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Abstract: Researchers in bio-sciences are increasingly har-
nessing technology to improve processes that were tradi-

tionally pegged on pen-and-paper and highlymanual. The

pen-and-paper approach is usedmainly to record and cap-

ture data from experiment sites. This method is typically

slow and prone to errors. Also, bio-science research activ-

ities are often undertaken in remote and distributed loca-

tions. Timeliness and quality of data collected are essen-

tial. Themanualmethod is slow to collect quality data and

relay it in a timely manner. Capturing data manually and

relaying it in real time is a daunting task. The data col-

lected has to be associated to respective specimens (ob-

jects or plants). In this paper, we seek to improve specimen

labelling and data collection guided by the following ques-

tions; (1) How can data collection in bio-science research

be improved? (2) How can specimen labelling be improved

in bio-science research activities? We presentWebLog, an
application that we prototyped to aid researchers gener-

ate specimen labels and collect data from experiment sites.

We use the application to convert the object (specimen)

identifiers into quick response (QR) codes and use them

to label the specimens. Once a specimen label is success-

fully scanned, the application automatically invokes the

data entry form. The collected data is immediately sent to

the server in electronic form for analysis.
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1 Introduction
Advances in the agricultural industry have led to improve-

ment in addressing food production even as demand in-

creases. One of the ways to rapidly produce plants for food

and feed is micropropagation (a plant tissue culture ap-

proach used for producing plantlets in mass). Its a spe-

cialised and technicalmeans of propagating plants, requir-

ing an aseptic growth of sections of a plant tissue or organ

in a nutrient-defined culture medium within a controlled

environment [1]. The success ofmicro-propagation haswit-

nessed commercialisation of the process globally. Many

biotechnology processes require the use of in vitro micro-

propagation for a multitude of uses including rapid plant

multiplication, germplasm conservation, production of

pathogen-free plants, genetic manipulations, and for sec-

ondary metabolite production for vaccines and pharma-

ceuticals [2]. As such, continuous research to develop pro-

tocols for the tissue culture of different plant species is rife

and is fuelled by the specificity of the tissue culture proto-

cols which tend to be species and variety specific.

Developing a tissue culture protocol for any plant re-

quires a lot of experimental variations to decipher the

ideal culture conditions for individual tissues used in the

culture. Nutrients, plant growth regulators, explant type

(starting tissue), type of medium, light intensity, temper-

ature, pH, and humidity must all be considered in in-

dividual experiments. Several trials are setup and vast

amounts of data must be visually and manually collected

and recorded. Tracking the growing explant as it is mul-

tiplied several times from the mother plant requires pre-

cise and concise labelling skills which present a daunt-

ing task in a laboratory running different experiments. A

commercial tissue culture laboratory producing millions

of plantlets will spend immeasurable time collecting data

and formulating labels for individual plants.

The conventional way for data collection has been the

use of pen andpaper [3]. It is a preferredmethod for its sim-

plicity and minimal cost of initial implementation. How-

ever, this method is impractical for large studies associ-
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ated with several plant species and certainly for commer-

cial tissue culture laboratories. It is not only time consum-

ing, but the records are composed of volumes of paper re-

quiring investment in storage space and security. The time

and cost needed to transform such data into electronic for-

mat is considerable.

Advances in computing technologies provide new op-

portunities where researchers can use mobile devices to

collect data and directly transform the data into electronic

format and send it to servers for analysis. The receiver of

the data can cross-check and validate the accuracy of the

data as it arrives on the server. Electronic data collection

tools have benefits in terms of improved survey (question-

naire) development and formatting, data quality, data col-

lection, consistency in data collection, accuracy, data reli-

ability, timeliness in data collection, and ease of enforce-

ment and adherence to data collection protocols. With the

widespread adoption of smartphones, this cost is drasti-

cally reducing. Smartphones are ubiquitous and can be

optimally utilised at a minimal incentive to the owner to

improve the data collection process. This requires applica-

tions to be developed to run on these devices to aid the

data collection process.

Besides data, specimen identification is essential in

research experiments. The identification is done by way

of labelling using a unique identifier for each specimen.

The data collected need to be directly linked to the associ-

ated specimen. Different alternative approaches have been

proposed in the literature [4–6]. However, contextualising

these methods still remains open for investigation.

In order to address the existing challenges, we seek

to improve specimen labelling and data collection in bio-

science research guided by the following research ques-

tions;

1. How can data collection in bio-science research be

improved?

2. How can object (specimen) labelling be improved in

bio-science research activities?

We address the aforementioned challenges by implement-

ing aprototypemobile-webapplication tohelpbio-science

researchers label their specimens and collect the associ-

ated data. Our application helps the researchers to con-

vert object identifiers into QR codes for specimen labels.

Each tag is linked to a data collection form which is au-

tomatically invoked on successful scan. In this paper, we

identify challenges and benefits of using QR codes for la-

belling specimens and mobile-web applications for data

collection. We present a bio-science use case and describe

how the combination of QR codes and mobile-web appli-

cations can be used to improve object labelling and data

collection. We also provide the lessons learnt from the ex-

perience and directions for future research.

In the subsequent sections, the paper is organised as

follows. We begin by describing our approach followed by

the current scenario and associated challenges. We then

give a description of our prototype application and its im-

plementation. This is followed by the evaluation of the ap-

plication in terms of performance, discussions on the eval-

uation and related work. And finally, we provide the sum-

mary, lessons learnt, the conclusion and directions for fu-

ture work.

2 Approach
To address the challenges mentioned earlier, we followed

a methodological approach to unravel the problems that

we aimed to solve. We first started by developing a use

case for our application. Our use case was motivated by

experiences and interactions with bio-science researchers.

Through the interactions, we were able to document the

challenges faced by bio-science researchers that can be

solved by application of technology. The interactions were

made possible through a joint multidisciplinary research

programme with multiple projects. At first, we observed

the way they conducted their research which was mainly

manual; specimen labelling was done manually and data

collection was done on paper-based forms before being

transferred to spreadsheets. From literature, the manual

data collection is a classical approach even though it is

prone to human errors, especially during data entry. From

the interactions, we observed that improving data entry

can considerably reduce the total time required to collect

data from an experiment. We held focussed group discus-

sionswith the bio-science researchers to elicitmore details

on their research processes and activities to make our use

case perceptible.

To move from manual to automated specimen label

generation, the following requirements were found to be

necessary.

1. Creating virtual experiments to simulate the actual

physical experiment.

2. Each experiment is owned by a single user.

3. Specimens belong to an experiment.

4. An experiment can have zero or multiple specimens.

5. Each experiment has an identifier that should be

translated into a QR code.

6. Data collection forms should be linked to the speci-

men identifier.
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Figure 1: Current scenario for data collection

The requirements were then translated into the follow-

ing modules.

1. User registration module to manage the application

users.

2. Experiment management module.

3. Specimen management module.

4. QR code generation module.

5. QR code scanning module.

6. QR code printing module.

7. Data collection form creation module.

8. Internal notification module.

We also conducted literature surveys on the use of ob-

ject labelling in other fields which we considered useful to

bring into our use case as a way of improving the manual

specimen labels. Our choice forQR codeswasmotivatedby

the associated cost and the ability to print and use themon

any surface.We then implemented a prototype application

that allows the user to convert object identifiers into QR

codes and use the printed codes to label the specimens. To

collect data, the user needs to scan the specimen label us-

ing the camera sensor available inmost smartphones. Suc-

cessfully scanning a specimen label automatically invokes

a data collection form.

To implement the application, we settled on prototyp-

ing as the software engineeringmethodology.On technolo-

gies, React Native, ReactJS, Node.js, and MongoDB were

our implementation technologies based on a number of

reasons. First, ReactJS is component-based and allows the

development of interactive user interfaces. Component-

based development allows the development of applica-

tions with the incremental introduction of new end-user

requirements. React Native allows development of cross-

platform applications from a single codebase. Node.js al-

lows server-side execution of JavaScript without needing

a web browser. MongoDB is a commonly used NoSQL

database that stores data as JSON objects that are referred

to as documents.

Our goal is to provide effective support for specimen

labelling anddata collection for researchers in bio-science.

Using the scenario described in Section 3, we require;

1. Ability to generate specimen labels that are associ-

ated to unique specimen identifiers. The labels are

printable with meta information to avoid informa-

tion overload to the end user.

2. Ability to link the generated specimen labels to the

data collection forms. The forms are loaded automat-

ically upon successful scan of the specimen label by

a camera sensor.

We describe the current scenario, the prototype appli-

cation developed, and the services it provides in the sub-

sequent sections.

3 Current scenario
Figure 1 shows the current data collection scenario that

we observed while interacting with the researchers in bio-
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Figure 2:Manually generated plant pot labels

Figure 3:Manual object labels in labs and growth chambers

Figure 4:Manual data collection

science. The research activities are conducted in an experi-

ment site which can be inside a laboratory (closed environ-

ment) or open field (open environment). Closed environ-

ment experiments are done under controlled conditions.

If we consider tissue culture research, initial experiments

begin in the closed environment where callus (a mass of

rapidly proliferating cells) is induced from a carefully se-

lected explant obtained fromamotherplantwithdesirable

qualities. After several sub-cultures (moving plant tissues

into newmedia), new plantlets are generated from the ini-

tial callus. The callus is grown in media which is a com-

bination of different chemical compounds considered suit-

able to provide the required ingredients to induce growth.

Themedia is contained inpots. Everynewpot at eachpoint

of sub-culture is labelled with short inscriptions for refer-

ence. The inscriptions include the variety of the plant and

time related information like date of culture. After several

sub-cultures, new plantlets are then generated from the

initial callus. The new plantlets are also labeledwith short

inscriptions for reference. This process is repeated until

well developed plantlets are acclimatised into actual soil

in larger pots within a greenhouse. Each of the larger pots

is labeled for identification (Figure 2 and Figure 3). The la-

bels are plastic strips that are hand-written (Figure 2). The

labelling is done manually and a manual record kept for

all the labels. Data is manually collected on each plant la-

bel (Figure 4 and Figure 5) and later transferred to spread-

sheets for processing (Figure 5). Data is periodically col-

lected from the onset of the experiment until the plant is

transferred to the open field.

Each experiment can have several to hundreds of

plants that translate into several to hundreds of plant pots.

Commercially, some techniques such as somatic embryo-

genesis result in hundreds of plantlets from a single callus

culture. Some of the resulting plants perform better than

others depending on a number of factors including varia-

tions in the media used to induce the callus growth, envi-

ronmental conditions and the source of the explant (i.e.,

the mother plant). At this point, bio-science researchers

find it necessary to trace the hierarchy of the plants to

the original explant (and mother plant) and subsequently

the media and environmental conditions that were used

to grow the resultant plant. Manually tracing such a hier-

archy is a challenging and difficult task.

This kind of data collection is highly human interac-

tive and makes QR codes a possible candidate labelling

mechanism to use, being applicable where human inter-

action is required. Once the object is scanned and verified,

an electronic form is automatically invoked for data entry.

The collected data is immediately transformed into an elec-

tronic format and sent to the server for processing. It is eas-

ier to work with the electronic format of the collected data

in the later stages of data processing and analysis. It is on

this basis that we focus our work on using QR codes to col-

lect data from experimental setups in bio-science research.

We use the QR codes in this context to label specimens for
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Figure 5: Collected data transferred to spreadsheets for processing
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identification. Once labeled it becomes easier to scan the

specimen labels using a mobile phone with a camera sen-

sor and have a form loaded for data collection. We use this

reasoning to implement the WebLog application. The ap-
plication was initially prototyped to help researchers col-

lect basic physiological properties of plants. We describe

the functionality and reasoning behind our prototype ap-

plication in the subsequent sections.

4 Application architecture
In this section, we provide the description ofWebLog, the
application we prototyped to help researchers generate

specimen labels and collect datausingmobile phones. The

application is composedof two frontends andonebackend

(server). One frontend runs on a mobile device as a mo-

bile client while the other frontend runs on the browser

as a web app. The connection between the frontend and

the backend is made through the REST services which are

exposed by the backend application.

4.1 Frontend architecture

The architecture of the application frontend is as shown

in Figure 6 and Figure 7. Both the mobile client and web

app are implemented in JavaScript using React Native and

React respectively. By design, the web application is re-

sponsive i.e., automatically resizes to fit the device screen

size. It is a design choice to have the two frontends to

widen the scope and number of users for the application.

Also, some services supported in the application are bet-

ter managed from the web client as opposed to the mobile

interface e.g., generating and managing QR codes that are

used for labelling specimens. However, this requires main-

taining two separate codebases. HTML5 and CSS are used

for markup and styling respectively. Both frontend appli-

cations offer mechanisms for routing to different sections

and views of the application. The views are represented as

different application pages.
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4.2 Backend architecture

The backend application is implemented in JavaScript by

using Node.js. Node.js is a run-time environmentwhich ex-

ecutes JavaScript code without the need for a browser. It

is a very popular variant of JavaScript for server-side pro-

gramming because of its high performance attributed to its

support for event-driven programming. Event-driven pro-

gramming model uses callbacks to report when a task is

complete which eliminates the need for threading.

5 Logical communication scheme
The logical communication scheme for the application is

illustrated in Figure 6. The backend is linked to a Mon-

goDB (NoSQL) database for storing data. It communicates

to both the mobile and web client using RESTful APIs and

HTTP requests. The choice of MongoDB was based on its

popularity as a NoSQL database.

5.1 Application data model

The datamodel used by the application is illustrated in Fig-

ure 8. A user is a logical entity representing a project, re-

search group, lab, firm or any other entity that owns data

from a study. Experiments are particular studies. Each ex-

periment has one owner. A single experiment can have

multiple specimens, but a specimen cannot belong to

more than one experiment. Each specimen has a unique

identifier associated with it at the time of creation. Data is

collected on a per specimen basis. The collection can oc-

cur multiple times. The data model enforces the following

policies:

1. A user can have zero or more experiments (studies).

2. An experiment can have zero or more specimens.

3. Each specimen has a unique identifier associated

with it.

4. A specimen can have zero or more datasets.

5. Each dataset is a collection of values and a times-

tamp at the time of collection or modification.

5.2 Internal notification

Internally, the application runs a grow-shrink counter to

keep track of each dataset recorded into the application.

The counter grows on the addition of new records and

shrinks on the reduction of records (Figure 9). The counter

value is displayed visibly for the user to see the number of

datasets per specimen.
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6 Application description and
service specification

In this section, we present the application overview to-

gether with the specification of the implemented services.

For each service, we present its functional description, in-

tegration with external services and how critical cases are

handled. We also describe the key aspects of the imple-

mentation of each service.

6.1 Application overview

The application presents two perspectives; one for logged

in users and one for visitors. A landing page is presented

to a user visiting the application and is not logged in. The

page allows the user to navigate to the registration or login

view. The registration view allows a new user to create an

account. Once the account is created, the user can log in

and proceed with other services presented by the applica-

tion.

The application has a frontend and backend. The fron-

tend is divided into two; one that runs on a mobile device

as a mobile app and another that runs on a browser as a

web app. This design approach is targeted to reach out to

more users and also provide an interface for generating

and managing specimen tags. The mobile frontend is im-

plemented using React Native while the web frontend is

implemented using React. Both React Native and React are

variants of JavaScript. The application has one backend

implemented using Node.js. Data is stored in a MongoDB.

The application runs several services accessible to the end

user.

6.2 Identity management service

To gain access to the services provided by the application,

a user is required to have an active account. From the ap-

plication home page, a user with an account already can

proceed to log into the application or navigate to the regis-

tration page to create a new account. User registration is a

public service that allows users to sign up into the applica-

tion. The registration workflow is represented in Figure 10.

The registration view of the application provides a new

user with an interface for creating a new account. The user

must fill in and submit a form from the registration page.

The data filled in the registration form include email ad-

dress, first name, last name, and password. For an account

to be created, the data filled in the form is required to pass

the validation criteria. And for safety reasons, the user

must confirm the password provided in an extra password

field. Validations happen at both the client and server side.

If the client-side validation fails, the wrong fields are high-

lighted for the user to correct. If the server-side validation

fails, the server gives a response on where the problem is

likely to have occurred. The user registration service is a

RESTful service; the new account details are sent in the

HTTP POST method body and after validation, the server

responds with a representative message.

By default, a new user is expected to provide an email

address, first name, last name, and a password. The email

address and password are used as login credentials. The

email address serves as a username to uniquely identify a

registered user. A user successfully logs into the applica-

tion by providing the correct email address and password.

On successful login, the user is redirected to the applica-

tion dashboard. The dashboard acts a launch pad from

where a user can access different services in the applica-

tion.Also, from thedashboard, theuser can create aprofile

by providing additional information besides those already

provided during registration.

6.3 Experiment management service

This service allows users to create their own experiments

in the application. The service can be accessed by anyone

who has an active account. The experiment is the main en-

tity of the application. Most of all other services are an-

chored on the experiment entity. Creating an experiment

requires the experiment name and a description of what

the experiment is about. Validations are done to ascertain

these fields have been provided by the user. Logically, an

experiment should not override another one and can con-

tain zero or more specimens. At the initial state, an exper-

iment contains zero specimens.

6.4 Specimen management service

This service allows users to create specimens within an ex-

periment. To avoid conflict during data collection, each
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specimen belongs to a single experiment. A single speci-

men cannot belong to multiple experiments. To create a

specimen, the parent experiment has to be selected first

followed by the number of specimens to be created. Each

specimen is assigned a unique identifier. This unique iden-

tifier is encoded into a QR code and stored in a database.

The corresponding QR code image is displayed for the user

to print and use to physically label the specimen. The spec-

imen identifier is linked to thedata collection form for each

experiment. The workflow for generating the QR codes for

each specimen is as shown in Figure 11. The QR codes are

generated at once for the number of specimens specified

at creation time. The length of time required depends on

the number of specimens. It increases with a higher num-

ber of specimens to be created. This is limiting especially

in terms of computational resources e.g., processor speed

and memory.

6.5 Data management service

The collected data is stored in a database. The user can get

basic analytics in terms of counts, maximum, minimum,

ranges and averages. However, if the elaborate analysis is

needed, then a third-party application is required. The ap-

plication allows the user to export data into a CSV file that

can be fed into third-party tools for elaborate processing

and analysis. Meta information is automatically collected

to help filter the data based on the collection time and the

owner.

6.6 Notification service

This is a service through which the application can notify

users of the occurrence of various events generated by the

other application services. The current implementation of

the applicationutilises a counter to indicate to theuser any
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change in the number of datasets per specimen (Figure 9).

Adding a new dataset increments the counter by one and

its effect is reactively displayed on the user interface. Sim-

ilarly, deleting a dataset decrements the counter by one.

The user can use this counter to monitor the current num-

ber of datasets collected per specimen. This number is use-

ful in determining whether the sample threshold for data

analysis has been achieved or not.

6.7 Analytics and visualisation service

This service allows users to view data generated in a more

user-friendly manner in the form of charts and aggregate

values. The service can be accessed through the applica-

tion analytics view and the reports view. The reports view

shows the visualisations while the analytics view shows

the aggregate values. The analytics view is limited to basic

statistical features. Advanced statistics are left for future

work as at the time of writing this paper.

6.8 Dynamic data collection forms

Initially, the data collection form was implemented stati-

cally. This proved difficult to handle different user require-

ments. Each user collects different kinds of data from an

experiment. Also, at the specimen level, different datasets

are collected. Having a static form, therefore, proved diffi-

cult to handle each user’s data collection requirements. To

address this challenge and widen the user scope, we pro-

posed to have the user create the data collection form at

the point of adding specimens to an experiment. To cre-

ate the form, the user only needs to specify the form fields.

To demonstrate how this works, we take a simple hypo-

thetical example of a researcher collecting data for speci-

mens in a growth chamber andwishes to collect details on

callus weight, colour of callus, number of shoots, and the

number of roots observed in an experiment. The required

specimen details potentially show the form fields. All we

need is then to drag, drop, and provide the required val-

idations for these fields. The form fields can be found on

the ToolBox section labeled (B) in Figure 13. We can pre-

view the form before submitting it for generation (Section

(A) on Figure 13). Submission prompts the server to gen-

erate a schema in the backend to hold the data collected

from the form fields.

The workflow for generating the data collection form

is as illustrated in Figure 12. The detailed illustration of

the implementation for creating a new form is shown in

Figure 14. The user is provided with a drag and drop fea-

ture for specifying new form fields (Figure 13). Validations

for the form fields are required to be explicitly specified by
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Figure 14: Specifying new form fields

Table 1: Loading time from different locations

Location Load time First byte Start render
London, UK 3.825s 0.681s 3.966s
New York, USA 3.894s 0.903s 4.100s
Sao Paulo, Brazil 5.472s 0.784s 5.533s
Rose Hill, Mauritius 3.489s 1.205s 3.200s
Sydney, Australia 6.637s 1.514s 6.700s
Istanbul, Turkey 3.396s 0.735s 3.500s

the user, otherwise, generic form validations are assumed

(Section (C) on Figure 13). Once the fields are validated, the

form is dispatched and the corresponding schema created

for storing the data received from the form.

7 Performance analysis
This section presents the performance analysis of the web

application. The analysis measures the simulated load

time from different locations. Load time is an important

aspect for measuring the performance of web applications

[7]. This influences the user experience on the application.

Asdepicted in the literature, auser leaves the application if

the application load time is over 2 – 2.5 s. The specification

of the server anddistance between the testing location and

the application hosting server highly influence the perfor-

mance of the application.

The application was deployed on a Linux virtual

server. The server had 8 CPU cores with 12GB memory and

500GBof harddisk space.UbuntuDesktop 16.04.6 LTSwas

used as the host operating system. These features were se-

lected to ensure no constraint on computational resources

during the running of the application on the server-side.

The performance tests were done with the help of Web-

Figure 15: Distribution of HTTP requests

Figure 16: Bytes dimension

PageTest¹, which is an online tool that allows complex

load testing of web applications from different locations

around the world. The test locations were chosen based

on the existing literature [7]. The test results are presented

on Table 1. The load time column represents the total time

spent by the browser to load and render the page. The load

time is not satisfactory because of the distance between

the simulated test location and the application host. Also,

the operating system deployed supports normal desktop

applications. The load time is longer on first access but re-

duces on subsequent accesses. Given that the first Byte is

receivedafter 0.7 – 1.5s, the application still offers goodper-

formance.

The distribution of the number of HTTP requests on

file types is as shown in Figure 15. Most files fetched are

JavaScript (54.5%) followed by CSS (27.3%). Regarding the

dimension (Figure 16) of the fetchedfiles, the order ismain-

tained with JavaScript at 85.7% followed by CSS at 14.1%.

1 https://www.webpagetest.org

https://www.webpagetest.org
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Figure 17: Comparison of manual and automated label generation

On label generation, we performed a comparison be-

tween the manual and automated method. We sampled 21

different users who manually generated specimen labels.

We recorded the time it took to generate labels for three

different specimen samples per user. We also generated la-

bels for the samples using our prototype application and

recorded the time. In order to compare the two approaches,

we plotted the average time it took the sampled users and

our application to generate the labels. The comparison is

as shown on Figure 17. From Figure 17, generating speci-

men labels manually takes considerable time compared to

the automated method.

8 Discussion
The choice of mobile device-based data collection using

QR codes was motivated by the high adoption rates for

mobile devices in developing countries [8]. QR codes are

used to verify the identity of a specimen [9] and are less

costly compared to other specimen labelling techniques.

They provide researchers with an alternative to manually

generated labels. The end user has access to the electroni-

cally collected data, can generate preliminary analysis re-

ports, and start observing trends that may require human

intervention. Access to mobile internet connectivity is still

costly in the developing countries, though projections are

that these costs will reduce drastically in the future. This

paves way and gives the motivation for designing and de-

veloping technologies that rely on mobile internet connec-

tivity. Also, reducing extra steps required in paper-based

data collection approaches serves as a good incentive to ex-

plore specimen labelling techniques. This approach adds

to the already existing electronic data collection methods.

The use of QR codes makes data collection easier com-

pared to manually generated labels.

QR codes have their own weaknesses which make

them not ideal for specimen labelling considerations.

Though they have been used widely, their black and white

appearance is not visually pleasing [10]. They have low

human visualisation effect [11]. Solving these challenges

has led to the development of different variants of the QR

codes like the colour and logo QR codes. For binary data,

QR codes have a maximum data storage of 2,953 bytes. For

mobile applications, QR codes are generated between ver-

sions 1 and 10 for accurate data decoding with a maxi-

mum data storage of 119 and 271 bytes for 7% and 30%

error correction recovery respectively [12]. However, the

wide spread usage of mobile devices and the development

of applications for generating and reading these codes,

makes them potentially feasible for use in specimen la-

belling and identification. Mobile applications greatly im-

prove the data collection process. Digital specimen labels

permits linking to respective data collection forms which

are invoked when the labels are scanned successfully. De-

veloping requisite software applications requires experi-

enced programmers who are often expensive to engage.

On improving the data collectionprocess,WebLog pro-
vides custom user defined forms. The forms are designed

on creation of experiment specimens. Once generated, the

data collection form can be used by multiple enumera-

tors. For large sample sizes, this reduces the time it takes

to collect and aggregate research data. Once keyed in the

data is converted into electronic format that makes it is to

store and share among different users and also between

different software applications.Also, usingmobile phones,

makes it more flexible to collect data and remotely send it

to the server. For the experimentmanager, it becomes easy

to followand regulate the data collection process for exper-

iments with large sample sizes. While the data comes to

a central server, field enumerators can be deployed in re-

mote and distributed locations. Preliminary analysis can

already provide some insights to the experiment manager

on the quality of the data being collected. Such insights

take longer to get with manual methods.

On improving specimen tagging and labelling, We-
bLog automatically generates each specimen identifiers.

The identifiers are then converted into QR codes. Generat-

ing these identifiers and associated labels manually takes

considerable amount of time (Figure 17). The identifier is

automatically linked to the associateddata collection form.
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Table 2: Comparison of different labelling techniques

Technique Data capacity Durability to damage Cost Strengths
1D barcodes Limited Less durable; low error correction margin Cheap Cheap to generate; for communicating small amounts of data
Active RFID Large Less durable; requires power source Expensive Requires internal power source; good for tracking items
Passive RFID Large Durable in harsh conditions Expensive Does not require battery; good for tracking items
QR codes Large Reading possible with up to 30% damage; error correction margin ranges from 7-30% Cheap Easy to use; cheap to generate

The data collection form can readily be invoked when

the specimen label is successfully scanned. The scanning

(reading) of the specimen labels is done using the cam-

era sensors that are readily available inmost smartphones.

The specimen labels can be reprinted if damaged. Table 2

shows the comparison of the different labelling and tag-

ging techniques. Each of the techniques is well suited for

the application scenario in context. For example, RFID

tags are most suited for tracking large quantities of items,

especially on transit. 1D barcodes have limited data capac-

ity compared to RFID tags and QR codes.

We can summarise the challenges and benefits of us-

ing QR codes to label objects as follows. First, there are

indirect costs associated with printing. Printers, special

paper, and ink are requisite before the QR codes can be

used in production environments. Depending on the vol-

umeof labels required, the costs can increase anddecrease

appropriately. Once printed, the codes can be damaged

if subjected to harsh and extreme environmental condi-

tions. Despite these challenges, the associated benefits of

QR codes are more relevant and make them ideal for use

in production environments. They are free to use i.e., there

are no license costs associated to the use of these codes in

production environments. There are numerous software li-

braries that are freely available for use to generate these

codes. The codes are precise and help in reducing informa-

tion overload to the end user. The end user needs to scan

the code and the encoded information is decoded and dis-

played for viewing. In some cases, the codes can be used to

reducememorising long web addresses or even long speci-

men labels. QR codes are fairly easy to integrate with other

technologies even though some technical skills are neces-

sary.

For mobile applications, the associated challenges

and benefits include, but are not limited to the follow-

ing.Mobile phones are expensive, especially in developing

countries. Despite the cost, the rate of adoption of smart-

phones is high. This makes them readily available and the

camera sensors that are embedded in them are useful in

reading QR codes. The phones use cellular networks that

make sending data to remote servers easier. CombiningQR

codes and mobile applications provides a good mixture to

label specimens and also collect data on each object.

In summary, to improve object labelling and data col-

lection, we combine QR codes and data collection forms in

our prototype application. The application integrates QR

code generation and reading and links each code to the

associated data collection form. The form is automatically

invoked once the code is scanned successfully.

8.1 Application areas for QR codes

Different kinds of QR codes are described in the literature

[13–15]. The application areas for QR codes transcend be-

yond their original application in motor vehicle manufac-

turing. The application areas range from their originally

intended tracking of parts in motor vehicle manufactur-

ing to mobile content distribution in electronic learning

environments. These are not limited to but include shop-

ping,marketing andadvertisement to reinforce brandpres-

ence [16–18], transport and logistics, content accessibility

in teaching (education) [4, 18, 19], architecture, tourism,

augmented reality, mobile content distribution, gaming

authentication and security sensitive operations [20, 21],

software development for device pairing, in research as a

means for linking physical spaces with digital information

[20], and mobile payments as user interface enablers to

auto-fill forms for mobile payment applications [22]. They

have also been used in educational libraries to label read-

ing resources [23, 24]. Some academic journals add a QR

code on the cover of the journal, or on the title page or at

the end of each article. This helps readers to go directly

to the associated (linked) material e.g., a website, an ad-

dress or other contact information, a video, an animation,

or other forms of web content.

Other useful applications of QR codes include user au-

thentication intowebplatforms andWi-Fi networks. To log

into a web platform, the code is presented on the login in-

terface. A registered user is required to scan the code with

a verified mobile device. User authentication is performed

by the mobile device which contacts a remote server [25].

In this case, the mobile device acts as a helper device for

authenticating the user. Google tested such a loginmethod

in January 2012 [26]. Similarly, to access a Wi-Fi network,

the access credentials are encrypted into the QR code. The

user scans the code and joins the network without manu-
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ally entering the access credentials [27]. This technique is

only valid for static SSID passwords.

Quick response codes are a quick and easy medium to

take a user from the physicalworld to the virtualworld [16].

Even though these codes arewidely used in different areas,

still there is need to explore more possible application ar-

eas and document the experiences to improve on the adop-

tion process. This is particularly useful in new and promis-

ing areas that have not been explored before.

9 Related work
Since ourwork cuts across two fields of specimen labelling

and data collection, we present the related work in two-

fold. First, we present related work on the use and appli-

cation of QR codes (Section 9.1). And secondly, we present

related work on data collection (Section 9.2).

9.1 QR codes

Different studies have presented varied contextual scenar-

ios for the use and application of QR codes. The codes have

been used in object searching and recognition [28]. In gov-

ernance, the codes have been used to increase the scope of

digital services [29]. The codes have also beenused in prod-

uct packaging and conducting market campaign promo-

tions. Product stores are using these codes to make trans-

action payment easier [10, 30]. In information security, QR

codes have been used to develop schemes for sharing se-

cret information among participants [31, 32]. The codes

have also been used to hide information and protect con-

fidential data [33]. Only authorised users can extract the

hidden confidential data. The codes have been applied in

photon counting encryption [34]. The counting is done via

an optical security method for object authentication.

More applications of QR codes in security are seen

in enhancing the security of optical mark recognition sys-

tems used in assessing examinations [35]. The details of

the examinee and number of filled questions are embed-

ded in an encrypted QR code which is then printed on the

optical mark recognition sheet. Also, in fighting counter-

feits, holographic structures have been combined with QR

codes to form aesthetic holographic markers that conceal

secret messages about products [36]. In information hold-

ing and sharing, the codes have been used in hospitals

to share vast amounts of information [37]. The codes are

placed at strategic points where they can be scanned eas-

ily with smartphones or tablets. The codes have also been

used in channel capacity analysis [12]. The study done by

Melgar et al. [12] uses mutual information theory to map

code symbols into the output sequence of each channel.

The codes have also been used in exchanging data and

text files through mobile devices in the absence of exist-

ing wireless (Wi-Fi and cellular networks) technologies in

personal area networks [38]. In this application, colour QR

codes send data bymanipulating colours intomultiplexed

QR codes. Colour QR codes are able to hold and transmit

more data at a higher throughput compared to black and

white QR codes. The QR codes have also been used in aug-

mented reality (AR) for tagging virtual objects [39]. With

the help of amarker, a camera can efficiently recognise the

tag of the virtual object while capturing the real scene im-

age.

Object labelling has been widely embraced in sales

and marketing [16, 30, 40]. However, it is yet to find more

applications in research environments e.g., collecting data

from experiment setups.

9.2 Data collection applications

Several tools and applications that support data collection

exist in literature. The applications are focused on collect-

ing data for baseline surveys, impact evaluation and in-

forming the policy-making process. The applications are

either proprietary or open source. The commonly used

open source tools for data collection include OpenXdata,

Open Data Kit (ODK), GeoDK and CommCare.

OpenXdata is an open source data collection tool

that was initially designed to run on Java (J2ME) enabled

phones. The tool has three main blocks i.e., "design", "col-

lect" and "manage". End users can design electronic forms

for data collection on mobile phones or web browsers.

The collected data is uploaded directly to an electronic

database [42, 43]. Though it functions on low-cost phones,

the phones must be Java enabled [41].

ODK is a tool for data collection, aggregation and vi-

sualisation [44, 45]. It supports standard questions, voice,

image, and video recordings. The tool runs on Android

phones. It was designed to be modular and interoperable.

Though, popular in resource-constrained environments, it

is SMSbased. The cost of sending and receiving SMS is con-

siderable and can be high in developing regions given a

large number of messages to be sent and received.

GeoODK² is a variant of ODK that supports collec-

tion, analysis, visualisation, and manipulation of geo-

2 http://geoodk.com
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referenced data. It supports mobile and web application.

The mobile application was derived from ODK with added

features for online and o�ine mapping and developer op-

tions for deploying surveys with the app.

CommCare runs on Java-enabled phones. The ap-

plication was designed for data collection in resource-

constrained environments [46, 47]. Though not well doc-

umented in the literature, there are more tools for data col-

lection. These are mostly proprietary and include EpiCol-

lect, Formhub³, KoboToolBox⁴, Device Magic⁵, GoFormz⁶,

Fulcrum⁷, Formitize⁸, iFormBuilder⁹, Push Forms¹⁰, Nex-

ticy¹¹, Magpi¹², TrackVia¹³, and Sensr.

EpiCollect provides a web application for the genera-

tion of data collection forms [48, 49]. Data can be collected

using multiple Android devices or iPhone devices, syn-

chronised and viewed centrally on the project website or

directly on the phones. Sensr provides non-technical users

with visual drag-and-drop programming environment to

create data collection forms [50]. However, it supports a

limited set of data types.

Though these tools exist for use, they need contextual

configuration to address specific needs. They canonly han-

dle discrete data that makes them acceptable for surveys.

To the best of our knowledge, none of these tools links ob-

ject labels to data collection forms. None of the existing

tools incorporate QR codes as a way of identifying and la-

belling objects. Also, most of the tools are proprietary and

have an implication on the budgetary constraints already

experienced in research projects. These constraints force

researchers to build their own tools which takes consider-

able time.

10 Summary and lessons learnt
In this paper, we presentWebLog, a prototype application
to help in bio-science data collection. The application gen-

erates QR codes to replace manual labels for use in la-

3 https://formhub.org

4 https://www.kobotoolbox.org

5 https://www.devicemagic.com

6 https://www.goformz.com

7 https://www.fulcrumapp.com

8 http://www.formitize.com

9 https://www.zerionsoftware.com/iformbuilder

10 http://www.getpushforms.com

11 https://nexticy.com

12 https://home.magpi.com

13 https://www.trackvia.com

belling specimens. Generating specimen labels this way

saves on time and effort required for the manual labels.

The QR codes are scanned using a mobile phone to in-

voke the data collection form. The data is converted into

electronic format and relayed to the server immediately.

This provides a better alternative compared to paper-based

data collection methods and makes the process easy. The

approach is less prone to errors and saves on the overall

time spent in data collection and management. This fur-

ther reduces the cost of collecting data from large sample

sizes in terms of labor and materials.

Though this approach simplifies specimen labelling

(identification) and data collection, it requires high tech-

nical expertise to develop the requisite software applica-

tions. Building software applications for novices is adaunt-

ing task. Engaging experienced programmers is expensive.

Novice users need to be empowered to build their own ap-

plications. Bio-science research is often done in remote

and distributed environments that require Internet con-

nectivity to relay collected data to the servers. Also, the

number of specimen samples used in the experiments is

small compared to commercial applications where the im-

pact of manually generating specimen labels is apparent.

Bio-science research involves processes that have to

be donemanually and some can be automated. Also, a key

aspect in the integration of technology to make research

processes more sustainable is to involve different actors

from multiple disciplines to tap into the available knowl-

edge pool, reconcile problems and solution options. The

solutions developed need to be applied and validated con-

textually.We suggestmultidisciplinary, community-based,

interactive, or participatory research approaches as appro-

priate means tomeet the requirements for contextual solu-

tions, advancing, and application of technology.

11 Conclusion and future work
In this paper, we have presented a prototype application to

help researchers label specimens using QR codes and col-

lect data from those specimens in a more automated way.

Wehaveproposedand implemented the application to link

specimen labels to data collection forms that run on a mo-

bile phone and web interface. The application has a fron-

tend and backend; the two communicate via RESTful ser-

vices.

We have also described the application data model

and services. We have highlighted the operation of each

service and integration to external services. In our future

work,wewill refine the application and implement it using

https://formhub.org
https://www.kobotoolbox.org
https://www.devicemagic.com
https://www.goformz.com
https://www.fulcrumapp.com
http://www.formitize.com
https://www.zerionsoftware.com/iformbuilder
http://www.getpushforms.com
https://nexticy.com
https://home.magpi.com
https://www.trackvia.com
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flow-based programming and perform a comparative anal-

ysis. We will also include ‘in-application’ advanced data

analysis features.
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