Of 3.3 million analysed questions, 7.5% had at least one correction. Am
corrected questions, the median number of corrections was one, regardless of question characteristics. We
answer corrections into eight types (no correction, impulsive, flat (simple), zigzag, flat zigzag, missing after
correction, missing after flat (zigzag) correction, missing/incomplete). 84.6% of all corrections were judged n
problematic with a flat (simple) mistake correction. Question characteristics were important predictors of pro
to make answer corrections, even after adjusting for respondent’s characteristics and location, with interviewer
clustering accounted as a fixed effect. Answer correction patterns and types were similar between FPH and
as well as the overall response duration. Avoiding corrections has the potential to reduce interview duration
reproductive module completion by 0.4 min.

Conclusions:The use of questionnaire paradata has the potential to improve measurement and the resultant
quality of electronic data. Identifying sections or specific questions with multiple corrections sheds light on ty
hidden challenges in the survey’s content, process, and administration, allowing for earlier real-time interventio
(e.g.,, questionnaire content revision or additional staff training). Given the size and complexity of paradata,
additional time, data management, and programming skills are required to realise its potential.

Keywords:Survey, Paradata, Neonatal, Newborn, Answer correction type, Survey design
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Key findings

What is new?

• What was known already:Paradata are widely used in the field o
survey methodology in high-income countries to monitor on-going
fieldwork progress and identify issues with specific questions but
been little-used to date in low- and middle-income countries and f
maternal, newborn, and child health data collection or research.

• What was done:We analysed paradata from the EN-INDEPTH s
vey administered to 65,768 women of reproductive age in five c
tries. We assessed which question characteristics used to captu
pregnancy outcomes affected duration of section completion, da
correction rates, or were associated with multiple corrections an
whether these differed by two maternity history modules (full pre
nancy history (FPH) and full birth history (FBH+)).

What was found?

• Corrections to questions were common:affecting 83.7% of
interviews, with a median of two questions corrected per intervie
and one correction per question when corrected (maximum of 2
corrections). 7.5% of the 3.3 million questions analysed had at l
one correction.

• Simple one-time corrections most common:accounting for
84.6% of all corrections.

• In variation in corrections by maternity history module: number
and type of corrections were similar between FPH and FBH+.

• In variation in corrections by question characteristics:number
and type of corrections were affected by question characteristics.
proportion of corrected questions was 3.3% higher for questions
notifications (9.8%) than for questions without notifications (6.5%

• Duration of question completion: was not affected by question
characteristics (type, content, structure) or history type. Avoidin
corrections has the potential to reduce interview duration and
reproductive module completion by 0.4 min.

What next in measurement and research?

• Measurement improvement now: Paradata can be used to
identify questions with multiple corrections, informing question
editing or targeted training during and after survey completion.
Encoding ranges and instant error notifications in the reproducti
modules could reduce data missingness and prompt for timely d
correction. Paradata analyses are skill- and time-consuming, bu
automatised, can be used for real-time data collection monitorin
and data quality control.
e

-
n-

Key findings (Continued)

• Research needed:Studies could examine interviewer productivity
and possible fatigue related to the length of the interview, the
number of corrections, and correction types. The real-time dash
board monitoring and reporting systems using paradata could b
evaluated in terms of associations with data quality and usefuln
for survey management. Qualitative interviews with both respon
dents and interviewers would help to identify and verify factors a
fecting correction frequency to inform better questionnaire desig
and training adjustment.
st

he
h

a
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Background
High-quality routine health data on maternal, newborn
and child health (MNCH) can be used to monitor, identif
gaps, and take action to improve quality of care, optimi
health system performance, and enable inform
decision-making. Routine health management informatio
systems vary in their completeness and quality across lo
and middle-income countries (LMICs), and in many case
are not able to provide the high-quality coverage data
quired for assessing and guiding health programmes [1, 2].
Household surveys, notably Demographic and Health S
veys (DHS) and Multiple Indicator Cluster Survey
(MICS), remain the primary sources of data for the ou
come and coverage indicators for children and women f
most low- and middle-income countries. However, desp
existing quality control mechanisms in the survey proce
data quality, including missingness, age displacement,
heaping, remains a challenge [3]. Optimising survey data
efficiency and quality requires more information regardin
the survey process and performance [4].

The shift from paper-based to computer-assisted pe
sonal interviewing (CAPI)-based data collection (e.g., usin
tablets and smartphones) has enabled inclusions of inb
validation and consistency checks, as well as a real-t
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review of collected data [5]. In addition to the main survey
dataset (which contains only the final respondent’s an-
swers), it is also possible to collect the survey’s paradata
(Fig. 1). Paradata contain information on the process
how data for each observation in the main survey data
was collected and include detailed timestamped records
all survey actions including survey administration, intervie
process, as well as a detailed history of all the survey’s data
entry and correction [6, 7]. For example, paradata can sho
the order in which the questions were answered or co
rected and reveal the content of deleted responses, wh
otherwise are not stored in the main survey dataset.

Even though paradata are widely used in the field
survey methodology in high-income countries [8], the
use to date in LMICs and MNCH research has been lim
ited. In household surveys, timestamped paradata can
used to monitor ongoing fieldwork progress and identi
issues with specific questions or questionnaire sectio
based on the length of interviews or item response tim
[8]. Additional analyses can identify drivers behind ite
non-response and response time (e.g., survey loc
interviewer or respondent characteristics; survey’s con-
tent—questions’ type, nature, and structure) [9]. Para-
data can also reveal determinants of data correction
relevant core survey questions during interviews as w
as answer correction patterns (even though there is c
rently no agreed standardised terminology). Hence, pa
data could lead to the overall improvements in da
quality through targeted training [8] as well as improv-
ing questionnaire and survey design (structure and co
tent) and survey implementation (process).

In this paper, we examine how paradata can be used
inform and improve questionnaire design and surv
implementation in a large household survey collectin
information on pregnancies and births using fu
pregnancy histories (FPH) and full birth histories wit
additional questions on pregnancy losses in the past
years (FBH+). This paper is one of a series of papers fr
Fig. 1 Data collection cycle showing survey and paradata: EN-INDE
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the Every Newborn International Network for the
Demographic Evaluation of Populations and Their Heal
(EN-INDEPTH) study in five Health and Demographi
Surveillance System (HDSS) sites in sub-Saharan Af
and Asia.

This paper has three objectives:

1. To assess the differences in paradata timestamp
entries between two reproductive modules (FPH
and FBH+);

2. To determine whether question characteristics
(type, nature, structure) affect the duration of
section completion and answer correction rates;

3. To propose and test classification of answer
correction types and determine whether they diffe
by two reproductive modules.

Methods
Overall EN-INDEPTH study design and data sources
The EN-INDEPTH study aimed to compare two ap
proaches of collecting maternity history (FPH and FBH
to examine whether the two methods yield different es
mates of stillbirth rates and neonatal mortality rates an
to determine whether there is a difference in completio
time for these two approaches. The study protocol a
main findings can be found elsewhere [10, 11]. Briefly, the
EN-INDEPTH survey reached 69,176 women of repr
ductive age in five HDSS sites (Bandim in Guinea-Biss
Dabat in Ethiopia, IgangaMayuge in Uganda, Matlab
Bangladesh, and Kintampo in Ghana). Participants of t
EN-INDEPTH study were randomly assigned (1:1) to
interviewed using a questionnaire containing either an
FPH or an FBH+ module (section 2 in Fig.2). The
EN-INDEPTH study used the World Bank’s Survey
Solutions CAPI/CAWI (computer-assisted web interview
ing) data collection and management platform (hereaft
Survey Solutions) [12] to collect face-to-face responses
the questionnaire (Additional file1). The choice of the
PTH survey
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Fig. 2 Module structure for questions in the two arms of the EN-INDEPTH survey
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software and an overview of the data collection proce
and procedures are detailed elsewhere [13].

The analyses in this paper focus on the reproductio
section (section 2) of the questionnaire only (Fig.2).
Section 2 contains three subsections. In subsection 2
women were asked to state their total lifetime numb
of liveborn children (FPH and FBH+) and a tota
number of pregnancy losses (FPH only). In subsect
2.2, women were asked for details about their lifetim
pregnancies (FPH) or lifetime livebirths (FBH+) an
answer a subset of questions for each instance.
subsection 2.3, women were asked in the FBH+ gro
about pregnancy losses in the past 5 years, while
FPH module contained an additional set of questions
termination of pregnancy (TOP), which we also include
in the analyses (Additional file1).

Data processing
Paradata were exported in a tab-delimited format fro
the Survey Solutions platform [12], with each line corre-
sponding to one recorded event (example in Addition
file 2). Data from all sites were fully anonymised and r
quired subsets of data extracted and merged using the
software [14]. We included only timestamped entries re
lated to answers and corrections from section 2. We e
cluded entries that related to assigned but nev
conducted interviews and duplicate entries that resulte
from updating questionnaire and software. All subs
quent analyses were performed using Stata 16.1 [15].

Methods by objective
Objective 1: To assess differences in paradata timestamped
entries between two reproductive modules (FPH and FBH+
Time taken to complete a question was estimated based
the difference between the timestamps of the previou
s

,

e

n

answered question and the current one (based on answe
questions order) and separate per observation (in case
parity > 1). For questions with corrections, the timestamp
the final answer was taken as the question’s timestamp. To
exclude implausible values, butallow for multiple corrections
during the module completion and/or switching betwee
questionnaire sections during the interview [16], we
restricted analyses of timetaken to complete maternity
history section of the survey to interviews lasting 0–180 min.

We categorised all questions by type, nature, and structu
The question types included single-select (e.g.,‘Was that baby
a twin?’); multi-select (e.g.,‘Who assisted with the delivery o
this baby?’); numerical computational (e.g.,‘How many chil-
dren do you have?’); date-related (e.g.,‘What was the date o
birth for this baby?’); and free-text input (e.g.,‘What is the
name of your baby?’). There were three categories based
questions’ nature: two groups of potentially sensitive que
tions (death-related—relating to death and/or pregnancy los
and TOP-related questions) and regular (non-sensitive) qu
tions. Lastly, considering question structure, there we
questions with built-in error notifications (e.g., dis
playing “value outside the range, please correct”),
warnings appearing in capital red letters, or any oth
prompts for correction (e.g., when answers for age bas
on birth and age at last birthday did not match) an
those without such notifications. Differences betwee
FPH and FBH+ were evaluated using descriptive statis
and independent samplet test. Statistical significanc
level was defined at the 5% level.

Objective 2: To determine whether question characteristic
affect the duration of section completion and answer
correction rates
Differences in the duration of response time an
proportion of corrections by question characteristic
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(type, nature, structure) were evaluated using descript
statistics. A two-part model was used to analyse wh
question characteristics are associated with the likeliho
of question correction (generalised linear model (GLM
with a binomial distribution and logit link) and the num-
ber of corrections (GLM with gamma distribution and log
link function). Explanatory variables included questio
characteristics. Models were adjusted for responden’s
characteristics and location, with interviewer clusterin
accounted as a fixed effect. Statistical significance le
was defined at the 5% level.

Objective 3: To propose and test classification of answer
correction patterns and determine whether data correction
patterns differ by two reproductive modules
In paradata, the process of data collection where
answers are entered and corrected is recorded as
ordered list of answers (sequence). To understand t
process of data entry and correction better, we ordered
interviews based on the total number of questions ask
during the interview and the number of answers (leng
of a sequence). We distinguished between origin
answers and corrections and visually inspected t
resulting sequence index plot [17].

Whenever an answer to the same question h
multiple corrections, these corrections can form
distinct pattern. For example, corrections can be sing
or multiple; the value of the original answer and the la
correction may or may not match; correction entrie
may have identical or different values and may lead
missing data. As currently there is no classification
answer correction types, we developed and tested o
using our survey data. We then used descripti
statistics to examine whether answer correction patter
vary by question characteristics and two reproducti
modules.

Results are reported in accordance with STROB
Statement checklists for cross-sectional studies [18]
(Additional file 3).

Results
Objective 1: To assess differences in paradata
timestamped entries between two reproductive modules
(FPH and FBH+)
Number of timestamped entries
We analysed 3.6 million timestamped entries correspondin
to 3.3 million answered questions and their correction fo
65,768 interviews, of which 52.1% related to FPH mod
(32,744 interviews), which by design contained mo
questions than the FBH+ reproductive module (33,0
interviews) (Table1 and Additional file 4). Among all
entries, 18.5% related to the pregnancy or birth histo
(sub-section 2.1), 66.2% to the roster (sub-section 2
and 15.3% to reproduction subsections of FPH and FB
l

l
n

l

l

e

),

reproductive modules (sub-section 2.3) (Fig.2). The
median number of timestamped answers per intervie
was 48 (52 and 45 for FPH and FBH+, respectively)

Type, nature, and structure of questions
FPH and FBH+ modules contain 98 and 66 possib
uniquely formulated question/answer fields, respective
(Additional files 1 and 4). FPH reproductive module
contains 52 single-select questions, 26 numerical co
putational, one date-related, and 17 free-text and tw
multi-select types of questions. FBH+ module contai
35 single-select questions, 28 numerical computation
one date-related, and two free-text and no multi-sele
types of questions. FPH has 18 questions related
death/pregnancy loss and 39 questions related to TO
(including country-specific questions). FBH has 27 que
tions related to pregnancy loss/death. The rest of t
questions are regular (non-sensitive) by nature. A qua
ter of questions in FPH and about roughly a third i
FBH+ have built-in error notifications.

Most of the timestamped entries related to single-sele
questions (66.6%), followed by numerical computation
(32.1%), date-related (1.2%), and less than 0.03% b
free-text and multi-select types of questions (Addition
file 4). The proportion of timestamped entries per ques
tion type between modules was very similar. In terms
the questions’ nature, most of the timestamped entrie
were for regular questions (87.2%) and not related to t
two groups of potentially sensitive questions (death an
or pregnancy loss, and TOP-related questions). In term
of structure, about a third of timestamped entries were f
questions that had built-in error notifications, warnings
or other prompts for a correction.

The average duration of section and question completion
The median number of questions answered per o
interview was 44: 49 for FPH and 41 for FBH+,
FPH contained an additional set of TOP-related que
tions absent in FBH+. The median duration of sectio
2 completion was 7.3 min (Table1, Fig. 3). The aver-
age time taken to complete the reproduction modu
was 1.1 min longer for the FPH (mean = 11.4 mi
than the FBH+ (10.3 min). The median response tim
per question was around 0.1 min overall and for bo
modules.

Corrections per interview and questions
Overall, 83.7% of all interviews had at least o
corrected answer to a question, slightly higher for FP
module than FBH+ (84.6% and 82.8%, respective
(Table 1). The median number of corrected question
per interview was two, and a median number
corrections was three. The median time spent o
corrections per one interview was 0.3 min (the mea
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Table 1 Interview process details: number of timestamped entries, response time and corrections

Indicator Overall FPH FBH+ P value$

Mean (SD) Median Range Median Range Mean (SD) Median Range

N timestamped entries per
interviewa

55.1 (33.4) 48 1–335 57.7 (34.9) 52 1–335 52.5 (31.5) 45 6–289 < 0.001

N questions answered per 1
interview

50.7 (29.6) 44 1–223 53.2 (31.1) 49 1–223 48.4 (27.8) 41 6–194 < 0.001

Response time per 1 interviewb,
min

10.8 (14.3) 7.3 0.06–179.9 11.4 (14.8) 7.8 0.06–179.9 10.3 (13.3) 6.9 0.23–179.8 < 0.001

Response time per 1 questionb,
min

0.4 (3.5) 0.08 0–179.9 0.4 (3.6) 0.08 0–179.9 0.4 (3.6) 0.07 0–179.9

N corrected questions per 1
interview

3.8 (4.8) 2 0–112 3.9 (4.9) 3 0–112 3.6 (4.8) 2 0–110 < 0.001

N corrected question per 10
questions

0.8 (0.9) 0.6 0–29.5 0.8 (0.9) 0.6 0–29.5 0.8 (0.9) 0.62 0–20.4 < 0.01

N corrections per 1 interview 4.4 (6.2) 3 0–227 4.6 (6.3) 3 0–227 4.2 (6.1) 2 0–149 < 0.01

Time spent on correction per 1
interview, min

1.9 (10.2) 0.3 0–179.6 2.0 (10.2) 0.3 0–174.5 1.9 (10.2) 0.2 0–179.6 < 0.01

Time spent on correction per 1
question, min

0.6 (5.6) 0.08 0–179.9 0.6 (5.5) 0.08 0–179.8 0.6 (5.6) 0.08 0–179.9

Response time per 1 interview,
if all corrections avoided, min

9.4 (10.1) 6.9 0.06–179.5 9.9 (10.6) 7.4 0.06–179.5 8.8 (9.4) 6.5 0.2–179.4 < 0.001

Response time per 1 question,
if corrections avoided, min

1.7 (4.5) 0.8 0.5–177.1 1.7 (4.5) 0.8 0.5–177.1 1.7 (4.5) 0.9 0.5–176.1

N interviews,n (%) 65,768 (100.0) 32,744 (49.8) 33,024 (50.2)

N interviews with at least 1
correction, n (%)

55,066/65,768 (83.7) 27,721/32,744 (84.6) 27,345/33,024 (82.8)

Total percentages may not add up or exceed one hundred due to rounding up
FPHfull pregnancy history module,FBH+full birth history module with additional questions on pregnancy losses
$Pvalues for independent samplet test that compared means for two groups
aAll timestamped entries, including answer corrections
bAll answers, accounting for correction time
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time spent on correction was 0.1 min longer for FP
than FBH+), and the median time to correct on
question was 0.08 min. Without corrections, the media
response time per interview would be lower by 5.5%
0.4 min.
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Objective 2: To determine whether question characteristics
(type, nature, structure) affect the duration of section
completion and answer correction rates
Duration of question completion
The median response time per question type was long
for free-text and multi-select questions (0.6 min
followed by date-related (0.2 min), numerical comput
tional (0.1 min), and single-select questions (0.05 m
(Fig. 4). The median response time only slightly varied p
question’s nature, with the longest median response time f
TOP-related questions (0.1 min). Questions with built-in
error notifications had a median response time of 0.1 m
compared with 0.07 min for questions with no built-in erro
notifications.
t

Proportion of corrections
Of all asked and answered questions, 7.5% had at least
or more corrections (Fig.4, Additional file 5). Among all
questions, the most frequently (by absolute numbe
corrected questions were single-select and numeri
computational types of questions, regular questions, a
questions without built-in notifications. However, the
highest proportion of corrections within the question typ
group was multi-select questions (44.8%), followed
free-text (16.2%), numerical computational (9.7%), sing
select (6.6%), and date-related (4%) questions. The pro
tion of corrections was similar based on the question’s na-
ture (around 6–8%). The proportion of corrected
questions was 3.3% higher for questions with notificatio
(9.8%) than for questions without notifications (6.5%).

Among corrected questions, the median number
corrections was one, regardlessof question characteristics
The maximum number of corrections was the highest fo
single-select (n = 28) and numerical computational (n = 23)
types of questions. In terms of questions’ nature, the max-
imum number of corrections was among regular questio
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Fig. 3 Time to complete questions regarding maternity history (section 2) for the two survey modules (N = 60,871)
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(n = 28), followed by death-related questions (n = 23) and
TOP-related questions (n = 19). Regarding the questio
structure, the maximum numberof corrections was highes
for questions with no built-in notifications (n = 28).

Based on the results of the regression analyses (Tab2,
model 1), date question type (reference—single) and death-
Fig. 4 Question corrections by question type, nature and structure
related questions (reference—regular) decreased the prob
ability of making corrections. All other question char
acteristics increased the probability of making answ
corrections when compared to their reference group
Question characteristics (numeric, date, multi-select
death- and TOP-related) were positively associat
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Table 2 Question characteristics associated with answer correction probabilities and frequencies

Characteristics Model (1) Model (2)

Part 1 correction
(yes/no)

Part 2 number
of corrections

Part 1 correction
(yes/no)

Part 2 number
of corrections

Variables Coef Robust
Std. Err.

p
value

Coef Robust
Std. Err.

p
value

Coef Robust Std.
Err.

p
value

Coef Robust
Std. Err.

p
value

Type, Ref (single)

Numerical
computational

0.056 0.012 < 0.001 0.050 0.007 < 0.001 -0.138 0.014 < 0.001 0.026 0.008 0.001

Date-related � 0.531 0.025 < 0.001 0.055 0.013 < 0.001 -0.411 0.028 < 0.001 0.072 0.015 < 0.001

Free-text 0.850 0.146 < 0.001 0.031 0.061 0.611 0.864 0.164 < 0.001 0.041 0.075 0.581

Multi-select 2.248 0.145 < 0.001 0.590 0.118 < 0.001 2.337 0.158 < 0.001 0.598 0.123 < 0.001

Nature, Ref (regular)

Death-related � 0.166 0.009 < 0.001 0.079 0.004 < 0.001 -0.187 0.011 < 0.001 0.078 0.005 < 0.001

TOP-related 0.205 0.015 < 0.001 0.040 0.007 < 0.001 0.316 0.017 < 0.001 0.055 0.008 < 0.001

Structure, Ref (no notification)

Yes, with notification 0.400 0.012 < 0.001� 0.041 0.007 < 0.001 0.486 0.014 < 0.001� 0.026 0.008 0.001

Module, Ref (FPH)

FBH+ 0.015 0.009 0.101� 0.003 0.003 0.248 0.012 0.009 0.169� 0.003 0.003 0.333

Constant � 2.661 0.007 < 0.001 0.125 0.002 < 0.001 -2.818 0.056 < 0.001 0.1465 0.016 < 0.001

Observations 3,340,189 250,608 2,247,142 152582

R-squared 0.004 0.004 0.014 0.014

Root MSE 0.263 0.511 0.250 0.494

Model (1) unadjusted, model (2) adjusted for respondent’s characteristics (age, education, parity, wealth quintile) and location, with interviewer clustering
accounted as a fixed effect. Both models accounted for clustering of individual responses within individual women (interview)
FPHfull pregnancy history module,FBH+full birth history module with additional questions on pregnancy losses
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with the number of corrections. Questions with noti
fications were negatively associated with the numb
of corrections. There was not enough evidence of
association between belonging to either of the two r
productive modules with either the probability o
making a correction or the number of corrections.

After adjusting for respondent’s characteristics and
location, with interviewer clustering accounted as a fixe
effect (Table 2, model 2), all question characteristic
remained significantly associated with the probability
making answer corrections when compared to the
reference groups; however, the numeric type changed
direction of the association. Numeric, date, multi-sele
and death- and TOP-related questions continued to b
positively associated with the number of corrections, while
the questions with notifications remained negatively assoc
ated with the number of corrections.

Objective 3: To propose and test classification of answer
correction types and determine whether they differ by
two reproductive modules
Correction patterns
In line with our findings for objectives 1 and 2, th
visual inspection of the sequence index plot (Fig.5)
showed that most of the interviews had corrections
r

e

answers. Only a smaller number of shorter interview
seemed to have no or a limited number of correction
As the number of asked questions during the intervie
increased, so did the number of answer correction
Based on the number of corrections per question, w
identified 23 correction patterns, ranging from one to 2
corrections (Additional file6). Most questions had single
correction (89.0%), followed by multiple correction
(two and three corrections, 8.8% and 1.6%, respective
The remaining 0.6% of questions had four and mo
corrections per question. We also observed that amo
these correction patterns, the original answer (fir
entry) sometimes matched the final answer correctio
(last entry), while for others, it did not. Some pattern
consisted of either repetitive sequences of identic
entries or a combination of different entries.

Correction types
By combining characteristics of answer correction proce
(single vs multiple corrections; first and last answer mat
vs do not match) and correction pattern (different v
identical entries), we developed a classification of ans
correction types. We distinguished between eight possi
answer correction types after accounting for possib
missing answers after corrections (Table3). Building on the
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