CHAPTER 6 - SYSTEM EVALUATION

0.1 OVERVIEW
An evaluation process is essential to ensure that the software project, processes and the

end-product have achieved the requirements. This chapter discusses the user evaluation and

the accuracy of the forecasting results generated by MPID.

0.2 USER EVALUATION

Ihe user evaluation was carried out to gather feedback on the user satisfaction towards
MPID. The evaluation could be based on several techniques such as users’ feedback and
prototyping performance analysis (Crozat, Hu and Triagano, 1999). MacNealy (1992) in
herieview onreseareh lamented that user survey is by far the most frequently used method

cmployed by rescarchers in system evaluation. This method can generate large amount of

quantifiable data in an inexpensive manner. Thus, this method was used to evaluate MPID.
Belore conducting the user survey, a questionnaire (Appendix E) was prepared. The
construction ol the questionnaire was based on the Software Usability Measurement
Inventory (SUMI) - (Human Factor Research Group, 2000) and Generic Use Interface
Questionnaire (QUIS) (Ching Dichl and Norman, 1988). The questionnaire has three
welions and - consists of twenty-live questions altogether. Section | (four questions)
requires the users o fillin their respective information. Section 2 (twenty questions) is the

system evaluation and section 3 (one question) is an open-ended question, which requires

the users to give their feedback or comments (if any).




Before conducting the survey proper, a pilot test was carried out on ten participants
comprising business executives {rom several telecommunication companies. The purpose
ol the pilot test was (o obtain feedback on the questions and the design of the questionnaire.
Hhe prlot test revealed mistakes that had been overlooked, and they were duly corrected.
Ihe actual evaluation survey was then carried out.

Altogether, forty-five sets of questionnaire forms were collected. The respondents consist

ol twenty-nine males and sixteen females. All respondents have computer knowledge as

they use computers at work. The respondents included busines

exceutives and managers
from several telecommunication companies in Malaysia. Table 6.1 shows the evaluation

criteria, which include case of use, usefulness, user satislaction, display ol information and

design.
Table 0.1: User Evaluation Criteria
aluation Criteria Qi i
1. Easy to use.
Ease of Use 2. Confident in using MPID.
3. Instructions given are easy to understand.
4. Helps in forecasting the growth of mobile phone usage.
Usefulness 5. Helps in making business decisions in the ication industry.
6. MPID has all the functions and ilities that it should have.
7. Help on the screen are useful.
8. Error are clear on how to fix probl quickly and easily.
User Sati 1 9. Task can be performed in a i ward manner.
10. Exploring features by trial and error was easy.
11. MPID responds quickly to inputs. S -
12. Organisation of information on the screen is logical. - ~
Display of 13. The reports are very clear. R
Information 14. Amount of ir i isplayed on the screen is adequate.
| 15. Screen sequence is logical. o
16. The wordings are clear and easy lo read.
17. The colour combination is suitable. N
Design 18. The graphs are clear and easy to understand.
19. Navigalion from one screen to anotheriseasy. |
20. Can exil from MPID at anytime.
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Before conducting the survey proper, a pilot test was carried out on ten participants
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The prlot test revealed mistakes that had been overlooked, and they were duly corrected.

The actual evaluation survey was then carried out.

Altogether, forty-five

ts of questionnaire forms were collected. The respondents consist
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Table 6.2 shows the results of analysis of the user evaluation. Each value in the table

represent the total results of users’ evaluation, whereas, the numbers in the brackets are the

pereentages. The results show that users evaluated MPID favourably. The overall

percentages for “Totally Agee™ and “Agree” are above 90 per cent for all the criteria except

for usefulness (78%). This could due to the fact that the respondents were not able to

determine the usefulness of MPID as they were asked to evaluate it with little prior hards-

on experience.

Table 6.2: Results of User Evaluation

User Evaluation Criterion

Opinion - N "
. so (Y N 5 (o User Salisfaction Display of .
Ease Of Use (%) Uselulness (%) o Information (%) Design (%)
Tutilly 0 0 0 [ 0
Disingron () (0) (0) (0) (0)
0 1 I ) 0 0
(0) (1) (0) (0) (0)
_— 0 1 0 0 0
Disagroo ) 1) '0) (0) (0)
Mol Sure G 6 29 29 13 13 0 0 0 0
(@) (4) (21) (21) (6) (6) 0) (0) (0) 0)
Autau a4 80 101 71 51
(43) (59) (45) (39) (23)
120 105 212 180 225
(96) (78) (94) (100) (100)
Totally h 25 11 109 174
Ao (63) (19) (49) (61) (77)

Vigure 6.1 shows the results of analysis of the user evaluation in a bar graph distributed

cither as Not Favourable (“Totally Disagree™ and “Disagree”) or Not Sure or Favourable

("Agree” and “Totally Agree™).

86




Analysis of User Evaluation Results

WNot Favourable ONot Sure B Favourable
B - o o o 100 100

%

Percentage (%)
8

8

Ease of Use Usefulness User Satisfaction Display of Design
Information

Evaluation Criterion
Figure 6.1: Results of User Evaluation

6.3 ACCURACY OF FORECASTED RESULTS

Accuracy is defined as the average degree of correspond b individual pairs of
forecasting and observations (Battaglia, 1996). The accuracy of the results forecasted by
MPID is measured based on a comparison of the actual growth of mobile phone usage and

the forecasted results.

6.3.1 MPID Forecasted Results
This section discusses the forecasted results of the growth of mobile phone usage (increase
in the number of subscribers) and the growth rate of mobile phone usage (percentage of

growth). Table 6.3 shows the forecasted results from the year 1990 to 2010.
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lrom the table, the figures in the shaded cells in each row indicate the highest growth of
mobile phone usage for the particular year based on one, and on two features, respectively.
1t can he observed that different features induce the different growth for each year. Table
G shows MPID's forecasted growth rates of mobile phone usage. For example, in 1991,
the prowth rate of mobile phone is 210 per cent based on the increase from ten subscribers
0 1990 o thirty-one subseribers i 1991 based on one mobile phone feature (wircless

solution).
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6.3.2  Accuracy of the Forecasting Model

To study the accuracy of the forecasting model, the actual data collected from the earlier
survey were compared with the forecasted results for the years 1990 to 2001. Figures 6.2-
6.3 show the comparison of the actual growth of mobile phone usage and the forecasted

results based on one, and on two mobile phone features, respectively.

Actual and Forecasted Results Based on One Mobile Phone Feature
2500 -
— [—m—phy ;
8 DUR |
<2000 || —se—gEC
§ —X—ENT
E] —e—ACC
g 1500 1 wir
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Year

Figure 6.2: Comparison of Actual and Forecasted Results Based on One Mobile Phone
Feature

Actual and Forecasted Results Based on Two Mobile Phone Features

2500
| —=—pHyDUR PHYSEC | 1

'g‘ 2000 ‘7 —>— PHY ENT —=— PHY ACC /‘; |

g —e—PHY WIR —+— DUR SEC l

-4 —— DURENT —e—DURACC /

3 1500 ~——DURWIR SECENT /

5 SEC ACC SECWIR |

& 1000 ENT ACC “ ENTWIR ’

E =~ ACCWIR Actual |

5 500 — |

{ —

4 .

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year

Figure 6.3: Comparison of Actual and Forecasted Results Based on Two Mobile Phone
Features
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Lo understand the accuracy of the forecasted results, several measures of forecast accuracy
can be used. These include mean error (ME), mean relative error (MRE) and mean
magnitude of relative error (MMRE) (Doggett, 2002). The ideal forecasts would produce a

sttuation where the MIE MRE and MMRE values are zero.

e MIEis the average distance between the actual data points and the predicted values.
Lrom the results, if M1 is greater than zero, the overall forecasts have a downward bias,
whereas, i MIE s less than zero, the overall forecasts have an upward bias. ME values,
which are non-zero, yield cumulative errors (Fenton and Pfleeger, 1997). Overall, in this
rescarch, the results of ML indicate zero or negative values (Table 6.5). The formula for
caleulating MIE is shown in equation (1). The mean relative error (MRE) is calculated as the
average of relative error (RE). The formulae for RE and MRIE are shown in equation (2)
and (3). respectively. IUis possible for negative relative errors to balance out positive ones.
lenee, the absolute value of the error should be considered. The mean magnitude of
relative error (MMRE) is thus calculated using the absolute value of RE. MMRE is used to
define the prediction quality. If the MMRE is small, then the predictions are generally good

(Fenton and Pfleeger, 1997). The formula for MMRE is shown in equation (4).
ME = lz: ! (actual result - forecasted result) (1)
n " .

(actual result - forecasted result)

RE = (2)
actual result
MRE = !Z[ ' (RE) 3)
i
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MMRE = ! S IRE| ()
ne=

Table 6.5 shows the results of the measurement of forecasting accuracy between the actual
and the forecasted results. The values of MMRE are between 0.10 and 0.43 for one feature.
The results are most accurate for physical attribute (90%), and it is least accurate for
accessibility (57%) for forecasting based on one feature. The values of MMRE are between
0.20 and 0.35 for two features. The results are most accurate for physical attribute and
accessibility (80%), and it is least accurate for durability and accessibility (65%) for

forecasting based on two features.

Fable 6.5: Error Measurements between Actual and the Forecasted Results (1990-2001)

Foature o . o . Error Measurement
ME RE MRE MMRE Accuracy

Y 0.00 -0.08 -0.01 0.10 90
[hur -21.64 181 015 0.41 59
51 C -18.68 2.00 0.17 0.39 61
[N 975 2.26 019 0.32 68
ACC -25.56 151 | 0413 0.43 57
Wik 0.00 070 0.06 0.13 87
1Y DUR 0.00 141 -0.11 0.21 79
11y SEC 000 | 145 -0.12 0.21 79
1y ENT 0.00 156 0.13 022 78
1Y ACC 0.00 -1.36 0.1 0.20 80
1y wir 0.00 169 -0.14 023 77
51 ¢ DUR 0.00 226 -0.18 0.32 68
51 C NI 0.00 2,01 -0.16 0.28 72
G oACe 0.00 241 -0.19 0.34 66
G WIR 0.00 -1.49 -0.12 0.22 78
DUR ENT 0.00 -1.98 -0.16 0.28 72
UR ACC 0.00 233 | 02 0.35 65
Uk WIR 0.00 151 -0.12 0.22 78
N1 Ace 0.00 204 | 047 0.29 71
NI WIR 0.00 160 -0.13 0.22 78
ACC WIR 0.00 144 0.12 0.21 79
Reys
PHY: physical atributes DUR: durability SEC: security
ENT: entertainment ACC: accessibility WIR: wireless solution
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Lable 6.0 shows the accuracy of the forecasted results based on the number of past years®
data used. In this research, the maximum number of past years’ data used is twelve years
(1990 2001). The minimum number of past years data that need to be used in this
forecasting model is four years. Generally, a minimum of three sets of data are needed to
determine a regression model with two independent variables (Crown, 1998). The levels of
accuracy based on one and on two mobile phone features shown in Table 6.6, were
caleulated based on the formulae discussed in the previous section. The results show the

inpact of the fast-changing purchasing preference due to the advancement in S&T.

lable 0.0: Accuracy of the Forecasted Results Based on the Number of Past Years® Data
Used
Number of Past Years’ Data Used

Feature I 0] 9 10 11
(1997.2001) | (1998-2001) | 01) | (19942001) | (1003-2001) | (1992:2001) | (19912001

PHY 91 89 90 87 |87 85
SEC ) 88 85 85 82 69 05 59
DUR 93 88 85 | 8 | 81 68 64 61
ENT 95 92 89 90 89 89 88 74 | 68 |
ACC 94 88 | 85 84 81 73 66 62 57
WIR 95 92 91 89 89 89 90 86 87
PHY DUR 94 93 94 89 87 86 84 82 79
PHY SEC| 94 93 94 89 87 86 84 82 79
PHY ENT 94 92 94 89 87 85 83 81 78

PHY _ACC 94 93 94 89 87 86 84 83 80
PHY _WIR 94 92 93 89 87 85 83 80 7
DUR _SEC 95 93 94 88 86 83 78 73 68
DUR _ENT 94 92 94 89 87 85 86 78 72
DUR _ACC 95 93 94 88 86 83 78 73 65
DUR__WIR 94 92 94 89 87 85 83 80 78
SEC _ENT 94 92 94 89 87 85 83 78 72
SEC _ACC 95 93 94 88 86 83 78 73 66
SEC _WIR 94 92 94 89 87 85 83 80 | 78
ENT ACC 94 92 94 89 87 85 83 7 71
ENT WIR 94 92 93 89 87 85 - 83 80 78
ACC__WIR 94 92 93 89 87 85 83 80 78
Keys:

I’ I{' physical attributes DUR: durability SEC: security

ENT: entertainment ACC: accessibility WIR: wireless solution
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Figures 6.4 — 6.5 show in line graphs, the accuracy of the forecasted results based on the
number of past years’ data used. Overall, the level of accuracy increases as the number of
past years” data used in the forecasting decreases. In this study, the highest accuracy
obtained was based on four past years’ data (1998 — 2001). This is due to the fact that there
is a shift in the preference of features of users. However, for forecasting model used in
other aspects such as growth of literacy level in the Malaysian society (Zaman, 1998), this
may not be true. The larger number of past years data used, the more accurate the

forecasting results (Nash and Nash, 2001).

Accuracy of Forecasted Results - One Feature
100.00 S . S

90.00

Accuracy (%)
@
o
=
3

3
8

60.00

~—+—WIR

50.00

4 5 6 7 8 9 10 1 12
Number of Past Years' Data Used

Figure 6.4: Accuracy of Forecasted Results Based on the Number of Past Years’ Data Used
(One Mobile Phone Feature)
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Accuracy of Forecasted Results - Two Features
100.00
90.00
F80.00 - - —
5 [ —m—pHY DUR PHY SEC } \ —~
§ —%—PHY ENT —%—PHY ACC ;
<70.00 —8—PHY WIR —+—DUR SEC r
—&—DUR ENT ——DUR ACC \
——DUR WIR —#—SEC ENT
60.00 SEC ACC SEC WIR
ENT ACC *ENT WIR
#-ACC WIR ’
50.00 -
4 5 6 7 8 9 10 1 12
‘Number of Past Years' Data Used

Figure 6.5: Accuracy of Forecasted Results Based on the Number of Past Years® Data Used
(Two Mobile Phone Features)

Indeed, in any forecasting model, it is unlikely to achieve hundred per cent accuracy. In this

research, other factors such as government policies, economic stability and the price of

mobile phone also impact on the number of subscribers and the growth rate of mobile

phone usage. The fo ing models blished in this h, | , are able to
forecast the trend of mobile phone usage growth and growth rate resulting from the
advancement in S&T in the mobile phone industry. This could help the related industries,

which include the mobile phone f ing

and mobile phone distributors to focus on the most significant advancement in S&T
features that contribute to the highest growth of mobile phone usage to achieve better

returns.

96



Based on Table 6.7, the actual preference and the forecasted preferred mobile phone
features show similarity. It is obvious that the difference between the percentage of the
features with highest accuracy and the percentage for the most preferred features are

between zero and three. This difference can be considered fairly small. Hence, the results

are considerably accurate.

For forecasting based on the past six years' data, the difference based on one mobile phone
feature is zero per cent, whereas, the difference based on two mobile phone features is one

per cent. Hencee, the most preferred feature(s) are not the same as the forecasted preferred

feature(s) when two mobile phone features are considered.

rom this study, it can be inferred that the forecasted results based on past four, five and six
years” data achieved more than 90 per cent accuracy for both one and two mobile phone
leatures (Figures 0.4 0.5). Hencee, the data that produce the most accurate forecast results

would be within six years. [Cis obvious that the forecast results achieve higher accuracy if a

mmimuan ol four past years” data arc used in the forecast model, as mentioned above.
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ble 6.7: Comparison of Actual and Forecasted Preference
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6.4 SUMMARY
This chapter highlights the user evaluation and the accuracy of the forecasting models. A

user evaluation was

ried out using the questionnaire survey. The accuracy of the
forecasted results generated by MPID was determined by comparing the actual growth of
mobile phone usage with the forecasted results for the years 1990-2001. The accuracy of
the forecasted results, for both one and two mobile phone features based on past four, five

and six years’ data, is more than 90 per cent.
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