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Abstract

One challenge of collecting socioeconomic data, such as data on time-use,
is recall biases. While time-use researchers have continuously developed new
methods to make data collection more accurate and easy, these methods are
difficult to use in developing countries, where study participants may have
low literacy levels and no clock-based concepts of time. To contribute to the
closing of this research gap, we developed a picture-based smartphone app
called Time-Tracker that allows data recording in real time to avoid recall
biases. We pilot tested the app in rural Zambia, collecting 2,790 data days. In
this article, we compare the data recorded with the app to data collected
with 24-hours recall questions. The results confirm the literature on recall
biases, suggesting that using the app leads to valid results. We conclude that
smartphone apps using visual tools provide new opportunities for research-
ers collecting socioeconomic data in developing countries.
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Introduction

One major challenge of collecting data through surveys is recall biases, and
there is strong evidence that recall biases can be substantial with regard to
time-use (Chatzitheochari et al. 2017; Juster and Stafford 1991; Juster et al.
2003; Kan and Pudney 2008). In developing countries, time—use research is
particularly challenging because study participants may have high rates of
illiteracy and populations may lack clock-based concepts of time (Harvey
and Taylor 2000; Kes and Hema 2006). In light of these challenges, time—
use research in developing countries has often been neglected, which makes
it difficult for governments and development practitioners to prioritize and
design development programs and policies and to measure their effects. In
contrast, time—use researchers working in developed countries have long
focused on developing methods to collect more accurate time—use data.
Recognizing that recall periods beyond two days lead to unreliable data,
time—use researchers have considered daily time—use diaries to be the gold
standard (Chatzitheochari et al. 2017; Juster et al. 2003). However, such
time—use diaries are burdensome to fill and the administrative and process-
ing costs are high (Chatzitheochari et al. 2017). This has led to calls for
better time—use methods, potentially using electronic devices (Chatzitheo-
chari et al. 2017; Minnen et al. 2014; Paolisso and Hames 2010; Seymour
et al. 2017).

Following these calls, several research groups have developed app-based
time—use diaries (Chatzitheochari et al. 2017; Fernee and Sonck 2014;
Runyan et al. 2013). While these efforts have shown the potential of using
smartphone apps for time—use research, these text-based apps are not appli-
cable for research in developing countries. One noteworthy exception that
aims to address the challenges of time—use researchers in developing coun-
tries is Masuda et al. (2014) who test piloted a pictorial diary set in Ethiopia.
This set contains a book with a grid, activity stickers, and a clock, which
beeps every 30 minutes. When the clock beeps, participants place a sticker
in the book that reflects their then current activity. While being accessible
for people with low or no literacy and without clock-based concepts of time,
this method still seems cumbersome, and it does not allow for capturing
simultaneous activities, which may, given the of 30-minute interval, con-
sequently provide inaccurate data.

To sum up, time—use researchers in developing countries lack suitable
data collection methods and, therefore, reliable data. To address the lack of
suitable methods, we developed a picture-based smartphone application
called Time-Tracker that allows study participants to record time-use in
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Table |. Advantages and Disadvantages of Methods to Collect Time—use Data.

Surveys Surveys Diaries Observations Apps

Criteria (Seasonal) (Weekly) (Daily/Weekly) (Real Time)  (Real Time)
Recall bias High Medium/high  Low No Low
Social desirability Yes Yes Yes Yes Low

bias
Costs Low Medium/high® Low High Medium
Respondent Low Medium High Medium/high  Low/medium

burden

?Depending on whether questions are asked by phone or face-to-face (Arthi et al. 2018).

real time to avoid recall biases. The app can be combined with pop-up
questions, a feature that we used to ask questions on quantity and quality
of food consumed.

We used the app in Eastern Province of Zambia to collect approximately
2,790 data days on the time-use of farm families throughout an entire
farming season. This was done as part of a larger study assessing the
impacts of agricultural mechanization on intrahousehold labor allocation.
This study was done because agricultural mechanization has received
renewed attention in many developing countries (Daum and Birner 2017).
However, the effects of mechanization on labor are ambiguous. The
mechanization of activities that tend to be done by men, such as land
preparation, may lead to land expansion and thereby a higher labor burden
for nonmechanized activities that tend to be done by women, such as
weeding.

We compared the data collected with the app, which we used as a bench-
mark, with answers from 24-hour recall questions. This comparison allowed
us to explore how and why recall biases differ for different activities and for
different household members. In brief, this article aims to contribute to the
development of much needed methods to collect more accurate time—use
data in developing countries.

Methodological Considerations

Data collection methods time—use researchers can adopt, including their
advantages and disadvantages, are summarized in Table 1. They are further
discussed in subsequent sections with a specific focus on their suitability for
developing countries. Table 1 also depicts the expected advantages and
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disadvantages of using smartphone apps for collecting time—use data, such
as the one introduced in this article.

Weekly and Seasonal Surveys

Most time—use studies rely on household surveys using recall questions
such as: How much time did you spend last week/last farming season doing
X? Using household surveys is inexpensive and allows for large sample
sizes. However, the answers to survey questions “typically prove wide off
the mark™ (Juster and Stafford 1991: 482). Several aspects contribute to
this, some of which are general problems and some of which are more
pronounced in developing countries.

In general, study participants overestimate activities that are socially desir-
able and underestimate activities that are nondesirable and activities that they
or the society do/does not perceive as work (Hofferth 1999; Juster and Staf-
ford 1991; Juster et al. 2003). This is one reason why the length of activities
may be reported differently by men and women. For example, Bianchi et al.
(2012) found that men overestimate their contribution to household work by
70% in the United States. Study participants frequently overestimate second-
ary activities such as childcare (Juster et al. 2003). There is no clear agree-
ment about whether sporadic activities are underestimated (Juster et al. 2003)
or not (Menon 1993). The role of the intensity of different activities has not
been studied much but may play role as well (Jodha 1988). There is a
consensus that regular and externally structured activities, such as office
work, have low biases (Juster et al. 2003).

Some of the challenges mentioned are more severe in developing coun-
tries, with regard to agriculture, for the following reasons. First, study
participants may lack a clock-based concept of time. Second, compared
to people from developed countries, people from developing countries tend
to have less-structured days, which makes recalling time-use more difficult
(Arthi et al. 2018). Third, the seasonality of farming may have effects on the
perception of time spent on activities that are performed highly irregularly
(Arthi et al. 2018). In view of these challenges, it is problematic that rural
livelihood surveys frequently use postharvest recall questions that cover the
entire farming season.

Arthi et al. (2018) found that Tanzanian farmers report a work time that
is four times higher when asked via a postharvest instead of a weekly
survey, which suggests that the long-standing debate on whether small or
large farms are more efficient and thus whether agricultural development
should be based on small or large farms (Collier and Dercon 2014; Larson
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et al. 2014) may be based on unreliable data. One reason for the over-
estimation of farm labor may be that postharvest recall questions force
study participants to make “cognitively taxing calculations which result
in labour inferences that appear to be based on recent rather than represen-
tative experiences” (Arthi et al. 2018:19). They also speculate that, in view
of the harvest produced, labor can be overstated during good harvests and
understated during bad harvests. Another problem is that agricultural sur-
veys are often designed to be answered by the “household head” who may
underestimate the work contribution of his or her kin.

Using weekly recall questions does substantially reduce the recall
biases associated with household surveys (Arthi et al. 2018). However,
they still do not meet the implicit standard of time—use researchers who
argue that recall period beyond two days leads to unreliable data. Also,
weekly data collection may be associated with high costs unless study
participants are contacted by phone, which may lead to excluding study
participants without phones.

Usually, comparing recall data is difficult because not only are different
types of activities recalled as having lasted different times they are also
recalled differently by different genders, social groups, and people from
different countries with different familiarities with clock-based concepts of
time. This makes intrahousehold comparisons of time-use very difficult. It
also makes comparisons between different social groups challenging, for
example, farmers and pastoralists, or Germans and Ghanaians.

Time—Use Diaries

Studies may also use time—use diaries in which study participants fill out
24-hour time grids that are divided into 15- or 30-minute slots either freely
or using precoded activities. Time—use diaries are considered the most
reliable and accurate data collection method, as they are less prone to recall
problems as well as social desirability bias (Chatzitheochari et al. 2017;
Juster et al. 2003; Paolisso and Hames 2010). It has been argued that time—
use diaries are “the only valid measurement of time-use, and less expensive
substitutes are substantially lower quality and have systematic biases”
(Juster and Stafford 1991:482).

However, time—use diaries involve text-based questions and are burden-
some to complete (Chatzitheochari et al. 2017). Therefore, diaries are not a
viable option for developing countries unless they are filled with the help of
interviewers, which may lead to biases. An exception is the above-described
pictorial time diaries used by Masuda et al. (2014). While the use of pictures
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allows low-literacy and illiterate participants to use these diaries, they are
still cumbersome to fill. In addition, they are based on 30-minute slots,
which may affect study participants to underreport activities that are regu-
larly performed throughout the day but are shorter than 30 minutes each
time they are performed (Chatzitheochari et al. 2017; Kelly et al. 2015).

Direct Observations

Direct observations can eliminate recall biases and address the illiteracy
problem (Kes and Hema 2006; Paolisso and Hames 2010); however, direct
observations are expensive and thus reduce potential sample sizes (Harvey
and Taylor 2000; Kes and Hema 2006). Assuming that a trained research
assistant costs US$30/day (working maximum of eight hours/day), the cost
of observing 2,790 days (the number of days recorded in this study) would
have been US$167,000 (not including the costs for organization, cars, and
accommodation). In addition, the observer’s presence may affect the beha-
vior of the observed, the so-called Hawthorne Effect (Kes and Hema 2006;
Paolisso and Hames 2010).

Method

Incorporating strengths of some of the abovementioned time—use methods
while overcoming some of their challenges, we developed an open-source
smartphone app called Time-Tracker (the code can be accessed through
https://github.com/HannesBuchwald/TimeTracker), which allows study par-
ticipants to record data themselves. To ensure that study participants can
easily record and capture the social context of the study area, the app was
developed in close collaboration with farmers. To guarantee that populations
with low or no literacy can participate, the app works only with pictures; data
recording was designed to be as simple as possible to allow study participants
with no experience with mobile phones or smartphones to effectively and
easily use the app and to make sure that study participants do not develop
“entry fatigue,” losing the motivation to carefully record data. Figure 1 shows
the main screen of the app, which displays pictures of 88 typical daily
activities that we selected and designed together with the local population.
To start recording an activity, study participants click on the respective
picture (e.g., hand hoeing): up to three activities can be recorded at the same
time to capture simultaneity (e.g., hand hoeing and caring for a baby). To
stop recording an activity, the participant clicks on the respective picture
again. Activities are thus recorded in real time, which reduces recall biases.
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Figure |. The data entry screen (left). The screen on the right allows study par-
ticipants to see the recorded data. The researchers can activate a hidden button and
correct potential mistakes.

Activities participants are performing at that moment are displayed on top
of the screen.

The study participants can also indicate whether the work was done on their
own field or on the field of others as agricultural laborers (with a triple click on
the respective drawing). However, some study participants had difficulties
with this mechanism. The research team, therefore, frequently cross-
checked with the participants whether work was done on the field of others.

In addition to time—use data, study participants can record food intake.
To make this possible, we designed a plug-in that opens when the activity
“eating and drinking” was terminated. Study participants are then shown
four differently filled plates to record the quantity of food consumed. After-
ward, they are shown different food groups (e.g., cereals, roots, and vege-
tables), which allows them to indicate the diversity of the food they ate.

Before study participants used the app, we introduced them to it. First,
we practiced the use of touch screens; then, we clarified questions about the
pictures. Moreover, the study participants practiced using the app with the
help of explanatory stories. For example, using their local language, they
were told to record the following story using the app: “Christian goes to the
field to hoe while listening to the radio; one the way back, he uses the
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bicycle of a friend. After reaching home, he eats vegetables and nshima” (a
maize dish in Zambia).

The participants were given a smartphone with the app for the data-
recording period. We lent them a smartphone to avoid selection biases,
which would have occurred if we had only selected study participants who
already owned a smartphone. We used 50 smartphones costing US$90 each,
which allowed us to work with 45-48 respondents at a time. In total, the
costs of developing and administering the app were around US$40,000
(including the smartphone costs). Thus, each collected datum cost US$13.4.

The smartphones were configured, so that only the time—use app could
be used. Blocking other smartphone functions was done to ensure that
smartphone use did not alter daily routines of the participants. The blocking
had two positive side effects. First, it may have reduced any temptation to
“lose” the smartphone. Second, the blocking enabled only the app to run,
which extended the battery life up to five days. When the battery level was
below 50%, we distributed power banks.

To ensure that the smartphones worked properly, the research team made
daily random checks. This approach also allowed the team to double-check
whether study participants recorded the activities that they actually per-
formed and to help participants manually enter activities that they may have
forgotten. These corrections were possible through a second screen of the
smartphone app, which is shown in Figure 1. Data recording and submission
were done off-line, and after the recording phase, the research team
uploaded the data from the smartphone to a laptop using a local Wi-Fi
network. The participants received small gifts such as caps and fabrics as
appreciation for their participation in the study.

Study Site and Sampling

The study was conducted as part of a larger research project that aimed at
assessing the effects of agricultural mechanization in Eastern Province of
Zambia. For this, we had used a two-stage sampling procedure to select 62
farm families with different mechanization levels based on the population
of the nationally representative Rural Agricultural Livelihood Survey. The
households were located across four different communities, all of which
have been dominated by smallholder farmers. On average, farmers cultivate
2.3 hectares—mainly maize but also cotton, sunflower, groundnuts, and
tobacco. Farming is characterized by a short rainy season and an extensive
dry season. Most of the farming activities are done manually (1% of the
households use, own, or hired mechanical power for land preparation and
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Table 2. Sample Characteristics.

Variable Mean
Sample size 62
Household size (members) 7.1
Age male (years) 474
Age female (years) 39
Age app using child (years) 15.6
Education level 8.9
Land size cultivated (hectares) 5.2
Farm income US$1,532
Note: Education levels range from | = first grade to 20 = master degree.

57% use animal traction). Land and labor productivity is low, and 90% of
the rural population live on less than US$1.25/day (all above from Indaba
Agricultural Policy Research Institute 2016). Table 2 shows selected sam-
ple characteristics. In each of the selected households, the head of the
household, one spouse, and one child (alternating between boys and girls)
were trained to use the smartphone app. After the training, data were col-
lected at five different stages during the 2016-2017 season: land prepara-
tion, planting, weeding, harvesting, and processing. At each point,
households recorded their time-use for three days.

This study focuses on the last two stages, harvesting and processing.
During these stages, study participants were also asked 24-hour recall ques-
tions after the last day of using the smartphone app. Twenty-four-hour recall
questions made it possible to compare data recorded with the app to data
elicited from recall questions. The recall questions asked were about major
time—use categories such as farming or household chores (giving clear
examples of different time—use categories). To reduce potential “adding
up” problems, the day to be recalled was split into five time—use intervals.

Results

All sampled household members were able to use the app, which indicates
that the use of a well-designed and explained smartphone app for data
collection does not lead to selection bias. Figure 2 shows the average age
of study participants. The wide range of study participants (from seven to 92
years) suggests that all age-groups can use the Time-Tracker. Also, parti-
cipants with low or no literacy were able to use the app as well as study
participants who had no prior exposure to smartphones.
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Figure 2. Age distribution of participants.

Table 3. Percentage of Data Entered/Changed by Enumerators.

Data Collection Data Entered/Corrected by Research Team because
Rounds Participants Forgot Entering or Clicked Wrong Activity (%)
Land preparation 0.6

Planting 0.8

Weeding 0.7

Harvesting 29

Processing 23

Our experiences suggest that study participants enjoyed working with
the app, handled the smartphones with care, and took data recording very
seriously. The data collected with the smartphone app appear to be of high
quality and this can be seen from Table 3, which indicates that only a small
percentage of the data had to be entered or corrected by the research team
who supervised data collection.

Table 4 shows an example of a typical data day, showing both the time-
use and food intake. During the entire data collection phase, only one
smartphone disappeared and one accidently cracked, but still worked.

Table 5 compares durations of different time—use categories recorded by
participants using the app and as they are recalled the next day. The differ-
ences indicate the magnitude of recall biases of 24-hour recall questions.
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Table 5 shows that some activities are recalled as lasting significantly
longer (overestimated) compared to the time recorded with the smartphone
app. For example, farming activities are recalled as having lasted between
29% and 47% longer. Of activities perceived as lasting significantly shorter
(underestimated), social life activities, which were recalled as lasting
45-54% less than the app-recorded time, had the biggest difference.

Table 6 combines rounds I and II but splits the study participants into
different categories (males, females, and children). It shows that activities
such as farming, household chores, and social activities are gendered. Table
6 suggests that different respondent groups recall different activities with
differing accuracies. For example, construction seems to be well recalled by
females and children but recalled as lasting much longer than app-recorded
time by males. Males did recall their contribution to household chores
rather accurately, whereas, surprisingly, women did not.

We also analyzed the time—use difference, treating the difference between
recall estimates and app-recorded data as a measurement error in recall data.
These errors are normally distributed for all time—use categories. We tested
whether the measurement error in recall data is significantly correlated with
age and education but found no evidence (see Figure 3).

In the Online Supplemental Material, we indicate the accuracy of recall
data both graphically and by reporting the mean squared standard deviation
(MSD) around the 1:1 line for different demographic characteristics (male,
female, and children). As suggested by Gauch et al. (2003), we separated
the MSD into three categories to obtain a deeper understanding into recall
accuracy: squared bias, showing translation; nonunity slope, showing rota-
tion; and lack of correlation, showing scatter. We also graphically indicated
whether the magnitude of errors vary systematically with the size of recall
estimates. The results suggest that the longer an activity’s duration was
recalled, the more likely participants overestimated the activity’s duration,
which was the case for all time—use categories (not only the ones shown
here). This observation seems more pronounced with regard to farming and
household chores (a and b) than social life (c).

Discussion
Comparative Advantage over Existing Methods

The Time-Tracker combines advantages of existing time—use data collec-
tion methods and overcomes their respective disadvantages. The app allows
study participants to record time-use in real time, which reduces the recall
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biases associated with household surveys. Using pictures, the app over-
comes the text hurdle of existing paper and electronic time—use diaries.
Also, the smartphone app has overcome some drawbacks of the pictorial
diary sets of Masuda et al. (2014) described above: Instead of recording
activities based on a 30-minute time slot, which inevitably introduces inac-
curacies, especially for tasks that last less than 30 minutes, data recording
with the smartphone app is straightforward and can be done in real time. We
found that the study participants recorded data with great care and accuracy.
We also found that the use of a smartphone app did not lead to selection
bias, as all members of all sampled households were able to use the app.
This suggests that well-designed smartphone apps may be used by time—use
researchers to collect data in developing countries.

The Role of Recall Biases

To validate the data collected with the Time-Tracker, we compared the data
recorded using the app with data collected through widely used 24-hour recall
questions. We find that regular and uniformly structured activities such as
going to school are recalled as lasting the same time as recorded with the
smartphone app. This also validates that the data recorded with the app are
accurate. Confirming existing literature, we find that the length of socially
desirable (and arduous) activities, such as farming, is overstated. This con-
firms Arthi et al. (2018), who found that reported farm labor decreased by a
factor of four when the recall period was reduced from postharvest data
collection to weekly data collection. Our results (moving from 24-hour recall
questions to real-time data) suggest that actual working time may even be
lower. This implies that the labor productivity of farm households may be
much higher than commonly estimated based on recall studies.

We found that, similar to farming time, the duration of care activities
was reported to be longer than the duration from recall questions. This could
partly be explained by findings in the literature, which suggest that dura-
tions of secondary activities, such as care taking, are often overestimated
(Juster et al. 2003). However, study participants may not have recorded all
care activities, especially when they lasted only short periods of time.
Confirming Hofferth (1999) and Juster et al. (2003), we find that recalled
durations of social life activities are significantly shorter than durations
recorded with the app. The reason to understate the duration of such activ-
ities may be that study participants perceive these activities to be less
desirable by society. Interestingly, male household members were not
found to overestimate their contribution to household chores, a contrast
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with the findings of Bianchi et al. (2012) from the United States. Poten-
tially, the difference is due to the fact that household chores are not seen as
desirable for males in Zambia.

Limitations and Directions for Future Research

It is important to note that the time—use difference reported may be under-
estimated because the study participants, who had used the Time-Tracker
the previous days, were already sensitized about time-use during recall
questions. To avoid the inherent difficulty of comparing two data collection
methods at the same time, one would need to conduct a randomized control
trial as done by Arthi et al. (2018).

By using the Time-Tracker at various times of the farming season, we
were able to capture seasonality. However, data recording only at specific
(even if well-chosen) points of time does not make it possible to extra-
polate the data over the entire farming season. For example, a participant
may weed her fields 120 minutes/day for 15 days (a total of 1,800 min-
utes), whereas another may weed her fields 90 minutes/day for 30 days (a
total of 2,700 minutes). Looking at specific data points (such as one day),
one may wrongly conclude that the second participant works less. Data
collection using a postharvest questionnaire would capture the difference
in days weeded, but since it is based on recall questions, this information
may be inaccurate. This implies a need for further research to find ways to
collect data over extended periods of time while ensuring that study par-
ticipants do not develop a fatigue. One solution may be gamification of the
app, making app usage more attractive by using game-design elements, or
allowing study participants to collect airtime credits. Furthermore,
research can aim to find ways to better extrapolate data for the entire
farming season.

There are additional ideas on how to further improve such smart-
phone applications. So far, similar to most time—use research, the Time-
Tracker does not capture the intensity of efforts. This shortcoming could
be addressed by combining the app with fitness trackers. Also, the
Time-Tracker does not indicate whether activities are perceived as
enjoyable; absence of this function can be improved by asking partici-
pants whether they enjoyed the activity with the help of pop-up win-
dows (similar to Fernee and Sonck 2014). Thinking some steps ahead,
data collected with smartphone apps may be validated using cameras
and built-in sensors.
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Recommendations

While we recommend using smartphone apps for time—use researchers in
developing countries, several aspects need to be kept in mind. First, the app
design as well as the selection and drawing of the illustrations need to be done
in close collaboration with study participants. Second, when introducing the
app, it is important to consider the role of village authorities, social dynamics,
and beliefs. For example, it is key to explain how participating households are
selected to avoid social tensions. Third, it is important to have sufficient
training on how to handle smartphones and the app.

Conclusion

While time—use researchers have been continuously developing more accu-
rate and user-friendly methods to collect time—use data, these efforts have
been largely restricted to the developed world. This skewness has resulted
in a lack of methods that could be adopted to collect time—use data in
developing countries where study participants may have low literacy levels
and no clock-based concept of time. In this article, we presented a picture-
based smartphone app that allows researchers to collect time—use data with
high precision in developing countries. The results suggest that well-
tailored smartphone apps that use visual tools provide new and much
needed pathways for time—use researchers working in developing countries.
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