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ABSTRACT

The efficiency of e-government websites is a very crucial
factor for e-government success. Users prefer sites that allow
them to get their tasks done successfully and quickly. In this
paper, the efficiency of the current government websites at the
local self-government (district level) in India is measured
using two different techniques. The techniques used here are
related to time and effort. In the time technique, two methods
are used, the first method is about the number of successful
tasks that take less than average time and the second method
is about the number of successful tasks per unit of time (time-
on-task). In the effort technique, we calculate the number of
successful tasks completed using the optimal path. The results
of the experiment conducted to measure the efficiency showed
that there is an urgent need to improve the usability of
e-government websites in order to be efficient and more
beneficial for citizens.

Keywords

E-government, websites, efficiency, time-on-task, effort.

1. INTRODUCTION

Nowadays, there are significant numbers of e-governments
operating at national and local levels that are accessible via
the Internet which provide a variety of online information and
services [1]. E-government can be defined as “the use of
technology to enhance the access to and delivery of
government services to benefit citizens, business partners and
employees” [2]. In such an environment, citizens have
increasingly been able to interact with e-government by
searching for government information and getting government
services through websites without time and space limitations.
The website works like a channel or window between
government and citizens. On the Web, usability is a necessary
condition for survival. If a website is difficult to use, people
leave it [3]. Moreover, the user will return to the old style of
dealing with government face to face or through phone. The
result of that will be a huge loss for the government which
designed such unusable website.

The international standard (ISO 9241) [4] defined usability as
“the extent to which a product can be used by specified users
to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use”. From the above
definition effectiveness means “the accuracy and
completeness with which users achieve specified goals”,
efficiency is “the resources expended in relation to the
accuracy and completeness with which users achieve goals”,
and satisfaction is described as “the comfort and acceptability
of use”.

In the researcher’s previous work [5], the effectiveness of e-
government websites was evaluated using usability test
experiment. This paper are presented the results of using the
same usability test experiment to evaluate the efficiency of the
current government websites at the local self-government
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(district level) in India. The local government is an important
part of good governance as most citizens are normally
affected more by local governance than by the other layers of
governance [6]. Our study will try to find out to what extent
these e-government websites in local government in India are
efficient and easy to use by the citizens (users). The aim of
this evaluation is to better understand how website visitors are
using the government websites.

Efficiency is evaluated by the amount of effort (cognitive and
physical) required to complete a task [7]. The efficiency is
measured using two different techniques, time, and effort.

1.1.  Techniques

Efficiency is often measured by the number of steps or actions
required to complete a task or by the ratio of the task success
rate to the average time per task. The main two techniques of
measuring the efficiency of websites are illustrated below.

[N Time Technique
In usability tests, task times are an often reported usability
metric [8]. Efficiency is one of the cardinal aspects of a

product's usability [9]. Jeff in [9] states that the amount of

time it takes for a user to complete a task is one of the best
predictors of efficiency because it:

1. illustrates the slightest variability (in seconds) that is
more difficult to detect in other measures like errors;

2. is a continuous measurement meaning it can be
subdivided infinitely (unlike task completion which is
discrete-binary) and many more statistical tests can be
used to detect meaning in the data.

Users prefer sites that allow them to get their tasks done
successfully and quickly. Time-on-task (sometimes referred as
task completion time or simply task time) is an excellent way
to measure the efficiency of any product [7]. The time it takes
a participant to perform a task says a lot about the usability of
the website. Time-on-task is simply the time elapsed between
the start of a task and the end of a task, usually expressed in
minutes or seconds. The best way to record time is to use
automated technique. It has several advantages, not only it is
less error-prone but it’s also much less obtrusive [7]. In the
time technique, two methods are used. The first method is the
number of successful tasks that take less than average time
and the second method is the number of successful tasks per
unit of time (time-on-task).

a) Method 1 (the number of successful tasks that take less
than average time)
Some tasks were inherently more difficult to complete than
others were and it is reflected by the average time on task. In
this work, the average time is used after removing the outliers
as optimal time for doing the task. Time data for all tasks
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(successful and unsuccessful) is included. The reason for
including time data for all tasks involves the case where only
a small percentage of the participants actually succeeded at a
task, but they happened to do so relatively quickly [10]. Most
of the people who failed actually spent much longer on the
task. In that case, looking at time data for successful tasks
only would give a biased view of the times actually spent on
the task. Task time has a strong tendency to be positively
skewed (Not Normal), with some users taking a long time to
complete a task. This arises from the large individual
difference in users. Some users encounter problems with an
interface or just use computers slower as they complete tasks.
A few long task times pull the mean task time up, making it
no longer the typical task time. Instead, it overstates the
middle value. With a positive skew, however, the arithmetic
mean becomes a relatively poor indicator of the center of a
distribution due to the influence of the unusually long task
times [11]. Furthermore, Cordes [12]demonstrated that the
sample median was a biased estimate of the population
median for usability test task times. The geometric mean is the
best estimate of the center of the population (the median) [11].
The geometric mean provides the most accurate measure of
the middle task time for sample sizes less than 25 [9]. The
formula for Geometric mean is:
Equation 1

GM} = :EJH.J”EJ"a---J"m

Where n: sample size, y: time value

The average time spent by the participant for each task
was measured, and then the percentage of participants
who completed the task successfully in less than the
average time (Geometric mean) was calculated.
Therefore, to measure the efficiency of the website the
number of participants who completed their task successfully
in less than average time was helpful. If they are more, for all
the tasks, then the website is efficient and vice versa.

The confidence interval (C.I) was calculated for a mean that
specifies a range of values within which the unknown
population parameter -in this case the mean- may lie[13]. The
width of the confidence interval gives some idea about how
uncertain one is about the unknown population parameter. A
very wide interval may indicate that more data should be
collected before anything very definite can be said about the
parameter[14]. These intervals for different confidence levels
ere calculated, depending on the degree of precision expected.
An interval calculated at a 95% level was interpreted as, 95%
confident that the interval contains the true population mean.
It could also be said that 95% of all confidence intervals
formed in this manner (from different samples of the
population) will include the true population mean[15].

b) Method 1 (Number of successful tasks per unit of time
(time-on-task))
The Common Industry Format (ISO 9241-11) [4] specifies
that task completion rate per unit of time (typically minutes) is
one of the core measures of efficiency. Calculating efficiency
is to count the number of tasks successfully completed by
each participant and divide that by the total time spent by the
participant on all the tasks (successful and unsuccessful) [7].

International Journal of Computer Applications (0975 — 8887)
Volume 70— No.22, May 2013

Equation 2

Efficiency = (Number of successful tasks/total time)

If each participant in a usability test attempts the same number
of tasks, then this is equivalent to the number of correct tasks
per minute that we just discussed. The advantage of this
percentage technique is that it also works when the
participants are presented with different numbers of tasks.
Simply divide each participant’s task success rate (percent) by
their mean task time in minutes. (Other units of time can be
used if needed.) The result is usually expressed as a
percentage, although techniqueally it’s a percentage per
minute. Note that it’s possible (and in some studies common)
for this percentage to go above 100% for participants who are
very accurate and quick [10].

[11] Effort Technique

Another way to measure efficiency is to look at the amount of
effort required to complete a task. This is typically done by
measuring the number of actions or steps that participants
took in performing each task. This technique calculated the
amount of effort required to complete a task [7]. It looks only
to the successful tasks. The reason for using only successful
task is related to those users who failed to complete the task. It
may be that the visited pages were lesser than in the optimal
path, thus their efficiency will be more than those who
succeed in the task.

The formula to calculate effort is:
Equation 3

Effort = O/N
Where O: optimal path,
N: Number of pages viewed in each task (for
successful task).

2. EXPERIMENTAL SETUP

Part of the results of this usability test experiment has been
used in previous work of the researchers [5] to measure the
effectiveness of e-government websites. Other part of the data
from the same experiment are used here, so the same
experiment setup is used. To avoid unreliable and biased
results, the design of a user test evaluation and its execution
should be carefully planned and managed. The researcher
followed the framework proposed in the literature [12],[7]-[10]
to conduct the usability test and collect the data. The
framework has the following steps, 1) define the goals of the
test, 2) define the user sample to participate in the test, 3) select
tasks and scenarios, 4) define how to measure usability, 5)
prepare the material and the experimental environment.

Each individual session will consist of a set of tasks and a
questionnaire for the participants to complete. The individual
evaluations will take place in the following order, a) a
performance evaluation in which each participant is asked to
perform a series of real-life tasks, b) a questionnaire after each
performance evaluation to gather additional insights from the
participants about Mysore District’s website.

2.1 Participants:

Typically, the test was conducted with a group of potential
users who have knowledge of computer and internet. Fourteen
participants (2 female, 12 male) in the age group ranging from
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20 to 30 years volunteered for this domain study. All
participants were familiar with the use of Internet (average
experience of internet use was 3 years).

2.2 Evaluation Tasks:

The tasks were intended to be general, simple, and from the
reality of citizens’ daily needs. Test participants attempted
completion of the tasks as shown in Table 1.

Table 1 Tasks Attempted

No | Task description

Task 1| Find important centers of learning in Mysore.

Task 2| Download the application form of birth registration.

Find the page that gives information about tourist
Task 3 A
places in Mysore.

Task 4| Find the Public Grievance System.

Find the contact details of Karnataka Urban Water
Task 5 .
Supply and Drainage Board.

2.3 Procedure:

Users were asked to complete a series of routine tasks.
Sessions were recorded and analyzed to identify the success
rate, give-up rate, time spent on task, number of pages visited
per task, etc. Mysore district website (www.mysore.nic.in)
was selected for this test. It serves as an information gateway
to Mysore district citizens to get information and services. An
online usability test was conducted using a live version of
www.mysor.nic.in located on the internet. Loop11 online tool
(avilable in www.loopll.com ) was used to capture the
participant’s comments, navigation path, heat map, overall
satisfaction ratings, questions and feedback. A usability test
was intended to determine the extent to which an interface
facilitates a user’s ability to complete routine tasks.

2.4 Data Collection:

The data were collected in an excel file. The first round after
exporting the data is to prepare the data for analysis. The second
round is filtering the data. The filter was used to check the data
against the participants who were not serious and completed the
test without care. For that we put some criteria and a threshold.
The threshold used for the time spent in task is less than 5
seconds and for the page viewed is 1 page per task. The Filter
used was:

if (Visited Pages =1 and the Time spent <5 sec) for more than
2 tasks, then the participant is considered not serious, delete
the participant’s data

By implementing the above filter, the data of participant
number 10 was deleted and not included in the final analysis.
He spent 2 seconds in each page and visited only 1 page per
task. It means that he only navigates through the test by
clicking the next button only. The total number of participants
included in the final analysis was 14. They were coded as p 1
to p 14.

2.5 Data Scoring:

The data was scored, using the approach found in the
literature [7]. A task was counted as a “Success” if the
participant was able to achieve the correct outcome, without
assistance, within the time allotted on a per task basis. The total
number of successes were calculated for each task and then
divided by the total number of times that task was attempted.
The results are provided as a percentage. If the participant
abandoned (gave-up) the task, did not reach the correct answer,
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or performed it incorrectly, the task was counted as a “Failure.”
The time was calculated in seconds. The number of visited
pages was recorded.

3. RESULT AND DISCUSSION

In this section, the results are presented starting from the time
and how it is manipulated, and then time-on-tasks and the
effort techniques are used to measure the efficiency to find if
the website is efficient.

3.1 Time

a.  Number of successful tasks that take less than
average time

To measure the tendency the mean or Median was used. Table
2 shows the different means of the time spent by the
participant in each task before removing the outlier. In case of
Task 1, the difference can be seen between the Athematic
mean (137.4 seconds), Geometric mean (89.4 seconds) and
the Median (80.5 seconds). The variance was measured using
standard deviation (SD= 127.1). The confident interval (C.1) is
66.6 seconds.

Table 2 The different means of the time spent by the
participants in each task

Participants Task 1 [Task2 |Task3 [Task4 [Task5

P1 78 104 16 19 92
P2 83 111 53 68 114
P3 68 269 158 82 262
P4 160 139 45 138 98
P5 451 59 19 138 175
P6 59 34 34 43 44
P7 41 23 8 5 6

P8 485 9 69 292 143
P9 124 107 60 249 155
P10 148 219 83 220 238
P11 137 119 56 17 67
P12 18 120 57 20 93
P13 31 10 11 32 21
P14 40 30 27 14 5

Athematic mean 1374 | 96.6 49.7 95,5 | 108.1
Geometric mean 89.4 63.7 37.3 52.0 67.8

Median 80.5 | 1055 | 49.0 55.5 95.5

ST DV 1271 | 745 37.7 85.0 79.7
Max 485.0 | 269.0 | 158.0 | 292.0 | 262.0
Min 18.0 9.0 8.0 5.0 5.0

Confidence Interval

(95%) 66.6 39.0 19.7 445 | 418

Moreover, the range (the distance between the minimum and
maximum data points) is relatively high (467 seconds). The
above results showed that these data need to be filtered and
cleaned to remove the outlier data before proceeding any
further or calculating the data. The scatter plot was used to
identify points distant from the normal scattering. The outliers
were removed based on the following condition “if the time
recorded for the participant in the task is greater than double
the arithmetic average, the data should be removed”. Then the
Geometric Means, SD, and CI were calculated. Figure 1 (a,b,c
and e) illustrates the time distribution for each task. The
outliers can be figured out easily.
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Table 3 shows the different means of the time spent by the
participants in each task after removing the outlier. The place
of the removed data is treated as missing value. In case of
Task 1, the difference between the Athematic mean (82.3
seconds), Geometric mean (67.9 seconds) and Median (73
seconds) can be observed. The standard deviation (SD) is
48.1. Moreover, the range (the distance between the minimum
and maximum data points) becomes low 142 seconds
compared to 467 seconds before cleaning the data. C.I with
(95%) confidence level is relatively small (29.8) compare to
66.6 before removing the outliers. It reduced by more than
50% to give better result.

Table 3 The different means of the time spent by
participants in each task after removing the outlier

- Task|Task|Task|Task|Task
Participants 1 2 3 4 5
P1 78| 104 16| 19| 92
P2 83| 111 53| 68| 114
P3 68 82
P4 160| 139| 45| 138 98
P5 59| 19| 138| 175
P6 59| 34| 34| 43| 44
P7 411 23 8 5 6
P8 9 69 143
P9 124| 107| 60 155
P 10 148 83
P11 137| 119| 56| 17| 67
P12 18 | 120f 57| 20| 93
P13 31 10| 11| 32| 21
P14 40| 30| 27| 14 5
Athematic mean 82.3(72.1|41.4|52.4 (84.4
Geometric mean 67.9|50.9 |33.4(33.8 (54.5
Median 73 [81.5| 45 | 32 |92.5
ST DV 48.1149.024.0|48.4 |51.5
Max 160 | 139 | 83 | 138 | 175
Min 18 9 8 5 5
Confidence Interval (95%)(29.8|27.7 | 13.0 | 28.6 [31.9
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40
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20 A
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Figure 2 Geometric means after cleaning unwanted data
(Error bars represent a 95% confidence interval for the mean)

Figure 2 shows the Geometric means after cleaning unwanted
data to represent the optimal time for doing each task. Table 4
shows the success rate for all participants. The success rates
for each task are 50% for Task 1, 64% for Task 3, 57% for
Task 4 and 0% for Task 2 and Task 5. The average success
rate for the website is relatively very low (34%). Figure 3
shows the Participants who successfully completed the task in
less than average time for each task. Only four participants
completed successfully four tasks in less than average time for
the respective task.
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The average success rate for the tasks that take less than
average time of each task is 5.6% only. The result indicates
that this website is time consuming. The user needs to spend
more time to get his work done. This finding leads to the
conclusion that this website is not efficient.

Table 4 Success result

Task result (0 Fail, 1 Success)
Participants | Task | Task | Task | Task | Task
1 2 3

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
Average 50%

o|lr|k|lolr|lojlo|o|o|r |||~
o|kR|r|lo|krir|lo|kr|lo|lr|k|k|-

O|o|O|o|Oo|0o|0o|0o|0o|o|o|o|o|o

o
o
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o
§OOOOOOOOOOOOOOU‘|

S
>

64%

100%
80%
60%

40%
14%
0, r [174 r [174
20/6 170 0% 170 0%
0% __—__-—

Task 1 Task 2 Task 3 Task 4 Task 5

Figure 3 Participants who successfully completed task in
less than average time of each task

a.  Number of successful tasks per unit of time

Table 5 Efficiency using time on task method for all the
Participants

Total time taken No of  |Efficiency (No
Participants on all tasks successfully | of Sugcess
Seconds IMinutes completed |Task/ time on
Tasks tasks)
P1 309 5.15 3 58%
P2 429 7.15 3 42%
P3 839 13.98 3 21%
P4 580 9.67 3 31%
P5 842 14.03 0 0%
P 6 214 3.57 1 28%
P7 83 1.38 0 0%
P8 998 16.63 2 12%
P9 695 11.58 3 26%
P10 908 15.13 1 7%
P11 396 6.60 2 30%
P12 308 5.13 3 58%
P13 105 1.75 0 0%
P14 116 1.93 0 0%
Average 487.3 8.12 22%
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Table 5 and Figure 4 show the results of efficiency for all the
participants. Two participants recorded 58% of efficiency
with 3 successful tasks in around 5.15 minutes, on the other
side four participants failed in all the tasks. By computing the
average efficiency for all the participants, it was 22%. This
value represents the efficiency of this website using time-on-
task method. The participants spend more time to get their
work done or they fail to do so. For that, it shows low
efficiency.

100%
90%
80%

30% - — -
20% - — —— 1
10% 4 — — — - 1

i EE W § Sesoss

P1P2P3P4P5P6P7P8P9 P P P P P

10 11 12 13 14

Participants

Figure 4 Efficiency using time on task method for all the
Participants

1.1. Effort
The effort measured only the successful tasks to find out how
much effort was spent to attain success. The failed tasks were
excluded to avoid bias. The effort for the tasks that had no
success rate could not be measured, so it was left empty.
Table 6 shows the optimal path that has been calculated by
exploring the website and finding out the shortest path to be
the optimal path.
Table 6 Optimal path

Tasks Task 1| Task 2| Task 3 |Task 4| Task 5

No of pages 2 4 2 2 2

Table 7 shows the page clicked for each task per participant.
Task 5 has the highest rate with four pages and Task 1 has
the least pages with 2 pages. Table 8 shows the effort in task
for all the experiments. The effort in Task 2 and Task 3,
could not be calculated because the success rate was zero.

Table 7 The pages viewed per task for all Participants

. Task| Task| Task| Task|Task Avgrage pages
Participants viewed per
3 4 5 e
Participants

P1 2 |5 2 313 3

P2 2 1 614 314 3.8

P3 2 | 8]10] 3 |13 7.2

P4 2 | 4 2 5 1 2.8

P5 111 1 1 1 1

P6 2 |1 2 313 2.2

P7 1 1 1 1 1 1

P8 4 1 2 7 3 3.4

P9 215 31419 4.6

P10 5|7 6 6 |11 7

P11 2 | 4 31413 3.2

P12 2 |2 4 3 13 2.8

P13 111 1 1 1 1

P14 1] 2 2 1 1 1.4

Average
pages viewed| 2.1| 3.4| 3.1| 3.2| 41 3.2
per task
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The effort was calculated by dividing the optimal path (O) by
(N) the number of pages viewed in each task (for successful
task only).

Table 8 The effort for the successful task

Participants Task [Task | Task |Task |Task
1 2 3 4 5
P1 0 0 0.33
P2 0 0.5 | 0.33
P3 0 0.8 | 0.33
P4 0 0 0.60
P5
P 6 0
P7
P8 0 0.71
P9 0 0.33 | 0.50
P10 0.77
P11 0 0.33
P12 0 0.50 | 0.33
P13
P14 0.273| 0.49
Average 0.00 0.27 | 0.49

The optimal path is the shortest path to the target page or the
least number of clicked URL to visited pages to reach the
target page that have the required information or services. The
results in this formula ranged from (0 to 1), 1 means no effort.
So, to give more sense to the results, the result was subtracted
from 1; now if the result is O it means normal effort, but if it is
more than O there is an up-normal effort, the more the value
the more the effort required. For the tasks that didn’t have
success rate (Task 1 and Task 5) the effort was considered as
1. The average for all the tasks was calculated to find the
result of the average effort that could be spent in this website;
it was 0.55.

Summary of Data:

In general, it was found that the website mysore.nic.in is
unclear, not straightforward, and not easy to use. The test
identified many major problems including the lack of
categorization of topics on the home page, confusion over
apparent duplicative usage of some terms, and confusion of
terms and abbreviations. The users found many orphan pages,
they could not return to home or previous page, the site index
or site map does not exist, and there is lack of color contrast
between text and background. Moreover no search facility,
help or FAQ page were avilable.

4. CONCLUSION

In this paper, the efficiency of e-government websites was
measured. Different techniques and methods for measuring
the efficiency were highlighted. The efficiency was measured
using two different techniques, time and effort. The time
technique recorded very low efficiency score of 5.6% from
the first method and 22% from the second method. The
website recorded higher effort rate (.55%) required than
normal effort for navigation and searching for information or
services. It is not necessary to use all the techniques and
methods mentioned in this paper to measure the efficiency.
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Moreover, it is not important for the output of all the
techniques to be equal or getting the same value or result. The
website needs to be redesigned and improved to achieve better
usability score, and to help users to use the website and
navigate through easily.
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