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Abstract 

Effort estimation is difficult in general, and in software development it becomes even more complicated if the software process is changed. 
In this paper a number of alternative interview-based effort estimation methods is presented. The main focus of the paper is to present an 
experiment in which software engineers were asked to use different methods to estimate the actual effort it would take to perform a number of 
tasks. The result from the subjective data is compared with the actual outcome from performing the tasks. 0 1997 Elsevier Science B.V. 
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1. Introduction 

A major problem when introducing new technologies 
is that experience from former projects cannot be used to 
estimate the effort required to perform tasks similar to pre- 

viously performed tasks. Thus, methods for estimating and 
predicting the impact of a change are needed. An impact 

analysis method has been proposed for process change 

proposals in software development processes [l], and the 
objective here is to perform an evaluation of one of the 
approaches advocated within the impact analysis method. 

A particular challenge, of course, is to try to foresee the 
effect of a change when no objective data are available. In 

these cases, we have to resort to experts and their judge- 

ments. Thus, through interviews and filling out templates, it 
is possible to get the opinions of experts in specific areas. 

For example, the effect of a change may be in several sub- 
processes within the development process, hence it is 

important to collect the subjective estimates from experts 
from different areas in order to predict the overall effect of 

the change. 
The objective here is to present an experiment [2,3], or 

actually a first limited experiment (denoted pre-study 
experiment), by which we would like to evaluate the oppor- 

tunity and accuracy of predicting the effort for a specific 

task in advance. The experiment is focused on effort estima- 
tion without focusing on process change. In particular, we 
would like to investigate different methods for capturing the 
actual variations observed. It is essential not only to rely on 
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a mean value prediction by the experts, but to obtain a 
comprehensive picture including the variance around the 

predicted mean value. 
In the impact analysis method, based on a planned pro- 

cess change, a number of experts are asked to estimate the 
mean effort required and the uncertainty. The latter is 

explained to the experts through a distribution or by letting 
them estimate the expected lowest and highest values. The 

objective in the experiment is to evaluate how the experts 

should be asked to do the estimations in order to reflect the 
actual outcome. Thus, in the experiment the experts are 
asked both to perform the estimation and to perform the 
task, then based on this information the objective is to deter- 
mine which method or methods are best used to estimate the 

uncertainty. 
The experiment is conducted by letting the experts first do 

the estimations and then perform the task, in this case con- 
ducting a number of the exercises in the Personal Software 

Process (PSP) [4]. Instead of doing an extensive experiment 
directly, it was decided to perform a pre-study experiment in 

order to gain further understanding of the problem at hand. 
Furthermore, the objective is to evaluate whether the experi- 
ment could be limited to using fewer potential methods to 
gather the information from the experts, and to do the analy- 

sis of the collected data. 
A simple process for predicting the effort is as follows: 

l Present the prerequisites, in terms of background and 
estimation method. 

l The experts provide parameters requested by the method 

of estimation used. 
l Estimate the mean and the standard deviation of the 
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Table 1 

Summary of distributions presented to experts and distribution alternatives used for estimation of the mean and the standard distribution 

Basic distribution Rectangular Triangular Standard PERT technique based on 

Beta distribution 

Distribution as presented to 

the experts 

mi 

Synthesized distributions used 

for estimation of mean and 
alt 1:f = L&C alt 4:f = !-,I& 

standard deviation 

alt 2: Rectangular distribution 

with 1= min li and u = max ui 

alt 5: Triangular distribution 

with I= min I,, m = rsI and 

u = max ui 

alt 3: Rectangular distribution 

with I=iand u=u 

alt 6: Triangular distribution 

with l=i, m=ti and u=U 

No distribution presented to the experts 

alt 7: Beta distribution 

Three alternative ways to synthesize a distribution (with a 
notation similar to that for the rectangular distribution) have 
been formulated for the case in which the experts estimate 

parameters of the triangular distribution: 

Alternative 4: Estimate the mean and the variance based 

on the average distribution 

f=& 
1-l 

Appendix A describes how to estimate the mean and the 
variance. 

Alternative 5: Estimate the mean and the variance based 
on a triangular distribution with I = min li for all i, 
m = CZ and u = max Ui for all i. Appendix A specifies 

how to estimate the mean and the variance. 
Alternative 6: Estimate the mean and the variance based 
on a triangular distribution with 1= 7, m = fi and u = ii. 

Appendix A gives the method of estimating the mean 
and the variance. 

If no distribution at all is presented to the experts as a 
prerequisite for the estimation, the mean and the variance 

can be estimated with standard PERT procedures as 

described in [5] and Appendix A (Alternative 7). 
The distributions presented to the experts as prerequisites 

and the different synthesized distributions are summarized 
in Table 1. 

4.2. Threats to experiment 

It is always difficult to draw valid conclusions from 
experiments. It can be difficult to know whether the result 
is general enough (e.g., is the result valid for the data 
collection phase of the impact analysis method?). It can 
also be difficult to know whether the conclusions drawn 
from the experiment are correct (e.g., are our conclusions 
statistically significant?). 

The following threats to the validity of the pre-study have 

been identified: 

The estimations are made with respect to small assign- 
ments that are performed by only one person indepen- 

dently of other assignments. It would probably be harder 
to estimate the required effort in a development task if 

this task depended on other tasks to be finished, and if 
the amount of work required in the task was dependent 
on the quality of the result of previous tasks. 

Values, in the PSP course originally estimated as the 
mean of the required effort, are used as estimates of 

the most likely value of required effort and not the 
mean value of required effort. When the experts should 

estimate, they have already estimated the mean value 
once while doing the exercises in the PSP course. This 

is no problem when the estimations should be done 
based on the rectangular distribution, since then it is 
natural to estimate first the mean and then the width. 
When the estimation should be done based on the trian- 

gular distribution, however, there are some problems. It 
is not possible to let the experts estimate the mean (from 

the PSP assignments), a most likely value (the top of the 
triangle) and also an upper and a lower value, since this 

would require that the experts would have to estimate 
the three new values so that they result in the right mean 

value. Instead, it has been decided that the value pre- 
dicted in the PSP assignments corresponds to the most 
likely value. This will mostly influence the predictions 
of mean values, and we do not consider it a major prob- 
lem in the estimation of the standard deviations. If the 

triangular distribution is estimated to be symmetrical, 
then the mean will be the same as the most likely value. 
The required effort is estimated after the actual devel- 
opment is performed, and therefore the experts have 
experience from doing the assignments. There is a 
chance that the experts remember the actual effort that 
was required, and therefore there is a chance that the 
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Table 2 

Mean and standard deviation based on the seven alternatives (“alt I”-“alt 7”) and measurements made during the PSP course (“PSP data”) 

Pmg 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

e 

S 

e 

S 

e 

S 

e 

S 

e 

S 

e 

S 

e 

S 

e 

S 

e 

S 

e 

S 

alt 1 alt 2 alt 3 alt 4 alt 5 alt 6 alt 7 PSP data 

246.0 297.5 246.0 229.3 222.0 229.3 234.0 182.0 

64.70 88.04 45.61 49.86 65.87 38.42 28.67 37.60 

174.0 187.5 174.0 188.7 224.7 188.7 178.3 172.8 

59.95 93.82 32.33 69.11 83.6 29.04 21.67 49.08 

195.8 268.5 195.8 209.9 245.3 209.9 204.4 286.6 

104.8 119.2 38.11 93.71 75.54 22.21 20.17 75.44 

141.4 171.0 141.4 144.8 163.8 144.8 143.3 162.0 

51.11 74.48 30.60 49.46 51.64 21.47 17.67 46.19 

174.4 225.0 179.4 187.8 219.8 187.8 185.0 159.2 

72.57 104.5 39.26 67.74 78.87 22.65 20.9 41.72 

220.8 202.0 220.8 239.9 238.6 239.9 230.5 329.8 

75.85 117.8 50.81 58.19 62.58 35.96 30.67 96.37 

169.0 171.0 169.0 178.1 179.7 178.1 173.5 169.8 

60.84 71.59 28.64 57.31 55.24 21.63 17.80 56.69 

176.0 179.5 176.0 174.7 178.7 174.7 175.4 173.0 

67.54 70.53 25.98 62.56 49.00 16.34 13.70 66.26 

277.6 322.0 277.6 278.9 289.2 278.9 277.6 309.8 

120.9 129.3 41.57 107.2 83.79 29.60 25.50 122.3 

394.4 384.5 394.4 393.1 398.1 393.1 393.4 425.4 

147.8 153.9 45.61 145.4 102.1 34.09 29.50 207.9 

experts avoid estimating intervals that do not contain the 
actual value. Since almost half a year has passed since 
the first estimations, and this factor would influence all 
of the methods, it is therefore considered not to be a 
major threat to the experiment. 

l All estimations are done on one occasion. This means 
that the experts may compare the different alternatives 
with each other. Hence they are led to considerations 
that they would not have made if they were to esti- 
mate in only a single way. This risk is not considered 
crucial. 

5. Pre-study data analysis 

The data provided by the experts have been analysed 
according to the seven alternatives proposed in Section 
4.1.2 (see also Table 1). The result from the analysis is 
presented in Table 2. The values in the columns denoted 
“alt 1” to “alt 7” are estimates of the mean and the stan- 
dard deviation based on the data provided by the five experts 
in the experiment. The values in the column denoted “PSP 
data” are the values actually experienced, calculated based 
on the data that were measured by the same five experts 
according to the PSP course. The mean is denoted e and 
the standard deviation is denoted s. 

It can be seen that the estimated values of the mean do not 
differ as much as the estimated values of the standard devia- 
tion for the seven alternatives. The reason is probably that 
the experts have used the same prediction from the PSP 
course as an estimate of the mean for the rectangular 
distribution as for the most likely value of the triangular 
distribution and Alternative 7. This means that the estimate 

of the mean will not differ very much between the different 
alternatives. 

The distributions are estimated to have nearly the same 
mean value, even if the form of the distributions is estimated 
to be different for the separate alternatives. 

In Table 3, a number of correlations (see for example [6]) 
are shown. In the second column, the correlation between 
the mean estimated as proposed by the seven alternatives 
and the experienced mean calculated based on measure- 
ments in the PSP course is shown. The correlation between 
the standard deviation estimated as proposed by the seven 
alternatives and the experienced standard deviation calcu- 
lated based on measurements in the PSP course is shown in 
column 3. 

It can be seen that the correlations with respect to mean 
values are reasonably high, and that the differences between 
the individual values are relatively small. The small differ- 
ence is due to the difference of the estimates according to 
the seven alternatives being small. 

Concerning the estimation of the standard deviation, it 

Table 3 

Correlation between estimated mean and standard deviation and experi- 

enced mean and standard deviation 

Alternative corr(estimated mean, corr(estimated standard 

experienced mean) cleviation, experienced 

standard deviation) 

1 0.845 0.906 

2 0.738 0.828 

3 0.843 0.457 
4 0.893 0.901 

5 0.885 0.655 

6 0.893 0.366 

7 0.876 0.516 
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can be seen that there, too, for most alternatives the correla- 
tions are large. This is partly because the standard deviation 
is larger for large assignments than for small assignments, 
and people also anticipate wider intervals for large assign- 
ments than for small assignments. Some of the alternatives 
provide, however, for better estimates of the variations, in 
terms of standard deviation, than the other alternatives. 
Alternatives 1, 2, 4, and 5 provide a good correlation 
between the standard deviation estimated by experts and 
the experienced standard deviation. 

6. Conclusions 

A number of different approaches of how to estimate the 
required effort and the certainty in terms of standard devia- 
tion have been investigated in the pre-study experiment. It 
has been observed that the average distribution (Alter- 
natives 1 and 4) seems to be a good means of deriving a 
measure of uncertainty (the standard deviation). Alter- 
natives 2 and 5 may also be worth investigating more care- 
fully in the more extensive experiment. 

The pre-study experiment does not indicate that new alter- 
natives have to be formulated for the more extensive experi- 
ment. There is, however, a need to investigate more carefully 
which of the alternatives provides the best estimates. This can 
be done if the estimations by the experts are done according 
to the rectangular distribution and the triangular distribution, 
and if the estimations are done in the planning phase of the 
assignments when the PSP course is performed. 

Future work includes performing the more extensive 
experiment based on the experiences and results from the 
pre-study experiment. As this will involve more people and 
the estimations according to the experiment will be done in 
the planning phase of the assignments, it will provide for a 
more thorough evaluation of the different alternatives. 

The result of the experiment presented here indicates that 
the data collection procedure proposed by the impact analy- 
sis method [l] can be used to estimate effort, and hence its 
suitability to predict thejmpact of a process change proposal 
has to be further investigated. In the pre-study experiment, 
and in the more extensive experiment, the required effort for 
a process is estimated by experts directly without dividing the 
process into sub-processes. There is a need to perform addi- 
tional experiments which involve larger software develop- 
ment processes, and where the estimations are done for 
sub-processes of the larger processes. This type of experi- 
ment is preferably conducted in an industrial environment. 

Appendix A Analysis of data according to different 
alternatives 

Appendix A. 1 Introduction 

In this appendix it is described, for every distribution 

presented to the experts as prerequisites (rectangular distri- 
bution, triangular distribution, and no distribution at all), 
how to estimate the mean and the variance. This is done 
for a number of examples of synthesized distributions. For 
every synthesized distribution, formulae for estimation of 
the mean and the variance are given. 

Appendix A.2 Rectangular distribution 

APPENDIX A.2.1 Alternative I 

Synthesized distribution: the average distribution 

f=$ 
1-l 

Mean and variance: 

e= J$U+j) 

02=k f+P+,1 
( > 

-e2 

APPENDIX A.2.2 Alternative 2 

Synthesized distribution: rectangular distribution with 
1= min li and u = max Ui. 

Mean and variance: 

e = $1 + u) 

o* = i(u2 + l2 + ul) - e2 

APPENDIX A.2.3 Alternative 3 

Synthesized distribution: rectangular distribution with 
l=iandu=ii. 

Mean and variance: 

e= $l+u) 

a* = i(u2 + l2 + ul) -e* 

Appendix A.3 Triangular distribution 

APPENDIX A.3.1 Alternative 4 

Synthesized distribution: the average distribution 

f=& 
1-l 

Mean and variance: 

e= i(f+fi+ii) 

> 
-e2 
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APPENDIX A.3.2 Alternative 5 

Synthesized distribution: triangular distribution with 
l=minli,m=fiandu=maxui. 

Mean and variance: 

e= $[+m+u) 

$=~(Z2+m2+u2+lm+mu+Zu) -e2 

APPENDIX A.3.3 Alternative 6 

Synthesized distribution: triangular distribution with 
l=i,m=iirandu=ii. 

Mean and variance: 

e= $+m+u) 

02=~(Z2+m2+u2+lm+mu+lu) -e2 

Appendix A.4 No distribution presented 

APPENDIX A.4.1 Alternative 7 

If no distribution at all is presented to the experts as 
prerequisite for the estimation, the mean and the standard 

deviation can be estimated with standard PERT procedures 
as described in [5]. The mean and the variance can be esti- 
mated as 

i+4m+ii 
e= 

6 
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