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Survey of airflow obstruction in two
African countries: paper questionnaire
versus mobile phone technology
A R Isara, N C Onyeagwara, H Lawin, I Irabor, C Igwenyi, and L Kabamba

Abstract

The objective of this study was to determine the
prevalence of airflow obstruction and associated risk
factors among study participants. Data were collected
and compared using a paper questionnaire and mobile
phone technology. The pilot study was carried out
among adult residents of two communities in Nigeria and Benin Republic. A paper questionnaire and a
mobile phone containing the same information were
used to interview the respondents with spirometry
testing between the two interviews. Data collected were
analysed using SPSS version 16. Kappa statistics was
used to test the agreement between the data collected
using the paper questionnaire and the mobile phone.
One hundred respondents comprising of 56 males and
44 females, with a mean age of 45.4±16.8 years participated in the study. Fifteen selected variables showed
varying levels of agreement ranging from slight to
perfect agreement between data collected using the
two methods. The respiratory symptoms identified
were cough (18%), phlegm (18%), wheeze (8%), and
shortness of breath (30%). Wood was the major type
of fuel used for cooking by the respondents (59.0%).
Only 42 spirograms passed quality control and only
2 (4.8%) showed features of airflow obstruction. The
study revealed that there was an agreement between
data collected using mobile phones and the traditional
paper questionnaire. The prevalence of risk factors for
airflow obstruction was high among the respondents.
We recommend that the use of mobile phones in data
collection should be promoted and employed in largescale surveys in all developing countries of the world.
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Introduction

The use of electronic devices as a method of data collection instead of the traditional paper and pencil method
has recently been on the increase.1 There are a plethora
of devices suitable for electronic data capture (EDC),
ranging from a personal tablet computer, portable digital assistant (PDA), net book, and more recently mobile
phones.2 A major advantage of these methods is that data
become readily available after collection in the field, and
evaluation of the study status, review, and analysis of
data can be done in real-time; it has been found to be an
inexpensive and easy means of collecting information.3
For decades, clinical research studies have been conducted by collecting data with paper questionnaires,
which are subsequently entered into a database to create electronic records.4 Although well established, this
method is time-consuming and errors are frequent, storage costs are prohibitive, and the costs of double data
entry are high. Methods of EDC have been developed
in order to merge the process of data collection and data
entry.4 Compared with the traditional process that relies
on paper forms with subsequent transcription to a computer system, electronic devices are used to collect data
in a digital format at the point of survey. This allows for
fast and automated data aggregation. There are numerous devices suitable for EDC. Handheld devices such
as PDAs, and recently mobile phones, are increasingly
being used instead of paper and pencil methods of data
collection,4,5 improving the efficiency and effectiveness
of data collection in resource-poor environments.5
Sixty-four per cent of mobile phones are being used
in the developing world where there are more mobile
than fixed lines. According to the International Telecommunications Union, the continent of Africa has about
280 million telephone subscribers, of which some 260
million (over 85%) are mobile cellular subscribers. This
means that in Africa, mobile users account for 83–85%
of telephone subscribers, a higher proportion than any
other region in the world.6 In South Africa for example,
there are approximately 36.4 mobile phones per 100
population,7 even in remote rural areas.8
The use of mobile technology as a research instrument
is in its infancy in developing countries, and only a few
studies have investigated the use of mobile phones as a
data collection tool,9 compared with some more developed countries where studies have investigated mobile
phones as a data collection tool for research and also
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as a means of improving outcomes in patient management.10–14 A demonstration project in Peru showed that
a cell phone-based system could be used to collect realtime data on adverse events occurring during the course
of a randomised trial.15
In a study to compare the completeness of data collection using paper forms versus electronic forms loaded
on handheld computers conducted within the American Academy of Family Physicians National Research
Network, the researchers concluded that handheld
computers produced more complete data than the paper
method for the returned forms, and the amount of missing data could be significantly reduced by using tablet
computers or cell phones linked via a wireless network
directly to a website.2
The aim of this study was to assess the agreement
between data collected using paper questionnaire and
mobile phone technology and also to determine the prevalence of airflow obstruction and associated risk factors
among the study participants in the two African cities.

Materials and methods

Study sites
This population-based cross-sectional study was carried
out simultaneously in August 2012 in Edaiken Community, Uselu, Benin City, Nigeria and Agongo village
in Kpodji municipality, about 25 km from Cotonou,
Republic of Benin.
Ethical approval for the study was obtained from the
Ethics and Research Committee of the University of Benin Teaching Hospital, Benin City, Nigeria and Comité
d’Ethique de la Recharche CER-ISBA, Benin Republic.
Verbal informed consent was also obtained from the
community leaders of the respective communities and
from the study participants
Study participants
These comprised adults aged 18 years and above who
consented to participate in the study. Pregnant women
and those with contraindications to spirometry (recent
or current pneumothorax, hemoptysis, recent abdominal
or eye surgery, unstable cardiovascular status, e.g. aneurysm, recent heart attack, raised blood pressure above
180/100 mmHg, pulse rate above 100 beats per minute)
were excluded from the study.

Data collection and quality control

A selected section of the BOLD questionnaire that applies to our study was used by trained investigators to
obtain the following information from the respondents:
socio-demographic data, respiratory symptoms, and
risk factors for airway obstruction. The questionnaire
was prepared in the paper form and the same information was coded in a mobile phone using episurveyor
software designed by DataDyne. The study participants
were interviewed using the paper questionnaire and the
same questionnaire administered using a mobile phone.
14
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Spirometry was carried out in-between completion of the
two questionnaires; however, the order of administration
of either the paper questionnaire or the mobile phone
was randomly assigned. In preparing for spirometry,
the environment was monitored and ambient conditions
were within accepted ranges. Forced expiratory volume
in 1 minute (FEV1) and forced vital capacity (FVC) were
measured using the Alpha Vitalograph spirometer with
serial numbers AL 015582 and 60201 for the Nigerian
and Benin Republic sites respectively. A minimum of
three and a maximum of eight acceptable and repeatable forced expiratory manoeuvres were done seated
and upright according to ATS/ERS 2005 and SANS 451
criteria. Airflow obstruction was defined by FEV1/FVC
< 70%. Post bronchodilator (using salbutamol inhalation)
spirometry was done for those with airflow obstruction.
All test results were emailed to a specialist in spirometry
for quality assurance review.
Statistical analysis
Data analysis was carried out using SPSS version 16
statistical software. An initial one-way analysis was
conducted to assess the distribution for each variable.
Continuous variables were summarised using means
and standard deviations for normally distributed variables and median for non-normally distributed variables.
Kappa statistics was used to test the agreement between
the data collected using the paper questionnaire and the
mobile phone. The level of agreement based on the value
of the Kappa statistics was graded as follows:16
• <0, less than chance agreement;
• 0.01–0.20, slight agreement;
• 0.21–0.40, fair agreement;
• 0.41–0.60, moderate agreement;
• 0.61–0.80, substantial agreement;
• 0.81–0.99, almost perfect agreement;
• 1.0, perfect agreement.
A p-value of less than 0.05 was considered statistically
significant.

Results

One hundred respondents (50 in Benin City, Nigeria and
50 in Agongo, Benin Republic) participated in the study.
Table 1 shows the socio-demographic characteristics of
the respondents. Their mean age was 45.4±16.8 years
with a higher proportion 26 (26.0%) of them in the age
group 31–40 years. Only 7% of them were aged more
than 70 years. More than half of the respondents (56.0%)
were males with a normal body weight (BMI of 18–25)
The respondents who were overweight constituted 44%.
Overall, the majority of respondents had some form of
formal education, with a higher proportion 35 (35.0%)
having secondary education. Twenty-three percent of
the respondents had no formal education.
The level of agreement between the data collected using paper questionnaire and mobile phones is shown in
table 2. The 15 selected variables showed varying levels
Vol 8 No 2 March 2013

Original Article
Variables

		

Frequency

Percent

Age group in years
(Mean 45.4±16.8 years)
20–30					
31–40
		
41–50					
51–60					
60–70					
>70				

18			18.0
26			 26.0
16			
15.0
19			
19.0
14			
14.0
7			 7.0		

Sex
Female				
Male 					

44			
44.0
56			
56.0

Body mass index
18–25					
>25					

56			
56.0
44			
44.0

Educational status
None					
Primary				
Secondary				
Tertiary 				

23			
23.0
31			
31.0
35			
35.0
11			
11.0

Table 1 Socio-demographic characteristics of respondents
Variables		

Kappa

p-value

Interpretation

						
(agreement)
Socio-demographics
Gender			
Height			
Weight			
Body mass index		
Symptoms
Cough			
Wheezing			
Phlegm			
Shortness of breath		
Covariates
Smoking 			
Dusty job			
Use of drugs to improve
breathing
Co-morbidities
Heart disease		
Hypertension			
Stroke			
Diabetes 			

1.000
1.000
0.960
0.960

0.0001*
0.0001*
0.0001*
0.001*

Perfect
Perfect
Almost perfect
Almost perfect

0.503
0.157
0.278
0.560

0.0001*
0.220
0.026*
0.001*

Moderate
Slight
Fair
Moderate

0.740
0.120
0.261

0.0001*
0.068
0.005*

Substantial
Slight
Fair

0.658
0.540
0.020
1.000

0.0001*
0.0001*
0.888
0.001*

Substantial
Moderate
Slight
Perfect

*Statistically significant

Table 2: Kappa analysis of agreement between data
collected using paper questionnaire and mobile phone

of agreement. Three variables (gender, height and diabetes) showed a perfect agreement, two variables each
(BMI (body mass index) and smoking and heart disease)
showed almost perfect agreement and substantial agreement respectively. Three variables (cough, shortness of
breath, and hypertension) showed moderate agreement,
two variables (phlegm and use of drugs to improve
breathing) showed fair agreement while a slight agreeVol 8 No 2 March 2013

Variables

		

Frequency

Respiratory symptoms		
Cough				18		
Phlegm				
18
Wheeze				
8
Shortness of breath 			
30

Percent
18.0
18.0
8.0
30.0

Covariates
Smoking				
10
10.0
(Median duration 15 years)
Dusty job				33		 33.0
(Median duration 5 years)
Indoor smoke			
71		
71.0
(Median duration 20 years)
Fuel type
Wood					59		 59.0
Charcoal 				39		 39.0
Kerosene stove 			
33		
33.0
Gas					
6		
6.0

Table 3 Respiratory symptoms and factors that may
contribute to airflow obstruction among the respondents

ment was shown by three variables (wheezing, dusty
job, and stroke). The agreement in 12 (86.7%) variables
was statistically significant. The agreement in the three
variables that showed slight agreement was not statistically significant (p = 0.220, 0.068 and 0.888 respectively).
The assessment of the presence of respiratory symptoms
and factors that may contribute to airflow obstruction
among the respondents revealed that 18% had cough,
18% had phlegm, 8% had wheeze while 30% had shortness of breath (see Table 3). The majority (71.0%) of the
respondents have been exposed to indoor smoke (median
duration of 20 years), one third of them (33.0%) had also
worked in a dusty environment (median duration of 5
years) while only 10% of the respondent had ever smoked
tobacco (median duration of 15 years). Wood was the
major type of fuel used for cooking by the respondents
(59.0%). This was followed by charcoal (39.0%) and kerosene stove (33.0%) while only 6.0% used gas for cooking.
Out of the 100 spirograms in this study, only 42 passed
quality control and among these, only 2 (4.8%) showed
features of airflow obstruction.

Discussion

The level of agreement displayed by the data collected
using the mobile phone and the paper questionnaire in
this study was encouraging. All the variables reviewed
showed some form of agreement. This was consistent
with the findings of a study carried out to evaluate the
feasibility of collecting repeated measures of Physical
Activity Level (PAL) through a Java-based questionnaire downloaded onto cell phones compared to the
traditional paper questionnaires.17 It was not surprising
that variables like gender and height showed perfect
agreement because they are unlikely to change among
the study participants irrespective of the method used
in collecting the data. This also validated the results
of agreement obtained for other variables because the
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agreements of variables ranging from fair agreement to
perfect agreement were statistically significant while
only the variables which showed slight agreement were
not statistically significant. However, a limitation in this
study was the fact that it was not possible to ascertain the
source of the differences for the variables which showed a
weaker agreement, whether it came from the information
given by the study participants during the interview or
the entry of the information by the interviewers.
The relative ease with which the data were collected
using the mobile phones in this study gave credence to
the fact that this technology can be adopted for largescale studies. This was consistent with the finding of
a household survey in South Africa.5 Also, the mobile
phone data were uploaded into the DataDyne database
immediately after collection and this made it possible
for the data in both study sites to be viewed and compared in real time, as has also been shown in a study in
Peru.15 This further demonstrates the fact that mobile
phone technology can be used effectively to collect
data in large-scale, multi-centre studies like the burden
of obstructive lung disease (BOLD) studies in the West
African sub-region.
The age distribution of the respondents in this study,
in which only 7% were aged above 70 years, was typical
of developing countries. The finding of a higher proportion of the study participants with normal body weight
could be as a result of the location of the study sites. The
Nigerian community was a sub-urban community while
in Benin Republic the community was a rural one and so
it was unlikely for the residents of these communities to
adopt more affluent lifestyles, such as eating from fast
food restaurants, that will predispose them to either
overweight or in extreme cases obesity.
This study revealed a low prevalence of respiratory
symptoms of cough, wheeze and phlegm among the study
participants. Only the prevalence of shortness of breath
was as high as 30%. This is in contrast with previous
studies which have reported that prolonged exposure
to wood smoke predisposes to respiratory tract infections.18-20 This result was, however, surprising because
of the high prevalence of factors that could predispose
to respiratory symptoms in the study sites. For example,
it was observed that the majority of the respondents had
been exposed to indoor smoke with a median duration
of 20 years and wood, charcoal and kerosene stove were
the predominant fuel used for cooking by the respondents. Also, one third of the respondents had worked
in a dusty environment (median duration of 5 years).
Therefore, the low prevalence of respiratory symptoms
could either be as a result of the small sample size of
this study or the fact that the majority of the particulate
matter inhaled by the respondents are probably inhalable
and not respirable particulate matter. This could also
be the reason why only 4.7% of the respondents in this
study had features of airflow obstruction in spirometry,
although, a limitation of this study is the fact that only
42% of the spirograms obtained passed quality control.
16
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In conclusion, this pilot study revealed that there
was an agreement between data collected using mobile
phones and data collected from the traditional paper
questionnaire. The prevalence of risk factors for airflow
obstruction such as exposure to indoor smoke and
dusty jobs were high among the respondents. However,
the prevalence of airflow obstruction was low among
the study participants. We recommend that the use of
mobile phones in data collection should be promoted
and employed in large-scale surveys in Nigeria, Benin
Republic and other developing countries of the world.
Acknowledgement

We wish to thank the Director of the PATS MECOR, Prof. Sonia
Biust, the PATS MECOR course coordinator Dr Stephen Gordon, our mentors Dr Stephen McCurdy, Dr Kevin Mortimer, Dr
Bamidele Adeniyi, Lindsay van der Linden, and the entire PATS
MECOR family for their support and encouragement. We also
wish to thank DataDyne Group LLL, Prof. Benjamin Fayomi
the head of Unit of Teaching and Research in Occupational and
Environmental Health, University of Abomey Calavi, Republic
of Benin and the management of the University of Benin Teaching Hospital, Benin City, Nigeria for providing the enabling
environment for this study.

References

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

Garritty C, El Emam K. Who’s using PDAs? Estimates of PDA use by
health care providers: a systematic review of surveys. J Med Internet Res
2006; 8: 7.
Galliher JM, Stewart TV, Pathak PK, et al. Data collection outcomes comparing paper forms with PDA forms in an office-based patient survey.
Ann Fam Med 2008; 6: 154–60.
Shirima K, Mukasa O, Schellenberg JA, et al. The use of personal digital
assistants for data entry at the point of collection in a large household
survey in Southern Tanzania. Emerg Themes Epidemiol 2007; 4: 5.
Lane SJ, Heddle NM, Arnold E, Walker I. A review of randomized
controlled trials comparing the effectiveness of hand held computers with
paper methods for data collection. BMC Med Inform Decis Mak 2006; 6: 23.
Tomlinson M, Solomon W, Singh Y, et al. The use of mobile phones as a
data collection tool: A report from a household survey in South Africa.
BMC Med Inform Decis Mak 2009; 9: 51.
White D. Telecommunications: A dynamic revolution. Financial Times 2006.
Vodafone Policy Paper Series. Africa: the impact of mobile phones. Vodafone
Policy Paper Series, No 2. 2005.
Skuse A, Cousins T. Managing distance: rural poverty and the promise
of communication in post-apartheid South Africa. J Asian Afr Stud 2007;
42: 185–207.
Walther B, Hossin S, Townend J, et al. Comparison of electronic data
capture (EDC) with the standard data capture method for clinical trial
data. PLoS ONE 2011; 6: 25348.
Shapiro JR, Bauer S, Hamer RM, et al. Use of text messaging for monitoring sugar-sweetened beverages, physical activity, and screen time in
children: a pilot study. J Nutr Educ Behav 2008; 40: 385–91.
Cho JH, Lee HC, Lim DJ, Kwon HS, Yoon KH. Mobile communication
using a mobile phone with a glucometer for glucose control in Type 2
patients with diabetes: as effective as an Internet-based glucose monitoring system. J Telemed Telecare 2009; 15: 77–82.
Cocosila M, Archer N, Haynes RB, Yuan Y. Can wireless text messaging
improve adherence to preventive activities? Results of a randomised
controlled trial. Int J Med Inform 2009; 78(4): 230–238.
Piek J, Hebecker R, Schütze M, et al. Image transfer by mobile phones in
neurosurgery. Zentralbl Neurochir 2006; 67: 193–6.
Razdan S, Johannes J, Kuo RL, Bagley DH. The camera phone: a novel
aid in urologic practice. Urology 2006; 67: 665–9.
Curioso WH, Karras BT, Campos PE, et al. Design and implementation of
Cell-PREVEN: a real-time surveillance system for adverse events using
cell phones in Peru. AMIA Annu Symp Proc 2005: 176–80.
Viera AJ, Garrett JM. Understanding interobserver agreement: the Kappa
statistic. Fam Med 2005; 37: 360–3.
Bexelius C, Löf M, Sandin S, et al. Measures of physical activity using cell
phone: validation using criterion methods. J Med Internet Res 2010; 12: e2
Chen BH, Hong CJ, Pandey MR, Smith KR. Indoor air pollution in developing countries. World Health Stat Q 1990; 43: 127–38.
Perez-Padilla JR, Regalado-Pineda J, Moran-Mendoza AO. The domestic
inhalation of the smoke of firewood and other biological materials. A risk
for the development of respiratory diseases. Gac Med Mex 1999; 135: 19–29.
Kumar R, Nagar JK, Raj N, et al. Impact of domestic air pollution from
cooking fuel on respiratory allergies in children in India. Asian Pacific J
Allergies Immun 2008; 26: 213–22.

Vol 8 No 2 March 2013

