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Abstract

Abstract

With the stupendous rise of Rural- Business Process Outsourcing (Rural-BPOs) in India,
employment opportunities have increased greatly for the rural/ village youth as data entry
operators — which is one of the essential source of earning for them. Typical services
offered by rural-BPOs include data based services and voice based services to outsourcing
agencies such as banks, insurance, telecom, micro finance and information technology
enabled service companies. The data based services involves digitization, data entry,
converting document to different format and many other similar ones. The main focus of
this thesis is on data entry performed by operators in Rural based BPOs from India. The
data entry work done by an operator (also called as ‘data entry operator’) at rural-BPO
involve transcribing information from paper forms into computer databases. It is
challenging task for many smaller rural-BPOs working in developing country like India to
maintain high quality during data entry (also called as transcription). One of the reason of
extra effort is lower usability factor of software employed for data entry. There is also lack
of expertise in designing user interfaces for such data entry software, especially failing to
address localised specific field constraints that can, if incorporated, ensure high quality of
transcription with low rate of errors. There are other issues related to data entry work done
at rural-BPOs, like transcription process (paper to digital) for double entry is expensive and
time consuming, the poor quality of mobile data entry and failure to rectify specific field
constraints. There may be cultural issues / challenges like differences between local spoken
language and input language (English) by data entry operators working at rural-BPOs - all

of which needs to be investigated. In this theses such factors are under investigation.

It is imperative to measure the usability of user interfaces used by rural-BPOs by
factors such as: time to learn, speed of performance, rate of error by users, retention
(memory) over time and subjective satisfaction. From these factors, human error (error
made by 'user' — in this case rural data entry operator) is identified as one of important
usability test factor. Therefore, modelling of these errors through experimentation has been
of interest in Usability Engineering (UE) research as evidenced by number of papers
published in this area. This thesis reports studies that have been done to answer question
such as what is the effect of interface designed features on the efficiency (in terms of errors
i.e. accuracy and time i.e. speed) of data entry operators? What is the effect of local

language on data entry?
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The research literature also highlights that sensitive variables like- perceived
cognitive load, perceived system usability, user interface satisfaction, willingness to
continue usage and relative advantage, have been ignored while designing the interfaces

for data entry.

Therefore, to address the above challenges we have conceived, prototyped and
developed ELIIDE - tool after studying existing literature, data collection and usability
aspects of rural-BPOs. We named it as ELIIDE- tool, it is supported with intelligent features
like- (i) display of autocomplete suggestion for text field by ranking strategy based on
likelihood, (ii) predictive text entry widget, (iii) radio button pointed with most likely
options and (iv) dynamic drop-down split-menu. The interface uses local Marathi language
to communicate with user / operator. The communication happens in terms of error and
feedback messages. This additional feature may support rural users to get emotionally

attached to interface.

The experiments were conducted to compare two user interfaces, one is newly
designed interface (ELIIDE- tool) and second is the existing user interface the operator
currently uses for data entry. The participants including 224 professionals (rural-BPO
operators and polytechnic students training to become BPO operators) were volunteered
for the study. Prior to the actual experiment, the participants were explained about the
design and purpose of user interface and also provided practice session on it. Before going
for the actual experiment the participants were told to fill pre-test questionnaires which
include demographic information. Each participant performed four tasks, two tasks were
data entry on existing interface (having static widgets) and other two were on the intelligent
interface (having dynamic widgets). The sequence of the task was random to avoid learning
effect. The tasks consist of a transcription of given data entry form (refer Figure 4.2) (also
called as paper form) into electronic form using both interfaces. Participants were
instructed to perform the tasks as quickly and accurately as possible. The computer based
background recording of each participant interaction with the designed user interface have
taken for calculation of the accuracy and speed. After completion of the experiment the
participants were instructed to fill the post-task questionnaires to express their opinion and
experience about the user interface. The subjective experience was recorded in terms of
cognitive load, perceived system usability, user interface satisfaction, willingness to

continue usage and relative advantage.

The t-test and ANOVA analysis technique were adopted for the analysis of the
data. Results highlight there is significant difference between intelligent user interface and
existing user interface for errors and time. It has also been observed that ELIIDE -tool can

affect operators subjective experience.
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Therefore, we conclude that, intelligent user interface design features do affect the
operator’s performance in terms of accuracy and speed. Also, it decreases operators’
cognitive load, increases system usability and user satisfaction. This is because the
intelligent features of ELIIDE like dynamic, predictive, adaptive and probabilistic. It may
be due to the incorporation of user specific features related to local language and error
prompting specific to errors for the rural group of operators. Also it is inferred by feedback
that users are willing to continue using this interface for data entry. The thesis argues for
incorporating user specific prompting local features that intelligently cater to the group's
error patterns over general prompts that user software normally provides. It posits that local
language prompts with voice over are more acceptable to rural operators over screen based

visual prompts alone.
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Chapter 1

Introduction: Improving Work Efficiency of Rural-
Business Process Outsourcings’

This Chapter introduces the research work reported in this thesis. It describes the
background and motivation behind this research work. The Chapter starts with a brief
introduction to the area of research and its background. The research issues were introduced
and placed in the content of their multidisciplinary background of human-computer
interaction, usability engineering and information technology. Research gaps of the thesis
are highlighted which lead towards formulation of research questions. The boundaries and
scope of the thesis is laid out along with definitions and taxonomy. The Chapter concludes

with summaries of all the Chapters.
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1.1.Introduction

TO ERR IS HUMAN. It is the nature of the human being to make errors such as mistakes,
slips, lapses, miscalculations etc. while using everyday devices like turning on the heat
under on an empty kettle or pressing buttons on remote controllers or computers. People
have a tendency to blame themselves for human errors, but human error is often invoked
in the absence of technological explanations (Sears & Jacko, 2009). Chapanis (1999) wrote
back in the 1940s that ‘pilot error’ was real ‘designer error’. This was a challenge to
contemporary thinking and showed that design is all important in human error reduction.
Half a century after Chapanis’s original observations, the idea that one can design error-
tolerant devices is beginning to gain acceptance (Baber & Stanton, 1994). One can argue
that human error is not a simple matter of one individual making one mistake, so much as
the product / system of a design which has permitted the existence and continuation of
specific activities which could lead to errors (Reason, 1990). However, newer Graphical
User Interfaces (GUIs) with newer modes of interaction such as gestures lead to new
learning and adapting situation for the user or operator of complex interactive systems.
Coping by the user has always been a matter of training. Therefore, costs of training and
costs of unintended error causing grave situations are always involved whenever new
software has been introduced. In life critical systems like hospitals, aviation, railway
systems and nuclear power plant disastrous outcomes have been reported regularly in the
daily press worldwide due to the consequence of human error or operator error. The
analysis of these human errors is very vital for helping future error prevention and build
error recovery as part of the system. Human-computer interaction research reports many
investigations done in this area in the past decade. With the advent of software as an
important component of work processes over the past two decades - Usability of software

in terms of addressing ‘error’ is the area of interest in this thesis.

Human-Computer Interaction (HCI) is a discipline concerned with the design,
implementation and evaluation of interactive computing systems for human use and with
the study of major phenomenon surrounding them (Hewett, et al., 1992). HCI is an
interdisciplinary field which involves various disciplines like computer science,
psychology sociology and anthropology and industrial design etc. (Shneiderman &

Plaisant, 1987). The interaction between user and computer occurs at the user interface,
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which includes both software and hardware. The software interfaces consist of application
software, system software and development software. Therefore, every software engineer
and designer wants to build high-quality interfaces that are admired by users and are easy
to use. The graphical user interface (GUI) is not only to be appreciated for flamboyant
aesthetics or stylish visuals, but rather for inherent quality features such as usability,
functionality, universality and usefulness. It becomes imperative to measure the usability
of GUI's by means of five factors such as time to learn, the speed of performance, a rate of
error by users, retention (memory) over time and subjective satisfaction (Dix, Finlay,
Abowd, & Beale, 2003). From these factors, human error (error by the user) is identified
as one of important usability measurement test factor. Therefore, modelling of these errors
through experimentation has been of interest in Usability Engineering (UE) research as
evidenced by a number of papers published in this area. It is imperative to study- (i) what
these errors are and how frequently they occur. (ii)) How severe is their impact (iii) What

contributes to forming these errors (iv) How can GUIs contribute in reducing errors.

Usability: Dix, Finlay, Abowd, & Beale (2003) have stated that there are three ‘use’ words
that must all be true for a product (user interface) to be successful; it must be:

useful - accomplish what is required: play music, cook dinner, format a document;

usable - do it easily and naturally, without danger of error;

used - make people want to use it, be attractive, engaging, fun, etc. (Dix, Finlay, Abowd,

& Beale, 2003)

According to Jakob Nielsen (Nielsen, 2012), usability is a quality attribute that
assesses how easy user interfaces are to use. The word ‘usability’ also refers to methods
for improving ease of use during the design process. Usability is defined by five quality
components as given below.

1. Learnability: How easy is it for users to accomplish basic tasks the first time they
encounter the design?

2. Efficiency: Once users have learned the design, how quickly can they perform tasks?

3. Memorability: When users return to the design after a period of not using it, how easily
can they re-establish proficiency?

4. Errors: How many errors do users make, how severe are these errors, and how easily
can they recover from the errors?

5. Satisfaction: How pleasant is it to use the design?
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Learnability

Errors Memorability

Figure 1-1: Figure depicting Nielsen’s five component of usability

As shown in Figure 1-1 above, all usability attributes are interconnected with each
other, but the errors can have a major influence on all other. So our usability research
interest is in ‘human errors’ that are important in the context of rural computer users’

environments.

1.2.Human Error

The human-being is the one whom computer systems are designed to assist and not the
other way round. Requirements of the user should be given first priority while designing
the user interface of computer systems. However, human performance can be affected by
different factors like age, state of mind, physical health, attitude, emotions and tendency of
making errors or mistakes. It is the nature of human being to make errors, and any system
should be designed to reduce such errors and to minimize the consequences when errors
happen. Traditional approaches have attributed errors to individuals. Over the last several
decades’ specialists like psychologists, system developers and much more, have been
involved in discussions about the error for different perspectives. Therefore, human error
is an emotional topic too and psychologists have been investigating its origins and causes

since the beginning of the discipline (Reason, 1990).

Cognitive psychologists have considered the issues of error classification and
explanation (Senders & Moray, 1991). The taxonomic approaches of (Norman, 1988) and
Reason (1990) have fostered the development and formal definition of several categories
of human error (e.g., capture errors, description errors, data-driven errors, associated

activation errors, and loss of activation errors) while the work of Reason (1990) and
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Wickens (1992) attempted to understand the psychological mechanisms which combine to
cause errors (e.g., failure of memory, poor perception, errors of decision making, and
problems of motor execution). Reason (1990) in particular has argued that we need to
consider the activities of the individual if we are to be able to identify what may go wrong.
Activity analysis could be a source of identifying and rating errors. Rather than viewing
errors as unpredictable events, this approach of activity analysis regards them to be wholly

predictable occurrences based on an analysis of an individual’s actions.

1.2.1. Defining Human Error

While there are many working definitions of errors in literature a working definition of
error representing the essential psychological characteristics and its principal types is
relevant to this thesis. One of the most widely accepted definition of human error is, Errors
are all those occasions in which a planned sequence of mental or physical activities fails
to achieve its intended outcome and when these failures cannot be attributed to the
intervention of some change agency (Reason, 1990). According to James Reason (Reason,
1990), human errors are divided into two major categories: (a) slips & lapses and (b)
mistakes. Slips and lapses are errors which result from some failure in the execution and/or
storage stage of an action sequence, regardless of whether or not the plan which guided
them was adequate to achieve its objective. For example, typing an incorrect word or
number, typing a number twice. Mistakes may be defined as deficiencies or failures in the
judgemental and/or inferential processes involved in the selection of an objective or in the
specification of the means to achieve it, irrespective of whether or not the action directed
by this decision scheme run according to plan. For example, mistakenly typing both first

and last name in the first name field.

Table 1-1: Definitions of error from literature

Definitions of error Authors

The state of believing what is untrue. Webster’s new world

. dictionary
Something incorrectly done.

A divergence between the action actually performed and the

tion that should h i
action that should have been performed Senders and Moray (1991)

An action or event whose effect is outside specific tolerances
required by a particular system

Experiments in an unkind environment Rasmussen (1982)

The debit side of what are useful and essential mental process Reason (1990)
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The Table 1-1, illustrates few selected definitions of error according to different
aspects like cognitive, physical, consequence of actions and philosophical issues, as they
appear in the literature. A study on errors conducted by (Sauro, 2012), has broadly
classified errors as (a) slips and (b) mistakes. ‘Slips’ are the ‘unintended action’ a user
makes while trying to do something on an interface even though the goal is correct (e.g., a
typo) as types of errors. Following are some further examples of slips cited by Sauro. When
the goal is wrong it is a mistake, even if that goal was accomplished. Following Table 1-2

shows examples of slips and mistakes.

Table 1-2: Broad categories of errors (Sauro, 2012)

Slips Mistakes

Mistyping an email address Clicking on a heading that isn't clickable

Mistping'a ngifvord Intentionally double clicking a link or button

Typing both first and last name in the first name

Picking the wrong month when making a
field

reservation

Clicking Reset instead of Submit button Entering today's date instead of the date of birth

Replying to all in an email instead of just one
person

Mistyping an email address in the re-enter
email address field
KecidBBially clicidiRRTTR. t [T Entering hyphens in your bank account number

Accidentally double clicking a button

From Sauro’s study, it is observed that even a 'taken for granted' task such as
feeding information into a computer has many types of situations and errors. This has
implications for training new computer users. Can the interface be designed to avoid such
errors being made? Though (Sauro, 2012) has made an interesting study on human error he
did not state elaborately on, how one can mitigate the situation (i.e. error situation)? In this
thesis, Sauro’s broader view of slips and mistakes has been adopted for the basis of

discussion.

1.3.The Taxonomy of Errors

There are many schemes suggested by researchers (Rumelhart & Norman, 1982; Salthouse,
1986; Lang, Graesser, & Hemphill, 1991; MacKenzie & Tanaka-Ishii, 2007; Oladimeji et
al., 2011) for classifying errors. Each one has constructed the ‘taxonomy of error’ for their
specific purpose. Therefore, there is no single universally agreed classification of human

error. Error can be classified according to whether they occur at a skill, rule or knowledge-
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based level (Rasmussen, 1983; 1986); whether they are slips or lapses (automaticity errors)
or mistakes (conceptual errors) (Norman, 1983); and according to whether the error occurs
at a task, semantic or interactional level (Maran, 1981; Devis, 1983). The text entry by
physical keyboard typing has been studied by many researchers (Rumelhart & Norman,
1982; Grudin, 1984). Gentner et al., 1984 have found that there is large percentage of
typing errors such as substitutions, insertions and omissions. The other errors like
transposition error, doubling error, alternation error, homologous error, capture error,

phonetic swap; type of errors found in transcription typing.

Table 1-3: Classification of errors found in literature

Classification of Errors Authors

Rumelhart & Norman,

1982

Transposition error, Doubling error, Alternation reversal error,

Homologous error, Capture error, Omission error, Misstroke error

Substitutions, insertions, omissions, transposition error, doubling Gentner et al., 1984
error, alternation error, homologous error, capture error, phonetic

swap

Affordance Errors, Message misinterpretation errors, Goal induced
errors Option identification errors (menu option), Status acquisition,
Incomplete procedure, Pre-requisite action not performed, Generic

command, Mode errors, Superstitious

Lang, Graesser, &
Hemphill, 1991

Errors of omission, Errors of commission, Errors of Selection, Errors

of Sequence, Errors of Timing, Errors of Quantity

Byren, 1997

Lexical error, Syntax error, Semantic error

Yeum et al., 2005

Transposition Error / reverse digit error, Doubling error / double
entry error, Alternation error, Homologous error

Capture error, Phonetic swap

MacKenzie & Tanaka-
Ishii, 2007

Missing decimal, Skipped, Transposition, Wrong digit,

Oladimeji et al., 2011

Missing digit

The Table 1-3 depicts the classifications error in data entry which are found during
literature study. A comprehensive list of relevant classification of data entry errors found
in this study is prepared. The items in this list are sorted into two broad groups as- text
entry errors and numerical entry errors. The text entry errors are classified into six types
as- (i) Mistype/ Spelling/ Incorrect: substitutions and intrusions, (ii) transposition, (iii)

doubling, (iv) case, (V) capture, phonetic, misinterpretation and (vi) omission/ wrong field.
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The numerical entry errors are classified into four types as- wrong, reverse, double and

missing.

J. Reason (1990), distinguishes three levels of classification as the (a) behavioural,
(b) contextual and (c) conceptual levels,
1. The behavioural (what?): This level classifies errors according to some easily observable
features which include formal characteristics of errors like- omission-commission,
repetition, misordering or its consequences like nature and extent of damage, injury.
2. The contextual (where?): Acknowledges the critical relationship between error type and
the character of the situation or task in which it appears.
3. The conceptual (how?): This level predicts on assumptions about the cognitive
mechanism involved in error production. The conceptual level of classification is
considered as the most fruitful because they seek to identify the underlying cause in an

activity analysis.

Wickens (1992), considered the implications of psychological mechanisms at work
in error formation. He discussed that with mistakes- the situation assessment and/or
planning are poor while the retrieval action execution is good; with slips- the action
execution is poor whereas the situation assessment and planning are good; and finally with
lapses- the situation assessment and action execution are good but memory is poor. A

summary of these distinctions is shown in Table 1-4.

Table 1-4: Error types and associated psychological mechanisms; Source: Wickens (1992)

Error Type Associated Psychological Mechanism

Slip Action execution
Lapse and mode errors ~ Memory
Mistake Planning and intention of action

Mistake Interpretation and situation assessment

Wickens (1992) was also concerned with mode errors, with particular reference to
technological domains. He suggested that a pilot raising the landing gear while the aircraft
is still on the runway is an example of a mode error. He proposed that mode errors are the
result of poorly conceived system design that allows the mode confusion to occur and the

operation in an inappropriate mode.

Taxonomies of errors can be used to anticipate what might go wrong in any task.
Potentially, every task or activity could be subject to a slip, lapse, or mistake. We have
classified ‘human-computer interaction errors’ as shown in Figure 1-2. Three types of

errors reported in it, first computer errors- occurred due to user interface defects, second
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human error- occurred due to human and last interaction error- error occurred due to wrong
interaction or hardware defect. The study reported in this thesis mainly concentrates on

human error and what is the effect of user interface design on it?

Computer Interaction Error Human

Interaction

Figure 1-2: Errors in human-computer interaction; Source: Author-generated

1.3.1. Error Types

Simple slips or mistakes distinction is not sufficient to capture all of the basic error types
(Reason, 1990). So, mistakes were divided into two kinds: rule-based mistakes and
knowledge-based mistakes. Therefore, three error types are (a) slips or lapses, (b) rule-
based mistakes and (c) knowledge-based mistakes. Reason and Rasmussen (1983) have
stated different error types observed in carrying out an action sequence. As shown in Table
1-5, the three errors types are classified according to the cognitive stages at which they
occur. First, planning refers to identifying the goal and deciding the means to achieve it.
The second is storage stage of some variable duration required to formulate the intended
actions and running them off. The last execution stage consists of the actual implementation

of stored plan. The Table depicts the relationship between these three stages and the error

types.

Table 1-5: Classifying the error types according to the cognitive stages

Cognitive Stage Error Type
Planning Muistakes (rule-based and knowledge-based)
Storage Lapses
Execution Slips
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During the time of data entry, the cognitive stage is at an execution level hence

slips occur- which are the common error types that were captured and reported in this study.

1.3.2. Performance Level and Error Type

Rasmussen (1983) distinguished error types according to human performance level, as
shown in Table 1-6 below. The performance level is the ability of the individual to engage
in problem-solving at the time an error occurred (Rasmussen, 1986). Data entry (or
transcription typing) is highly skilled cognitive-motor (Rumelhart & Norman, 1982;
Salthouse, 1986) activity, therefore, considerable training has been required to mitigate

CITOT1S.

Table 1-6: Relating three basic error types to Rasmussen’s three performance level

Performance level Error type
Skill-based level Slips and lapses
Rule-based level Rule-based mistakes

Knowledge-based level Knowledge-based mistakes

Skill based- slips Procedural Errors Data Entry Errors
& lapses
Rule based-
mistakes Hi Errors in
igh level, Medical,
Catastrophic Aviation
Errors Nuclear power

Knowledge
based- mistakes

Figure 1-3. Classification of errors adopted from Byrne & Bovair (1997) and Rasmussen (1983)

The skill-based slips and lapses type of errors is procedural errors, for example,
data entry errors as shown in Figure 1-3. Procedural errors have received relatively little
attention from cognitive psychologists. One reason for this is that, error is frequently
considered only as a result or measure of some other variable, and not as a phenomenon in
its own right (Byrne & Bovair, 1997). Our aim is to study the operator’s skilled motor

performance errors that is slips and lapses which are procedural errors.

As depicted in Figure 1-3, mistakes can be high level or catastrophic errors; for

example, errors in medical, nuclear power plant, aviation errors.

10
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The generic error modelling system (GEMS) was developed based on Rasmussen’s
(1983) skill-rule-knowledge classification of human performance. This conceptual
framework consists of three basic error types as, skill-based slips (and lapses), rule-based

mistakes and knowledge-based mistakes.

Table 1-7: The distinction between skill-based, rule-based and knowledge-based errors

Dimension Skill-based Errors Rule-based Errors Knowledge-based
Errors

Types of activity Routine actions Problem-solving activities

Focus of attention On something other Directed at problem-related issues

than the task in hand

Predictability of Largely predictable ‘strong-but-wrong’ errors Variable

error type (actions) (rules)

Ratio of error to Though absolute numbers may be high, these Absolute numbers
opportunity of constitute a small proportion of the total number  small, but opportunity
€LTOR of opportunities for error ratio high

Influence of Low to moderate; intrinsic factors (frequency of  Extrinsic factors

situational factors  prior use) likely to expert the dominant influence  likely to dominate

Ease of detection Detection usually fairly  Difficult and often only achieved through
rapid and effective external intervention

The GEMS presents an integrated picture of error mechanisms operating at these
three level of performance i.e. skill-based, rule-based and knowledge-based. In the context
of data entry at rural-BPOs, we are concentrating on skill-based errors. Therefore, GEMS
gives us an understanding of skill-based errors according to different dimensions like types
of activity, focus of attention, influence of situational factors and so on, as mentioned in
Table 1-7. The ‘focus of attention’ during skill-based data entry error is something other
than the task in hand. This generic error modelling scenario helps us to gain knowledge
about influence of situational factors on making data entry slips and lapses. The situational
factors like intrinsic factors of operator for example, frequency of prior use, knowledge,

skills, can have influence on data entry errors (that is slips and lapses).

11
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1.4.Factors Affecting Performance of Data Entry

Performance Shaping Factor (PSF) provides a measure to account the human performance
(Boring, Griffith, & Joe, 2007). PSFs are categorised as internal or external, corresponding
to the individual versus situational or environmental circumstances (Rooney, Heuvel, &

Lorenzo, 2002).

Therefore, we have extracted few performance shaping factors suggested in
literature (Boring, Griffith, & Joe; 2007 and Rooney, Heuvel, & Lorenzo; 2002), that might

influence the performance operator during data entry.

Internal performance shaping External performance shaping
factors of operator factors of operator

1. Traning/skill 1. User Interface Factors

2. Practice/ experience

3. Stress: mental / bodily tension a. Field constraints

4. Intelligence b. Clues during typing

5. Motivation/ work attitude ¢. Confirmation logic

6. Emotional state d. Validation logic

7. Gender e. Error messages

8. Culture- language f. Feedback messages

B

[ Data Entry ]

Figure 1-4: Schematic diagram of factors affecting performance of operator during data entry;
Source: Author generated

Nielsen J. , 1993 defined the categories of user and individual user differences as
depicted in Figure 1-5. He stated two most important issues for usability (a) users’ task and

(b) their individual characteristics and differences. In Figure 1-5, he called it as ‘user cube’

12
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of three dimensions along which users experience differs- experience with the system, with
the computer in general and with the task domain. We have categorised the operators based
on these three dimentions of user experice, which are also related to direct performance

shaping factors (Boring, Griffith, & Joe; 2007) shown in Figure 1-4.
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Figure 1-5: Three dimensions of user experience (Nielsen J. , 1993)

Figure 1-4 illustrates the direct (internal) and indirect (external) performance shaping
factors those are investigated in this thesis work. Therefore, the internal performance factor
like (a) Language- what is effect of local language on data entry? (b) Emotional state- Does
emotional state affects the data entry work? (c) Gender- Does female makes less errors
compared to male? (d) Skill- skilled operator can be called as expert user of the system
(refer Figure 2-5)- Do the expert operator commit less errors compare to novice operator?
(e) Experience (refer Figure 2-5)- Do experience operator commit less errors compare to
less experienced operator. The external performance shaping factors are related to design
of user interface (UI). The Ul factor like field constraints, clues during typing, confirmation

logic, validation logic, error messages, feedback messages are investigated in this thesis.

13
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1.5.Effect of Language on Rural Computer Users

We can learn to make use of information technology which will empower people with little
or no exposure to electronic media. The user is the one whom computer systems are
designed to assist. The requirement of the user should be our first priority. In the Indian
context, one-way computer users can be categorised as rural / semi-urban and urban users.
Many user interfaces have developed and proposed by researchers (Grisedale, Graves, &
Griinsteidl, 1997 and Parikh, Ghosh, & Chavan, 2002) for rural Indian users in their local
language. The study in this thesis has been conducted on rural/ semi-urban users
specifically working in rural areas because of several reasons stated below, which are a
strong motivation behind this research work. Researchers (Kam, Kumar, Jain, Mathur, &
Canny, 2009; World Bank, 2013), have reported that in India, almost 72% of the population
stays in villages with twenty-two regional and two national languages that are Hindi and
English being spoken. Although English is widely spoken, it is not comfortable official
language (Smith, et al., 2007). About 92.39% schools in rural areas teach in the medium of
a regional language (mother tongue) (Meganathan, 2009).

In Indian context, opportunities in rural-BPO sector has been grown up
exponentially. The NASSCOM (National Association of Software and Services
Companies) report says that in 2010, about 50 rural BPOs employ 5000 people. According
to projection in 2015, the 11 rural are staggering 1000 centres and 150000 employees (Ravi
& Venkatrama Raju, 2013).

Therefore, leading BPO companies in India such as Infosys, Wipro, TCS are
searching their talents from small cities in India to achieve cost efficiency in performing
transactional jobs like data entry and form filling. There are more than 50 successful rural
centres in India providing BPO services to both domestic and global clients (Ernst &
Young, 2011). Ravi & Venkatrama Raju (2013), report says that in Tier Il and Tier III cities
in India have cornered 38.8% ( total 17 cities Tier II cities) and 23% (total 33 Tier III cities)

share of the job space respectively in the financial year 2011-12.

There are multiple types of rural-BPOs in India such as BPOs in ‘Tier II / Tier III’
cities and BPOs that run in villages (village BPO). The Table 1-8 summerises the growth
of rural-BPO in India reported by Ravi & Venkatrama Raju (2013).
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Table 1-8: Rural BPOs Growth projection report (by 2013-2015) by Ravi & Venkatrama Raju (2013)

Current Projection
Companies Customers  Centres Employees  Centres Employees
ADF 1 2 550 NA NA
B2R 3 2 100 100 6,000
DesiCrew 12 5 225 50 5,000
Drishtee 6-7 2 30 NA NA
eGramlT 15 4 700 30 3,000
Harva 5 3 30 70-100 10,000
NextWealth NA 2 200 40 1,000
RuralShores 12 6 500 500 100,000
Source For Change 4 1 70 200 10,000
SourcePilani 7 1 60 5 500
Tata Group 4 NA 2000 —— 10,000
Total 26 4,465 925 145,500

In the rural and semi-urban area of India, computers are used by people in many
places like banks, railways, bus stands, hospitals, factories, marketplaces / shops,
government offices, Non-Government Organizations (NGOs) (provides data entry jobs)
and Rural-Business Process Outsourcing (Rural-BPOs) for data entry. The task of feeding
information into a computer (called as data entry task) has many types of errors called as
data entry errors. Simple data entry errors such as typing incorrect number / text, typing a

number / text twice or skipping a line can give wrong results.

As shown in Figure 1-6, rural-BPO is one of the few avenues of employment for
rural India. Typical services offered by rural-BPOs include data based services and voice-
based services to outsourcing agencies such as banks, insurance, telecom, microfinance and
information technology enabled service companies (Ravi & Venkatrama Raju, 2013). The
data based services involves digitization services, data entry, converting document to
different format and much more. The main focus of this thesis is on ‘data entry’ because
which is predominantly observed in rural-BPOs from India. The data entry work is done

by the operator (also called as ‘data entry operator’) at rural-BPO, which involve
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transcribing information from paper forms into computer databases. It is a challenging task
for many smaller rural-BPOs working in developing country like India to maintain high
quality during transcription typing. One of the reason is because lack of expertise in
designing user interfaces, especially failing to correct specific field constraint and other
validation logic. Also the transcription process (paper to digital) for double entry is
expensive and time consuming (Chen K., Chen, Conway, Hellerstein, & Parikh, 2011), is
of poor quality of mobile data entry (Patnaik, Brunskill, & Thies, 2009) and fails to correct
specific field constraints (Broeck, et al., 2007).

Rural Computer
User

v

Banks
Shops
Rural-BPQOs «=+==sx++- »Data-based services -
NGOs Voice-based services
Gouvt. offices
Railway station

L JLIIEE » Dataentry
Digitization
Doc. formatting

Figure 1.6: Block diagram showing research area as ‘data entry at rural-BPOs’

1.5.1. Language versus Cognitive Thinking Strategy of Rural Users during
Data Entry

Transcription typing (or data entry) involves complex interaction of perceptual, cognitive
and motoric processes (Salthouse, 1986). It has been also observed that, there may be
cultural issue/ challenge like local language being different from transcribing language.
During data collection, we observed that majority of operators/ workers educated in their
mother tongue (local language) and the graphical user interface (GUI) used for data entry
is completely in the English language. Therefore, their cognitive thinking is in local
language but work language is different. The operators speak in their local language when
they are socialising and also at work. The language used during data entry task on computer
is English. This means their cognitive thinking and talking language (usually local personal
language like Marathi, Assamese etc.) is different from the transcribing content which is in
English. Wanting to work seamlessly between two languages often cause them to make
errors and also requires extra time during data entry. Sometimes, the operator gets confused

when error or feedback messages appear in English which take time for them to read and
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understand it. Another issue is a poor design of the GUI which does not provide specific
field constraint, clues and confirmation logic in consort with their flow of thoughts.
Therefore, to overcome these limitations and overcome data quality challenges, this study
introduces a concept of user interface involving intelligent data entry widgets based on
quantitative probability. Other researcher like Schlimmer & Wells (1996) have advocated
this approach. In the approach taken in this thesis the users are from rural and semi-urban

background and work in outsourcing computer data entry enterprises.

1.6.Emotion and Design of User Interfaces

Our ‘emotional response’ to situations affects our performance level. For example, positive
emotions enable us to think more creatively, to solve complex problems, whereas negative
emotion pushes us into narrow, focused thinking. A problem that may be easy to solve
when we are relaxed will become difficult if we are frustrated or anxious. Psychologists
have studied emotional response for decades and there are many theories as to what is
happening when we feel an emotion and why such a response occurs (Dix, Finlay, Abowd,
& Beale, 2003). Emotion is a salient feature of a human being; and so, it is important to
scientifically understand its influence on human behaviour. The effect of emotion on
performance has been studied by several researchers (Gray, 2001; Chepenik, Comew &
Farah, 2007; Zhu et al, 2013) who have concluded that emotion contributes significantly
to the performance of different tasks (For example working memory task, decision making

task, etc).

Emotion is a temporary fleeting state that emerges from the environment, situation or
person himself. Different emotional states subconsciously/consciously exert different
effects on the information processing style of the person (Forgas, 2013). For instance,
positive emotion signals the familiarity in the environment and hence direct individual
towards assimilative processing style. On the contrary, negative emotion identifies a
challenging situation and hence calls for externally focused, bottom up and accommodative
processing style (Forgas, 2013). In another study, researchers (Clore & Storbeck, 2006)
demonstrate that positive affect encourages interpretive or relational processing style and
negative affect leads to detailed, stimulus- bound, or referential processing strategy. In
terms of visual processing style, researchers (Nath & Pradhan, 2012) found that the positive
emotion leads person towards global processing where the focus is on whole stimulus. On
the other hand, a person induced by negative emotion focuses on detailed or component

part of the stimulus (called, local processing) (Nath & Pradhan, 2012).
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To sum up this subsection, one can state that positive and negative emotions have a
contrasted processing style - positive emotion activate individuals towards faster response
in comparison with that rendered by negative emotion. This viewpoint, however, should be
scrutinized under the lens of ‘task contextualization’. In a study on motor and movement
task (Coombes, et al., 2009), for instance, reaction time of participants’ in a negative
emotional state is seen to decrease as compared with those with positive and neutral state.
Similar findings were highlighted in a study led by Coombes, Janelle and Duley (2005) in
the performance of square tracing task where ‘approach’ and ‘avoidance’ behaviour style

were employed.

Therefore, Youth in developing semi-urban (and rural) India, for whom data entry jobs
at rural-BPO provide employment, get emotionally attached to their jobs and become either
complacent or anxious due to their performance. This job is their only means of livelihood.
In this thesis, we are also investigating the effect of ‘emotional state’ on the performance
of operator in terms of the errors that may creep in. When emotionally vulnerable it is
observed that human beings revert back to what is familiar and comfortable. In the BPO
operator can they are often observed using / conversation in mother tongue / local language.
Does emotional variation lead to language preference? and when switching does it result

in errors? is the question.

1.7.Graphical User Interface (GUI) or Software for data entry

During our initial investigation at several rural-BPOs in India, we found that it is
challenging task for many smaller rural-BPOs working in developing country like India to
maintain high quality during data entry. The process of data entry is also called as
transcription. For many reasons, one of the reason of extra effort is lower usability factor
of software (or GUIs) employed for data entry. There is also lack of expertise in designing
user interfaces for such data entry software, especially failing to address localised specific
field constraints that can, if incorporated, ensure high quality of transcription with low rate
of errors. There are many user interface factors and individual factors as shown in Figure

1-7 could be involved, which leads to errors. The factors are listed below the Figure 1-7.
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/ User Interface \

Factor 5

Factor 3 Factor 4 —»[ Individual ]—
Factor 1 Factor 2 Factor 6

o /

Figure 1-7: Block diagram showing chain of events (factors) leading to an error

Issues (or factors shown in Figure 1-7) with existing data entry user interfaces /

software used at rural-BPOs are noted as follows:

A. Poor design of user interface: Lack of expertise in designing user interface
especially for operators in rural-BPOs. The existing user interface has some

drawbacks mentioned below:
a. Failed to correct specific field constraint.
b. Does not provide clues during typing
c. Fails to provide confirmation logic
d. Does not provide validation logic for fields.
B. Double entry is costly and time-consuming.

C. Data entry using a mobile phone were ever used is of poor quality. Viewing
windows are small. Screens are not ergonomic compliant in terms of font size,

view window, pixels, layout, colour etc.
D. User interface was in the English language:

a) The majority of operators were educated in their mother tongue (local
language) and the user interface (UI) used for data entry is completely in

the English language.

b) The operators speak in their local language when they are socialising at
work. The language used during data entry is English, this means their

thinking and conversing language is different therefore working

19




Chapter 1: Introduction: Improving Work Efficiency of Rural- BPOs’

seamlessly between two languages cause them to make errors and also

takes extra time during data entry. This is a potential context for errors.

¢) Error or feedback message: The operator gets confused when error or
feedback message appear in English which take extra time for them to read

and understand it and internalize it.

There are other issues related to data entry work done at rural-BPOs, like
transcription process or data entry process (paper to digital) for double entry is expensive
and time consuming (Chen K., Chen, Conway, Hellerstein, & Parikh, 2011), the poor
quality of mobile data entry (Patnaik, Brunskill, & Thies, 2009) and failure to rectify
specific field constraints (Broeck, et al., 2007). In this theses such factors are under

investigation.

Therefore, to address the issues like local language, emotions, data entry errors and
poor design of user interface for data entry, this research study proposed a new graphical
user interface (GUI) that is designed with intelligent widgets. The embedded intelligent
methods like- machine learning, probabilistic approach and artificial intelligence are
proposed to be used in design and development of ‘error limiting user interface’ for data
entry. Further, this new GUI with embedded intelligence to prompt the operator as well as

train the operator so as to reduce the errors is intended to be validated by testing.

1.8.Broad Research Gap

The block diagram Figure 1-8, depicts the broad research gaps formulated after studying
the background and context of this research work. It infers that a rural-BPO is one of the
few avenues of employment for rural India and data entry is the typical service provided

by these BPOs.

There are many factors that affect the data entry performed by operator. During
our initial background investigated we find that factors like- local language, emotions and
design of the graphical user interface, may have an influence on data entry as depicted in
Figure 1-8. The number of errors one makes is one of the performance measuring criteria.
Therefore, this study investigates the influence of local language factor and emotional state

on rural data entry operators.
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Graphical User
Interface
Local language may affect Emotion
may affect Y may affect
Data Entry

does work of

Rural-BPO

works for

Rural
User

Figure 1-8: Block diagram represent the research gap; Source: Author-generated

1.9.Scope of the thesis

The work in this thesis is in the area of human-computer interaction. It spreads across
disciplines such as of human-computer interaction, usability engineering and information
technology. Though the current research work reviews literature in “human error” that is
‘data entry errors’ studies, but the research investigation argues that in order to increase the
performance of data entry specifically for operators working in rural-BPO of India the other

areas like GUI design, language, emotions should be investigated.

The data entry error is the focal point around which research questions have been
formulated, hypotheses postulated, experiments conducted, results analysed and
conclusions inferred. In this thesis it is argued that there are several factors listed below,

which may affect the performance (error/accuracy and time/speed) of these operators.

1. Effect of lower usability factor of software employed for data entry: There is lack
of expertise in designing user interfaces for such data entry software, especially
failing to address localised specific field constraints that can, if incorporated,

ensure high quality of transcription (data entry) with low rate of errors. what is the
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effect of interface designed features on the efficiency (in terms of errors i.e.
accuracy and time i.e. speed) of data entry operators?

2. There may be cultural issues / challenges like differences between local spoken
language and input language (English) by data entry operators - all of which needs
to be investigated. In this theses such factors are under investigation. What is the
effect of local language on data entry?

3. We are also investigating the effect of ‘emotional state’ on the performance of
operator in terms of the errors that may creep in. When emotionally vulnerable it
is observed that human beings revert back to what is familiar and comfortable. In
the BPO operator can they are often observed using / conversation in mother
tongue / local language. Does emotional variation lead to language preference? and

when switching does it result in errors? is the question.

During our initial observation we found that in rural-BPO’s the number of female
operators are slightly more compared to male. Therefore, we are also investigating that,

women are more accurate compared to men during data entry.

1.9.1. Research Questions

The research gaps highlighted above from the perspective of the data entry errors, graphical
user interface and the factors identified to capture their effects have been modelled in terms
of research questions that would guide this research investigation. The research questions

are listed below:

RQ1: What is the effect of a newly configured user interface designed with intelligent
features like- (i) display of autocomplete suggestion for text field by ranking strategy based
on likelihood, (ii) predictive text entry widget, (iii) radio button pointed with most likely

options and (iv) dynamic drop-down split-menu, on accuracy of data entry?

RQ2: What is the effect of user interface designed with intelligent features like- (i) display
of autocomplete suggestion for text field by ranking strategy based on likelihood, (ii)
predictive text entry widget, (iii) radio button pointed with most likely options and (iv)

dynamic drop-down split-menu, on speed of data entry?

RQ3: What is the effect of user interface designed with intelligent features on the variables
like- (i) perceived system usability, (ii) perceived cognitive load, (iii) user interface

satisfaction, (iv) willingness to continue the usage and (v) relative advantage?

RQ4: Are female operator more accurate in data entry as compared to male?
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RQS5: What is the effect of language used on error rate in the case of, (i) English language
in forms used for data entry, (ii) Indian (Marathi) language and (iii) Mixed language (i.e.

both English and Indian (Marathi) language combined)?
RQ6: What is the effect of emotions on the data entry error rate?

RQ?7: In the case of data entry operators what is the influence of level of knowledge about

computer in general on the speed and accuracy of data entry?

RQ8: What is the effect of learned expertise in using a particular system- on the speed and

accuracy of data entry?

RQ9: What is the influence of level of understanding of the task domain on the speed and

accuracy of data entry?

RQ10: Do experienced operator commit more errors compared to less experienced data

entry operator in case of being under pressure such as ‘limited time’ data entry?

1.10. Overview of the Thesis

The thesis is structured into the following seven Chapters.

Chapter 1: Introduction: Work Efficiency of Rural- Business Process Outsourcings’-
describes the background and motivation behind this research work. The research issues
were introduced and placed in the content of their multidisciplinary background of human-
computer interaction, usability engineering and information technology. Aims and
objectives of the thesis are highlighted. The boundaries and scope of the thesis are laid out

along with definitions and taxonomy. Summaries of all the Chapters are outlined.

Chapter 2: State of the Art Literature Survey: Understanding Nature of the Problem- A
state of the art review of the literature and related work on human errors, data entry.
Specifically, previous studied on user interface used for data entry and human errors in data
entry. Use of different types of intelligent widgets in designing user interface, to mitigate
human errors are identified from past studies. The issues in existing interfaces used at rural-

BPOs have been reported. The research gaps and research questions have been highlighted.

Chapter 3: Exploring the Potential of Influence of Errors during Data Entry - This
Chapter includes the three pilot studies conducted for exploring the potential of data entry
task and influence of errors on data entry in the context of rural Indians. It gives details of
a first pilot study conducted on numerical data entry. The second pilot study is on text data

entry and the third and last pilot study conducted on the influence of emotional factor on
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numerical data entry by rural people. Finally, the Chapter mentioned about inferences

drawn from the pilot studies.

Chapter 4: Error Limiting Intelligent Interface for Date Entry (ELIIDE)- a Tool-
includes the design and implementation of the newly built intelligent error limiting user
interface tool. The design of this interface and the comparisons with the existing Uls, is
carried out to investigate how much better the new approach is, in terms of usability. The
design of the intelligent tool as a metric and as a validating medium for its suitability to
rural-BPOs is an important contribution of this thesis. The development of this tool and it’s
use as an instrument to collect experimental performance data specifically for the rural
Indian context is attempted in this thesis as a novel approach to reduce rate of error and

thereby contribute to the efficiency of work done by rural-BPOs.

Chapter 5: Experimental Methodology: Research Methods, User Testing, Experiment
Design- This Chapter presents the overall experimental methodology used to address the
research questions. Initially, the working hypotheses, independent and dependent measures
have been listed. The methodology involving- an instrument used for data collection,
sampling framework and the procedure adopted for data collection is reported. The
experiments and the methodology for them are fully described. All details of how the

empirical side of the research has been conducted.

Chapter 6: User Testing / Validation of Designed User Interface- ELIIDE tool: Results
and Analysis- involves the evaluation of the newly built user interface that has error
prompting in local language capability. This Chapter reports the statistical analysis of the
data collected in the experiments. The effect of intelligent features in the user interface on

data entry operators have been reported.

Chapter 7: Discussion- discusses the result and analysis done on previous Chapter 6. It
also summarises the major findings of this research work and discusses its relation with the

theory presented in Chapter 2.

Chapter 8: Conclusion, Contribution and Future Work- Consolidated findings of the
experiment and investigation have been reported and the implications of the finding for
designers of GUIs have been highlighted. Limitations of the current study have been
presented. It also enumerates avenues of future work for further development of the concept

and it’s more applications.
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Chapter 2

State of the Art Literature Survey: Understanding
Nature of the Problem

This Chapter reviews the available published literature concerning the broad research gaps
illustrated in the introduction Chapter. The Chapter starts with the literature on ‘data entry
errors’ involving numerical and text entry errors and influence of errors on the performance
of data entry. The next part Section 2.3 discusses literature on use of interactive devices in
the context of rural India. Then Section 2.4 extends the literature study in intelligent
features used in user interface. Section 2.4 demonstrates literature on how emotional factor
plays role in making data entry. The last Section 2.7 provides the consolidation of theory/

concepts reported from literature.
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2.1.Introduction

This Chapter reviews available published literature and identifies and discusses the
research gaps. The broad areas reviewed are from human-computer interaction, usability
engineering, human errors, cognitive psychology, machine learning and artificial

intelligence domains.

The Chapter starts with literature on ‘data entry errors’ involving numerical and
text entry errors and influence of errors on the performance of data entry. The next part
Section 2.3 discusses literature on use of interactive devices in the context of rural India.
Then Section 2.4 extends the literature study in intelligent features used in user interface.
Section 2.4 demonstrates literature on how emotional factor plays role in making data entry.
The last Section 2.7 provides the consolidation of theory/ concepts reported from literature.
Toward the end, the Chapter revisits the research gaps in the light of literature reviewed

and concludes with listing research question and objectives of the study.

2.2.Data Entry Error

Errors inevitably occur every day at work and incur economic costs. Therefore, it is
imperative to observe errors during data entry. A detailed study on analysis of single error
was done by Smelcer (1989). He estimated of $58 million lost in the US per year due to
this single error situation. Card, Newell, & Moran (1983) found in one of their experiment
that 26 percent of the total time for text editing was spend dealing with the rectification of
errors.

There are two types of data entered- numerical and text. Therefore, this Section is
divided into two parts, first involves the literature on numerical data entry and second on
text entry. The data entry work has been carried out at different work contexts like banks,

medical, aviation, petrochemical plant, nuclear power plant, rural-BPOs etc.

2.2.1. Numerical Data Entry and Errors

Owing to its ubiquitousness, researchers have address several issues related to numerical
data entry performance. For instance, Oladimeji et. al. (2011) have proposed the study of
number entry interface found on medical devices. They reported an experiment that
investigates the effect of interface design on error detection in number entry tasks using
two number entry interfaces. One serial interface with 12 key numeric keypad and another

incremental interface that use a knob or a pair of keys to increase or decrease numbers. 22
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participants aged 18-55 years took part in the experiment. A computer was used with an
integrated eye-tracker to present the instructions and number entry interfaces. Each
participant used both number entry interfaces (independent variable). The dependent
variables were the number of undetected errors, number of corrected errors, total eye
fixation time and task completion time. The participant was required to enter 100 numbers
using both interfaces according to the instruction shown on the right half of the screen.
They identified six categories of number entry errors (skipped, transposition, wrong digit,
missing decimal, missing digit and other). Their study suggests giving priority to research
number entry styles and their relation to error rate, behavior and performance in the context
of safety critical number entry systems. However, their study was restricted to medical

number entry systems.

Thimbleby et. al. (2010) have proposed the user interface to prevent number entry
errors in medical devices. They used three error analysis methods, first a Monte Carlo
simulation of number entry with varying error rates, second an exhaustive method where
each target number in the range is considered in turn and third is symbolic analysis, where
the proportion of blocked out by ‘7’ errors is calculated as a function of the underlying
keystroke error rates. They proposed new interface which blocks the entry of numbers that
do not conform to the specific guidance (ISMP guidance) for the reliable formatting of the

number.

Figure 2-1: Snapshot of error-blocking user interface after an error has occurred
Source: Adopted from Thimbleby et. al. (2010)

The Figure 2-1 depicts, how error blocking mechanism can be implemented on
numerical entry interfaces. Their work has shown that user errors are ignored by many
number entry systems in user interfaces from interactive devices to desktop applications in
all domains which cause confusion, problems and possibly leads to damage. For an operator
the twice entered (.) could mean a full stop after a sentence as in language. In maths, it has
a meaning of multiplying. A rural operator in a non-English speaking country like India
may overlook such difference while being trigger (keyboard) happy by pressing full stop
key repeatedly by sheer force of habit. Indian languages use a vertical line to indicate a full

stop —not a dot as in English.
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Of the various data entry methods found in literature, a research was conducted on
the efficiency of three different data entry methods. Barchard et. al. (2011) have projected
the study on the impact of human data entry errors on statistical results and calculations.
195 undergraduate students were assigned to three data entry methods: double entry, visual
checking and single entry. Participants entered 30 data sheets each containing six types of
data. Their results found that visual checking resulted in 2958% more errors than double
entry. Also in the double entry, there are significantly fewer errors than single data entry
task. This study shows that double entry method is more accurate as compared to visual

checking and single entry.

2.2.2. Text Data Entry and Errors

Data entry mechanism becomes pervasive in the area of HCI as it is the first interface for
human interaction. Data entry technologies are designed and evaluated through an
empirical evaluation of intervention of the user. The literature published in Indian context
(i.e on Indian language) is very few in number. One of them is by Ghosh et. al. (2012) on
the cost of error correction during Bengali text entry. They have proposed algorithms on
the error correction quantification problem for Indian language (Bengali) transcribed text
typed by any single stroke or tap text entry tool. They identify the unequal character (error)
positions in both transcribed and presented text both by using longest common subsequence
algorithm. They proposed two algorithms first to identify whether the error in simple
character or in a complex character. Second to calculate the minimum number of operations
to renew transcribed to presented text depending upon error positions and type (error in

simple or complex character).

2\|/ 3

Figure 2-2: Example in Devanagari script
Source: Adopted from (Ghosh, Samanta, & Sarma, 2012)
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They also define correction cost per error metric to calculate average correction
cost for an erroneously transcribed text. This is the only study based on text entry errors for
Indian language. This paper also highlighted the complexity of Indian languages because
of complex font typography styles. Figure:2-2 is an example of the complex typography of
Indian language Hindi in Devanagari script. Combining multiple characters like vattu (5)
a below-base form of a consonant as in Figure:2-2 and matra (4) makes it difficult to detect
and measure the errors in transcribed texts in terms of the number of characters and
similarity of characters. Indian Devanagari script is phonetic- each character contributing

to a different sound.

MacKenzie & Tanaka-Ishii (2007) have provided the excellent consolidation of
text entry systems explaining its mobility, accessibility and universality in research
conducted by them. This study helps us to know about different measures of text entry
performance like (a) entry rates- words per minute, keystrokes per second; (b) error rates-

keystrokes per character performance measure, minimum string distance.

Soukoreff & MacKenzie (2001) have proposed a technique to measure errors in
text entry based on the ‘Levenshtein minimum string distance statistic’. The proposed
algorithm calculates the minimum distance between two strings (i.e. presented string and
transcribed string) defined in terms of three edit primitives- insertion, deletion and
substitution. The minimum string distance denoted MSD(4,B), where 4 and B are character
strings.

e Well defined zero: MSD(A4,B)=0, if and only if A=B
o It is bounded: 0 < MSD(A,B) < max(|4|,|B|), where |4| denotes the length
of A.
e Itis commutative: MSD(A,B)= MSD(B,A)
Algorithm for calculating Minimum String Distance (Soukoreff & MacKenzie, 2001):
function r(x,y)

if x=y return 0
otherwise return 1

- D )
A= a b ¢ d
function MSD(A,B) 0/1/121/3]|4
fori=0to|A] alll0][1]2]3
D.[l’ 0] =1 B cl|2/1]1]1]2
for j = 0 to |B| bl3|2]1]2]2
D[0,j]=]
fori=1to|A] dafaiziz)e
forj =1 to |B| \ Lev(4,8)=2 g
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Dli—1,j]+1
D[i, j] = min D[i,j—1]+1
D[i—1,j — 1] + r(A[i], B[j])
return D[|A|, [B|]

Computing the entries in the matrix ‘D’ starts in the top-left cell and proceeds to the bottom-
right. The value in the bottom-right cell is the minimum string distance. We have adopted
this algorithm to measure text entry errors for our newly designed interface meaning tool
ELIIDE reported in detail in Chapter 5.

Salthouse (1986), reviewed the transcription typing work by using four component
heuristic model. The four components (shown in Figure 2-3) consist of an input phase in
which to-be-typed text is grouped into familiar chunks, a parsing phase in which the chunks
are decomposed into discrete characters, a translation phase in which characters are
converted into movement specifications and finally as execution phase in which the actual

movements are produced.

Component Operation
INPUT Convert text into chunks
PARSING Decompose chunks into ordinal strings of
characters
[<5]
=
F v
TRANSLATION Convert characters into movement
specifications
v
v EXECUTION Implement movement in ballistic fashion

Figure 2-3: Four typing components proposed by (Salthouse, 1986)

Salthouse, (1986) classified text entry errors into four categories: substitutions,
intrusions, omissions and transpositions. He illustrated possible determinants for each type
of errors according to four processing components. This model helped us to distinguish the

possible cause of error for each cognitive stage like input, parsing, translation and execution
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(shown in Figure 2-3). As we have discussed on page number 8 (Table 1-5), during data

entry or text entry the cognitive stage is at an execution level hence slips occur.

Data entry also called as ‘text input’ research has been carried out to create and
evaluate novel text input technologies. Empirical evaluations are conducted to measure
speed and accuracy under the controlled environment. Therefore, repeated trials are
necessary to generate the volume of paired data consisting of presented text (what subject
were asked to enter) and transcribed text (what they actually entered). Transcription typing
involves an intricate and complex interaction of perceptual, cognitive and motoric

processes.

It is difficult to measure the errors in Indian languages because combination of
multiple characters like vattu and matra. The correction cost per error metric proposed by
(Ghosh, Samanta, & Sarma, 2012), can help to calculate average correction cost for
erroneous transcribed text in Indian language. For measuring the text entry errors in English
language, we have adopted the algorithm proposed by (Soukoreff & MacKenzie, 2001).
The study proposed by (Salthouse, 1986), helps us to distinguish errors in transcription
typing work done by (data entry) operators into four components (or cognitive stages) like
input, parsing, translation and execution. During data entry or text entry the cognitive stage
is at an execution level hence slips occur- which are the common error types that were

captured and reported in this study.

2.3.Use of Interactive Devices in Rural Indian Context

This section of literature study reports research done on the use of interactive devices like-
Kiosk, Mobile phone, ATM machine and Computer and their issues in the context of rural
and semi-urban India. Chand (2002) has discerned issues pertaining to the designing of the
interface for computer driven kiosks used in rural areas of India. He analyses the kiosk
interface based on factors like- motivation, visual interface, mouse-based interaction,
navigation, multimedia (e.g. video, animation, text and images). His study raises the
importance of use of multilingual text and video contents while developing an interface for
illiterate and multilingual rural people. In relation to rural users as a sample population,
there is another study by Patel et al. (2008) and Patel ef al. (2009). They have stressed upon
the importance of audio and spoken based modality in designing computer-based interface.
They designed and developed a voice-based community forum (named Avaaj Otalo)

interface for Indian rural Gujarati users. This application was developed in the Gujarati
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language which allows farmers to receive timely and relevant agriculture information over
the mobile phone. They have given importance to the research on the use of spoken
language in interactive devices for rural areas of the developing world. The study reported
by Gore et. al. (2012) on mobile- based application for rural Indian users. They developed
a mobile-based collaborative system (social networking) to exchange information amongst
rural mobile users in their local language. This application supports voice, video clip and
image-based information dissemination. This study showed that voice-based or text-free
interaction is appreciated by rural users. Voice as a mean of feedback may have more

relevance in a multi-language user scenario such as rural and semi-urban India.

Chand & Day (2006) have proposed Jadoo- A paper user interface for people living
in rural India. It is a prototype system used by computer literate to create and distribute
paper user interface which can be used by computer illiterate to access online information.
He stated that illiteracy, the user of a non-native language and fear of technology are big
hurdles for rural users in India. Singh et. al. (2009) have proposed study on the numeric
paper forms used by the NGOs (Non-Government Organizations) for data collection in
rural India. They have investigated NGO’s form filling requirements which were used to
interact with rural people. They proposed the numeric input method for different NGO’s
form filling requirements which is easy to use for rural people and also machine-readable.
The context of this study is ‘data entry jobs in both local and English languages provided
by NGOs for rural India people’, which has provided motivation for working towards the
context of data entry job by rural users. But this paper did not reported information about,
what kind of data entry job rural people does? what type of user interfaces used for data
entry? which need to be explored. This is one of the few literatures we found on data entry

in rural India.

2.4.Extended Literature Study on Intelligent features in User Interface

The observational field study and above literature suggest that there is need to redesign the
interface used by rural users for data entry. Due to the poor design of the user interface (UI)
of the systems used by them which does not provide specific field constraint, clues and
confirmation logic. Therefore, we found and reported several areas of related work like
managing, improving data entry efficiency and designing of adaptive, dynamic widgets for

user interfaces.
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Kleinman (2001) has stated the adaptive method for double data entry based on
probabilistic approach. In this technique, a probability-based algorithm is proposed that
will select the form for double entry based on most likely to contain errors. The algorithm
uses ADDER (Adaptive Double Data Entry) to estimate the probability that a particular
data enterer has made an error on a given form, then to use that probability as a basis for
deciding whether to have that form re-entered. The probability is updated after each re-
entered form. The simulation shows that much of the re-entry can be avoided by detecting
many errors. This study gives rise to the development of the probabilistic approach for the

data entry.

Chen, Hellerstein, & Parikh (2010) and Chen, Chen, Conway, Hellerstein, &
Parikh (2011) have proposed a system (named as USHER) for data entry form design, entry

and data quality assurance.
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Figure 2-4: Components of USHER system (a) the arrows showing data flow and zoom circle shows the
Bayesian network. (b) different design of radio buttons (1) radio buttons with bar-chart overlay (2)
radio buttons with scaled labels, Chen et. at. (2010).
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USHER learns a probabilistic model over the questions of the form using previous form
submissions. Then it applies this model at every step of the data entry process so as to
improve the data entry quality. Before the entry USHER induces a form layout that captures
the most important data values of a form instance. Once USHER has been learned, it
dynamically adapts the form to the values being entered and enables the real-time feedback
to guide the data entry operators toward their intended values. Their results demonstrate
considerable improvement in data quality for each component / widget compares to existing
practice. We have adapted the technique of probabilistic model based on Baysian Network

to develop the relationship between form field.

Lee & Tsatsoulis (2005) have implemented intelligent data entry assistant (called
as SmartXAutofill) for predicting and automating inputs during entry for XML document.
SmartXAutofill consists of multiple internal classification algorithms integrated into an
ensemble classifier to form single architecture. Each internal classifier uses approximate
techniques to propose a value for an empty XML field and through voting the ensemble
classifier determines which value to accept. The SmartXAutofill system was evaluated
using data from eleven different XML domains. This study is limited to XML document

domains only.

The machine learning tools can be used to assist repetitive form filling tasks by
providing default values for a particular section of the form, which thereby reduces the
number of keystrokes necessary to complete a form and also reduces the risk of errors.
Hermens & Schlimmer (1994) have developed the user interface (learning apprentice) for
repetitive form filling task of ‘leave report form’. The authors evaluated the efficiency of
this system by measuring keystroke error and prediction errors observed during typing. The
results indicate that their method (ID4) reduces number of keystrokes required by 87%
compare to non-learning methods. Another empirical study was conducted by Warren
(1996) to show the development of an adaptive interface for physician’s data entry of
electronic medical record. In this interface, he developed short menus that provide a likely
selection to user using machine learning technique. The results of this paper indicate the
use of machine learning for the development of data entry applications. The usability study
conducted by Sears & Shneiderman (1994) indicates that split menus reduce the
performance time by 17 to 58%. Thirteen participants were involved in this study. Two
different menus design, traditional menu and later slit menus were used by participants for
four weeks each. The program created split menus for the font menus (containing 28 items)

in MacWrite and Microsoft Word were installed on Macintosh computers at two sites. The
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statistical t-test shows that split menus resulted in faster mean selection time for each menu
and faster selection time for several individual fonts. Also during a usability test, out of 13
participants, nine preferred the split menus. This literature suggests that intelligent methods
(like machine learning, probabilistic approach and artificial intelligence) can be used in

design and development of user interfaces for data entry.

2.5.Literature on Influence of Emotion on Data Entry

Several studies have proved the influence of emotions on the complex as well as simple
tasks in giving rise to human errors. For example, Jeon, Yim, & Walker, (2011) proved that
there are behaviour changes when a driver is in different emotional states such as anger and
fear, even when those states share the same emotional valence. Similarly, Causse, Dehais,
Péran, Sabatini, & Pastor, (2013) confirmed in their study that negative emotional states
can provoke plan continuation errors in pilots. This means that they are more likely to
continue acting even when available evidence indicates them to stop. Another study,
Cairns, Pandab, & Power, (2014) have reported the influence of emotions on number data
entry on devices like infusion pumps in hospitals. Their hypothesis was that people who
are in the negative affective state will make more errors than those in a positive affective
state. The sample size of the experiment consists of 28 participants. The first part involves
emotion inducement procedure where participants were shown 24 images for their
particular experimental condition and asked to rate each one as they went along. The
Microsoft PowerPoint presentation was set up to display 24 images of either positive or
negative valence depending on the experimental condition. A standard International
Affective Picture System (IAPS) — a database of images was used for inducing a different
level of affect in both the valence and arousal dimensions. In the second step, the
participants moved on to the number entry task. For this, the Microsoft Excel was used to
randomly generate numbers and display them. Participant had to enter the displayed
number into a Google Nexus tablet using number pad touch interface. Finally, they
concluded that the users in negative affective state are more likely to make number entry
errors. This study focuses only on safety-critical environment of number entry in the
healthcare domain which involve devices like infusion pump, ventilators having touch
screen user interface. Besides, the study did not take into account the arousal dimension of
emotions. This study can be applied for rural-BPO context to find out what is the influence

of emotion on data entry operators? Because there may be factors like language, job anxiety

35



Chapter 2: State of the Art Literature Survey: Nature of Problem

related to operator which may affect their emotional state which intern affect their

performance during data entry work.

2.6.Study of Sensitive Variables

The research literature also highlights that sensitive variables like- perceived cognitive
load, perceived system usability, user interface satisfaction, willingness to continue usage

and relative advantage, have been ignored while designing the interfaces for data entry.

Stanton, Salmon, Walker, Baber, & Jenkins, (2006), have indicated that mental
workload assessment techniques are used to assess the level of demand imposed on an
operator by a task or scenario. The NASA Task Load Index (NASA-TLX) (Hart &
Staveland, 1988) is a multi-dimensional subjective rating tool that is used to derive a mental
workload rating based upon a weighted average of six workload subscale ratings. The six
sub-scales are mental demand, physical demand, temporal demand, effort, performance and
frustration level. The NASA-TLX is the most commonly used subjective mental workload
assessment technique. The system usability scale (SUS) offers a very quick and simple to
use a questionnaire designed to assess the usability of a particular interface, device or
product. The SUS consists of ten usability statements that are rated on a Likert scale of 1
(strongly agree with the statement) to 5 (strongly disagree with the statement). Answers are

coded and a total usability score is derived for the interface under analysis.

The interface analysis techniques are used to assess a particular interface in terms
of usability, user satisfaction (Stanton, Salmon, Walker, Baber, & Jenkins, 2006). The
questionnaire for user interface satisfaction (QUIS) (Chin, Diehl, & Norman, 1988) is a
questionnaire method that is used to assess user acceptance and opinions of human-
computer interfaces. The QUIS method is used to elicit subjective user opinions on all
usability-related aspects of an interface, including ease of use, system capability,
consistency and learning. There are a number of different versions of the QUIS method
available. QUIS Version 5.5 was selected in this thesis for subjective measurement of
interface satisfaction. Each question has an associated rating scale, typically ascending
from 1 to 10. Another two scales used in this thesis were defined here. The relative
advantage defined as, the degree to which a new system is perceived as being better than
old one (Moore & Benbasat, 1991). The extent to which the operator/ user intends to

continue to use as data entry interface.
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Therefore, the NASA- TLX scale was used to measure the perceived cognitive
load. The SUS scale was adopted to find out perceived system usability. The user interface
satisfaction was measured using QUIS scale. The measurement of willingness to continue

usage and relative advantage were taken by respective scales.

2.7.Consolidated theory/ concept from Literature

The broad literature based review in this study was from usability engineering, human
errors in human-computer interaction, artificial intelligence and human psychology

domains. A consolidation is presented below.

1. Several researchers (Chand, 2002; Chand & Dey, 2006; Gore, Lobo, & Doke, 2012;
Kam, Kumar, Jain, Mathur, & Canny, 2009; Patel, 2008) have reported that in rural parts
of India people have minimum access and familiarity with computers because of illiteracy
and spoken language problems, most information systems being in English. The
development cost of applications with community partners that meet their local language
learning needs, is beyond the budgets of community development projects. In such a
scenario the reliability and quality of rural based data entry services may also become

questionable in terms of output quality.

2. Rural- Business Process Outsourcing (Rural-BPO) is one of the few avenues of
employment for rural India. The data based services involve digitization, data entry,
converting document to different format, transcribing, cross checking, collating,

amalgamating, merging and many more.
3. Issues with existing data entry user interfaces used at rural-BPOs are noted as follows:

A. Poor design of user interface: Lack of expertise in designing user interface
especially for operators in rural-BPOs. The existing user interface has some
drawbacks mentioned below:

a. Failed to correct specific field constraint.
b. Does not provide clues during typing
c. Fails to provide confirmation logic

d. Does not provide validation logic for fields.

B. Double entry is costly and time-consuming.
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C. Data entry using a mobile phone were ever used is of poor quality. Viewing
windows are small. Screens are not ergonomic compliant in terms of font size, view

window, pixels, layout, colour etc.
D. User interface was in the English language:

a) The majority of operators were educated in their mother tongue (local
language) and the user interface (UI) used for data entry is completely in the

English language.

b) The operators speak in their local language when they are socialising at work.
The language used during data entry is English, this means their thinking and
conversing language is different therefore working seamlessly between two
languages cause them to make errors and also takes extra time during data

entry. This is a potential context for errors.

¢) Error or feedback message: The operator gets confused when error or feedback
message appear in English which take extra time for them to read and

understand it and internalize it.

E. Female operators are steadily increasing in semi-urban pockets. Issues regarding

their performance and pay do exist.

4. A new user can spend up to 30-50 % of activity time on dealing with errors while
interacting with the computer (Lazonder & Meij, 1994). The error occurs during interaction
due to some computer software protocols or due to human actions. Researchers (Busse,
1999; Walia & Carver, 2009; Shwartz, et al., 2010; Weyers, Burkolter, Kluge, & Luther,
2010; Madduri, Gupta, De, & Anand, 2010) argued that studies on human errors should
place greater emphasis rather than computer / system errors, because human errors are

inevitable, even if we can design perfect systems.

5. The literature studies also focused on highlighting the influence of different emotional

states on the performance giving rise to human errors. Language too plays a role.

6. Apart from the gaps highlighted above, the research literature also notices the fact that
sensitive variables like- perceived system usability, perceived cognitive load, user interface
satisfaction, willingness to continue usage and relative advantage, have been ignored while

designing the interfaces for data entry, on systems being used by BPO organizations.

7. Therefore, to address above issues like local language, emotions, data entry errors and

poor design of user interface for data entry, this research study proposed a new user
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interface that is designed with intelligent widgets. The embedded intelligent methods like-
machine learning, probabilistic approach and artificial intelligence are proposed to be used

in design and development of ‘error limiting user interface’ for data entry.

8. Further, this new GUI with embedded intelligence to prompt the operator as well as train

the operator so as to reduce the errors is intended to be validated by testing.

2.8.Research Questions and Objectives

2.8.1. Research Questions

Following were the research questions addressed in this thesis based on the research gaps

identified and discussed above.

RQ1: What is the effect of a newly configured user interface designed with intelligent
features like- (i) display of autocomplete suggestion for text field by ranking strategy based
on likelihood, (ii) predictive text entry widget, (iii) radio button pointed with most likely

options and (iv) dynamic drop-down split-menu, on accuracy of data entry?

RQ2: What is the effect of user interface designed with intelligent features like- (i) display
of autocomplete suggestion for text field by ranking strategy based on likelihood, (ii)
predictive text entry widget, (iii) radio button pointed with most likely options and (iv)

dynamic drop-down split-menu, on speed of data entry?

RQ3: What is the effect of user interface designed with intelligent features on the variables
like- (i) perceived system usability, (ii) perceived cognitive load, (iii) user interface

satisfaction, (iv) willingness to continue the usage and (v) relative advantage?
RQ4: Are female operator more accurate in data entry as compared to male?

RQS5: What is the effect of language used on error rate in the case of, (i) English language
in forms used for data entry, (ii) Indian (Marathi) language and (iii) Mixed language (i.e.

both English and Indian (Marathi) language combined)?
RQ6: What is the effect of emotions on the data entry error rate?

RQ7: In the case of data entry operators what is the influence of level of knowledge about

computer in general on the speed and accuracy of data entry?

RQ8: What is the effect of learned expertise in using a particular system- on the speed and

accuracy of data entry?
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RQ9: What is the influence of level of understanding of the task domain on the speed and

accuracy of data entry?

RQ10: Do experienced operator commit more errors compared to less experienced data

entry operator in case of being under pressure such as ‘limited time’ data entry?

In this thesis RQ1 to RQ5 have taken up for research.

2.8.2. Objective of the Study

Aim: To improve the usability in terms of work efficiency of rural and semi-urban data

entry operators working in rural-BPOs of India.
Objectives:

OB1: To collect computer knowledge and usage patterns of rural and semi- urban users of

age 18 to 30.

OB2: To understand their attitudes, difficulties, errors and usability issues towards

computers.

OB3: To find out user interface problems, errors while using different data entry software

/ tools.

OB4: To conceive, propose, model, simulate and test an “Intelligent error limiting user
interface” so as to increase the usability and user experience in terms of work efficiency-

of data entry operators.

2.9.Conclusion

This Chapter reviewed the literature about data entry errors i.e. numerical entry errors and
text entry errors. It also gave us an understanding of types of errors performed by operators
in a different context like medical, aviation, rural-BPOs etc. The next part dealt with
literature on use of interactive devices in the context of rural Indian user. This section
provides difficulties, problem and issues rural user (computer operator in BPOs) have while
interacting with computers. Later sections described related work on the role of emotions

during data entry.

Based on this literature we have formulated research gaps and accordingly
extended our literature survey on proposed intelligent techniques used to improve data

entry. The extended literature survey is on machine learning techniques, Bayesian network
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and a probabilistic model. The identified research gaps lead to a set of ten research

questions.

The following Chapter presents methodology adopted for the research and how the

research questions were planned to be investigated.
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Chapter 3

Exploring the Potential and Influence of Errors during
Data Entry

This Chapter includes the three pilot studies conducted for exploring the potential of data
entry process and influence of errors on data entry in the context of rural Indians as not
many earlier reports exist. Section 3.1 gives details of first pilot study conducted on
numerical data entry. The second pilot study is on text data entry reported in Section 3.2.
Section 3.3 demonstrates the third and last pilot study conducted on influence of emotional
factor on numerical data entry by rural people. The last part of the Chapter mentioned about

inferences drawn from the pilot studies.
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3.1.Introduction

Several researchers (Chand, 2002; Chand & Dey, 2006; Patel, 2008; Kam, et al., 2009;
Gore, Lobo, & Doke, 2012) have investigated the spoken language challenges while
designing the user interface for interactive device for rural Indian context. Therefore, our
concentration is on consideration of language on usage. So we take general rural population
in order to understand in what form language takes to affect the human cognitive scheme
i.e. study of language, behaviour and habits. The literature study (Singh, et al., 2009) also
indicates that consideration of the data entry errors are crucial for evaluating efficiency of

rural users while interacting with computers.

Therefore, to investigate the effect of language on data entry errors and influence
of emotion on data entry, the following three pilot studies have been conducted. First pilot
study conducted on numerical data entry, second pilot study is on text data entry and third

is on influence of emotional factor on numerical data entry by rural people.

Table 3-1: Details of pilot studies conducted

Pilot Study Hypothesis Page
no.
Pilot Study 1 Hi- The rural users make more errors in English numerical data 43

Numerical Data Entry entry compared to local language (Marathi and Assamese)
numerical data entry.
Hz- The rural users require more time in typing English numerical
during data entry then if they do it using their local language
(Marathi and Assamese).

Pilot Study 2 Hi- Rural users make more errors in text entry using the English 49
Text Data Entry language as compared to local language (Assamese).
Hz- Rural users require more time in text entry in the English
language as compared to local language (Assamese).

Pilot Study 3 Hi- Rural users make more errors in local language numerical data 55
Effect of Emotion on entry without time limit during negative state of emotions rather
Data Entry than positive state of emotions.

Hz- Rural users make more errors in English language numerical
data entry without time limit during negative state of emotions as
compared to being in positive state of emotions.

Hi- Rural users require more time in local language numerical data
entry during negative emotions as compared to positive emotions.
Ha- Rural users require more time in English language numerical
data entry during negative state of emotions when compared to
being in positive state of emotions.
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3.2.Pilot Study 1: Numerical Data Entry

3.2.1. Research Hypotheses

The hypotheses which were tested in this pilot study are given below:

H;- The rural users make more errors in English numerical data entry compared to local

language (Marathi and Assamese) numerical data entry.

H>- The rural users require more time in typing English numerical during data entry then

if they do it using their local language (Marathi and Assamese).

The experiment designed to test the above hypotheses is as below,
3.2.2. Methodology

3.2.2.1. Participants

Forty-eight (48) participants (male / female) belonging to age group 18 to 30 years working
in the Indian Institute of Technology Guwahati (IITG) campus that is — people working at
shopping complex, vegetable market and security guards as well as and twenty-four (24)

rural village based users from the state of Maharashtra India were selected.

Figure 3-1: User’s participation in experiment
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All participants had a minimum of six months of experience of using computer and had
primary education (up to 10th standard) in local (i.e. Marathi or Assamese) language. Also
they use computers or laptops at least one hour in a week. The following Figure 3-1 shows

the participants performing given experiment.

3.2.2.2. Instruments

A software (named as CALCY) interface was designed specifically for this experiment. It
was designed to take number entry input in English and two local languages (Marathi and

Assamese) using an input device such as mouse and keyboard.

CALCULATOR FEReT e
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Figure 3-2: Screenshot of software interface designed, which does calculations in three
languages- English, Marathi and Assamese

This CALCI- interface does arithmetic operations such as addition, subtraction,
multiplication and division on numbers with and without decimal point. Figure 3-2 depicts

the three screen shots of English, Marathi and Assamese language calculator respectively.

3.2.2.3. Experiment Design and Variables

The experiment was a ‘within subject repeated measures’ design. The participant used
CALCI interface six times to perform six tasks for calculation in English and local
languages. The participants perform same calculation in English and local languages using
two input devices mouse and keyboard. The number entry language was the independent
variable and it had three types: English language interface and two local languages
interface. They are Marathi- a language spoken in the state of Maharashtra (capital
Mumbai) and Assamese- language spoken in the state of Assam in the North-East part of
India. The dependent variables were the task completion time and errors made in number

data entry.
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3.2.24. Procedure in Detail

The Marathi language keyboard was provided to Marathi language speaker natives of
Maharashtra and 4ssamese to natives of Assam. All participants were tested individually.
The CALCI interface was used for each participant and they were briefed about the stages
and purpose of the experiment before starting. The experiment was divided into six parts

(tasks) as given in Table 3.2 below.

Table 3-2: Task Design

Task No. Language Input Device Time Allotted

Task 1(T1) Local Mouse Without time limit
Task 2(T2) Local Mouse Within one minute
Task 3(T3) Local Keyboard Within one minute
Task 4(T4) English Mouse Without time limit
Task 5(T5) English Mouse Within one minute

Task 6(T6) English Keyboard Within one minute

In Table 3-2: Task 1 consists of local language number data entry by using input
device mouse without time limit, Task 2 consists of local language number data entry by
using mouse within specified limited time (i.e. one minute) and so on. Each participant had
to perform all tasks, but the sequence / order of the tasks was different. Table 3-3 shows

how sample distribution was done among each task and sequence of tasks to perform.

Table 3-3: Equal distribution of samples among each task

Sample Local Language English Language
Distribution T1 T2 T3 T4 T5 T6
1-8 1 3 5 2 4 6
9-16 5 1 3 6 2 4
17-24 3 5 1 4 6 2
25-32 2 4 6 1 3 5
33-40 6 2 4 5 1 3
41-48 4 6 2 3 5 1

The first row of Table 3-3 consist of 1-8 samples were performed taskl to task 6
in sequence/order first task1, second task4, third task2, fourth task5, fifth task3 and sixth
task6 (i.e. 135246, see Table 3-3’s first row) and likewise.

Prior to each stage of the experiment, the participants were given orientation
session where they could enter two or three simple calculations and get familiar with
operating the interface as it was new to them. When the participants were comfortable with
how the interface worked, they were allowed to proceed to the experiment. The participants
were required to enter given mathematical calculations having three different difficulty

levels (like very easy, easy and hard) using two interfaces (English and Marathi or
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Assamese) in the defined order in Table 3-3. The participants were provided with the
experiment sheet including mathematical calculations in English and the local language
they speak. The participants were instructed to perform the mathematical calculation as
quickly and as accurately as possible. The computer based background recording of each
participant interaction with designed interface (CALCI) was enabled to collect data of speed
of entry and errors of each participant. This was logged into the data of CALCI and retrieved

for analysis.
3.2.3. Result and Discussion

3.2.3.1 Types of Errors

Analysis of the total number data entry errors for both interfaces (English and local
language) using paired t-test indicates that the mean errors for the local languages number
data entry (mean=0.35, sd=0.49) was significantly lower than that of the English language
number data entry (mean=0.52, sd=0.69), #144)=-3.45, p=0.001. Below, we report the

different types of error that occurred in our experiment.

Wiseman, Cairns, & Cox (2011) and Oladimeji, Thimbleby, & Cox (2011) have
proposed a classification of number entry errors. They reported the occurrence of certain
error types between the two number entry interface styles. Therefore, we have done the
classification and showing frequency of each group of number entry errors as depicted in

Figure 3-3.

ELocal

22 B English

14 15 13
8 9 6
- —
—
Decimal point Missing digit Wrong digit Double entry Reverse digit

Figure 3-3: The classification of number entry errors in different tasks

Error is unintended action (slip), mistake or omission a user makes while
attempting a task. There are common user errors observed in number entry interfaces

experiment.
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Decimal point: This error occurs when a decimal point is absent or misplaced from the
transcribed number but is present or appropriate in the instruction. There are 8 instances of

errors in local language and 9 instances of English language.

Missing digit: This refers to occurrences of errors where one digit, one digit before and
after decimal from the intended value missing from the transcribed value. For example, a

participant entered 6.25 instead of 68.25.

Wrong digit: Wrong digit errors occur when one of the digits in the written value is
incorrect. The most cases of the wrong digit error happened whenever the whole calculation
wrong part of the operand number is wrong. For example, a participant entered 30.75

instead of 30.25. This type of errors was more frequent on English language number entry.

Double entry: This type of errors occurs when double or repeated entry of numbers is
found. The most cases when the participants were given limited time to perform given

calculation. For instance, a participant entered 4996.75 instead of 496.75.

Reverse digit: Reverse digit or transposition happen when the user switches two adjacent
digits in a number. For instance, instead of entering 1586.50 (in English language 1586.50),
a user might enter 1568.50 (in English language 1568.50).

Ja22322) Task completion time

It is the time taken by participants to complete a task. Task completion time of Task 1 for
English and Task 4 for local language was measured. The task completion time for English
language number entry (mean=159.9, sd=80.67) was significantly slower than the task
completion time for local language (Marathi and Assamese) number data entry

(mean=152.5, sd=80.13), (48)=2.69, p=0.01.

Local English

Time

Participants
Figure 3-4: Time required for data entry
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The graph shown in Figure 3-4 represents the time taken by each participant to
complete the given task in both local and English languages. By looking at the graph, it has
been observed that, the red lines are dominating blue one. This means that the time taken
(represented using red lines in Figure 3-4) for data entry in English language is more

compared to local language (represented using blue lines).

3.2.3.3. Other observations and findings

The number of errors per participants within the limited time by input device mouse
(mean=0.53, sd=0.65) was significantly more than without time limitation (mean=0.28,

sd=0.54), (96)=3.14, p=0.002.

Another analysis of the total number data entry errors for both local languages
number data entry (Marathi and Assamese) using independent t-test shows that total
number of errors in Assamese language number entry (mean=0.46, sd=0.56) were more in

comparison with Marathi language number entry (mean=0.25, sd=0.44), #72=2.50, p=0.01.

3.2.3.4. Discussion

The results show a considerably higher number of errors on the English number data entry
task in comparison to the local language number data entry task. This is because as we have
stated above in Section 1.5, about 92.39% schools in rural area teach in the medium of a
regional language. It was also observed that rural users were slightly slower (37.5 seconds)
during data entry using English. Therefore, during English number data entry their thinking
(local language) and typing language (English language) is different. So switching between
these two cause them to make more errors and take more time compare to local language
where their thinking and typing language is same i.e. local language. Also in rural area of
India people generally use their local language numerical for daily routine math/
calculations e.g. for buy and sale. So rural users are more habituated to local language
numerical which make then less errors and take less time during local language number

data entry. This study shows that there is influence of local language on number data entry.

There is large difference in ‘Wrong digit’ errors group which may due to higher

familiarity and understanding of local language numerical by rural users.

For both languages number entry task (English and local), number of errors within
limited time entry was significantly more than without the constraint of time limit. This

was probably because the participants try to key in the entries faster within the given limited
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time. This results in more errors in comparison to when there is no time limit prescribed.
The results also show that users of Assamese language make more errors compared to users
in Marathi. The possible explanation to this is that Marathi language users are more

familiar with device operation than Assamese subjects.

3.2.4. Conclusion from Pilot Study 1

There are significant differences in the error rates and slight different in speed of entry for
the two experimental conditions of number entry. This upholds both hypothesis (H; and
H»). The rural users made more errors and required more time in English numbers data
entry then data entry using local language (Marathi and Assamese). The result suggests that
for a designer involved in designing interfaces or navigation for predominantly rural users
who are more comfortable with the local language, influence of local language needs to be

taken into account while determining the information architecture in an application.

3.3.Pilot Study 2: Text Data Entry

Text data entry errors are vital for evaluating the efficiency of rural users while interacting
with computers. We are investigating the influence and extent of contribution of local

language in triggering these errors.

3.3.1. Research Hypotheses

The hypotheses which were tested in this pilot study are given below:

Hji- Rural users make more errors in text entry using the English language as compared to

local language (4ssamese).

H>- Rural users require more time in text entry in the English language as compared to

local language (4Assamese).

The usability experiment research design set up to test the above hypotheses is

given below.

3.3.2. Research Design

This section gives details about participants, instrument used and detail procedure followed

to test the above hypotheses.
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3.3.2.1. Participants

Total sample size of forty-four (44) participants (male and female) were approached
randomly with a request to participate. The subjects belonged to age group 18 to 30 years.
They worked in shops, vegetable market and as security guards in the campuses of Indian
Institute of Technology Guwahati (IITG). Figure 3-5 depicts pictures of the participants

performing the experiment. Pictures of participants are used with their consent.

Figure 3-5: Users performing the data entry operation

Demographics

Participants (39 Males + 5 Females) of age group 18 to 30 years had a primary education
(up to 10th standard) in local (i.e. Assamese) language and used computers or laptops at

least one hour in a week as part of their jobs or for personal communication use.

Local Language and English Baseline

All the participants had completed schooling in their mother tongue language (that is
Assamese). Their proficiency in English was ascertained before the test. This was done by
giving a sentence in English and asking subjects to translate it into their local language.

Following are the errors and problems observed in the translation of given English sentence
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into the Assamese language by rural users with their percentages expressing their
proficiency in English. This proficiency will be used later on to compare with the test

results.
e Spelling errors (35%)
e Grammatical errors (55%)
e Difficulty in phrasing complete sentences (20%)

e Difficulty in locating the keys for typing complex words (combining

multiple characters together) in the case of Assamese language (75%).
Technology Baseline

Among the 44 participants, only 10 of them have access to computer / laptop at their homes

on a regular basis. All the participants use computer / laptop at least one hour in a week.

3.3.2.2. Instruments Used

Microsoft Word for English language text entry was adopted and for Assamese language
text entry- a locally developed Notepad equivalent software named as BarahaPad
(http://www.baraha.com) was utilized. Figure 3-6 shows the keyboard design which can
be used to type in both English as well as the Assamese language. The keyboard of Baraha
system (a local adaptation of keyboard for Indian language) used is depicted in Figure 3-6.

Figure 3-6: Keyboard for Assamese and English language text entry

3.3.2.3. Experiment Design and Variables

The text entry language was the independent variable and it had two types: English
language interface (that is Microsoft Word) and Assamese languages interface (Bara-
haPad). The dependent variables were the task completion time and errors made in text

entry.

52



Chapter 3: Exploring the Potential and Influence of Errors during Data Entry

3.3.2.4. Procedure

All participants were tested individually. Each participant was used BarahaPad and
Microsoft Word for Assamese and English language text entry respectively. The sequence
of the tasks was different. The twenty-two participants were performed task! first and then
task2, were as remaining performed task2 first and then taskl. The samples distribution
was done equally among each sequence of tasks. Table 3-4 depicts the task design for text
entry experiment.

Table 3-4: Task Design

Task No. Task name Experiment tool
Task1  Type given Assamese language sentence BarahaPad
Task2  Type given English language sentence  Microsoft Word

To get familiar with the interfaces the participants were given an orientation
session where they could enter given sentences in both languages (English & their local
language) so that the participants were comfortable with the experimental instrument

interface.

The Assamese language contains thirty-one phonemes, eight vowel and other
twenty-three consonant phonemes (Sarma & Sarma, 2012). The phonetic keyboard was
designed by sticking the Assamese language phonemes on keys of regular English language
keyboard (see Figure 3-5). Writing Assamese words using phonetic keyboard is as easy as
writing in English. The participants were instructed to perform the tasks (data entry) as
quickly and as accurately as possible. The computer based background recording of each
participant interaction with interfaces have taken to collection of the speed of entry and

€ITOr1S.

3.3.3. Results and Discussion

The Table 3-5 illustrates the statistical analysis of results obtained from experiments.

Table 3-5: Statistical analysis of results

Hypotheses  t- value mean sd
(paired t-test) English Local English Local
Hi 3.56 5.75 4.95 2.57 2.46
H2 1.90 32.20 32.85 4.79 4.88
3.3.3.1. Types of Errors and Error Rate

Levenshtein minimum string distance statistic (Soukoreff & MacKenzie, 2001; Calculate

Levenshtein Distance, 2013) was used for measuring error rates in text entry. Statistical
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analysis of the total text entry errors for both language entry (English and Assamese) using
paired t-test indicates that the mean errors for the English language text entry (mean=5.75,
sd=2.57) was significantly higher than that of the Assamese language text entry
(mean=4.95, sd=2.46), #(88) = 3.56, p <0.002.

Types of errors observe in text entry by rural users.

1. Spelling, Incorrect/ Missing Word: This error occurs when the user forgets characters

within words or whole word in transcribed text.

2. Double character: In this type user tries to create an unwarranted duplicate character

after a target character.

3. Unrelated: This error means creating unrelated characters in relation to the presented

text.
4. Related: This error means deleting characters that are related to the presented text.

5. Case: This refers to entering a target character in the wrong case (that is creating a

uppercase letter when it is supposed to be in uppercase, or vice versa).

6. Layer switching: User needlessly switching between the upper / lower case layer of the
keyboard (e.g. by pressing SHIFT / CAP lock).

44
M English

33 M _{ssamese
22 21 20 19
e Dt oo

Spelling  Double Unrelated Related Case Layer
character switching

Figure 3-7: Taxonomy of text entry errors

Figure 3-7 depicts the taxonomy of text entry errors with their frequencies observed
in English and 4ssamese language by rural users.
3.3.3.2. Task completion time

It is the time taken by participants to complete a task. Task completion time of Task 1 for
Assamese and Task 2 for English language was measured. The task completion time for

Assamese language text entry (mean=32.85, sd=4.88) was not significant compared to the
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task completion time for English local language text entry (mean=32.20, sd=4.79), #88) =
1.90, p > 0.073.

3.3.3.3. Discussion

The results confirm a noticeably higher number of errors on the English language text entry
task in comparison to the local language (4ssamese) text entry task. It was also observed
that rural users were slower during text entry using Assamese language as compared to
while using English language. It was noticed that during typing rural user reads the
presented text and then types it using the given interface. While reading the presented
Assamese word from sentence, he attempts to memories 2-3 words and then type it on the
screen. But in case of English language words (especially long and difficult words) the
rural user is unable to remember the full spelling while transcribing and makes more errors

as more entry strokes are involved accompanied by eye movement.

The structure of Indian languages is different from English containing simple,
complex and matra characters. As explained on page number 19, the complex character is
made by combining multiple characters together and error in one single character may be
required multiple edit operation to fix it. In such case fixing of a single error requires
additional edit operation to non-erroneous characters. So for Indian language (4ssamese)
the time required for number of edit primitives to transform transcribed text from presented

text is more as compared to English.

The results of statistical analysis indicate that significant differences in the error
rates exists which upholds hypotheses (H:) (Table 3-5). However, we found no significant
difference in speed of entry for the two experimental conditions of text entry (hypotheses

(H»)) thereby resulting in failure to reject the null hypotheses.

3.3.4. Conclusion from Pilot Study 2

There is significant difference in the error rates for the two experimental conditions of text
entry. The rural users made more errors in English text entry then local language
(Assamese). The result suggests that for a designer involved in designing interfaces or
navigation for predominantly rural users more comfortable with local language, influence
of local language needs to be taken into account while determining the information

architecture in an application.
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3.4. Pilot Study 3: Effect of Emotion on Data Entry

This section focuses on the role of emotions and their influence on errors in computer data
entry work. Emotions are important and most pervasive aspect of human behavior
including during work. This pilot study explored the role of ‘internal performance shaping
factor’ like 'emotions' which may affect the work performance during numerical data entry

work.

3.4.1. Hypotheses

In this section we are attempting to find the extent of influence of emotions on making

these errors in local and English language. The hypotheses are stated as below:

Hji- Rural users make more errors in local language numerical data entry without time limit

during negative state of emotions rather than positive state of emotions.

H>- Rural users make more errors in English language numerical data entry without time

limit during negative state of emotions as compared to being in positive state of emotions.

H3- Rural users require more time in local language numerical data entry during negative

emotions as compared to positive emotions.

Hy- Rural users require more time in English language numerical data entry during negative

state of emotions when compared to being in positive state of emotions.

The experiment designed to test the above hypotheses is given below.
3.4.2. Methods

3.4.2.1. Participants

Forty-Eight (48) participants (male / female) belonging to the age group of 16 to 30 years
were selected for the experiment. They were students of 11" and 12" standard, people
working in the coffee shop, stationary shop, grocery shop, vegetable market and security
guards in the campuses of Indian Institute of Technology Guwahati (IITG). All participants
from rural background had educational qualification of 10" to 12% standard (that is non-
graduate) and used computers or laptops at least one hour in a week. The following Figure

3.8 shows the participants performing given experiment.
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Figure 3-8: (a) picture depicts, the process of experiment being explained to the participant and (b) and
(c) pictures showing participants performing the numerical entry operation task assigned to them.

3.4.2.2. Instrument and Materials

A software interface involving a calculator was designed specifically for this experiment.
It was designed to input numerical data in Assamese and English language using keyboard
and mouse. This interface can perform arithmetic operations like addition, subtraction,
multiplication and division - with and without a decimal point. Figure 3-9 depicts the

screenshot of the software interface in Assamese and English language.

CALCULATOR (aﬁ-]w“ﬁ?
67 vq
« C 99 + - T o *+
708191/ /]|=* Qv ||/ | ¢
4 [I's |l 6 | X 8 ¢ v | X
102 3| — i slaleoll=1
0 . + 0 . +

Figure 3-9: Screenshot of software interface, which does calculations in Assamese and English language
3.4.2.3. Stimuli

Videos can be used to induce emotions artificially in the participants (Neerincx &
Streefkerk, 2003; Spering, Wagener, & Funke, 2005). We used, three video clips to
influence affective states and for inducing positive and negative types of emotions in both
the valence and arousal dimensions. We used three types of video clips like violence video

for negative emotion and comedy video for positive emotions each of five minutes duration.
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The video for control group was an abstract images video for duration of two minutes. To
assess whether right emotions have been induced, an emotion measuring Self-Assessment
Manikin (SAM) scale, proposed by Bradley & Lang, 1994; was used. Figure 3-10 depicts
the SAM scale having a valence (top) and arousal (bottom). The valence was used as a
typical dimension for checking whether emotional state is positive or negative. At one
extreme of the scale one can felt happy, pleased, satisfied, contented and hopeful. The other
end it reflects unhappy, annoyed, unsatisfied, melancholic, depressed and/or bored.
Similarly, the degree of arousal reflects from an excited wide-eyed figure to a relaxed
sleepy figure. At one end of this scale one physically felt relaxed, calm, sluggish, dull,
sleepy and unaroused. The other end it reflects stimulated, excited, frenzied, Jittery, wide
awake and aroused. So a highly aroused negative state corresponds to anger whereas a low

aroused positive state would be contentment (Bradley & Lang, 1994).

o v
B ) 0 0 0O O “wew

Figure 3-10: The valence (top) and arousal (bottom) scales of Self-Assessment Manikin (SAM) (Bradley
& Lang, 1994)

3.4.3. Research Design

3.4.3.1. Experimental Variables

The experiment was a between subject design. The participants used software interface four
times to perform four tasks for calculation in Assamese and English languages. The
participants perform calculation in Assamese and English languages using input device-
keyboard only. The emotion (positive, negative and neutral/control group), number entry
language (4Assamese and English) were the independent variables. The dependent variables

were the task completion time and errors made in numerical data entry.
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3.4.3.2. Experimental Design

The experiment was divided into four tasks as given in Table 3-6 below, Task 1 consists of
local language numerical data entry without time limit, Task 2 consists of English language
numerical data entry without time limit and so on. Each participant has to perform all tasks,
but the sequence/order of the tasks may be different. Table 3-7 shows how samples
distribution was done among each task and sequence of tasks to perform. As shown in table
2, the samples were equally distributed among three emotional states like positive, negative
and control group. The first row of Table 3-7- positive emotion induced for sample 1,2,
control/neutral emotion induced for sample 3,4, negative emotion induced for sample 5,6

and all samples 1 to 6 perform task 1 (T1) to task 4 (T4) in sequence T1, T2, T3 and T4.

Table 3-6: Task Design

Task No. Time Allotted Language
Task 1 (T1) Without time limit Local
Task 2 (T2) Without time limit English
Task 3 (T3) Within one minute Local
Task 4 (T4) Within one minute English

Table 3-7: Distribution of Samples among Emotion Affective State and Task

Sample Distribution Tasks
Positive  Neutral/control Negative

1,2 34 5,6 T1 T2 T3 T4

7,8 9,10 11,12 T1 T2 T4 T3
13,14 15,16 17,18 T2 T1 T3 T4
19,20 21,22 23,24 T2 T1 T4 T3
25,26 27,28 29,30 T3 T4 T1 T2
31,32 33,34 35,36 T3 T4 T2 T1
37,38 39,40 41,42 T4 T3 T1 T2
43,44 45,46 47,48 T4 T3 T2 T1

3.4.4. Procedure

All participants were tested individually. They were briefed about the stages and purpose
of the experiment before starting. They were also instructed on the use of SAM scale and

the software interface for numerical data entry.

To study empirically, the experiment was divided into two parts. Part one consists
of emotional inducement process. When the participants were ready, their emotion was
checked by SAM scale before starting the actual experiment. Then the participants were
shown the five minutes video clip for their particular experimental condition. To assess

whether right emotions have been induced, an emotional measured through SAM scale of
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participants were taken. In second part, participants moved on to the numerical entry task.
Prior participants were given orientation session where they could enter two or three simple
calculations and get familiar with the interface. When the participants were comfortable
with how the interface worked, they were allowed to proceed to the experiment. The
participants were required to enter given mathematical calculations having three different
difficulty levels (like very easy, easy and hard) using two interfaces (4ssamese and English)
in the defined order in Table 3-6. The participants were provided the experimental sheet
including mathematical calculations in English and local language they speak (i.e.
Assamese). The participants were instructed to perform the mathematical calculation as
quickly and as accurately as possible. The computer based background recording of each
participant interaction with designed software interface have taken as a data collection for

entry typing speed and errors.

3.4.5. Results and Discussion

In this experiment we have observed three types of errors like interface error, interaction
error and data entry error. Only the data entry errors (that is numerical data entry) are
considered for this study. The forty-eight participants entered around 6528 numbers in total
and made 877 errors, or approximately 13.43% (overall error rate). Thus, participants made

a mean number of 4.66 errors and SD= 5.49.

3.4.5.1. Emotion Manipulation

As expected with the experiment, a paired t-test showed significant difference in SAM
scale ratings for before (pre) and after (post) in case of positive (¢ (32) = 7.97, p = 0.001)
and negative (7 (32) =5.59, p = 0.001). Also we found the significant difference in between
positive and negative emotions for valence (¢ (16) = 18.75, p = 0.001) and arousal (¢ (16) =
3.46, p=0.002).

Table 3-8: Results manipulation by statistical analysis

Hypothesis  t- value Mean SD
(independent Positive Negative  Positive  Negative
t-test)

H: 5.90 0.47 8.20 0.74 4.75
Ho 7.76 2.27 15 3.37 4.74
Hs 6.12 118.7 176.33 32.01 35.81
Hs 6.30 124.80 191.80 33.26 33.28

Table 3-8 illustrates the statistical analysis done by independent t-test to find the

significance. As shown in Table 3, all hypothesis from H; to H4 with their mean, standard
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deviation (SD) values for both positive and negative affective states and t-values.
According to results from Table 3-8, the hypotheses H; and H, are significant, that is rural
users make more errors in numerical data entry by both Assamese and English language
without time limit during negative emotion than in positive emotion. Also, rural users
require more time in numeric data entry by both Assamese and English language without
time limit during negative emotion than positive emotion which proves hypotheses Hs and

Ha.

3.4.5.2. Discussion

The participants were able to appropriately attribute the expected valence by watching
video clips measured by SAM scale. This suggests that the video clips were influencing the
affective state of the participant and the experimental manipulation had worked. As a
consequence, there was a significant effect of the affective state of the participants on the
number of errors made by them. The number of errors made by participants including
within and without time limit including two different languages (4ssamese and English)
are quite high. The use of multiple languages and time pressure component made this is

somewhat challenging task to the participants.

The experiment had limitations. There are several issues of environmental validity
which were compromised. Participants were required to enter several calculations
including addition, subtraction, multiplication and division. This is not the normal job of
number entry usually performed in the rural-BPOs and NGOs in India. The calculator
interface is also not the only style of visual interface seen in rural Indian workplace data
entry screens. This experiment was conducted as a pilot study level overlooking the

limitations.

3.4.6. Conclusion from Pilot Study 3

Several studies (Jeon, Yim, & Walker, 2011; Causse et al., 2013; Cairns, Pandab, & Power,
2014) from the literature have proved the influence of emotion on the tasks which cause
them to make errors. The results also show a significant difference in error rate and speed
of entry for two emotional states - both in the Assamese language as well as the English
language. The rural (middle and lower-middle-income category) users in negative state of
emotion made more errors and required more time as compared to positive emotional state
in both Assamese and English language numerical data entry. The study is helpful from the

designer’s aspects where it will guide them to consider emotional aspects in designing user
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interfaces to mitigate number data entry error. Could this mean that language alone may
not be a factor? This needs another set of experiments to be planned in the future. Some
language had more complex set of variables, further work in this thesis from language

specific influence was curtailed.

3.5.Conclusion

Many user interfaces have developed and proposed by researchers (Grisedale, Graves, &
Griinsteidl, 1997; Parikh, Ghosh, & Chavan, 2002; Chand & Day 2006; Gore et al. 2012)
for rural Indian users in their local language. Therefore, the literature suggests that there is
influence of local language on rural Indian users. The pilot studies reported in this thesis

also concludes the influence of local language on data entry.

From the pilot studies one concludes that, first, one need to provide alternative for
local language numerical audio support along with English designing numerical entry
fields; second, design feedback and error messages for use of local language during text
entry must be considered so as to understand and learn from mistakes / slips; and third,
incorporate emotional aspects by using audio feedback in local language and using visual
metaphors involving culture and habits. These factors may be considered in designing user

interfaces for rural Indian especially doing data entry.

The pilot studies were conducted to study if there is effect of language, behaviour
(emotion) and habits on data entry in the context of rural Indian. We noticed that most of
the data entry on computers happens in the English language. Therefore, we did not
continue with the local language influence line of investigation which also had logistical
limitations. For this research, as India is a widely distributed geographical entity with each
language separated by up to 3000 km. So we ended our investigations on emotional factors

due to language variable.
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3.6.Consolidation of all Pilot Studies

Pilot Study - 1 Pilot Study - 2 Pilot Study - 3

Hi- The rural users make more errors in = Hi- Rural users make more errors in text = Hi- Rural users make more errors in local language numerical data entry without
English numerical data entry compared to local | entry using the English language as @ time limit during negative state of emotions rather than positive state of emotions.

language (Marathi and Assamese) numerical = compared to local language (Assamese). H:- Rural users make more errors in English language numerical data entry without

data entry. H2- Rural users require more time in text time limit during negative state of emotions as compared to being in positive state

Ha- The rural users require more time in entry in the English language as compared of emotions.

typing English numerical during data entry to local language (Assamese). H3- Rural users require more time in local language numerical data entry during

then if they do it using their local language negative emotions as compared to positive emotions.

(Marathi and Assamese). Ha- Rural users require more time in English language numerical data entry
during negative state of emotions when compared to being in positive state of
emotions.

48 Participants (40M+8F) 44 Participants (39M + 5F) 48 Participants (43M+5F)

* age group 18 to 30 years

+  participant had a primary education (up to 10" standard) in local (i.e. Assamese or Marathi) language
»  participants from rural and semi-urban Indian computer users

» uses computers or laptops at least one hour in a week

Calculator User Interface

Violence video for negative emotions
Comedy video for positive emotions
Self-Assessment Manikin

Designed Software interface- Microsoft word- English language text
named as CALCI entry
BarahaPad — Assamese language text entry
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Independent Variable
e English language interface
e Marathi language interface
e Assamese languages interface
Dependent Variables
e task completion time

e  errors

Independent Variable
e English language interface
(Microsoft Word)
e Assamese languages interface
(BarahaPad)
Dependent Variables
e task completion time
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Independent Variable
positive emotion
e negative emotion
e Neutral/ control emotion
e English language numerical entry
e Assamese lang. numerical entry
Dependent Variables

e errors -task completion time and errors

[ I H .
Task- ragk name ZHE  |TaskNo. |Time Allotted [Language
Task 1(T1) Local Mouse Without time limit 0, too T. k 1(T1 Wi h - | - L I
Task 2(T2) =] Mouse Within one minute T k Type gwen Assamese B h P d as ( ) !t out t!me IITII'E OCBI
Local Keyboard Within one minute as |anguage sentence aranara Task 2 (T2) | Without time limit |English
Task 1QE)) English Mouse Without time limit s .
EEETEIG) English  Mouse  Within one minute | SPUREY TypE given English language Microsoft Task 3 (T3) | Within one minute | Local
English Keyboard Within one minute Sentence W d Task 4 (T4) Within one minute Enghsh

h t- value mean sd t- value mean sd Hypo-. E;nv;e";eend s Hean - s

Hypothesis | (paired t- - , | (paired t- ent t- bl I Il B

(ptest) English | Local | English | Local | |Hypothesis (ptest) English | Local | English | Local : tesj:; . S S S -
Error (H,) | -3.45 0.52 0.35 |0.69 0.49 Error (H,) [ 3.56 575 |495 (257 (246 H; 776 | 227 | 15 | 3.37 | 474

" . H, -6.12 118.7 | 176.33 |32.01 | 35.81

Time(H,) |-2.69 159.9 |152.5|80.67 |80.13 | |Time(H,) -1.90 3220 (3285|479 |4.88 . 610 12480 | 191.80 1326 3128

Provide alternative of local language
numerical audio support along with English
designing numerical entry fields

Design feedback & error messages by use
of local language during text entry so as to
understand & learn from mistakes/ slips

Incorporate emotional aspects by using audio feedback in local language and
using visual metaphors involving culture & habits
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Chapter 4

Error Limiting Intelligent Interface for Date Entry
(ELIIDE)- a Tool

This Chapter reports the different phases of development of a tool- named as ‘error limiting
intelligent interface for data entry’ that was used in the previous (pronounced as e-lide).
Section 4.2 reports the block diagram of ELIIDE. The details of development phases
include formation of Bayesian network, formation of probabilistic dependencies,
calculation of Conditional Probability Table (CPT), applying chain rule- formation of
production rule based on CPT and marginalization. The later part illustrates the screen shots

of ELIIDE - tool.

This Chapter presented the development phases and screenshots of the newly
developed interface for data entry, named as ELIIDE - tool. The ELIIDE has different
features like dynamic, predictive, adaptive and probabilistic. The interface uses local
Marathi language to communicate with user / operator. The communication happens in
terms of error and feedback messages. This additional feature may support rural users to
get emotionally attached to interface. The generation of different reports like user log
record and user performance report may also help the manager to track the performance of

particular user.
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4.1.Introduction

After conclusion drawn from pilot studies, experimental based data collection,
ethnographic study and detailed state of the art literature survey, we have proposed a tool
named as ‘Error Limiting Intelligent Interface for Data Entry (ELIIDE)’. The designed and
developed procedure of the tool is mentioned in the Chapter. Figure 4-1 depicts the block

diagram showing working of the tool named ELIIDE (pronounced as- ‘e-/ide’)- tool.

As we have reported earlier in Chapter 1, Section 1.7, there are several issues with
existing user interface used for data entry like (a) fails to correct specific field constraint
(b) does not provide clues during typing (c) fails to provide confirmation logic and (d) does
not provide validation logic for fields. The ELIIDE has provided solutions to these issues

and gives additional features through intelligent mechanisms reported below.

Existing adaptive interfaces (Chen, Hellerstein, & Parikh., 2010; Kleinman, 2001;
Mitchell & Shneiderman, 1989) have been in existence in literature since a decade.
However, not many were found in literature that could address specific aspects of the rural-
BPO scene in India which is to be experimented with. Hence it was decided to design the
tool itself both, as a metric of errors for rural Indian BPO scenario and also act as validator

during testing.
Following are features of the Tool:

Validation logic for fields: The ELIIDE does not allow user/ operator to enter special
characters & numerical in text fields and special characters & texts in numerical fields. If
user does so, ELIIDE consider them as errors and add it into errors list. The ELIIDE gives
error message only when user left particular field with wrong / incorrect / blank entry (blank
entry is not allowed for compulsory fields which are marked with ‘*’ sign). For example,
(1) special character and text entry is not allowed in ‘mobile number field” and (2) if user
mistakenly enters ‘nine’ digits which is not allowed, the ELIIDE gives error messages for

both wrong entries.

Predictive mechanism: The ELIIDE provides predictive mechanism to text entries to

predict future entries based on entries available in database.

Quantitative probabilistic approach: The ELIIDE is supported with the specially designed
widgets having quantitative probability. For example, in Figure 4-12, “Date of Birth” field
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was provided with the ‘bar chart’ indicating quantitative probability of existing entries for
different age groups like ‘below 18 years’, ‘18 to 60 years’ and ‘above 60 years’ and
another data entry widget or radio button named as “Gender / Sex” was supported with the
numeric probability for particular gender in percentage. This type of practice can help

operator to cross validate and hence speed up their performance while data entry.

Dynamic widgets: The ELIIDE implements the design of dynamic drop-down menu for
data entry. This type of menu design is also known as elective split-menu design (Chen K.,
Chen, Conway, Hellerstein, & Parikh, 2011 and Warren & Bolton, 1999). In the first part
of split-menu five most frequently used items (Miller, 1956) were displayed with
quantitative probabilities and in second part the remaining items were shown in

alphabetical order to the operator.

Adaptive: The ELIIDE provides an adaptive audio support feature, which is optional for
expert users. This feature was adopted by ELIIDE according to user’s expertise which is
calculated using users’ performance index. The user/operator having performance index

(PD) less than 5%, we called them as expert users. The performance index is calculated as,

Error Made

Performance Index (PI) = *100

Error Opportunities

Here,
Error Made = number of errors made by the operator during data entry,

Error Opportunities= total number of possible errors an operator can make in one

data entry form (Figure 5-2), here it is 40.
For example:

If operator made 5 errors in one data entry form, then PI will be
PI=5/40=0.12i.e. 12 % which is greater than 5%.

But if user made 2 errors in one data entry form, then

PI=2 /40 =0.048 i.e. 4.87 % which is less than 5%, we called him as expert user.

67



Chapter 4: Error Limiting Intelligent Interface for Date Entry (ELIIDE)- a Tool

4.2.Block Diagram of ELIIDE - tool

The literature (Chen, Hellerstein, & Parikh (2010) and Hermens & Schlimmer (1994)),
helped to derived key insights for the development of ELIIDE —tool. The Figure 4-1 depicts
the block diagram showing working of ELI/IDE tool. The transcription block (shown in
Figure 4-1 as a thick-lined box) processes the input provided by operator on an instantiation
of as electronic form. When user clicks the save button, each field value on the entire form
is updated and forwarded to learning module and also saved in the database. These field
values are processed by the learning mechanism and together with learned functions. Later

these values are used by predictor module to suggest values for other form fields.

i Levenshtein
i minimum string
i distance statistic

e | .
! ' Electronic .~ S
vENtry oo Other

' Form | form ‘.. Functions .
| -) S<o -
T e [

e

Predictor
Module

Predicted
Field Values

Operator

Transcription
Input > P

Learning
Module

Form
Field Data

D/B

A

990

Error
message

Figure 4-1: Block diagram showing components and working of ELIIDE - tool 1. the input provided by
operator on an instantiation of as electronic form 2. When user clicks the save button, each field value
on the entire form is updated, forwarded to learning module and also saved in the database 3. these
values are used by predictor module 4. suggest values for other form fields 5. Feedback / error message

Suppose, a user begins working on a form and types values into a field. The system
may use values from fields on the previous form or structure learned from those examples

to find a relationship between fields. If the related field values do not match, it gives error
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message stored in the database. The error messages are in Marathi languages with audio

support, so as to better understood without ambiguity and error.

4.3. Development Process of ELIIDE Tool

The development process of ELIIDE tool involves various stages given below (Black &

Ertel, 2011; Russell & Norvig, 2003).

1. Formation of Bayesian network: Finding the probabilistic relation between form

fields.
\ 4 \ 4
PANCardNo VilllageCity @ -
y
GCode State MobileNo
y
TelNumber

District

Figure 4-2: Bayesian network showing probabilistic relationship between form fields
Source: Author generated
The Figure 4-2 represents the Bayesian network drown from Finding the
probabilistic relation between form fields. The variables shown by oval shapes represent
the thirteen fields from the ELI/IDE’s data entry form. For example: ‘Last Name’ is
represented using variable named as ‘LastName’, same for ‘PAN card number’ is
represented using variable ‘PANCardNo’, and so on. Here, ‘Tahsil’ means the area of each

sub-division / sub-district in a State. (http://www.censusindia.gov.in, 2016).

While forming the Bayesian network, we have identified the probabilistic
relationship between form fields, for example, the fields ‘LastName’ and ‘PANCardNo’
are related with each other. The PAN means personal account number in India. The PAN

structure is as follows: AAAPL1234C: First five characters are letters, next four numerals,
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last character letter (https://www.tin-nsdl.com/, 2016). The fifth character in PAN is the
first letter of individual’s last name. Therefore, if these two fields does not match with each
other then it is identified as error. The same way, the Bayesian network of six fields like

Tehsil, Village/ city, District, PIN code, State and Telephone number is formed.
2. Formation of probabilistic dependencies

3. Calculation of Conditional Probability Table (CPT)

ReferredForm

FirstName

SurName

P(PANCardNo | SurName)
FatherName

Address P(VillegeCity | Tehsil)

Tehsil

VillageCity ) »

District

P(District | Tehsil, VillegeCity)

¥\

P(PINCode | VillegeCity)

State P(State | District)

PINCode
TelNo
MobileNo
PANCardNo

P(TelNo | State)

w___»/

DateOfBirth

Gender

(@) (b)

Figure 4-3: (a) Form field ordering layout, arrow showing probabilistic
dependencies (b) Conditional Probability Table (CPT)

4. Applying chain rule- formation of production rule based on CPT

5. Marginalization/ Marginal distribution

The ELIIDE - tool was implemented using C#NET, a Microsoft .NET framework toolkit.
The SQL (Structured Query Language) language was used to manipulate database activities

in the backend.
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4.4.Screenshots of ELIIDE - Tool

4.4.1. Login Screen

Figure 4-4 shows screenshot of login screen for ELIIDE - tool. As ELIIDE has been used
as a tool for conducting this experiment. So it is provided with two different form designs,
one is according to existing Ul and another is intelligent Ul designed with intelligent
widgets. Therefore, the screen-shot below showing one option button named as- ‘Existing
User Interface’. If we select the option button, then it will enter into the form designed

according to existing UI and by default it will go to intelligent UI design.

The another option button named as- ‘Time Bound’ with 180 seconds. This option

if selected can be used for experiment of limited time activity.

-~ ,
Login
User Name : Shrikant
Password T L]
Time Bound : & 180 Seconds

Existing User Interface: |1

Login

Figure 4-4: Screenshot of login screen of ELIIDE - tool
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4.4.2. Data Entry Form

Figure 4-5 depicts the screenshot of ELIIDE’s ‘data entry form’ that appears after user
logged-in in intelligent UI. The form shows the dynamic widgets for particular fields like-
State, DOB and Gender. The ‘State’-field is implemented with dynamic drop-down menu
design (Section 4.4.6), the ‘Date of Birth’- field is supported with quantitative probability
and bar graph (Section 4.4.8) and the ‘Gender’-field is provided with numeric probability
using percentage and bar graph (Section 4.4.8).

SAVIMG BAME ACCOUNT OPENING FORM Wkcome Shnkang Sabwe
FOR SMALL ACCOUNT]
= N (W) Frariu
e ~driy
Eaint! bagthoprd’ Sasprchaen Hawa
Rariieritial adddorssi L5 Yariuet placy
i e i Wase " i
Serer el hasst
Nt
Tebad' Tabid
e g
* e
e ] -
Wlafirachinn (5%
- 1
L
gt | Landing
Aatog
K N
Eeidm
i of Brsh (DG WAL R 545 o
1 st 45
e-de S ) Make 420
w Fpraa 21 7F
cl.\'. I
Save Cew Shetsn Lt v [Liwy

Figure 4-5: Screenshot of data entry form with dynamic widgets of ELIIDE - tool

In this ‘data entry form’ of ELIIDE tool, the specific fields are interlined with each
other by forming probabilistic relationship between them using Bayesian network as shown
in Figure 4-2. As soon as the operators enters wrong input in particular field EL/IDE gives

error message to him/ her.

72



Chapter 4: Error Limiting Intelligent Interface for Date Entry (ELIIDE)- a Tool

4.4.3. Error Messages

As our literature study (Grisedale, Graves, & Griinsteidl, 1997; Parikh, Ghosh, & Chavan,
2002; Chand & Day 2006; Gore et al. 2012) suggest that there may by influence of local
language on data entry by operator who primarily educated in their local language (mother
tongue). But, the data entry happens in English language. Therefore, we have designed the
errors and feedback messages in their local language (i.e. Marathi). These errors and
feedback messages are also supported with audio so as to make the operator feel that,
ELIIDE is communicating with them and may get emotionally attached with it. The EL/IDE
- tool displays the error messages in the Marathi language when the user enters an invalid

or no value for particular field.

SAVING BANK ACCOUNT QOPENING FORM
[FOR SRAALL ACCOUIMT]
First Mame (WA 03] : » smgth
Crname: © ]
Father! Famband’ Guardan Heme: = L
Repcherdial gaidress Ol - P T MR
Poue Mo, and Mame ©
Sreet Mo, and Meme
Lar=ark
Tehigd Tabdes : BPLTIN S
Villsge' City : Py a hat
Deagirict karmug
Mt
Aagam [ZT%) .
P Codle: * TEN03S
Telephane / Landlng Mo
Moble Mo P06 TR0
PAN Murnber PIPS A @ Tim o
B i I Feicw 1F
Dt of Birth [DOAAMYY) i o 2006 1B ba B0
Alaron B0
Gender Sew - I Male (018
s Fomale [PDE5%)
Othert JIP%)
S [:} Clear Sk Lser Errar Log

Figure 4-6: Screenshot of data entry form, red square rectangles showing error messages displayed in
Marathi language by ELIIDE tool

In Figure we can see that for ‘field-4’ i.e. ‘Residential Address’ field, if the operator
does not enter anything in this compulsory field (marked with “*’ sign), then ELIIDE gives
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error message in Marathi language, English translation is “Address is compulsory”.
Another field of ‘PAN Number’ where operator entered wrong PAN, so the error message
shown is “Please enter correct PAN number” (English translation). Figure 4-6 depicts the

screenshot of error messages highlighted with thick red rectangle.

4.4.4. Error Report Generation

The ELIIDE - tool, generate error report showing error log details like- type of error and
when the error happened of individual operator/ user. This information is important for
individual to review their faults and improve their performance. So that during data entry
they will be more attentive to the most erroneous fields to mitigate errors. The error log is
also important for the manager to evaluate the performance of individual operator. The
most erroneous field can be identified and studied for further improvement. The error log
also displays timing of error. The most ‘erroneous timing’ means the time of a day on which
the operator makes most errors can be identified to boost their minds with refreshment.
The operator can also take the print of individual error log record. The screenshot of this

user error log is illustrated in Figure 4-7 below.

| Prea Back Error log ef:  Shrikant Sahe User Error Details

leg Log Date
1w P o v iR TR AT TR 2005 G421 PM

ot e faalt e ammelTe TR | TLDOns EeRb2A PM

TG SR Tl O e TR | TR0 eRhan pM

2
3
4 fEes e i TR | 7018 &2%38 P
5
§
T

i T M AR TIN5 E2TA2 PM

HTEIT MEVIE MR TVR015 B2TA2 PM

i P e iy Wl v R | 7202015 62712 PM

] T S AT TIN5 G272 PM
g it i e TUZH015 BET2 PM
19 T AR N A TIN5 GZTAE PM
i1 i s N TINS5 &ZTAZ PM
12 T TE AT ST TrR015 82503 PM

13 A s i o TR T (1002602015 32316 P

Figure 4-7: Screenshot of user error detail report generated by ELIIDE - tool- Incorporation of local
language.
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4.4.5. Predictive Text Entry Widgets

The ELIIDE - tool supports predictive text entry mechanism (Ali & Meek, 2009). As we
can see in Figure 4-8 shows the screenshot of the example of predictive text entry
implemented for ELIIDE -tool which is highlighted using think red structure. The user is
typing first name starting with ‘Pra’, then the widget displays corresponding predicted

values.

SAVING BANK ACCOUNT OPENING FORM
[FOR ShMALL ACCOUNT]

Farst BMame (Mrahlg); = Era

Praan
piadhant
prated T
Prassee
Prailes

Surmae | ¢

Fatheer) husbandd Guardian Mame :

Resideritaal addreid Tia: »

FHiguse Mo, angd Mamse
Stred] M. 8 Name
Landmmark

Teholl Tabyicn
Village ! City |

Chantrict :

Stale |

Fir Code

Telephone F Landleng Mo
Mlobile M. @

PaR Blumbser

T Below 18
Date of Beth (DOVRBYY YY) = [ RER]
- 1 Alberwe 60

! : 1 Male (43.14%)
e Female (28 T6%)
Cthar (0%)

Savn | | Chear | |5le.lurfrrwl.n-g-i

1 I

Figure 4-8: Screenshot of data entry form of ELIIDE, showing predictive text entry widgets highlighted
by red boxes
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4.4.6. Dynamic Drop-down Menu

The Figure 4-9 depicts the screenshot of dynamic drop-down menu design implemented
for ELIIDE- tool. This type of menu design is also known as elective split menu design
(Chen K., Chen, Conway, Hellerstein, & Parikh, 2011; Warren & Bolton, 1999). In this
menu design, the menu items are spited into two parts. The first/ upper part is showing most
frequently used five items (Miller G. A., 1956). Also this list items are supported with
quantitative probability so as to judge the most relevant item entry. The second part shows

the remaining items sorted alphabetically.

SAVIMG BAME ACCOUNT OPEMING FORM
[FOR SMALL ACCOUIMT]
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Dwubrict ELSat s BT
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P Cota = [ Axsam [FER) ]
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PAN Mumibaer : e s
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Figure 4-9: Screenshot of data entry form of ELIIDE, showing dynamic drop-down menu design
highlighted by red boxes
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4.4.7. Adaptive Feature

The ELIIDE provides an adaptive audio support feature, which is optional for expert users.
In Figure 4-11, the additivity feature is shown by using red rectangle box. This feature was
adopted by ELIIDE according to operator’s expertise which is calculated using his
performance index. The user/operator having performance index (PI) less than 5%, we

called them as expert users. The performance index is calculated as,

Error Made
Performance Index = — * 100
Error Opportunities

Here,
Error Made = number of errors made by the operator during data entry,

Error Opportunities= total number of possible errors an operator can make in one

data entry form (Figure 5-2), here it is 40.
For example:
If operator made 5 errors in one data entry form, then PI will be
PI=5/40=0.12i.e. 12 % which is greater than 5%.
But if user made 2 errors in one data entry form, then

PI=2/40=0.048 i.e. 4.87 % which is less than 5%, we called him as expert user.

Back Settings Welcome ADMIN

Time Bound : 180 Seconds
Error Opportunities : 40

Error Opportunities Result : 5

Update

Figure 4-10: Screenshot of Settings of ELIIDE tool
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As shown in the Figure 4-10, ELIIDE - tool provides the option for changing the
different settings like ‘Time Bound’. For checking the performance of operator on retracted
time data entry this option is provided on ELIIDE - tool. The time bound of the entry can
be adjusted. The performance index limit and error opportunities can be modified using

this setting.

I Keep Audia Suppart ; w.-"
First h;me{Hr."-".hf: . Haosabel
Sumame: * pagare
Fatherf hushand/ Guardian Mame: =  fambhasu
Residential sddress Cig: = 1

House Mo, and Mame :
Street Mo, and Mame !
L e

Tehesil” Taluks

Willaegee! City 1

Disteict

Stabe

PanCode: "

Telephone / Landine Mo. :

Mobile Na. :
PAN Nurmiber ;

Below 18
Dwte of Birth [DDVMMYYYY): * I 15 o &0

Aboe Bl
: i’ = [ ] blale (55.56%)
e Fernale (17.117%])

Cether (0%
Save ] i Clear [ Show User Ervor Log |
| Logout ] ' Exit ]

Figure 4-11: Screenshot of data entry form with adaptive feature highlighted by red box of ELIIDE -
tool
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4.4.8. Quantitative Probabilistic Approach

The Figure 4-12 depicts the screenshot of ELIIDE -tool showing quantitative probabilistic
widgets (Chen, Hellerstein, & Parikh., 2010). The highlighted thick red rectangle box

portion in Figure 4-12 shows two different design approach for widgets. First “Date of

Birth” field is provided with the ‘bar chart’ indicating quantitative probability of existing

entries for different age groups like ‘below 18 years’, ‘18 to 60 years’ and ‘above 60 years’.

The different age groups are represented using different types colours for each bar.

[FOR SMALL ACCOUNT]

Firgt Mamd (MrMg): -

Siirnafg ¢ ¢

Remdentisd sddress Cio
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reat Mo and Mame :
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Fathes/ husband! Guardsan Mame ! *

SAVIMG BAME ACCOUNT OPENING FORM
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]
Samket plaza
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Villaiges City - Khadaki
Dstrict ! Purse
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Telephone / Landine Mo OZASETREZ
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PAN Mumber ;
Below 18

Date of Birth [DOMMAYYY) : - ' 10 1349 — 14 1o 60
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Gender! Sew = L] = ?:rHI:EEE;EIﬁ]

Chser {07%]
Sawe Clear Show WUser Error Log
Logout 1 | Ext ]

Figure 4-12: Screenshot of quantitative probabilistic widgets highlighted by thick red box, first widget
of ‘Date of Birth’ entry shows the quantitative probability using bar graph for different age groups and
second ‘Gender/Sex’ radio button is supported with numeric probability using percentage and bar

graph for particular gender
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As shown in Figure 4-12, for “Date of Birth” field the age groups ‘below 18 years’
is represented using yellow, ‘18 to 60 years’ using green and ‘above 60 years’ is represented
using red colour. The second data entry widget or radio button named as “Gender / Sex”0

was supported with the numeric probability for particular gender.

This type of practice can help operator to cross validate by referring quantitative
probabilistic of the entry and make less errors. Also sometime they ignore the cross
validation done by referring actual paper document and hence speed up their performance

while data entry and therefore make faster entries.

This tool acts as data collection and experiment instrument and while doing this the
new tool validation is also carried out. The ELI/IDE - tool stores all records entered or
transcribed (from paper form to computer) by operators during experimental process. The
paper forms or data entry forms (see Figure 4-1) was prepared according to actual data
entry forms used by operator at rural-BPO. The data entry forms were outsourced by banks.
The designed data entry form includes only personal information block (taken from actual

form referred by rural-BPO operators) containing seventeen fields.

Therefore, the ELIIDE generates different types of graphs to view stored information
and errors. The graphs are like- overall errors observe in each data entry field, overall errors
done by operators. The ELIIDE also provides various reports for individual operator and
manager (or admin) too. The generated operators’ performance report shows errors
performed with date and time. The admin can see any operators’ performance report. The
tool gives a useful performance summary for a BPO operator indicating errors,
improvements in efficiency. No tool has been reported in literature that incorporates local

language related requirements.
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4.4.9. Generation of Graphs
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Figure 4-13: Screenshot of data entry form with dynamic widgets of ELIIDE.
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The ELIIDE - tool not only shows the information about errors for particular operator but
it also analyse and generate graphs for it. It generates different graphs for representation of
information in particular way we want, for example, if we want to check errors done field-
wise. Using this information, the most erroneous field can be identified and studied for
further improvement. So that during data entry they will be more attentive to the most
erroneous fields to mitigate errors. The ELIIDE - tool also provide pie-graph for showing
frequency of each error. This helps to identify the type of errors found more. This
information is important for designers and developers to recognize and improve erroneous

fields and most committed errors.

The screenshot of one such graph is shown in Figure 4-13.

4.4.10. Additional Features

Additional features provided by ELIIDE - tool are,
1. Adding new user- new user can be added in ELIIDE - tool.

2. Showing operator’s data entry report- This interface generates data entry report for
single operator which is viewed by that particular operator only and all operators

report is viewed by admin user.

3. Update error and feedback messages- This interface provides facility to add more
error and feedback messages for a particular language. The interface has also

provision of updating the language of error and feedback messages.

The flexible nature of ELIIDE - tool provides the facility to add/ update the error and
feedback messages. In India, twenty-two regional languages being spoken, from which
Marathi language was selected for study and accordingly errors and feedback messages
were prepared. The ELIIDE also support modification of the language of these errors and

feedback messages.

Figure 4-14 depicts the screenshot, showing the buttons to access these additional

feature embedded in ELIIDE - tool.
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Figure 4-14: Screenshot of additional features like- adding new user, showing user data entry report of
ELIIDE tool

4.4.11. User Performance Report

If the admin wants to know the performance of particular operator from particular period,
then ELIIDE - tool generate this information by user performance report. The screenshot

of which is presented in Figure 4-15 below.

The ‘user performance report’ shows error log details like- type of error and when
the error happened of individual operator. This information is important for individual to
review their faults and improve their performance. So that during data entry they will be
more attentive to the most erroneous fields to mitigate errors. The performance report is
also important for the manager to evaluate the performance of individual operator. The
most erroneous field can be identified and studied for further improvement. The ELIIDE

interface not only provides the user performance index but also generate the monthly error
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report. This feature can help manager to monitor the performance of individual operator

and pay salary accordingly.
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Figure 4-15: Screenshot of user performance report generated by ELIIDE - tool

The Table below illustrates the issues found in existing user interface and solution provided

by intelligent user interface.

Issues with Existing User Interface

Solved by Intelligent User Interface

User interface is in English language

Fails to correct specific field
constraint

Does not provide clues during typing

Fails to provide confirmation logic

User interface gives feedback and error messages
in Local language the operator speaks with audio
support

Does not allow user to enter special characters
and numerical in text fields and special characters
and texts in numerical fields. If user does so,
ELIIDE consider them as errors and add it into
errors list.

Does provides clues to operator during typing

Provides confirmation

84




Chapter 4: Error Limiting Intelligent Interface for Date Entry (ELIIDE)- a Tool

Does not provide validation logic for
fields

Does not provide feedback and error
messages in local language with audio
support

No support of dynamic drop-down
slip menu design

No support of probabilistic widgets
No support for Adaptive feature

Does not provide user performance
index

Does not provides any graph to view
stored information and errors

Validations provided to fields, for wrong entries
it gives error message

It provides feedback and error messages in local
language with audio support

Supports dynamic drop-down slip menu design

Support quantitative probabilistic widgets
Supports Adaptive feature

Provides user performance index

Generates different types of graphs to view stored
information and errors

This interface provides the user performance index and also generate the monthly error

report. This feature can help manager to monitor the performance of individual operator

and pay salary accordingly.

4.5.Conclusion

This Chapter presented the development phases and screenshots of the newly developed

interface for data entry, named as ELIIDE - tool. The ELIIDE has different features like

dynamic, predictive, adaptive and probabilistic. The interface uses local Marathi language

to communicate with user / operator. The communication happens in terms of error and

feedback messages. This additional feature may support rural users to get emotionally

attached to interface. The generation of different reports like user log record and user

performance report may also help the manager to track the performance of particular user.
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Chapter 5

Experimental Methodology: User
Testing, Research Methods, Experiment Design

While the last Chapter reported initial pilot studies this Chapter presents the overall main
experimental methodology used to address the research questions. Initially, the working
hypotheses, independent and dependent measures have been listed. The methodology
involving- an instrument used for data collection, sampling framework and the procedure
adapted for data collection is reported. The experiments and the methodology for them are

fully described. All details of how the empirical side of the research has been conducted.
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5.1.Introduction

The state of the art review in Chapter 2 has highlighted several research gaps which lead to
the formation of nine research questions. The first research gap is, the interface designed
with intelligent widgets like display of autocomplete suggestion for text field by ranking
strategy based on likelihood, predictive text entry widget, radio button pointed with most
likely options and dynamic drop-down split-menu- can have influence on data entry and
the errors. The second research gap is, other factors like culture (language) and emotions
can also have effect on data entry errors. The last research gap is, the influence of factors
like errors, cognitive load, system usability, satisfaction, willingness to continue usage of

proposed new interface design with intelligent widgets is explored.

This Chapter demonstrates the experimental methodology carried out to prove a
set of hypotheses. It includes the data collection, sample selection, instruments used. A new
tool was developed with which this experiment was performed. The new GUI tool is

explained in detail in next Chapter only the experiment is reported in this Chapter.

5.2.User Testing (or Research Methods): Data collection, Participants,

Instrument

5.2.1. Data collection methods

The data collection involves collection of specific data regarding system, activity and
personnel. It includes evaluation of existing operational system through usability, error

analysis and task analysis techniques (Stanton, Salmon, Walker, Baber, & Jenkins, 2006).

Interviews: We have conducted semi-structured interviews to gather information from the
operators and manager at rural-BPOs. We have gather information regarding systems

usability, user perceptions and reaction about system and errors during interaction.

Questionnaires: We have also provided set of questionnaires for getting reaction about
system, including usability, user satisfaction, error, user opinion and attitude. More details

regarding questionnaire reported in section below.

Observation: Observational method helped us to gather data regarding the physical and
verbal aspects of the data entry task or scenario at rural-BPOs. These include task

performed by system (types), the operators performing the tasks, task step and sequence,
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error made, communication between operators, the technology used by the system in

conducting the tasks. We have photograph, video recorded a particular task or scenario.

5.2.2. Participants

Convenience sampling was done for selection of the subjects based on ease of access and
availability. Two hundred and twenty-four (224) participants volunteered for the study
from which One hundred and three (103) were professional data entry operators working
in rural-BPOs like- Source2Rural, RuralShores and Maitreya and one hundred and twenty-
one (121) students from three poly-technique institute. Both groups of participants were
from different places from Maharashtra, a state in Western India. Fifty male and fifty-three
female operators participated from three rural-BPOs. Fifty-eight male and sixty-four
female students i.e. non-operators participated from three poly-technique institutes. Table

5.1 below gives a snapshot of the participants who took part in the study.

Table 5-1: Participants details

Gender Operator Non-operator
Male 50 58
Female 53 63

n 103 121
Total n= 224

All participants had a minimum of six months of experience of using computer and
had primary education (upto 10" standard) in local (i.e. Marathi) language. Participants
were between 18-32 years old (M=22.62, SD=4.05; Operator: M=25.56, SD=4.21; Non-
operator: M=20.12, SD=1.28). A within group design study was formulated for the

investigation.
Table 5-2: Demographic information of participants
Operators Non-operators
Age group 18 to 32 18 to 30
Qualification Diploma or Graduate in any Diploma final year

Primary Education

Computer
Experience

field, E.g. BA, BCOM, BSC
Etc.
In local language

Minimum 6 months of data
entry

students

In local language

Minimum 6 months
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The Table 5-2 depicts the demographic information of participants involved in this
study. Age group of participant is 18 to 32 years. The qualification of the operators was
diploma and graduate in any field like BA (Bachelor of Arts), BCOM (Bachelor of
Commerce), BSC (Bachelor of Science) etc. All participants were done their primary

education in local language and minimum six months of experience using computer.

Figure 5.1: Participants performing ecperiment ( Photographs used by consent)

Figure 5.1 shows the participants performing the data entry experiment.

35,2821} Sample Distribution

Convenience non-probabilistic sampling technique was followed to draw a sample from

24 *(1—
the entire population. The sampling formula followed was of W. Proposed sample

drawn thus further underwent Kolmogorov-Smirnov test for normality and of Kurtosis
distribution based on whether passed Kolmogorov-Smirnov test it was consider to follow
or not the norms of normal distribution. Accordingly, leading them to be further subjected
with parametric or non-parametric analysis. The sample drawn using above formula
followed Gaussian, Poisson, Binomial distribution formula with rejection region lying at

0/2=0.05 for the distribution.

5.2.3. Instruments Used

In the current research study, questionnaires were used as an instrument to capture the
participants’ subjective evaluation of the user interface. Participants had to complete the
given set of tasks on provided user interfaces on computers and thereafter they were
administered the questionnaires. The study conducted in this investigation employed

purposive homogeneous sampling.
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A. The participants were randomly selected for the experiment of data entry

on provided user interfaces, which started with a demographic questionnaire.

B. This research study introduces a ‘tool’ or ‘user interface’ named as
‘ELIIDE -tool’ specially designed with widgets having intelligent features, we have already
discussed about this interface in the ‘Chapter 4°. The ELIIDE -tool was divided into two
parts (or screens or forms), first is ‘Intelligent User Interface’ and second is ‘Existing User
Interface’. Each participant needs to perform data entry on both parts of the interface. This
tool acts as data collection and experiment instrument and while doing this the new tool

validation is also carried out.

C. The data entry forms (refer Figure 5-2) were provided to each participant.
The data entry forms were designed specifically for this research in three different
variations like in the English language, in Marathi language and in mixed language (using
both languages). (a sample is attached in Appendix 2). During empirical study we have
observed that, the actual data entry forms presented to operators which are outsourced by
different outsourcing agencies like Banks are written in two different languages that is
either in English or in local language or sometime in mix language also. So, we have taken
three different variations of data entry forms as shown in Figure 5-2. The Figure 5-2 below

depicts the few copies of data entry forms used in this experiment.

Figure 5-2: Data Entry forms in three format (a) English language (b) Marathi language (c) Mixed
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D. After the completion of the main experiment session participants were

supplied a post-test questionnaire comprising of following items:

1. National Aeronautics and Space Administration Task Load Index

[NASA TLX (Hart & Staveland, 1988)]
ii.  System Usability Scale [SUS (Brooke, 1996)]

iii.  Questionnaire for User Interface Satisfaction (version 5.0) [QUIS (Chin,

Diehl, & Norman, 1988)]

iv.  Relative advantage [RA (Poelmans, Wessa, Milis, Bloemen, & Doom,

2008)]

v.  Willingness to continue to use [WCU (Bickmore & Picard, 2004)].

5.3.Experiment Design

5.3.1. Experiment Variables

A within-group study has been proposed. The graphical depiction of the experimental
design is presented in Figure 5-4 and experimental variables including dependent and

independent variables shown in Figure 5-3 below.

A within-group design was adopted for the study. The study investigates three
independent features as user interface, subject groups and task variations. The user interface
feature is having two variables like Existing UI and Intelligent UL The subject groups are
operators and non-operators. The last feature task variation represents three variables as
English language, Marathi language and Mixed language. Two factorial design was
adopted. Eight dependent variables were captured during the experiment, three were
quantitative and five were qualitative. Therefore, t-test and ANOVA analysis technique

were adopted for the analysis of the data.
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Independent
Variables

User Interface

\ 4

Existing Ul
Intelligent Ul

Subject Groups

Dependent

Operators
Non-operators

Task Variations

English language
Marathi language
Mixed language

\ 4

Error rate
Task completion time Quantitative

Variables

Task completion rate

Perceived system usability
Perceived cognitive load
User interface satisfaction Qualitative
Willingness to continue usage
Relative advantage

Figure 5-3: Experimental Variables; Source: Author-generated

5.3.2. Task Design

Four tasks were given to each participant but the sequence of the task may be different.

Table 5-3 below depicts the names of four tasks performed by participants. Task1 consist

of data entry on existing user interface, Task2 consist of data entry on existing user interface

with time bound of 180 seconds and so on.

Table 5-3: Task Description

Tasks

Name of Task

Taskl1
Task2
Task3
Task4

Existing UI entries (EUT)

Existing UI entries with time bound (EUI+TB)
Intelligent UI entries (IUT)

Intelligent UI entries with time bound (IUI+TB)

*UI means User Interface
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The samples were equally distributed among each set of data entry forms, as shown in
Table 5-4. Ninety data entry forms having three groups each of thirty were used in the
study.

Table 5-4: Distribution of samples among each set of task variation forms (i.e. data entry forms)

Forms used for data entry

30- English  30- Marathi 30- Mixed
Operators (103) 34 34 35
Non-operator(121) 40 40 41

5.3.3. Procedure in details

The graphical depiction of the experimental design and detail procedure is presented in

Figure 5-4. The details procedure of conduction of experiment is discussed below,

Orientation / practice session: Prior to the actual experiment, the participants were
explained about the design and purpose of user interface and also provided practice session
on it. They used interface half hour daily for one-week duration before actual experiment
started. The participant, in the experiment, does data entry on provided interface using data

entry forms / sheets.

Main experiment session: Before going for the actual experiment the participants were
told to fill pre-test questionnaires (refer Appendix-1A) which include demographic
information. Each participant performed four tasks (shown in Table 5-3), two tasks were
data entry on existing interface (having static widgets) and other two were on the intelligent
interface (having dynamic widgets). The sequence of the task was random to avoid learning
effect. The tasks consist of a transcription of given data entry form (Figure 5-3) (also called
as paper form) into electronic form using both interfaces. Participants were instructed to
perform the tasks as quickly and accurately as possible. The computer based background
recording of each participant interaction with the designed user interface have taken for

calculation of the accuracy and speed.

Post-test Questionnaires: After completion of the experiment the participants were
instructed to fill the post-task questionnaires (refer Appendix-1B) like -National
Aeronautics and Space Administration Task Load Index (NASA TLX), System Usability
Scale (SUS), Questionnaire for User Interface Satisfaction (QUIS), Relative advantage
(RA) and Willingness to continue to use (WCU) to express their opinion and experience

about the user interface. The subjective experience was recorded in terms of cognitive load,
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perceived system usability, user interface satisfaction, willingness to continue usage and

relative advantage.

Participants

-

Orientation/ practice
Session

v

Demographic o Pre-test Questionnaires
Questionnaires

1 Total Errors made and :
1
1

Main Experiment —  Time required to complete
task was captured

‘ S ————

NASA TLX Questionnaires
SUS Questionnaires
QUIS Questionnaires
WCU Questionnaires

RA Questionnaires

r—)  Post-test Questionnaires

Figure 5-4: Graphical representation of the experiment design and process; Source: Author-generated

Figure 5.4 depicts the complete procedure of this experiment which is explain above.

5.4. Conclusion

This Chapter presented the overall main experimental methodology used to address the
research questions and working hypotheses. The methodology involving- an instrument
used for data collection, sampling framework and the procedure adapted for data collection
is reported. The experiments and the methodology for them are fully described. The user

testing through empirical evaluation of the research has been conducted.
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Chapter 6

User Testing / Verification of Designed User
Interface- ELIIDE tool: Results and Analysis

This Chapter reported the statistical analysis of the data collected during the experimental
study. A t-test and ANOVA analysis approach has been adopted to analyse the data sets.
The experimental result highlights the effect of intelligent feature on the performance in
term of speed and accuracy and their subjective evaluation of the intelligent user interface
(ELIIDE - tool). Detailed discussion of the results from the perspective of the working

hypotheses of the experiments has been done.
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6.1.Introduction

This Chapter reports validation of the ELIIDE - tool, by actual data entry operators working
in rural-BPOs. The experimental result highlights the effect of intelligent feature on the
performance in term of speed and accuracy and their subjective evaluation of the intelligent
user interface (ELIIDE). As stated earlier this tool was developed both as an instrument for
experimentation and also while it collects data- which after analysis can also be used to

validate the tool.

6.2.Results and Analysis

To identify the significant differences among groups, separate paired sample t-tests were
employed. Table 6.1 enlists the paired sample t-test tables. It is important to state here that
t-tests are generally robust against violations of normality (Edgell & Noon, 1984).
Therefore, a paired sample t-test carried out to compare means between the groups for
within group study.

It was followed by one-way ANOVA. First, test of normality was carried out by
Shapiro Wilk test for each individual measure. The ANOVA is a statistical method used to
compare the means of two or more groups. There are different types of ANOVA, first is
one-way ANOVA having one factor with at least two independent levels. For example,
Hypothesis (H4)- There is significant difference between errors committed by female
operator compared to male. Here factor ‘Gender’ has two levels like female and male which
is independent and error is dependent variable. Therefore, one-way ANOVA statistic was

used.
The subsequent sections in this Chapter enlist the detailed results of each of the

hypothesis.

6.2.1. Hypothesis (H1)

The working hypothesis (H;) which were tested in the experiment are given below:

Hi@: The user interface designed with intelligent features like- (i) display of
autocomplete suggestion for text field by ranking strategy based on likelihood, (ii)
predictive text entry widget, (iii) radio button pointed with most likely options and (iv)

dynamic drop-down split-menu, does affect the accuracy of data entry.
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The paired sample t-test conducted on the data sets revealed (Table 6-1) that there
was a statistical significance (#103= 3.301, p>0.01), between exiting user interface
(M=1.07, SD=0.68) compared to intelligent user interface (M=0.82, SD=0.64) on errors
observed during data entry by operator in regular time. A statistical difference (#103=2.205,
p>0.05), between exiting user interface (M=1.21, SD=0.79) compared to intelligent user
interface (M=1.03, SD=0.76) on errors observed during data entry by operator in limited
time given. A statistical difference (#s3= 5.188, p>0.001), between exiting user interface
(M=3.17, SD=1.14) compared to intelligent user interface (M=2.48, SD=1.26) on errors
observed during data entry by non-operator in regular time. A statistical difference (#3=
2.260, p>0.05), between exiting user interface (M=2.00, SD=1.24) compared to intelligent
user interface (M=1.60, SD=1.06) on errors observed during data entry by non-operator in

limited time given.

Table 6-1: Results of hypothesis 1

User Interface

Dependent Existing UI Intelligent UI t
Value N  Mean Sd Mean Sd
Operators Regular time 103 1.07 0.68 0.82 0.64 3:301%**

Non-operators ~ Regular time 58 3.17 1.14 248 129  5.188%**

* Significant at .05 level of significance (P<0.05)
** Significant at .01 level of significance (P<0.01)
*** Significant at .001 level of significance (P<0.001)

Table 6-2 depicts the classification of errors reported in the experiment.

Table 6-2: Two types of errors observed in experiment

Text Entry Errors Numerical Entry Errors

Mistype/ Spelling/ Incorrect: substitutions Wrong
and intrusions

Transposition Reverse
Doubling Double
Case Missing

Capture, phonetic, misinterpretation

Omission/ Wrong field
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There are many schemes suggested by researchers (Rumelhart & Norman, 1982; Grudin,
1984; Salthouse, 1986; Lang, Graesser, & Hemphill, 1991; MacKenzie & Tanaka-Ishii,
2007; Oladimeji et al., 2011) for classifying errors. After studying all these classification
schemes we have adopted the most suitable for this experiment depicted in Table 6-2. The
total error observed in the experiment were divided into two broad categories as text entry
errors and numerical entry errors as shown in Table 6-2. The classification of data entry

error is described below:

(1) Mistype/ Spelling/ Incorrect: substitutions and intrusions: This error occurs when the

user forgets character/s within words or whole word in transcribed text.

Presented text: ‘BWCPK1233L°
Transcribed text: ' BWCPKI233L'

In the example above while typing ‘PAN-card number’, the operator has typed 'I'

instead '1', constituting a transposition error.

(2) Transposition: This type of error occurs when the user switches/ swaps two adjacent

character in a word.

Presented text: ‘IIT Guwahati’

Transcribed text: ‘iti Guwahati’

(3) Doubling: In this type user tries to create an unwanted duplicate character after a target

character.

Presented text: 9899429071
Transcribed text: 9899942907

(4) Case: This refers to entering a target character in the wrong case, that is creating a

uppercase letter when it is supposed to be in lowercase, or vice versa.

Presented text: Pooja

Transcribed text: pooja

(5) Capture, phonetic, misinterpretation: The capture error occurs when operator intends
to type one sequence, but gets captured by another that has a similar beginning (Rumelhart
& Norman, 1982). Operator reads a message and does not construct the correct meaning of

the message. (Lang, Graesser, & Hemphill, 1991).

Example of phonetic error: Presented text: Tankar

Transcribed text: Tanker
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Example of misinterpretation: Presented text: Kharat

Transcribed text: Thorat

(6) Omission/ Wrong field: Operator fails to perform particular operation or omitted

particular character from word or performed wrong operation.

Presented text: Sindhu

Transcribed text: Sidhu

= Mistype/ Spelling/
Incorect
= Transposition

= Doubling
= Case
= Capture, phonetic,

misinterpretation
= Omission/ Wrong field

Figure 6-1: Graph showing six categories of text entry errors

Type-1: Mistype/ Spelling/ Incorrect

mOP IUI mOP EUI Type-2: Transposition

Type-3: Doubling

Type-4: Case

Type-5: Capture, phonetic, misinterpretation
Type-6: Omission/ Wrong field

NON-OP IUI =NON-OP EUI

i
o
1=
L
=

12.54

5.02
34
Type-1 Type-2 Type-3 Type-4 Type-5 Type-6

Error type
Note: OP IUI: Operator Intelligent User Interface, NON-OP EUI: Non-operator Existing User Interface

Figure 6-2: Graph showing various types of text entry errors observed in intelligent and existing user
interfaces
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Figure 6-1 shows the pie-graph of type of text data entry errors and their
frequencies in percentage. The text errors observed in the experiment were classified in six
groups.

As the results show significant difference between intelligent Ul and existing Ul
on errors, this might be because of large difference between ‘Mistype / spelling / incorrect’
type of errors (shown in pie-graph of Figure 6-1) for both experimental conditions. We
have observed that, there are few errors due to ‘language effect’ e.g. the presented text is

‘AQIPP3427E’ and transcribed text is ‘A[I/IPP3427E’. The error is in second character,

instead of ‘Q’ the operator typed ‘[1’. This may be due to ‘language effect’ because the
operator was presented with mixed data entry form which contains Marathi language and
English language contents. The predictive mechanism of the EL/IDE - tool may help to
minimise their memory load and result in less errors compare to existing one.

The bar-graph shown in Figure 6-2 depicts the classification of text entry errors
observed in intelligent Ul and existing Ul made by operator and non-operator. There is
large different in ‘Mistype/ Spelling/ Incorrect’ and ‘doubling’ type of errors for two
different type user interfaces. This is because the predictive mechanism provided for

ELIIDE -tool, predicts the future entry which helps the operator to select the most relevant

33%
= Wrong
= Reverse
= Double
Missing

entry.

Figure 6-3: Categories of digit (numerical) entry errors

Figure 6-3 shows pie-graph of categories of numerical entry errors observed in this
experiment. The percentage of ‘wrong’ and ‘reverse’ types of errors is more compare to

other types. There are four numerical entry fields in the form as ‘PIN code’, ‘Mobile
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number’, ‘Telephone number’ and ‘Date of Birth’. Also, few text entry fields like ‘House
number and Name’, ‘Street number and Name’ and ‘PAN number’ where numerical entries

were done by operator.

The bar-graph shown in Figure 6-4 depicts the classification of numerical entry
errors observed in intelligent UI and existing Ul made by operator and non-operator. There
is large difference in ‘missing’ type of errors from intelligent Ul and existing Ul designs.
This is because intelligent Ul is supported with the field constraint, if it does not satisfy
ELIIDE gives error. For example, the constraint for ‘Mobile No.’ field is that it must have

ten digits and if violates error message shown.

= OP IUI = OP EUI
= 15.04 NON-OP IUI NON-OP EUI 13.53
£
=
11.28
.02
60 5.26
3.01
[ comm Bl e
Wrong Reverse Double Missing
Error type

Note: OP IUI: Operator Intelligent User Interface, NON-OP EUI: Non-operator Existing User Interface

Figure 6-4: Graph showing various types of digit (numerical) entry errors observed in this experiment

Figure 6-5 shows the bar-graph for representation of errors observed widgets-wise.
It is observed that mostly the fields like ‘Address’, ‘Taluka’, ‘Village/ City’, ‘District’,
which are not supported with intelligent features, the operator makes comparatively more
errors.

The specially designed widgets like ‘State’, ‘Date of Birth’ and ‘Gender’,
supported with intelligent features of intelligent user interface are observed to be less error
making fields compared to fields from existing user interface.
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Widget-17

Widget-16

Widget-15

Widget-14

Widget-13

Widget-12

Widget-11

Widget-10

Widget-9

Widget-8
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Widget-5

Widget-4

Widget-3

Widget-2

Widget-1

_ mOP IUI EOP EUI
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Figure 6-5: Distribution of errors according to 17-widgets
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Surname
Father's name
Address
House

Steet
Landmark
Taluka
Village/ City
District
State

PIN Code
Telephone
Mobile
PAN No.
DOB
Gender
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Table 6-3 depicts few more examples of errors observed during this experiment,

these error types adopted after studying different classification of data entry errors from

literature. The adopted classification of errors was elaborated below Table 6-2 with

example.

Table 6-3: Error types with their examples

Error type

Example

Phonetic

P:Sangamner
T:Sangamnar

P:Tankar
T:Tanker

P:Varsha
T:Versha

Mistype/ spelling/
incorrect

P:EVIPS1423K (PAN Number)
T:EVJPSL423K

P:9930805970
T:9693308059 (ERROR-written his own mobile no.)

P: BWCPK1233L
T: BWCPKI233L' (ERROR- trying to type 'T' instead '1")

Omission- Skip
character, word

P: Swathi
T: Swati

P:Sindhu (F)
T:Sidhu (M) (ERROR- changed sex)

Misinterpretation P: Kharat (in Marathi language)
T: Thorat

Wrong key P:07
T:07
P:Q

T:2 (ERROR -TWO-‘[1” IN Marathi language looks like
‘Q’ of English language)

P:03612582820
T:'036=' (ERROR-Trying to enter)

Language effect

P:LIOOO00 (423601)  (in Marathi language)
T:423609 (ERROR- Marathi digit '1"' looks like English
digit '9")

P:OOOOOODOMII (02423224840) (in Marathi
language)
T:02423482248 ERROR- Transposition

P:Q
T:2 (ERROR: TWO-‘[1” IN Marathi language looks like
‘Q’ of English language)

Mistakenly written his own pin code instead presented

Mistakenly written his own mobile number instead presented

Wrong field

ERROR- Typed next field entry in same field

Transposition error

P: IIT Guwahati
T: iti (ERROR- trying to type)

Case P:Pooja
T:pooja
Doubling P: 9899429071

T: 98999 (ERROR- trying to type)
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6.2.2. Hypothesis (H>)

The working hypothesis (H,) which were tested in the experiment is given below:

Ha@): The user interface designed with intelligent features, does affect the speed of

data entry.

The paired sample t-test conducted on the data sets revealed (Table 6-4) that there
was a statistical significance (f102= 5.424, p>0.001), between exiting user interface
(M=184.48, SD=3.18) compared to intelligent user interface (M=182.59, SD=3.54) on
speed of data entry by operator. A statistical difference (z¢4= 2.413, p>0.05), between
exiting user interface (M=186.98, SD=4.99) compared to intelligent user interface

(M=184.72, SD=4.92) on speed of data entry by non-operator.

Table 6-4: Results of hypothesis 2

User Interface

Dependent N Existing UI Intelligent Ul t
Value Mean Sd Mean Sd
Time Operator 102 184.48 3.18 182.59 3.54 5.424%%*

required .
Non-operator 64 19693 499 18472 492 2413
* Significant at .05 level of significance (P<0.05)

*** Significant at .001 level of significance (P<0.001)

6.2.3. Hypothesis 3

The working hypothesis (H3) which were tested in the experiment is given below:

H3@): The user interface designed with intelligent features do effect the variables
like- (i) perceived system usability, (i) perceived cognitive load, (iii) user interface

satisfaction, (iv) willingness to continue the usage and (v) relative advantage.

The paired sample t-test conducted on the data sets revealed (Table 6-5) that there
was a statistical significance (f103= 7.209, p>0.001), between exiting user interface
(M=35.14, SD=2.93) compared to intelligent user interface (M=32.56, SD=3.64) on
cognitive load by operators. A statistical difference (¢10s= 6.69, p>0.001), between exiting
user interface (M=35.07, SD=3.90) compared to intelligent user interface (M=32.06,
SD=4.43) on NASA-TLX by non-operator. A statistical difference (¢103= 9.859, p>0.001),
between exiting user interface (M=70.53, SD=6.56) compared to intelligent user interface
(M=80.15, SD=8.67) on system usability by operator. A statistical difference (#108= 8.912,
p>0.001), between exiting user interface (M=71.48, SD=6.73) compared to intelligent user
interface (M=79.40, SD=8.78) on system usability by non-operator. A statistical difference
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(fa03= 21.909, p>0.001), between exiting user interface (M=6.53, SD=0.23) compared to
intelligent user interface (M=7.30, SD=0.36) on user interface satisfaction by operator. A
statistical difference (#105= 23.571, p>0.001), between exiting user interface (M=6.51,
SD=0.20) compared to intelligent user interface (M=7.18, SD=0.33) on user interface
satisfaction by non-operator. A statistical difference (f103= 4.268, p>0.001), between
exiting user interface (M=6.16, SD=2.08) compared to intelligent user interface (M=6.84,
SD=1.95) on willingness to continue usage by operator. A statistical difference (#i0s=
6.864, p>0.001), between exiting user interface (M=4.75, SD=1.70) compared to intelligent

user interface (M=5.55, SD=1.60) on willingness to continue usage by non-operator.

Table 6-5: Results of hypothesis 3

User Interface

Dependent N Existing UL Intelligent UI t
Value Mean Sd Mean Sd
e Opergl 103" 3514 203 3256 364 209
Non-operator 108" 3547 390 3306 443 0090
pUS Operatox 13 7053 656 8015 867 OB
Non-operator 108 5 4¢3 7940 g7 B8912°%
QUIS Operator 103 6.53 023 730 036 21.909%**
Non-operator 108 6.51 0.20 718 033 23.571%**
WCU Operator 103 6.16 2.08 6.84 1.95 4.268%**
Non-operator 108 475 1.70 5.55 1.60 6.864%**
RA Operator 103 759 1.09 8.72 117 7.560%**
Non-operator 108 10.503***

7.37 0.99 8.79 1.07
* Significant at .05 level of significance (P<0.05)

** Significant at .01 level of significance (P<0.01)
*** Significant at .001 level of significance (P<0.001)

6.2.4. Hypothesis 4

The working hypothesis (Hs) which were tested in the experiment is given below:

Hy@): There is significant difference between errors committed by female operator

compared to male.

The one-way ANOVA result found no significant difference between female and
male in any of the experimental condition given in Table 6-6. Therefore, we fail to reject

the null hypothesis (Hyq)).
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Table 6-6: Results of hypothesis 4

Gender
Dependent Female Male F
Value Mean (sd) Mean (sd)
Intelligent UI Regular time 1.12 (1.015) 1.33 (1.244) 1.212
Limited time 1.29(0.931) 1.30 (0.985) 0.001
Existing UI Regular time 1.46 (1.064) 1.61 (1.329) 0.489
Limited time 1.48 (0.926) 1.62 (1.120) 0.575

6.2.5. Hypothesis 5

The working hypothesis (Hs) which were tested in the experiment is given below:

Hsa): There is effect of language used on error rate in the case of, (i) English
language in forms used for data entry, (ii) Marathi language and (iii) Mixed language (i.e.
Both English and Marathi combined).

The one way ANOVA shows (Table 6-7) significant difference (F275~4.49,
p>0.05) between English (M=1.54, SD=0.99), Marathi (M=1.54, SD=0.86) and mixed
(M=2.46, SD=1.79) in error by operator using intelligent Ul. A significant difference
(Fo2=3.44, p>0.05) between English (M=2.00, SD=1.07), Marathi (M=2.73, SD=1.04)
and mixed (M=3.00, SD=2.00) in error by non-operator using intelligent UL. A significant
difference (F(2,75=8.72, p>0.001) between English (M=2.35, SD=0.85), Marathi (M=1.81,
SD=0.94) and mixed (M=3.12, SD=1.51) in error by operator using existing UI.

Table 6-7: Results of hypothesis 5

Task Variation
Dependent English Marathi Mixed F
Value Mean (sd) Mean (sd) Mean (sd)
Intelligent UL  Operator 1.54 (0.989)* 1.54(0.859)*  2.46 (1.794)> 4.489*
Non-operator 2 (1.074)* 2.73 (1.041)* 3 (2P 3.437*
Existing UI Operator 2.35(0.846)* 1.81(0.939) 3.12(1.505)°  8.722%#*
Non-operator 2.70 (1.068)  2.96 (1.248) 3.20(1.824)  0.761

a, b Common superscripts show no significant difference between mean pairs (Post hoc test using Tuckey HSD)
* Significant at .05 level of significance (P<0.05)

** Significant at .01 level of significance (P<0.01)

*** Significant at .001 level of significance (P<0.001)
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This Chapter presented the experimental results of the research investigation being argued

in this thesis. The paired t-test analysis has been carried out and the results found significant

difference between intelligent UI and existing Ul on accuracy and time.

Table 6-8: Hypotheses test results

Hypotheses

Results

Hi@)

The user interface designed with intelligent features like- (i) display of
autocomplete suggestion for text field by ranking strategy based on
likelihood, (ii) predictive text entry widget, (iii) radio button pointed with
most likely options and (iv) dynamic drop-down split-menu, does affect the
accuracy of data entry.

Proved

Hz@)

The user interface designed with intelligent features, does affect the speed
of data entry.

Proved

H3)

The user interface designed with intelligent features do effect the variables
like- (i) perceived system usability, (ii) perceived cognitive load, (iii) user
interface satisfaction, (iv) willingness to continue the usage and (v) relative
advantage.

Proved

Haa)

There is significant difference between errors committed by female
operator compared to male.

Disproved

Hs)

There is effect of language used on error rate in the case of, (i) English
language in forms used for data entry, (ii) Marathi language and (iii) Mixed
language (i.e. Both English and Marathi combined).

Proved

The next Chapter discusses the consolidated findings of this research investigation,

highlights the contribution of the research work and presents future scope of the current

investigation.
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Chapter 7
Discussion

This Chapter discusses the result and analysis done on previous Chapter 6. It also
summarises the major findings of this research work and discusses its relation with the
theory presented in Chapter 2.
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7.1.Introduction

This Chapter discusses the result and analysis done on previous Chapter 6. It also
summarises the major findings of this research work and discusses its relation with the

theory presented in Chapter 2.

7.2.Discussions

The literature identified different factors which may affect the performance (in terms of
errors) of the operator working in rural-BPOs. One of them is, design of user interface used
for data entry. We found that there are many issues with existing data entry user interfaces
which may cause errors like (a) poor design of user interface: fails to correct specific field
constraint, does not provide clues during typing, fails to provide confirmation logic, does
not provide validation logic for fields (b) User interface was in the English language: (i)
the majority of operators were educated in their mother tongue (local language) and the
user interface (UI) used for data entry is completely in the English language (ii) the
operators speak in their local language when they are socialising at work. The language
used during data entry is English, this means their thinking and conversing language is
different therefore working seamlessly between two languages cause them to make errors
and also takes extra time during data entry. This is a potential context for errors. (iii) error
or feedback message: The operator gets confused when error or feedback message appear
in English which take extra time for them to read and understand it and internalize it.
Therefore, to dress these issues we have developed and implemented a new intelligent user
interface especially for data entry operators in rural Indian context. The experiments were
conducted to compare two user interfaces, one is newly designed interface (ELIIDE - tool)
and second is the existing user interface; to test the number of errors made and time taken
to complete given task. The t-test analysis technique was adopted for the analysis of the
data.

The results confirm that, there is a statistical significance between exiting user
interface compared to intelligent user interface on errors observed during data entry by

operator for both time limitations. This proves that the user interface designed with

109



Chapter 7: Discussion

intelligent widgets helps the operator to improve their performance by reducing errors
during data entry. This means that the specially designed widgets for data entry in the
context of rural-BPO mitigate errors. The result also shows that, the time taken to complete
the given data entry take on intelligent user interface was statistically significant compare

to existing user interface. This shows that ELIIDE —tool is faster than existing UL

This is because ELIIDE —tool does not allow the operator to enter special characters
and numerical in text field for example, in fields like ‘First Name’, ‘Last Name’ etc. where
only text is allowed. Also special character and text is not allowed in numerical fields like
‘Telephone No.’, ‘Mobile No.” and ‘Date of Birth’. This prevent the operator from making
errors if he/she mistakenly presses wrong key. The ELIIDE - tool supported with
quantitative probability for specific widgets/ fields provides information clue during data
entry. This type of practice can help operator to cross validate by referring quantitative
probabilistic of the entry and make less errors. Also sometime they ignore the cross
validation done by referring actual paper document and hence speed up their performance
while data entry and therefore make faster entries. The predictive mechanism of ELIIDE
could also helped operators to select appropriate predicted entries without error and it also
save time of typing. The dynamic split menu design of ELIIDE can help the operator to
select appropriate entry from most frequently used five items (Miller G. A., 1956) from
menu. Also this list items are supported with quantitative probability so as to judge the

most relevant item entry without error and less time efforts.

The literature studies have reported that in rural parts of India people have
minimum access and familiarity with computers because of illiteracy and spoken language
problems, most information systems being in English. The development cost of
applications with community partners that meet their local language learning needs, is
beyond the budgets of community development projects. In such a scenario the reliability
and quality of rural based data entry services may also become questionable in terms of
output quality. But, we have noticed that most of the data entry on computers happens in
the English language. The operators speak in their local language when they are socialising
at work. The language used during data entry is English, this means their thinking and
conversing language is different therefore working seamlessly between two languages
cause them to make errors and also takes extra time during data entry. This is a potential
context for errors. The operator gets confused when error or feedback message appear in

English which take extra time for them to read and understand it and internalize it.
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Therefore, to overcome these limitations we have designed the errors and feedback
messages in their local language (i.e. Marathi). These errors and feedback messages are
also supported with audio so as to make the operator feel that, FLIIDE is communicating
with them and may get emotionally attached with it. The ELIIDE - tool displays the error
messages in the Marathi language when the user enters an invalid or no value for particular

field.

Female operators are steadily increasing in semi-urban pockets. Issues regarding
their performance and pay do exist. During our initial observation we found that in rural-
BPO’s the number of female operators are slightly more compared to male. Therefore, we

are also investigating that, women are more accurate compared to men during data entry.

Apart from the gaps highlighted above, the research literature also notices the fact
that sensitive variables like- perceived system usability, perceived cognitive load, user
interface satisfaction, willingness to continue usage and relative advantage, have been
ignored while designing the interfaces for data entry, on systems being used by BPO
organizations. Therefore, in this study we have investigated the effect of these sensitive
variable on data entry operators. We could infer that the intelligent user interface and
existing interface significantly influences cognitive load, system usability, satisfaction,
willingness to continue usage and relative advantages. Therefore, user interface designed
with intelligent widgets can decrease cognitive load, increase system usability and
satisfaction. Also users are willing to continue using this interface for data entry. It can be

relatively better compared to existing interface used in data entry GUIs.

The literature suggests (depicted in Table 1-3) different classification of errors
according to their context of study. Oladimeji et. al. (2011) have identified six categories
of number entry errors (skipped, transposition, wrong digit, missing decimal, missing digit
and other error). Error can be classified according to whether they occur at a skill, rule or
knowledge-based level (Rasmussen, 1983; 1986); whether they are slips or lapses
(automaticity errors) or mistakes (conceptual errors) (Norman, 1983); and according to
whether the error occurs at a task, semantic or interactional level (Maran, 1981; Devis,
1983). The text entry by physical keyboard typing has been studied by many researchers
(Rumelhart & Norman, 1982; Grudin, 1984). Gentner ef al., 1984 have found that there is
large percentage of typing errors such as substitutions, insertions and omissions. The other
errors like transposition error, doubling error, alternation error, homologous error, capture

error, phonetic swap; type of errors found in transcription typing.
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We will now discuss the finding of this thesis outline with above paragraph which
was elaborated in Section 1.3. A comprehensive list of relevant classification of data entry
errors found in the context of rural- BPOs in this study is prepared, which is one of the
contribution of this thesis work. The items in this list are sorted into two broad groups as-
text entry errors and numerical entry errors. The text entry errors are classified into six
types as- (i) Mistype/ Spelling/ Incorrect: substitutions and intrusions, (ii) transposition,
(iii) doubling, (iv) case, (v) capture, phonetic, misinterpretation and (vi) omission/ wrong
field. The numerical entry errors are classified into four types as- wrong, reverse, double
and missing. The inference from our evaluated hypothesis such that (i) the intelligent user
interface and existing interface significantly influences the error rate. (ii) the user interface
designed with intelligent widgets addressing local needs can increase the accuracy during
data entry and (iii) the intelligent user interface and existing interface significantly

influences the time.

Therefore, intelligent widgets can help to speedy data entry. (iv) the intelligent user
interface and existing interface significantly influences cognitive load, system usability,
satisfaction, willingness to continue usage and relative advantages. Therefore, user
interface designed with intelligent widgets can decrease cognitive load, increase system
usability and satisfaction. Also users are willing to continue using this interface for data
entry. It can be relatively better compared to existing interface used in data entry GUIs,
suggest that in the context Indian rural-BPO worker there are more than one root causes of
error like language, work culture, education background. From our inferences we realise
that though the errors committed by BPO operator and others fall in the same taxonomy of
error reported and research earlier, but there is a difference which we feel a significant, this
difference probability due to culture, language, work culture, education background
assuming that the training and the data entry infrastructure is same. When we look at errors
committed by BPO we feel that they are interconnected and compounded. There could be
compounded error for example, Gentner et al., 1984 have found that there is large
percentage of typing errors such as substitutions, insertions and omissions. The other errors
like transposition error, doubling error, alternation error, homologous error, capture error,

phonetic swap; type of errors found in transcription typing.

Though the classification fit with the earlier taxonomy the additional way of adding

this compounded causes for this error may not simplify into the taxonomy that was earlier,
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so we suggest that the taxonomy of error be expanded into a compounded error due to

cultural difference or mother tongue or education background.
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Chapter 8
Conclusions, Contributions and Future Work

This Chapter summarises the major findings, and core contributions of this research. It also
highlights on the limitations, and general implications of the results in practice. The

Chapter also elaborates on the future scopes and potential paths of this research.
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8.1.Introduction

This Chapter intends to summarise the main research findings and core contributions of
this research along with its general implication in practice, limitations and future scope. At
first, short overview and conclusion of the research is stated in Section 8.2, consolidated

research findings are summarised in Section 8.3.

Section 8.4 presents the core contributions of this research. Limitations and general

implications of the research findings and contributions have been elaborated in Section 8.5.

Section 8.6 discusses the future scope and potential directions for future research.

8.2.Conclusion

This research investigation was carried out on noticing the contradictory findings and
various questions that remained unanswered in ‘data entry error’ studies in the context of
rural India. The literature survey points out to the existence of conclusive research from the
perspective of identifying the effect of GUIs design features on data entry in rural context.
It has been argued in the literature that the influence of local language and GUI design that
might affect operators’ performance in a data entry in rural Indian context had not been

found to be addressed earlier.

The data entry error is the focal point around which research investigation has been
carried out in this thesis. It is argued that there are several factors, which may affect the
performance (in terms of error/accuracy and time/speed) of operators, (a) effect of lower
usability factor of software employed for data entry: There is lack of expertise in designing
user interfaces for such data entry software, especially failing to address localised specific
field constraints that can, if incorporated, ensure high quality of transcription (data entry)
with low rate of errors (b) there may be cultural issues / challenges like differences between
local spoken language and input language (English) by data entry operators - all of which
needs to be investigated (c) the sensitive variables like- perceived system usability,
perceived cognitive load, user interface satisfaction, willingness to continue usage and
relative advantage, have been ignored while designing the interfaces for data entry, on

systems being used by BPO organizations.

Therefore, to address the above challenges we have designed and implemented a
data entry user interface (name as ELIIDE - tool) supported with intelligent features like-
(i) display of autocomplete suggestion for text field by ranking strategy based on likelihood,
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(i1) predictive text entry widget, (iii) radio button pointed with most likely options and (iv)
dynamic drop-down split-menu. The ELIIDE has features like dynamic, predictive,
adaptive and probabilistic. The interface uses local Marathi language to communicate with
user / operator. The communication happens in terms of error and feedback messages. This

additional feature may support rural users to get emotionally attached to interface.

The experiments were conducted to compare two user interfaces, one is newly
designed interface (ELIIDE - tool) and second is the existing user interface the operator
uses for data entry. The participants including professional data entry operators working in
rural- BPOs volunteered for the study. Prior to the actual experiment, the participants were
explained about the design and purpose of user interface and also provided practice session
on it. Before going for the actual experiment the participants were told to fill pre-test
questionnaires which include demographic information. Each participant performed four
tasks, two tasks were data entry on existing interface (having static widgets) and other two
were on the intelligent interface (having dynamic widgets). The sequence of the task was
random to avoid learning effect. The tasks consist of a transcription of given data entry
form (refer Figure 5.2) (also called as paper form) into electronic form using both
interfaces. Participants were instructed to perform the tasks as quickly and accurately as
possible. The computer based background recording of each participant interaction with
the designed user interface have taken for calculation of the accuracy and speed. After
completion of the experiment the participants were instructed to fill the post-task
questionnaires to express their opinion and experience about the user interface. The
subjective experience was recorded in terms of cognitive load, perceived system usability,
user interface satisfaction, willingness to continue usage and relative advantage. The t-test
and ANOV A analysis technique were adopted for the analysis of the data. Results highlight
that intelligent user interface design features do affect the operator’s performance in terms
of accuracy and speed. It has also been observed that ELIIDE -tool can affect operators

subjective experience. Consolidated finding of the experiments are discussed below.

8.3.Consolidated Findings of this Research

This study shows effect of intelligent feature used in designing user interface for data entry
on speed, accuracy, system usability, cognitive load, satisfaction, willingness to continue

and relative advantages. Following are the main research findings of this research.
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We could infer that the intelligent user interface and existing interface significantly
influences the error rate. Therefore, user interface designed with intelligent widgets
addressing local needs can increase the accuracy during data entry.
Tool can also perform as error training tool and performance evaluation tool.
We could infer that the intelligent user interface and existing interface
significantly influences the time. Therefore, intelligent widgets can help to speedy
data entry.
We could infer that the intelligent user interface and existing interface significantly
influences cognitive load, system usability, satisfaction, willingness to continue
usage and relative advantages. Therefore, user interface designed with intelligent
widgets can decrease cognitive load, increase system usability and satisfaction.
Also users are willing to continue using this interface for data entry. It can be
relatively better compared to existing interface used in data entry GUISs.

It is observed that there is no significant difference between female and male in
error rate. Both sexes have similar error rates.

We could infer that English, Marathi language data entry task and mixed

(combining both English and Marathi) significantly influences the accuracy in
three task conditions (i) operator using intelligent Ul (ii) non-operator using
intelligent UI and (iii) operator using existing Ul The data entry task can influence
the accuracy, therefore data entry forms can either be in English or Marathi

language but not in mixed language.

8.4.Major Research Contributions of this Thesis

This research produces three core contributions to the field of usability and human

computer interaction.

1) Design of efficient ‘intelligent user interface for data entry’ evaluation tool for

operators working in rural-BPOs. Main features of this interface tool are:

a. Display/ provide automatic feedback and error/ warning messages with
audio support in Marathi language when the operator entered a wrong
value: Local Language nuanced prompts that has been incorporated and is
a novel approach specific to rural-BPOs in Maharashtra State.

b. Provides monthly performance index for operator and generation different
reports by graph acting as a training tool: local mental model mapped to

rate of error and type of errors specific to a rural setting.
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Additional features of this interface

c. Dynamic: The interface is designed with dynamic widgets which
dynamically updating meaning reordering and highlighting the other likely

options.

d. Adaptive: The interface adapts certain features (like- display of audio
support as option for expert users) for the operator based on its previous

performance.
e. Predictive: The interface provides the predictive text entry widgets.

f.  Probabilistic approach

Evaluated this interface from actual data entry operators in terms of speed, accuracy,
system usability, cognitive load, satisfaction, willingness to continue and relative
advantages.

The interface uses local language for communication with operators making the
interface tool user friendly to operators.

A comprehensive list of relevant classification of data entry errors found in the context
of rural- BPOs in this study is prepared, which is one of the contribution of this thesis
work. The items in this list are sorted into two broad groups as- text entry errors and
numerical entry errors. The text entry errors are classified into six types as- (i)
Mistype/ Spelling/ Incorrect: substitutions and intrusions, (ii) transposition, (iii)
doubling, (iv) case, (v) capture, phonetic, misinterpretation and (vi) omission/ wrong
field. The numerical entry errors are classified into four types as- wrong, reverse,

double and missing.

8.5.Limitations and Generalisations of this Research

This section attempts to highlight on the limitations and generalisations that can be made

from this research.

8.5.1. Limitations of this Research

Following are the major limitations of this research:

This tool was developed for rural-BPOs, only for specific type of data entry work

i.e. for digitization of bank information (personal information block only). Also this
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interface was developed and tested only for Marathi language. Interface provides predictive

text only for specific fields.

8.6.Scope of Future Research

In future scope, this interface can be generalize for different sectors for digitization of
information in organizations like -finance, insurance, banking, government sectors, etc.

This interface can also be modified for any rural language in India.
Aspects such as will audio prompts in local language whenever error is made during

English language data entry, be acceptable to the operators is another research question that

can be taken up in the future.
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Appendix 1A

Pre-test Questionnaires
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Poor Adequate
Good ery good
Excellent

HTIUT FHIVTeAT AGT ST iz (AR FHeAE A0 ThHiven HTas 949a Fag aeh)
Which language do you use for typing? (can tick multiple choices if required)

English Mother tongue [Marathi)
Himdi Other [plase specify)

HTIOT AT HTET ATl T SISl S SH0T HF Siedadr

How would you rate your current typing skills in English language?

Poor Adequate
Good fery good
Excellent

AT 21T S0 35, OO HIET SoAE SEiE e AT 9 Algaar
If typing in mother tongue, how would you rate your current typing skills?
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3
Poor Adequate
Good Very pood
Excellent

FTAHHAT (GFT MO §F) [Efficiency (Errors and Time)]
AT ST ST9T SET ST Rl Sl T (T8 e
How often do you make errors while typing in English language (in data entry)?

=R Haar [Very often] |:| FeaT [Ofzen] 1
FHEFT [Cccasionally] |:| fHETT [Seldom] |:|
FEIGT AR [Hever L 1

T HEahnT T TFAr G 3T Sl ST HTTedT SeiA Sieie e ST F AlGadr

How would you rate your current typing speed in English language compared to your co-workers / friends?

Wﬂ@ [Boor] 1 Tl [Ldeouate]
TR [Good] 1 T TR [Very good] [ ]
J"C [Excellent] |:|

T AGEYTS T S0 3T, HI0T 2T AT TR S@0 FE (TR FTE
If typing in mother tongue, how often do you make errors (in data entry)?

Very often Often L1
Oocasionally Seldom |:|
Mewver

T ANTAN SI89 §ia FH0E, JT0T ATea G0HM SIEdd Hieedrs TATST 4 Aigan?

If typing in mother tongue, how would you rate your current typing speed?

Poor Adequate
Good Very good
Excellent

HIHTIT (FaT. &Rt & [Mother tongue (Eg: Marathi- language)]

IV ATCAA TR WrHiEE 9T 9ot &t

In which medium did you complete primary education?
FHTST [Marathi] |:| TRl [Hindi] 1
SfTH9 [English] L 1 0T [Other (plase specify]] L1

TIOTET SATET M9 FATAT 30 Gieel THd far?

Which language you prefer to speak in society?
FHATET [Marathi] L 1 TRaT [Hindi] 1
E1F6091 [English] I:l 2T [Other [plase specify]] I:l

AT STl ATe AT | SAarTIel ST SO STET gFgT are
'Which language do you spezak while interacting with your co-worker / manager at work place (or while
performing practical)?

Marathi Hindi

English Other (plase specify)
IO SATHT IV SET HHOT SET T SEd arad?
Which language do you use during data entry work?

Marathi Hindi

English Other (plase specify)
T a0 (AEEd ©F) [Use of technology (mobile phones)]
HTOT TEE FHeE AAEd T 0 T gy

Which type of mobile phone you are using?
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FAG Fiol FIOAT GIALT HFerel WY Bie

Simple phone having calling facility only L ]
AU, T BT UG ARG WY giewT e T B

Smart phone having all facilities like camera, touch screen, etc. L ]
FIUTCATEr Fh=T Aol Bl aT9Ld =Aer

No using any mobile phone ]

SR HIIUT WA Riaga B aTd 30T, 7 qFerel cardd #17 Sfreed dasd Hfor #17 37asa Aen
If you are using simple mobile phone, what features do you like and dislike about it?

FoT JOT FI [Please describe]

SR 30T TATE FESA Blef A9 30T, O JFgTel ATl H1T AR HEsa A0 FF 7G5 A2
If you are using smart phone, what features do you like and dislike about it?
At FuTe T [Please describe],

123




Appendix 1

Appendix 1B

Post-test Questionnaires

Piease tick appropriate boxes after experiencing the Interfoce shown to you

UUITHT IUYFAAT FFW [System Usability Scale (5US)]

Stronghy agree Neither disagree Strongly
BEres BETEE NoT disagree
disagree

AT 7 SeTihH aiar ST HiEew
1. I think that | would like to use this interface
frequently

HAT 7T SE0FH a7 AT AT

2.1 found the interface unnecessarily complex.

AT 7 SeUhH arduard \/IdT aed gl
3. | thought the interface was easy to use.

T ScFd A=t Ad @EH i oaeaedn
AR IS ae

4.1 think that | would need the support of a
technical person to be able to use this interface.

AT 1 SE0FH 7o ST FRF TS
IGEE]

5. 1 found the various functions in this interface
were well integrated.

6. | thought there was too much inconsistency in
this interface.

#r 3 e §aT G ag—v.-‘la; e AT e
AT FEET g A

7. 1 would imagine that most people would learn
to use this interface very quickly.

el 7 SehH AT FaAE Aol
8. | found the interface very cumbersome to use.

HeAl 1 SeIhd 39T HEe T THEEE e
9. 1 felt very confident using the interface.

HAT {7 Se0RH arETarTE g9 FgT A0S e
e

10. I needed to learn a lot of things before |
could get going with this interface.

AT FeUdW AN weaArEdt [Questionnaire for User Interface Satisfaction (QUIS)]

#iveday araadt vgor giafar of1(2)3(4|5|6(7|8|9 NA

[Overail reaction to the software]

ST [terrible] TEFTFRSE [wonderful]

1

2 d

3 Eﬁﬂjﬁr[f:l_;sz:a:ing: AR S [sacisfying]
4 i erEdr T arET
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[inadequate power]

[adequate power]

> [cll]

[ A [rigid]

Screen

7 | FhE @ 9= "= | §E [hard] Y [easy
[Reading characters
on the screen]

B | oo HEA Eap not at all very much
[Highlighting
simplifies task]

9 | wfgei A= confusing very clear
[Organization of
information]

10 | ==t fFanT confusing very clear
[Sequence of
sCreens)

afpamer anfvr gomedt wnfedt [Terminology and system information]

11 | §9of S=vFw Jed | EEea HET IO
TRETEET 9T [Use | inconsistent consistent
of terms throughout
interface]

12 | gfrwmer & Hafea never always
Terminology related
to task

13 | =R a7 Heel inconsistent wE T
Erfiposicion consistent
Orf messages o
SCEeen]|

14 | =IE |ET HhA confusing clear
[Prompts for input]

15 | FHaroes AT waTar never always

16 unhelpful helpful
[Error messages]

feraror [Learning]

17 | SeFy Hioie g3t difficult easy
[Learning to operate
the interface]

18 | =m=ofr 30foT =% difficult easy
T S ATaE
TEFHTHAIT FHI0T
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[Exploring new
features by trial and
error]

19 | ST HISG0T FHITOT difficult
HIERTT araT
[Remembering

names and use of
commands]

easy

20 never

always

21 unhelpful

[Help messages on
the screen]

helpful

22 | gIEvi HgE Wifged confusing
[Supplemental
reference materials]

clear

TP SIHAT [Interface capabilities]

23 | SerdE TR too slow
[Interface speed]

fast enough

24 | SerFw EeawaEa unreliable
Interface reliability

reliable

25 | SerdrE e AEME IO
Interface tends to be noisy

quiet

26 | AT I TR difficult
[Correcting your
mistakes]

easy

27 | H9 9ETAr never
TS EgmE=

Designed for all
levels of users

always

FEET WET AT [Relative advantage

acale]

T SR ATATES SET UE file aadHe
1. Doing data entry through this interface is
more effective than existing interface.

Stronghy
Bgree

agree

MNeither disagree
BEres Nor
disagree

Stronghy
disagree

7T SETFH # AEHAT arHeedl 207 HedHe
2. This interface is better than other existing
interface | have had so far.

Stronghy
Bgree

agree

MNeither disagree
BEres Nor
disagree

Stronghy
disagree
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4
I FE davgrardiet renr gefFemt s [Willingness to Continue to Use Scale]
AFEsT T Widea Il (SEThET) AT §E 1 2 3 4 5 & 7 8 95 10
DACIRAST AT STl T &A1 Lowest Highest

Please rate your willingness to continue working
with the software in future Examinations

Araret Ff mir BdWF [NASA Task Load Index]

ARTES AH FEA TR AS AT g

Mental Demand How mentally demanding was the task?

Very Low aw =t a7 @a Very High

T A Seerd AT TRl aces
How physically demanding was the task?

N R N A I

s e )
Physical Demand

Very Low Very High
Mew W THITTA Gob WS TehaT SIS OO Rl GTeen
Temporal Demand How hurried or rushed was the pace of the task?
I o | I
Very Low Very High
AT HUUTH o I FAUATH Hieae gl o dRRET S B dhel?
Performance How successful were you in accomplishing what you were asked to do?
I T I e | A O
Very Low Very High
o o FIATENET FoH T07 HICATRIST TFgIel #4T1 RIAT Tl o
Effort o T AT

How hard did you have to work to accomplish your level of performance?

N I O

N O

Very Low Very High
=T AT THETEl SIS, T+, How, a10T AT Hea-—aaeg AvEe $ie
Frustraticn How insecure, discouraged, irritated, stressed, and annoyed were you?
IIIIII||II|IIIIIIlllI
Very Low Very High
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FeThacgoedl JFgTell 3aseiedl 3 o 9 JMSET |iam.
[List three to five things you like the most about the interface]
1.

o wN

HTIOT FHEAIOT IO AT FTIHA A HIVIET FUROT FIUATATST T HIAT.

[Any suggestion for improvement in the interface you normally use].
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Appendix 2A
Data Entry Forms: English Language

qUd Wid 3USUATET BIH
SAVING BANK ACCOUT OPENING FORM

dafFas AR [Personal Details]

ara (A / sfedr )

e
First Name (Mr./ Mrs.) G‘qn S\/\
P Suhay
Surname

afgar / g / grerRE Aa D
Father/ Husband/ Guardian Name
forardr gar

Residential Address

oY HAE 0T A1

House No. and Name

TEAT FHATR T AT

Street No. and Name

T

Landmark

e | T

Taluka/ Tehsil

g/ AFT 4 CL.‘\(‘\J'
Village/ City
s P

District

‘LC\V\"’SCQ/‘DQV Qe ‘OQA\/j

Pla.{’.v\o .29 3 ’2/“4 Clooy

une

e NMahavash b

State
Rt 71 41104¢
PIN Code

Bl HHE (THAE FHIE wigd)
Telephone No.(with STD code)

202420211 ¢

AASA FATH

Mobile No. 98220 46183
e HHH

PAN Number

kil 2313 B#x

Date of Birth (DD/MM/YYYY)

Forer Mol .

Gender/ Sex
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Data Entry Forms: Marathi Language

U9 Wid 3USUATET BIH

SAVING BANK ACCOUT OPENING FORM

dafadas AfEer [Personal Details]

CICHEE W i) —bn'?{a’l_\
First Name (Mr./ Mrs.) «

Jree AASH A
Surname

afsare / 9" / greee a9

Father/ Husband/ Guardian Name

fAardr oar

Residential Address

X HAR IT0T AT
House No. and Name

TEAT FHTF 0T A1
Street No. and Name

A\

Landmark

dTeIehT | dEdre

Taluka/ Tehsil

Mg / AT
Village/ City

=

District

Ry
State

i

e w8
PIN Code

Y99 OO:Q

B FATF (THEET FIZ Aigd)
Telephone No.(with STD code)

Ro¥ Ya wlr

AESST FATF

Mobile No.

KeRo¥LbRoly

= :
PAN Number

Sed antrE
Date of Birth (DD/MM/YYYY)

/96 / 2% ¥R

IGEd

Gender/ Sex

=T

Appendix 2
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Appendix 2C
Data Entry Forms: Mixed (English and Marathi both) Language

T9d @Id 3USULTET Bid
SAVING BANK ACCOUT OPENING FORM

dafFas afgr [Personal Details]

First Name (Mr./ Mrs.)

qiil?:t]

Surname

afsare / 9= / ureree JE -
Father/ Husband/ Guardian Name g

ISIRIER St st TV Tt

Residential Address

W IR 3O A ~Br— ST 211K

House No. and Name

TEAT FATF 0T AT
Street No. and Name

T
Landmark

aTelHT / TEHe
Taluka/ Tehsil

. f M VRS

Village/ City
Sroar ‘—W >
District
T
HE[<T g

State
e F3

0>
PIN Code 4_ ‘ ' €
B FHHF (THEET HIS Afgd)
Telephone No.(with STD code)

\-{obile\?w 98%0.331 4 14
9 HATH -

PAN Number A Q ‘\'P P % 4’ L?E
A arE

Date of Birth (DD/MM/YYYY) 20 l %1199 ‘1*

o

Gender/ Sex M R/{ Q
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Appendix 3A

Visually and graphically improved concept version of ELIIDE- tool shown below

Error Limiting Intelligent Interface for Rural Indian Data Entry Operators

Sanket Plaza

Flat no. 112, Ground Floor

Sanket Plaza

022 236097

9900203561

v

o [

Clear Error log

Exit
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