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Abstract

Background: Verbal autopsy (VA) is recognized as the only feasible alternative to comprehensive medical
certification of deaths in settings with no or unreliable vital registration systems. However, a barrier to its use
by national registration systems has been the amount of time and cost needed for data collection. Therefore, a
short VA instrument (VAI) is needed. In this paper we describe a shortened version of the VAI developed for
the Population Health Metrics Research Consortium (PHMRC) Gold Standard Verbal Autopsy Validation Study
using a systematic approach.

Methods: We used data from the PHMRC validation study. Using the Tariff 2.0 method, we first established a
rank order of individual questions in the PHMRC VAI according to their importance in predicting causes of
death. Second, we reduced the size of the instrument by dropping questions in reverse order of their
importance. We assessed the predictive performance of the instrument as questions were removed at the
individual level by calculating chance-corrected concordance and at the population level with cause-specific
mortality fraction (CSMF) accuracy. Finally, the optimum size of the shortened instrument was determined using
a first derivative analysis of the decline in performance as the size of the VA instrument decreased for adults,
children, and neonates.
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Results: The full PHMRC VAI had 183, 127, and 149 questions for adult, child, and neonatal deaths, respectively.
The shortened instrument developed had 109, 69, and 67 questions, respectively, representing a decrease in
the total number of questions of 40-55 %. The shortened instrument, with text, showed non-significant declines
in CSMF accuracy from the full instrument with text of 0.4 %, 0.0 %, and 0.6 % for the adult, child, and neonatal
modules, respectively.

Conclusions: We developed a shortened VAI using a systematic approach, and assessed its performance when
administered using hand-held electronic tablets and analyzed using Tariff 2.0. The length of a VA questionnaire
was shortened by almost 50 % without a significant drop in performance. The shortened VAI developed reduces
the burden of time and resources required for data collection and analysis of cause of death data in civil
registration systems.
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Background
Cause of death (COD) information is essential to guide
and inform health policy and priority debates [1]. Ideally,
COD data would be based on accurate medical certifica-
tion and registration of all deaths [2]. However, vital
registration systems still function poorly in many coun-
tries, particularly in resource-poor settings where mor-
tality rates are higher and accurate cause of death
information is most crucial [3]. Verbal autopsy (VA) is
now becoming recognized as the only feasible alternative
to comprehensive medical certification of deaths in such
settings. The World Health Organization has now called
for wider use of VA to improve understanding of the
causes of mortality and the nature of mortality change in
national populations [4].
Although VAs have been incorporated into official data

collection systems already in place in countries such as
India [5], Brazil [6], Bangladesh [7], and Sri Lanka [8], as
well as through the collection of VA samples during
national censuses as in Mozambique [9], doubts have
remained about the ability of VAs to provide accurate
and timely information about the COD in populations.
This can be attributed, in large part, to the initial reli-
ance on physician certification of verbal autopsies
(PCVA) in demographic and health surveillance research
sites. PCVA is time-consuming and expensive, and it is
difficult to maintain the quality of cause assignment on
a large scale over long periods of time.
These problems, however, can be resolved by introdu-

cing automated VA diagnostic methods, which have
been shown to out-perform PCVA in terms of their ac-
curacy. They now offer the potential for inexpensive,
rapid, and reliable COD assignments for deaths occur-
ring outside of hospitals [10–13].
Current practice in the application of VA is to collect

interview information using paper-based verbal autopsy
instruments (VAIs), which have been largely derived
from VA methods developed for research sites in the
1980s and 1990s [14, 15]. A barrier to their widespread

adoption by national registration systems has been the
amount of time and, hence, cost needed to conduct in-
terviews and to maintain their quality. For widespread
application, a short instrument is needed, but one that
still enables automated diagnostic systems to make ac-
curate predictions of causes of death. At the same time,
electronic systems for data collection need to replace
paper-based systems.
We address these needs in this paper and describe a

shortened version of the VAI developed for the Population
Health Metrics Research Consortium Gold Standard
Verbal Autopsy Validation Study (PHMRC study) [16].
Using a formal empirically-based method to shorten the
VAI, we identify the key survey questions and the optimal
length of a shortened VAI.

Methods
Our general approach was first to establish a rank order
of individual question items in the PHMRC VAI in
terms of their importance in predicting COD. We did
this using the Tariff 2.0 Method [17] to predict the COD
for each VA in the PHMRC Gold Standard database and
by comparing the predicted COD with the gold standard
cause. Second, we reduced the size of the instrument by
dropping items in reverse order of their importance. We
assessed the predictive performance of the instrument at
each stage of item reduction by calculating chance-
corrected concordance (CCC) at the level of the individ-
ual and cause specific mortality fraction (CSMF) accur-
acy at the level of the population (see below). Finally, the
optimum size of the shortened instrument was deter-
mined using a first derivative analysis of the decline in
performance as the size of the VAI progressively de-
creased. We followed the same approach for adults,
children, and neonates.

PHMRC gold standard validation study database
The general methodology of the PHMRC study has been
described in detail elsewhere [16]. In summary, VAs
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were collected from six sites in four countries: Andhra
Pradesh and Uttar Pradesh in India, Bohol in the
Philippines, Mexico City in Mexico, and Dar es Salaam
and Pemba Island in Tanzania. Methods were approved
by the Internal Review Boards of the University of
Washington, Seattle, WA, USA; School of Public Health,
University of Queensland, Australia; George Institute for
Global Health, Hyderabad, India; National Institute of
Public Health, Mexico; Research Institute for Tropical
Medicine, Alabang, Metro Manila, Philippines; Muhim-
bili University, Tanzania; Public Health Laboratory Ivo
de Carneri, Tanzania; and CSM Medical University,
India. All data were collected with prior informed con-
sent. Gold standard clinical diagnostic criteria for hos-
pital deaths were specified for an initial list of 53 adult,
27 child, and 13 neonatal causes including stillbirths,
chosen on the basis of epidemiological criteria and the
likely ability of VA to identify the cause (Additional file
1). This was known as the target cause list. Deaths with
hospital records fulfilling the gold standard criteria were
identified in each of the sites. The PHMRC VAI was
used to interview families about the events leading to
each of these deaths [16]. Interviewers were blinded to
the COD assigned in the hospital. The PHMRC database
contains 12,501 verbal autopsies with gold standard
diagnoses (7,846 adults, 2,064 children, 1,586 neonates,
and 1,005 stillbirths).
The PHMRC VAI includes both closed-ended ques-

tions and an open-ended narrative. Questions covered:
1) symptoms of the terminal illness, 2) diagnoses of
chronic illnesses obtained from health service providers,
3) risk behaviors (tobacco and alcohol), 4) details of any
interactions with health services, and 5) details about
the background of the decedent and about the interview
itself. Not all of these questions contributed to predic-
tion of the COD. Questions that were converted to
binary variables – the necessary basis for Tariff analysis
and the prediction of COD – we refer to as question
items. Text items were derived from open-ended narra-
tive using a text mining procedure (Text Mining package
in R (version 2.14.0) [18]), which identifies keywords and
groups words with the same or similar meanings. Per-
formance in this paper is reported as being 1) with text,
2) without text, and 3) with a checklist. The checklist
uses only a selected subset of text items as described
later.

Tariff 2.0
The Tariff Method is based on a simple additive algo-
rithm that creates a score, or tariff, for each question-
naire item and uses these scores to assign COD [10, 17].
Ideally, an item would have a high tariff for just one
COD and a low tariff for all others; the model would
then differentiate readily between causes [10]. For

example, the item “Decedent suffered drowning” has a
strong association with a few causes of death (accidental
drowning, homicide, and suicide) and carries high tariffs
for those causes. On the other hand, the item “Decedent
had a fever” is associated with many different causes of
death and carries low tariffs for the causes it is associ-
ated with. Tariffs for drowning have high standard
deviations, while tariffs for fever have low standard de-
viations. Items with high standard deviations were
considered more important for diagnosis than were
tariffs with low standard deviations. To determine
their order of importance, items were ranked by stand-
ard deviation. This was done separately for each mod-
ule (adult, child, and neonate).

Measurement of performance
Simulated populations
The performance of a VA method in assigning a COD is
a function of the true cause of death composition in the
study population [19]. Therefore, for the development of
a VA diagnostic method or a new VAI it is important to
validate the method or instrument in as many popula-
tions with different cause compositions as possible. This
is made practicable by means of computer simulation:
500 populations with random cause compositions were
created based on the PHMRC dataset for the develop-
ment and validation of the original suite of VA methods
[16]. In the present study, every test of performance of
different length instruments was done using the same
500 randomly generated populations. The 500 train-test
data analysis datasets were generated by holding 75 % of
the dataset as “training” data and 25 % as “test” data.
Each test dataset was resampled using a Dirichlet distri-
bution to obtain a random CSMF composition for each
simulated population. Training data were used to gener-
ate the model. Analysis of test data was blinded to the
gold standard COD. The accuracy of COD predictions
was assessed using the performance metrics. This
process is described more fully in Additional file 2.

Performance metrics
For policy, research, and surveillance it is important to
be able to quantify the actual performance of a VA
method in predicting the COD, correcting for chance at
both individual and population levels. We assessed per-
formance of the progressively shortened VAI using
Cohen’s Kappa, CCC, sensitivity, specificity and CSMF
accuracy.
CCC measures sensitivity adjusted for chance and was

used to assess the extent to which Tariff 2.0 correctly
predicted an individual cause of death when applied to
the shortened VAI. A perfect prediction has CCC equal
to one, while a random allocation would have, on aver-
age, CCC equal to zero. CCC is calculated as follows:
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where TPj is true positives, or the number of decedents
with gold standard cause j assigned correctly to cause j,
FNj is false negatives, or the number of decedents incor-
rectly assigned to cause j, and N is the number of causes
analyzed. The sum of TPj and FNj is the total number of
deaths due to cause j.
Performance was also measured at the population level

using mean CSMF accuracy across the 500 cause
compositions, calculated as

CSMF accuracy ¼ 1−

Xk

j¼1
jCSMFtruej −CSMFpredj j

2
�
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where the numerator in the calculation is the sum of the
absolute error for all k causes between the true CSMF
and estimated CSMF, and the denominator is the max-
imum possible error across all of the causes. CSMF ac-
curacy will be one when the CSMF for every cause is
predicted with no error.

Developing a shortened verbal autopsy instrument
To begin, we removed questions about the background
of decedents from the full PHMRC VAI. We then turned
the remaining questions into binary indicators, or items,
as described above. Thus, 183 adult, 127 child, and 149
neonatal questions were converted into 170, 80, and 117
question items, respectively. Next, we ranked these items
(1–170, 1–80, and 1–117) according to their importance,
as defined by the standard deviation of their tariffs. We
then systematically reduced the size of the instrument
by 10 question items at a time in the order of their im-
portance, as ranked by their tariff standard deviations.
With each successive reduction in the number of items,
we measured both CCC and CSMF accuracy using the
500 simulated populations as described above. We ana-
lyzed the performance of question items with and with-
out text to assess the importance of text as the number
of question items decreased. We then used a cubic
spline to interpolate between these CCC and CSMF ac-
curacy values to derive a continuous performance curve.
Based on this curve, we identified the points (i.e., re-
sidual number of items) where each of the metrics (CCC
with text, CCC without text, CSMF accuracy with text,
CSMF accuracy without text) began to decrease at a sig-
nificantly negative rate. This was done by taking the first
derivative of the continuous performance curves for
both CCC and CSMF accuracy. The optimum size of the
shortened VAI for each of the three age groups was deter-
mined by the number of items that immediately preceded
any significant decrease for at least one of these four

metrics. These items, which had been ranked in order of
importance, formed the basis for the final shortened VAI.
To complete the VAI, we also added questions that

would enable the shortened version to function as a
stand-alone instrument in a survey. In particular, we
inserted questions to preserve the sense and flow of the
instrument: for example, an important question was,
“Did [name] cough blood?” but this needed to be
preceded by the question, “Did [name] have a cough?”
We also retained questions relevant to health service
utilization and decedent background.
We then piloted the shortened VAI in three sites in

the Philippines, Sri Lanka, and Bangladesh to assess its
logic and applicability using Android tablets and the
open source software, Open Data Kit (ODK) [20].

Checklist for open narrative
The Tariff Method uses a set of the top-ranked 40 items
for each cause prediction based on standard deviation of
each item’s tariff [10]. In Tariff 2.0, 43 % of items used in
the prediction of all 34 causes in adults were text items
derived from open narrative that had been translated
into English [17]. We, therefore, concluded that it was
critical that we include open narrative in the shortened
form of the instrument. We found, however, that we had
failed to take into account the difficulties that inter-
viewers would experience in entering open narrative dir-
ectly onto the tablet. This was a consequence not only
of shifting between languages but also between Bengali
and Sinhala scripts and the Latin script used for English.
During the field trial, some field staff had taken notes on
paper, which they transcribed in the office to record the
open narrative section. This process took more time and
effort than any other component of data management
and was a potential source of error. Such difficulties
were compounded by the limited character sets for non-
Latin scripts on the tablets and the much more extensive
training required to enter lengthy text data into a tablet.
We, therefore, developed a checklist of keywords to use
in the open narrative rather than having interviewers
record and transcribe an entire conversation.
This checklist comprised a list of words that were

endorsed by the interviewer when mentioned by the re-
spondent in describing the circumstances surrounding
the death. These words could be converted directly into
English and subjected to text mining.
Using the 500 simulated populations we measured the

independent effect on performance of the addition of
single text items to the shortened VAI: i.e., on CCC
overall, on CCC by cause, and on CSMF accuracy (all
question items plus a single text item). This was done
separately for the adult, child, and neonate modules. The
length of the final checklist for each of the three mod-
ules was decided on practical grounds: the checklist
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needed to fit on a single screen and could not have more
words than could easily be remembered by the inter-
viewer during the conversation. It was thus limited to a
maximum of 12 text items. The final selection was based
both on the items’ contributions to performance and on
their significance for the diagnosis of diseases of public
health importance.

Results
The full PHMRC VAI had 183, 127, and 149 questions
for adult, child, and neonatal deaths, respectively [21].
The shortened PHMRC VAI developed through this
analysis had 109, 69, and 67 questions for adult, child,
and neonatal deaths, respectively, representing a de-
crease in the total number of questions of 40-55 %
(Table 1). The paper-based version of the shortened
PHMRC VAI is given in Additional file 3. The electronic
version, which was created using ODK for installation
on Android devices, can be obtained upon request.
The reduced VAI analyzed with the Tariff 2.0 method

ascertains causes of death in 34 mutually exclusive, col-
lectively exhaustive categories for adults, 21 for children,
and 6 for neonates, as the original PHMRC VAI. As
would be expected, in terms of CCC and CSMF accur-
acy, the predictive performance of successively shortened
versions of the questionnaire declined as question items
were systematically removed (Fig. 1a). Performance met-
rics are shown in Table 2 for questionnaires both with
and without text. Sensitivity and specificity for each
COD with the long and shortened version of the ques-
tionnaire are presented in Additional files 4 and 5. For
example, the shortened child module reduced to 69
questions had a CSMF accuracy of 78.3 % when all text
items were included and 74.5 % when text items were
excluded. CCC for the shortened child module was
52.5 % with text and 44.5 % without. These absolute dif-
ferences of 3.5 % and 8.0 %, respectively, in diagnostic
accuracy are reasonably substantial and continued to in-
crease more or less monotonically as the number of
question items was reduced, with the notable exception
of CSMF accuracy for adult and neonate deaths without
text items in the VAI.
Perhaps a better way to summarize the decline in pre-

dictive performance with a progressively shorter VAI is
to examine the first derivative at different numbers of

question items (Fig. 1b). Since the number of question
items for the shortened instrument was chosen to main-
tain performance in terms of CCC and CSMF accuracy,
both with and without text items, the first derivative of
the curve of performance vs. the number of question
items should not drop significantly below zero. Applying
this criterion, we identified the optimum number of
question items as 90, 60, and 50 for adults, children, and
neonates, respectively. This translated into 91, 50, and
48 questions, respectively. It should be noted that sig-
nificant drop-off in performance of the neonatal module
was not seen until there were only about 25 to 30 ques-
tion items remaining. This reflects the shorter list of
target causes for neonates.
As described in the methods section, questions that

would enable the shortened version to function as a
stand-alone instrument in a survey of importance
were added back into the survey. This process
increased the number of questions for the short VA
to 109, 69, and 67 questions for adults, children, and
neonates, respectively.

Comparative performance
A more detailed assessment of the comparative perform-
ance of the shortened vs the longer (original) PHMRC
instrument for various text inclusions is given in Table 2.
Within modules, CSMF accuracy varied little between
different versions of the instrument. The shortened in-
strument, with text, showed only minor declines in
CSMF accuracy from the full instrument with text of
0.4 %, 0.0 %, and 0.6 % for the adult, child, and neonatal
modules, respectively. The short instrument with check-
list performed slightly worse than the shortened instru-
ment with text, with a decline 0.4 % (adults), 0.3 %
(children), and 0.1 % (neonates). The short instrument
without text items showed non-significant changes from
the full instrument.
Performance at the individual level overall, as assessed

by CCC, shows more variation: the average drop in CCC
by using the shortened version, with text, was 0.63 %. In
the case of short and long versions without text, the
average decline in accuracy across the three modules
was 1.0 %. This difference was greatly reduced when the
checklist was applied.
More generally, the addition of the checklist (Table 3)

increased CMSF accuracy and mean CCC by an average
of 2.0 % and 4.6 %, respectively. The impact of the
checklist on performance was most substantial for the
child module (Table 2).
More specifically, the addition of keywords with the

checklist had a significant impact on performance. For
example, in adults, the mean CCC declined from 50.5 %
in the full instrument with text to 43.3 % in the short-
ened instrument without text (see also Table 2).

Table 1 Characteristics of shortened PHMRC verbal autopsy
questionnaire (VAI)

Adult Child Neonate

PHMRC VAI - question number 183 127 149

Shortened VAI - question number 109 69 67

% reduction in questionnaire size 40 % 46 % 55 %
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Addition of the single text item “malaria” increased over-
all CCC from 43.3 % to 43.7 %. At the same time, CCC
for malaria increased from 34.1 % to 42.3 %. Addition of
the text item, “malaria”, also increased CSMF accuracy
from 74.6 % in the shortened instrument with no text to
74.7 %.
Addition of the checklist to the shortened instrument

without text increases CCC for pneumonia, suicide, and

tuberculosis to levels at or above those obtained from
the full instrument with text. CCC for cirrhosis and mal-
aria is substantially increased from the short instrument
with no text. More detail about the effect of applying
various combinations of the shortened questionnaire
with text and checklist on CCC for adults, children, and
neonates can be found in Additional file 6 for a compre-
hensive list of causes.

A B

Fig. 1 a: Decrease in CSMF accuracy and CCC with progressive reduction in the number of question items for each age-specific module, with
and without text items. b: First derivative of the predictive performance curves for CCC and CSMF accuracy, with and without text items. CSMF
cause specific mortality fraction, CCC chance-corrected concordance
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It should be noted that the tariff for a text item was
frequently higher than the tariff for the corresponding
question item. This reflected lower endorsement rates
for text items than for question items. For example,
49.3 % of interviewees overall reported the presence of
fever in response to a question but only 13.0 % of all in-
terviewees reported the presence of fever in open-ended
narrative. On the other hand, in cases where the gold
standard cause of death was malaria, 86.0 % of inter-
viewees reported the presence of fever in response to the

question and 51.0 % reported the presence of fever in
open-ended narrative. As a consequence, the text item
“fever” scored a tariff of 4.0 for malaria but the corre-
sponding question item scored a tariff of only 1.5. A
symptom elicited without prompting was more im-
portant for diagnosis than a symptom elicited with
prompting.

Discussion
It is difficult to see how substantial improvements in
obtaining information about COD patterns in resource-
poor populations can be achieved through expanding
medical certification. Accurate certification depends on
the physician being intimately familiar with the dece-
dent’s clinical history and/or the details of the terminal
illness. In resource-poor countries, only a small propor-
tion of decedents have had access to a physician; this
situation is unlikely to change in the medium term. If a
physician has not been directly involved in the manage-
ment of a patient, the COD on the person’s medical cer-
tificate has little more value than the COD obtained
from an unstructured VA (a VA that does not follow a
structured and validated format). The routine use of VA
with known performance characteristics for all deaths
that have not been attended by a physician is the only
cost-effective means of obtaining information about
cause of death patterns and about how these patterns
are changing.
In the context of the PHMRC validation study, in

which VAs and diagnosis methods were compared with

Table 3 List of keywords used as a checklist in the open
narrative for the adult, child, and neonatal modules

Neonate Child Adult

Asphyxia (lack of oxygen) Abdomen Chronic kidney disease

Incubator Cancer Dialysis

Lung problems Dehydration Fever

Pneumonia Dengue fever Heart attack (AMI)

Preterm delivery Diarrhea Heart problems

Respiratory distress Fever Jaundice (yellow skin
or eyes)

Heart problems Kidney (renal) failure

Jaundice (yellow skin
or eyes)

Liver failure

Rash Malaria

Pneumonia

Suicide

Table 2 Chance-corrected concordance and CSMF accuracy for full Population Health Metrics Research Consortium verbal autopsy
instrument (PHMRC VAI) as compared to the shortened PHMRC VAI by type of text items included in the analysis

Chance-corrected concordance CSMF accuracy

Median (%) 95 % CI Median (%) 95 % CI

Adult Full PHMRC VAI No Text 44.3 (44.1, 44.4) 74.5 (74.0, 74.8)

Text 50.5 (50.3, 50.8) 77 (76.6, 77.5)

Shortened PHMRC VAI No Text 43.3 (43.1, 43.5) 74.6 (74.0, 75.2)

Checklist 46.6 (46.5, 46.8) 76.2 (75.7, 76.7)

Text 50 (49.8, 50.2) 76.6 (76.2, 77.2)

Child Full PHMRC VAI No Text 44.6 (44.2, 45.0) 74.3 (73.6, 75.2)

Text 52.6 (52.2, 53.1) 78.3 (77.6, 78.7)

Shortened PHMRC VAI No Text 44.5 (44.1, 45.0) 74.5 (73.7, 75.2)

Checklist 51.8 (51.4, 52.1) 78 (77.5, 78.7)

Text 52.5 (52.2, 52.9) 78.3 (77.6, 78.9)

Neonate Full PHMRC VAI No Text 42.2 (41.9, 42.6) 81.4 (80.5, 82.4)

Text 44.7 (44.3, 45.0) 82.8 (81.9, 83.5)

Shortened PHMRC VAI No Text 40.2 (40.0, 40.5) 81.1 (80.1, 81.8)

Checklist 43.4 (43.0, 43.8) 82.1 (81.4, 83.0)

Text 43.4 (43.1, 43.6) 82.2 (81.4, 83.1)

CSMF cause specific mortality fraction, CI confidence interval
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gold standard hospital deaths, automated computer
diagnosis of VAs was shown to be more accurate than
PCVA [22]. Reliance on PCVA is inefficient and leads to
unnecessary competition for resources with clinical ser-
vices, often leading to long delays in diagnosing VAs.
For example, the VA data collected in India’s Sample
Registration System starting in 2002 have still not been
reported or released because of delays to physician cod-
ing [23]. Outstanding barriers to widespread use are the
length of time required to administer the full-length VAI
(50–70 minutes) and the resources required for data
entry of paper-based records of interview.
The Tariff Method was developed and validated using

hospital gold standard deaths [10]. The Method is addi-
tive in the sense that it sums tariff scores by cause and
by symptom to arrive at the most probable cause for an
individual death. The use of hospital gold standard
deaths as reference ensured that a full range of symp-
toms was available for the development of the tariff
scores. The process of item-reduction was designed to
remove from the questionnaire those symptoms which
were not contributing significantly to the summed tariff
scores. Tariff 2.0 sets cut-off points to establish that suf-
ficient symptoms are available to assign a COD for an
individual death [17]. Such cases are assigned to an inde-
terminate category under particular circumstances. If the
symptom list in the item-reduced instrument were too
short this would manifest itself in an increase in the size
of the Indeterminate category.
In this paper, we have established the theoretical basis

for the validity of a shortened VAI administered by
means of hand-held electronic tablets. Although the
shortening of an instrument may lead to a decrease in
performance and some loss of specificity, at least for rare
diseases, we have demonstrated by formal statistical
methods applied to validation datasets, where the true
COD is known, that it is possible to reduce the length of
a VA questionnaire by 40 % or more without a signifi-
cant drop in performance. The performance characteris-
tics of the shortened VAI are now established. We have
also shown that many of the advantages of an open-
ended narrative in improving performance can be
retained by use of an on-screen checklist. The applica-
tion of this checklist will require special training of
fieldworkers. It is worth highlighting that symptoms
mentioned in the open narrative may have a different
Tariff score for a given cause of death than their coun-
terparts in the structured questionnaire. This may reflect
the fact that more salient information may be easier to
be mentioned spontaneously than being recalled after
prompted in a questionnaire. The checklist of keywords
from the open narrative is, therefore, an important
innovation of this shortened questionnaire. It reduces
the burden on the interviewer by registering keywords

instead of registering the answer verbatim, and also cap-
tures these key items that have a substantial contribution
to determine the cause of death.
We consider the greatest utility of the shortened VAI

will be for the collection of COD data in civil registra-
tion systems and for the calculation of CSMFs in popu-
lations. To put our results in perspective: a CSMF
accuracy of 76.2 % in adults, using the tablet with check
list for data entry, compares with a reported CSMF
accuracy of 82 % for medical certification of adult deaths
in Mexican teaching hospitals [24]; the former equates
to an adjusted accuracy of 32.8 % and the latter to an ad-
justed accuracy of 50 %.
We have set the number of questions items in the

shortened VAI at 90 items for adults, 60 for children,
and 50 for neonates. We justified the thresholds at the
analytical level for question items for each questionnaire
by an analysis of first derivatives, identifying the precise
point at which they begin to deviate significantly from
zero (signifying no apparent slope in the performance
curve). In the case of the neonatal module, the suggested
threshold was around 30 items. We took a conservative
approach, however, and increased this to 50 items. A
limited range of symptoms applies to conditions that
cause death in neonates and we wished to avoid elimin-
ating items that might add important contextual infor-
mation for automated diagnosis.
CSMF accuracy declines less rapidly than does CCC

with progressive reduction in the number of items. This
can be attributed to the finding that random allocation
of deaths to different causes would result in CSMF ac-
curacy of at least 63 % [25]. We have, however, chosen
to show absolute values for CSMF accuracy, as it is
this measure that will influence the use of CSMFs de-
rived from VAs as the basis for public health policy
development.
We would argue that the different forms of the VAI

and the different methods of data collection and analysis
need to be tailored for use in particular circumstances.
Here, we have described an approach which should be
invaluable for the collection of vital statistics.

Conclusions
In this study, we developed a shortened VAI using a sys-
tematic approach and assessed its performance when ad-
ministered by means of hand-held electronic tablets and
analyzed using the Tariff 2.0 automated method. We
demonstrated that, where the true cause of death is
known, it is possible to reduce the length of a VA ques-
tionnaire by 40 % or more without a significant drop in
performance. We have also shown that many of the
advantages of the open-ended narrative in improving
performance can be retained by use of an on-screen
checklist. The reduced VAI developed has great utility
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to estimate COD data in civil registration and to calculate
CSMFs in populations reducing the burden of time and
resources required for data collection and analysis.
VA questionnaires have been constructed to elicit as

much useful diagnostic information as possible for as
many causes as possible for which symptomatic informa-
tion is likely to be meaningful. Very little attention has
been paid to the length of the interview or to the pos-
sible effects of interviewer/interviewee fatigue. If VA
methods are to be useful beyond research settings to
provide the essential intelligence on population cause of
death patterns that governments and donors need, then
it is critically important that they be rapidly integrated
into national civil registration and vital statistics systems
and routinely applied to all out-of-hospital deaths that
are reported. New automated diagnostic methods and
data collection platforms using tablets or mobile phones
are now available for widespread use in civil registration
systems. That utility will be even more enhanced if
shorter VA questionnaires, such as the one reported
here, are applied to cut interview time in half without
any loss of diagnostic accuracy.
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