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Background:  Mobile  phone  based  applications  are  considered  by  many  as  potentially  useful  for  addressing
challenges  and  improving  the  quality  of  data  collection  in  developing  countries.  Yet very  little  evidence  is
available  supporting  or refuting  the  potential  and  widely  perceived  benefits  on  the  use  of  electronic  forms
on smartphones  for routine  patient  data  collection  by  health  workers  at primary  health  care  facilities.
Methods:  A  facility  based  cross  sectional  study  using  a structured  paper  checklist  was  prepared  to  assess
the  completeness  and  accuracy  of  408  electronic  records  completed  and  submitted  to  a  central  database
server  using  electronic  forms  on  smartphones  by 25 health  workers.  The  408  electronic  records  were
selected  randomly  out of  a  total  of  1772  maternal  health  records  submitted  by  the  health  workers
to  the  central  database  over a period  of  six months.  Descriptive  frequencies  and  percentages  of  data
completeness  and  error  rates  were calculated.
Results: When  compared  to  paper  records,  the use of  electronic  forms  significantly  improved  data  com-
pleteness  by  209 (8%)  entries.  Of a total  2622  entries  checked  for completeness,  2602  (99.2%)  electronic
record  entries  were  complete,  while  2393  (91.3%)  paper  record entries  were  complete.  A  very small  per-
centage  of  error  rates,  which  was  easily  identifiable,  occurred  in  both  electronic  and  paper  forms  although
the  error  rate  in the electronic  records  was  more  than  double  that of  paper  records  (2.8%  vs. 1.1%).  More

than  half  of entry  errors  in  the  electronic  records  related  to  entering  a text  value.
Conclusions:  With minimal  training,  supervision,  and  no incentives,  health  care  workers  were  able  to  use
electronic  forms  for patient  assessment  and  routine  data  collection  appropriately  and  accurately  with  a
very small  error  rate.  Minimising  the number  of  questions  requiring  text  responses  in  electronic  forms
would  be  helpful  in minimizing  data  errors.

© 2017  Elsevier  B.V.  All  rights  reserved.
. Introduction
Safe clinical care requires quality patient data and documenta-
ion. Collecting good and quality patient data at the point of care
as also added benefits for research and health services monitor-

∗ Corresponding author.
E-mail addresses: arayaabrha@yahoo.com (A.A. Medhanyie),

.spigt@maastrichtuniversity.nl (M.  Spigt), henokyebyo@yahoo.com
H. Yebyo), alex@alexlittle.net (A. Little), kiducs98@yahoo.com (K. Tadesse),
eertjan.dinant@maastrichtuniversity.nl (G.-J. Dinant), roman.blanco@uah.es
R. Blanco).

ttp://dx.doi.org/10.1016/j.ijmedinf.2017.01.016
386-5056/© 2017 Elsevier B.V. All rights reserved.
ing and evaluation. Poor quality of data has been shown to result
in poor quality of health care services and decision-making [1–4].

One potential avenue currently gaining popularity and consid-
ered by many across the globe to address the needs and challenges
of data collection and health information systems is the use of
mobile technology based solutions [4–6]. The World health Organi-
zation (WHO) defines Mobile Health, commonly known as mHealth
as “medical and public health practice supported by mobile devices,
such as mobile phones, patient monitoring devices, personal digital

assistants (PDAs), and other wireless devices”. mHealth appli-
cations and programs make use of several aspects of mobile
technology such as text messaging, voice and video services and
internet connection [6].
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Frameworks and white papers on mHealth for developing coun-
ries have highlighted that new generations of smartphones could
otentially be useful for population and patient based data collec-
ion. The fact that smartphones are portable, have internet access
nd can run third party applications make them potentially useful
nd preferable to handheld or desktop computers for population
nd patient based data collection in developing countries. Using
he internet functionality of smartphones, instant transfer of real-
ime data collected using electronic forms on smartphones from
emote areas to a central database server can be achieved. In addi-
ion to data collection and transfer, well-designed electronic forms
n smartphones may  also serve higher purposes such as assist-
ng and guiding health workers with limited training through the
iagnostic process by helping them conduct step-by-step assess-
ents. This multi-functionality of smartphones, together with the

apid and widespread penetration of mobile phones in developing
ountries over the past decade, led to the expectation that elec-
ronic forms on smartphones can replace paper forms and thereby
mprove the quality of health data and patient care [4–8].

Despite this high expectation and the presence of several
Health initiatives, the lack of sound evidence underpinning the

otential benefits of electronic forms in developing countries is
triking. Many previous mHealth studies dealt with the use of short
essage service (SMS) and were conducted in developed countries

8–10]. There is virtually no evidence on the use of electronic forms
n smartphones by health workers for routine collection of patient
ata at primary health care facilities in resource-poor settings. The
ery few studies that employed electronic forms on mobile phones
ere mainly tested or used for one-time surveys or surveillance
urposes [11–13]. A study conducted in India which evaluated the
ccuracy of data collection on mobile phones found error rates of
.5% for SMS, 4.2% for electronic forms and 0.45% for voice inter-
ace. These results caused the authors of the study to migrate from
heir primary intention on using electronic forms to voice interface
12]. Another study conducted in South Africa on the use of mobile
hones as data collection tool for a household survey suggested
hat the conventional paper, and in-person data collection may  be
referable over mobile phone interfaces in the case of longer inter-
ctions, such as long-form surveys or complex diagnoses [13]. Thus,
he use of electronic forms for routine collection of critical health
ata by health workers in resource-poor settings is still question-
ble. Missing or duplicated and inconsistent data collected through
lectronic forms, sent and stored in a central database may render
ata management and patient care problematic [1,2,12].

In this regard, our study compared the completeness and
ccuracy of patient data collected using electronic forms on smart-
hones to that collected by paper forms, by 25 health workers over a
eriod of six months in the Tigray region of Ethiopia. The complete-
ess and accuracy was assessed by matching an electronic record
ith its respective paper record of the same patient completed by

he same health worker.

. Methods

.1. Ethical consideration

This study was approved by the health research and ethics
eview committee of the College of Health Sciences of Mekelle Uni-
ersity. Written consent for participation was obtained for each
ealth worker. The health workers were informed about their right
o withdraw from the study at any time. Although the health

orkers were not informed about the comparison of data quality

valuation at the beginning of the study to avoid unnecessary bias
nd they had been using the electronic forms as part of their rou-
ine work, additional consent from each health worker was  sought
f Medical Informatics 101 (2017) 9–14

at the end of the six months to participate in the evaluation of the
data quality. Comparison of completeness and entry error rates for
each record was  done in the presence of the health worker who
completed the record.

2.2. Study setting

This study was  conducted in primary health care setting and
based in the context of maternal health care. The Ethiopian primary
health care unit is the lowest and frontline level of the health care
delivery system. A primary health care unit (PHCU) is composed of
a health center and five health posts. A health center is staffed by
midlevel health professionals who  have diploma and degree level
training such as midwives and nurses. On average a health center
provides health care for a population of 25,000 people. It supervises
and supports five satellite health posts. On average, a health post
serves for a population of 5000 people and it is staffed by two health
extension workers (HEWs). HEWs are community health workers
who are high school complete and took one year training. They
educate and provide basic health services such as family planning,
antenatal care, delivery and postnatal care.

The study employed midwives and health extension workers
(HEWs) who  are primarily responsible for maternal health services
provision at a primary health care unit in Ethiopia.

2.3. Participants and study period

A comparative cross sectional study was  conducted, to compare
data collected by paper form and electronically collected data from
maternal follow up.

In this study, a total of four health centers and nine health posts
from two districts: Kilte Awlaelo and Hintalo Wajerat of the Tigray
region, Ethiopia were included. All midwives (10) and HEWs (15)
who had been working in the selected health facilities participated
in this data quality assessment.

By October 2012, the health workers actually started to use the
electronic forms and actively submit patient records to our central
server using the electronic forms and smartphones. Hence for this
study on data quality of electronic forms, we considered the activi-
ties of the health workers and records submitted over the six month
period from October 2012 to March 2013. Details of the technical
development and contents of the mHealth application and elec-
tronic forms evaluated for data quality in this study are presented
in another published article [14].

2.4. Data collection and sampling technique

Prior to the actual use of the electronic forms for patient based
data collection and assessment, the health workers received prac-
tical training on the use of the smartphone and electronic forms
by the research team. Health workers were trained and informed
to complete the electronic forms on smartphones in addition to
existing paper forms as part of their routine work during clinical
encounters. They were instructed to fill out the electronic forms
in the presence of the patient. There were no incentives or penal-
ties set for health workers whether or not they used the electronic
forms and entered data appropriately and accurately. They were
free to decide what best suited their individual work practice in
terms of which forms to complete first (paper or electronic forms).

A total of 408 electronic records were randomly selected out
of a total of 1772 maternal health care records submitted over
the six months period. Of these selected records, nine (2.2%) had

a duplicated record in our database. These duplicated records were
cleared in consultation with health workers before we  began cross-
checking with their respective paper records. Besides, we  were able
to trace and match 375 (91.9%) corresponding paper records. Of
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Table  1
Selected variables and questions for comparison.

Selected variable Type of variable Form

Date of visit Numeric ANC, ANC lab test, Delivery, PNC*

Patient ID Numeric ANC, ANC lab test, Delivery, PNC
Patient name ANC, ANC lab test, Delivery, PNC
Age Numeric ANC, ANC lab test, Delivery, PNC
Last Menstrual Period (LMP) Numeric ANC
Systolic Blood Pressure (SBP) Numeric ANC, Delivery, PNC
Vaginal Bleeding Yes/No ANC and Delivery
Body Temperature Option Delivery and PNC
New born birth weight Numeric Delivery and PNC
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Table 2
Socio- demographic characteristic of study participants (N = 25).

Characteristics Frequency (%)

Sex
Female 24 (96)
Male 1 (4)

Age
30 or below 18 (72)
31  or above 7 (28)

Marital status
Married 16 (64)
Single 9 (36)

Profession
HEW 15 (60)
Midwife 10 (40)

Work experience
3 years or less 8 (32)
4  years or more 17 (68)

District
Haemoglobin level Numeric ANC lab test

NC = Antenatal care, PNC = Postnatal care.

he 375 electronic records for which we traced their respective
aper records, 225 (60%) were Antenatal care (ANC), 73 (19.5%)
ere delivery, 39 (10.4%) were Postnatal care (PNC) and 38 (10.1%)
ere ANC lab tests. Thus, in the end, 375 individual patient records
ere compared across a total of 2622 data points.

Over the six months, the number of electronic patient records
ubmitted by each health worker varied from zero to 372. Two  did
ot submit any record at all, eight had completed and submitted
etween three and twenty while the rest 15 submitted more than
0 records. With regards to the distribution of the records submit-
ed by the profession of health worker or type of health facility,
lmost three quarters of the

records were submitted by midwives (i.e. from health centers),
hile the remaining quarter of records were submitted by HEWs

i.e. from health posts).
We ensured that each health worker who submitted at least

hree electronic records was represented in the sample records
elected for comparison. To do this, we selected 20 records from
ach health worker who submitted more than 20 records, while we
ncluded all records submitted by a health worker in the sample if
e/she submitted less than 20 records during the study period.

To select 20 records from those health workers who submitted
ore than 20 during the period of the study, we  prepared a sam-

ling frame (list of records submitted) by each health worker based
n the date of submission and used systematic random sampling
o select the required sample records.

We  prepared a structured paper checklist of 10 selected ques-
ions for the comparison of completeness and accuracy of entries
n electronic and their respective paper records. We  selected ques-
ions that were crucial for the patient recording system or questions
hat were important components of maternal health care services.

hen we selected these questions, we aimed at ensuring a mix
f different data types (text, numeric, multiple options and yes/no
uestions) (Table 1).

Comparison of record entries was conducted at the end of the
tudy by members of the research team (AAM and KT) who  are
uent speakers of the local language, Tigrinya; and took place at
he respective health facility in the presence of the health worker
ho submitted the record.

.5. Data analysis

We  employed descriptive statistics and described data com-
leteness and error rates in terms of frequencies and percentages.
ata completeness and error rates in electronic and paper records
ere analysed in terms of the number of incomplete and incorrect

ntries. Comparison of data completeness was conducted for all

elected variables for comparison while error rates were calculated
nd compared only for five of the variables: Patient name, Systolic
lood pressure (SBP), age, newborn birth weight and haemoglobin

evel. We  did not compare the entry error rates of the other five vari-
Hintalowajerat 12 (48)
Kilteawelaelo 13 (52)

ables. These variables are date of visit, patient ID, Last Menstrual
Period (LMP), Vaginal bleeding, and Body Temperature. Compar-
ison of entry error rates for these five variables was impossible
because some of them such as patient ID were difficult to have an
operationally defined standard to claim an entry is a possible error
or not while others such as presence of vaginal bleeding were a
yes/no or option questions in the electronic/paper forms. We  oper-
ationally defined an ‘error’ in the patient name if the name had
a spelling error based on the investigator’s judgment. An entry in
age, SBP, newborn birth weight and haemoglobin level was con-
sidered false if the value entered was out of the acceptable rage.
We operationally set acceptable ranges for age (15–49 years), SBP
(30–200 mmHg), newborn birth weight (1–5 kg) and haemoglobin
level (3–20 gm%). When the actual entry in electronic form and its
respective paper form was  within the acceptable range but differed,
we accepted it as correct entry as we did not have a means to prove
whether the difference was  because of entry or the measurements
were taken at different times.

3. Results

3.1. Socio-demographic characteristics of study participants

The mean age of the 25 health workers was 31 (SD = 7 years).
Fifteen (60%) of the participants were HEWs while 10 (40%) were
midwives. All health workers except one were female. Seventeen
(68%) of the health workers had 4 or more years of working expe-
rience. Thirteen (52%) of the health workers were working in Kilte
Awlaelo district; the remaining 12 (48%) in Hintalo Wajerat dis-
trict. All health workers had mobile phones prior to enrollment in
our study, though none had Android (Google Inc., Mountain View,
CA, USA) as an operating system, touch screen interface or local
language scripts enabled. Only 3 (12%) of the health workers had
ever taken training on basic computer skills though practice did not
continue thereafter (Table 2).

3.2. Data completeness

When compared against corresponding paper records, the over-

all completeness of data entries for cross-checked variables was
higher in 209 (8%) entries of electronic records (OR, 12.45, CI
7.86–19.73) (Table 3). Completeness of entries regarding measure-
ments of body temperature, newborn birth weight, and systolic
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Table 3
Data completeness of electronic and paper records for selected variables.

Variable/question (N = total) Completeness on
electronic form (number/%)

Completeness on paper
form (number/%)

Difference in completeness
(electronic – paper)
(number/%)

Date of visit (N = 375) 375(100.0) 325(86.7) 50(13.3)
Patient ID (N = 375) 375(100.0) 375(100.0) 0(0.0)
Patient name (N = 375) 375(100.0) 375(100.0) 0(0.0)
Patient age (N = 375) 375(100.0) 375(100.0) 0(0.0)
Last  menstrual period (LMP) (N = 225) 225(100.0) 204(90.7) 21(9.3)
Systolic blood pressure (SBP) (N = 337) 329(97.6) 270(80.1) 59(17.5)
Vaginal bleeding (N = 298) 298(100.0) 291(97.7) 7(2.3)
Body  temperature (N = 112) 112(100.0) 63(56.2) 49(43.8)
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Newborn birth weight (N = 112) 100(89.3) 

Haemoglobin level (N = 38) 38(100.0) 

Total  number completed entries (2622) 2602 (99.2) 

lood pressure in electronic records were found even higher by 49
43.8%), 23 (20.5%), and 59 (17.5%) entries respectively.

.3. Reasons for incomplete entries

The reasons for the incompleteness of entries in paper records
ere mainly due to the lack of standard paper forms, in particular, at
ealth posts. Health workers did not enter values of some variables
ecause these were not present in their paper forms. Of the 229
on-entries, 178 (77.7%) were missed because there was  no space

n the paper forms for the variables. This problem was  not present
cross all health facilities. Only 51 (22.3%) of the incomplete entries
ere actually missing values in the paper forms. There was a space

n the paper forms for recording values of the variables or mea-
urements which was not used by health workers. The 20 (0.8%)
issing entries in the electronic forms regarded measurements of

ow birth weight and SBP. These variables were required questions,
ut health workers entered zero when they did not take the actual
alue in order to proceed to the next question. We  considered these
ero values as incomplete data.

.4. Data accuracy and error rates

Of the total 2308 entries checked for similarity in the electronic
ecords with their respective entries in paper records, we  found
033 (88.1%) entries to be identical (Table 4). Although we  found a
ery small percentage of error in both electronic and paper records,
he error rate was higher in the electronic records when compared
o paper records (2.8% vs 1.1%) (OR, 2.4 CI 2.4–4.8). All errors were
ery easy to identify and correct.

When we looked for completeness and accuracy of entry for
atient name, we also checked the language used by the health
orkers. We  found 248 (66.1%) of the entries for patient name in the

lectronic records were in the Tigrinya language and the remaining
27 (33.9%) entries in English. Similarly, in the paper records, 241
64.3%) entries were in Tigrinya and the remaining 134 (35.75) in
nglish.

.5. Reasons for non-identical entries and error rates

Of the total 274 non-identical entries, more than one third (106,
8.7%) pertained to differences in the date of visit. This was mainly
ue to the reason that some health workers had completed the
lectronic records, in particular delivery records, one day after
ompleting the paper forms. Some found it difficult and time-

onsuming to interview a woman who just gave birth with both
aper and electronic forms, while others had problems with date
nd time setting of their smartphones, thus the dates of visit in
he electronic forms were different from the dates of visit in their
77(68.8) 23(20.5)
38(100.0) 0(0.0)
2393(91.3) 209 (7.9)

respective paper records. The differences in measurements such as
SBP were real, due to the differences in times of measurement.

Of the total 41 errors identified, almost half (23, 56%) were
errors in spelling from recording patient name in the electronic
forms using the smartphone’s keyboard. Errors regarding entries
of measurements of SBP, birth weight and haemoglobin were typo-
graphical problems, which included forgetting to enter a zero at the
end of the value, for example entering 12 when the correct value
was 120; adding an unnecessary zero at the end of the value, for
example writing 1000 when the correct value was  100; and for-
getting decimal points, for example entering 133 when the correct
value was 13.3.

4. Discussion

Mobile phone based solutions such as the use of electronic forms
on smartphones are considered as potentially useful for improving
quality of data collection in developing countries [5–7]. However,
some literature argues it is still too early to use this technology for
critical and routine health data collection in resource-poor settings
with weak health care infrastructure [8,12,13]. These studies sug-
gest the use of SMS  or voice interfaces instead of electronic forms.
Amid this debate, our study enrolled health workers at primary
health care settings in Ethiopia to use electronic forms for routine
patient based data collection and found encouraging results.

When compared to paper records, the use of electronic forms
significantly improved data completeness in 8% of entries. A very
small error rate occurred in both electronic and paper forms,
although the error rate in the electronic records was higher than
in the paper records (2.8% vs. 1.1%). Many instances of incom-
pleteness and error in both types of forms seemed to arise from
problems related to lack of standardized paper-based documenta-
tion or unavailability of equipment to record relevant measures.

Although the overall completeness of electronic records was
8% higher than that of the paper records, for some variables this
percentage was even greater. For instance, the completeness of
entries in the electronic forms was 43.8% higher for measurements
of body temperature, 20.5% higher for newborn birth weight, and
17.5% higher for SBP, than their corresponding paper forms. This is
mainly due to the functionality of electronic forms in which ques-
tions require the input of a response or value for the form to be
accepted. However, from this study we learned that health work-
ers who did not have the necessary functional apparatus such as a
thermometer, for measuring body temperature, had been discour-
aged to use electronic forms and found it difficult to enter a value
and proceed to the next question. Hence, when introducing elec-

tronic forms for routine patient based data collection, it would be
crucial to consider such challenges. Either the electronic form has to
be designed in a way  to work smoothly with such challenges or the
necessary equipment should be made available to health workers.
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Table  4
Data accuracy and error rates of electronic and paper records.

Variable/question (N = total) Identical entry between
electronic and paper
records (number/%)

Confirmed error in
electronic records
(number/%)

Confirmed error in
paper records
(number/%)

Date of visit (N = 325) 219(67.4) bNA NA
Patient ID (N = 375) 375(100) NA NA
Patient name (N = 290)a 264(91.0) 23 (7.9) 4(1.4)
Patient age (N = 375) 349(93.1) 0(0.0) 1(0.27)
Last  menstrual period (LMP) (N = 204) 174 (85.3) NA NA
Systolic blood pressure (SBP) (N = 270) 228(84.4) 1(0.37) 2(0.74)
Vaginal bleeding (N = 291) 287(98.6) NA NA
Body  temperature (N = 63) 52(82.5) NA NA
Newborn birth weight (N = 77) 51(66.2) 3(3.9) 5(6.5)
Haemoglobin level (N = 38) 35(92.1) 2(5.3) 0(0.0)
Total  number of completed entries checked for similarity (2308) 2034(88.1) 29(2.8)

cD = 1050
12(1.1)
D = 1050

ge we

w
P
r
t
w
o
m
w
d
d
l

e
t
r
i
i
a
G
h
w
i
c
o
t
t
s
t
w
s
H
a
o
i
r

p
p
e
i
p
o
l
o
h
s

a Only names entered in both electronic and paper records with the same langua
b NA = not applicable.
c D = denominator.

We  found a very small error rate in using electronic forms (2.8%)
hich was less than the error rates (4.2%) observed in a study by

atnaik S et al. [12]. This decline in error rate may  be in some way
elated to the generation of technology in use. That is we used bet-
er smarpthone technology compared to the Patnaik S et al. study
hich was conducted in 2009. The difference could be also because

f the difference in content of the training given, definition and
easuring entry error rates, and duration of the study. Our study
as conducted for six months while Patnaik S et al. study was con-
ucted for a month. This might suggest that entry error rates might
ecline when health workers are exposed to electronic forms for a

onger and adequate time.
For all variables checked for accuracy, we found the error rate in

lectronic records was higher than the error rate in paper records,
hough still it was small. However, if we were to exclude the errors
egarding spelling of patient names, the error rate would be lower
n electronic records by two entries when compared to the errors
n paper records. The high error of writing names in text might be
ttributed to the health workers’ low proficiency in English and the
e’ez keyboard we used. Studies and frameworks on mHealth for
ealth workers showed that those workers in developing counties
here English is not their native language have a low proficiency

n English and the language barrier is frequently mentioned as a
hallenge for introducing mHealth applications [5,8,14]. The Ge’ez
r Tigrinya keyboard we used in this study might also have con-
ributed to these errors in entering a text value. Unlike English,
he Tigrinya alphabet has more than 33 letters and each letter has
even sounds or characters. Thus, when a health worker had to
ype the seventh sound of a given letter using the Ge’ez keyboard
e installed on the smartphones, the health worker had to type

even times. Doing this may  not only cost time but also incur error.
ence, when possible, we recommend other initiatives to look for

 user friendly Ge’ez keyboard, which does not require tapping two
r more times to write a sound of a letter. Most important, to min-
mize errors in using electronic forms, questions that require a text
esponse should be used minimally.

Our comparison of data quality and cross-checking for com-
leteness and accuracy of electronic records with their respective
aper records gave us an opportunity to identify problems in the
xisting paper recording system. We  observed that few health facil-
ties, in particular health posts, had well-prepared and printed
aper forms. Thus, health workers at these health posts were
bliged to prepare forms on their exercise book by themselves. This

ed to self-prepared forms which lacked important variables. More-
ver, we observed the available printed paper forms across primary
ealth facilities which were distributed by the health bureau but
till noticed a variation between facilities. Such problems may
re considered for comparison.

be easily solved by introducing electronic forms into the system.
Nevertheless, until a large scale transition from paper forms to elec-
tronic forms can be realized, we recommend the Ethiopian Federal
Ministry of Health (FMOH) and respective regional health bureaus
to standardize the existing paper forms across primary health care
facilities.

In this study we compared the data completeness and accu-
racy of an electronic record with its respective paper record where
interviews and entries of values and responses of a patient into
both records were made by the same health worker. We  did not
have any means to check whether electronic records were simply
copied from their respective paper records after the patient had left
a health facility. This might lead to the assumption that comparison
of data quality would have been much stronger had we compared
two separate groups: health workers who  used only electronic
forms versus health workers who used paper forms. However, our
comparison of the two  types of records showed 67.4% had an iden-
tical date of visit, and the electronic forms had additional questions
not present in the paper forms, which were completed by health
workers. Therefore, the chance that a health worker could complete
an electronic form after a patient had left the health facility by copy-
ing from the paper record is deemed very minimal and insignificant
to affect the findings of this study.

This study gives a glimpse of the data completeness and entry
error rates of electronic and paper records completed by a small
number of primary health care workers in Ethiopia. Measurements
of completeness and entry error rates were made by operationally
defined standards or cut off points as we  could not get recom-
mended gold standards or cut off points. Besides, we could not
find a study or guideline that recommends the minimum allow-
able entry error rate and percentage of data incompleteness in
collecting routine health data. This made decision making on when
to use routine data collected by health workers using electronic
and paper records for research and clinical care difficult. Hence,
entry error rates reported in this study might be overestimated or
underestimated as we did not compare them with a recommended
gold standard. Hence, we recommend further works in developing
scientific and standard methods of measuring data completeness
and entry error rates of routine health data collected though paper,
electronic and other possible means in developing countries.

5. Conclusion
Using well-designed electronic forms significantly improved
data completeness by 8% when compared to paper records. With
minimal training and supervision, and without any incentives and
penalties, primary health care workers proved they were able to
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Summary points
What was already known?

• Mobile phone based application are considered by many as
potentially useful for data collection in particular voice and
SMS  based application.

• Electronic forms on mobile phones were mainly tested and
used for one-time survey or surveillance purposes.

What this study has added?

• Electronic forms significantly improved the completeness of
routine patient data collection.

• Health workers in Ethiopia were able to use electronic forms
for routine patient data collection with a very small error rate.

• Minimizing the number of questions requiring text responses
in electronic forms would be helpful in minimizing data
errors.

• Many  instances of incompleteness and error in electronic
forms seemed to arise from problems related with the health
system rather than the health workers themselves.

• A friendly and easy −to-use keyboard would be helpful to
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[

from a household survey in South Africa, BMC  Med. Inform. Decis. Mak. 9
minimize data errors when using electronic forms on smart-
phone.

se electronic forms for patient assessment and data collection
ppropriately and accurately with a very small margin of error.
iven that over 50% of errors in using electronic records pertained

o entering text values, and taking health workers’ language diffi-
ulties into consideration, we recommend other similar initiatives
o minimise the of use questions which require text responses in
lectronic forms. A friendly and easy-to-use keyboard would also
e helpful to minimize data errors when using electronic forms on
martphones.
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