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Abstract—In this work, we report a study carried out to
identify a set of metrics to early estimate the development effort of
mobile apps. The applied methodology was inspired by the work
of Mendes et al. who addressed a similar problem in the field of
web apps. In particular, we extracted an initial set of metrics
by analyzing the online quotes forms that companies made
available on their websites. Afterward, a Delphi approach with
four project managers was employed to identify the proposed set
of 41 relevant factors.
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I. INTRODUCTION

In the recent years, the complexity and size of mobile

apps have been growing and the development of high quality

mobile apps requires a systematic engineering approach and the

identification of specific management tools. Effort estimation

is a key project management activity needed for project

planning, staff resources estimation, cost estimation, quality

control and benchmarking [1]. For traditional software several

approaches have been defined to support this task that can be

divided into two main categories, namely the non-model- and

model-based methods [2]. Broadly speaking, non-model-based

methods involve the judgment of human experts, who provide a

prediction based on their previous experience [2]. On the other

hand, model-based approaches rely on the definition of a set of

cost drivers used as independent variables in prediction models

aimed at estimating a numerical variable, e.g., the number

of man/hours or the effort required to develop/maintain a

software [2]. One of the advantages of model-based approaches

is that they are more replicable. Nevertheless, they critically

depend on the identification and evaluation of cost drivers.

Different approaches can be devised based on the employed

cost drivers and each one can be applied in a different phase

of the development process, once the information to evaluate

the required cost drivers is available.

Currently, no much work has been devoted to identify

suitable approaches for effort estimation of mobile apps, that

can be particularly challenging for project managers due to the

new development and programming approaches adopted [3].

The aim of this work is to fill the gap by proposing a set of

cost drivers to be employed for model-based effort estimation

of mobile apps. The methodology adopted to get the proposal

was inspired by a similar work carried out by Mendes et al. in

the context of web applications [4]. The cost drivers gathered

by Mendes et al. determined the creation of a dataset, named

TUKUTUKU, that has been employed in several investigations

[5]–[7].

Similarly to Mendes et al., the first step of our methodology

consisted in analyzing online quotes forms made available

by software companies in order to extract an initial set of

metrics. Then, we involved four project managers having a

good experience in managing and developing mobile apps with

the goal of validating the initial set of metrics derived during

the first phase. In particular, starting from a set of 48 metrics,

36 of them were confirmed as the ones having a higher impact

on the effort of a project, while 12 were discarded. Furthermore,

the managers also suggested the introduction of new 5 metrics

not extracted in the previous step.

The rest of the paper is organized as follows. Section II

presents the related work. The study design and the resulting

final set of metrics are presented in Sections III and IV,

respectively. Section V concludes the paper with future work.

II. RELATED WORK

Most of the work in the contest of mobile effort estimation

has been concerned with the study of the size estimation for

mobile apps. Indeed, software size is recognized as one of

the most important cost drivers and is employed in many

effort estimation models. In particular, the applicability of

the Functional Size Measurement (FSM) as Function Point
Analysis (FPA) [8] and COSMIC [9] method to mobile apps

was investigated [10]–[16]. As for the use of FPA, the IFPUG
proposed a guide explaining how to adopt this method in the

context of mobile apps [14], while recent studies proposed

a set of guidelines for an approximate and quick sizing of

mobile apps in terms of COSMIC [10], [13], [15]. In particular

Sellami et al. [15] defined the “action type”, a way to simplify

the counting of the number of COSMIC Function Points by

assigning the types of actions which characterize the data

movements to be determined when applying COSMIC [9]. van

Heeringen and van Gorp [13] introduced a set of assumptions

(e.g., considering an app just as a presentation layer, without

any persistent storage) related to the characteristics of the app

to be measured, which allow the estimation of the size in

terms of COSMIC Function Points. Successively, Ferrucci et

al. proposed and assessed [10], [17] a new set of guidelines

able to help in measuring mobile business apps, containing

persistent storage as an internal database (i.e., it is accessible

by Read and Write data movements). Other methods focused

their attention on the measurement of game apps [16] or the
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application of the standard COSMIC method [11]. The use of

COSMIC for measuring complex applications composed by

both mobile and cloud-based architectures was also considerer

by Cruz et al. [12] and Ferrucci et al. [18].

The limitation of the above approaches is that they can be

employed once the functional user requirements have been

well documented, thus only after the requirements engineering

phase has been completed. Differently, our goal is to identify

and investigate relevant factors that can be estimated in the

early phases of software development, in a way similar to the

TUKUTUKU [4] cost drivers.

III. STUDY DESIGN

In this section, we present the methodology that we employed

to extract relevant metrics that can be found in the early phase

of development of mobile apps. Although such methodology

is inspired by the work of Mendes et al. [4], there are some

differences between the two approaches. The main difference

lies in the considered object of interest, i.e., the mobile apps

compared to the web applications. Other differences concern

the steps performed to extract the metrics. Indeed, even though

we share the first step with Mendes et al. (i.e., the metrics

collection through the analysis of the online quotes), in the

second step we did not interview a single expert, but we rather

decided to survey four experts in order to take into account

more than a single point of view.

A. 1st Step: Online Quotes Mining

The goal of the first step of the study was the analysis of

the online quotes made available by companies on the web,

with the purpose of extracting an initial set of metrics based

on the information requested by the companies. The context
of the study consisted of every company having a website

and providing an online form for requesting a quote about the

development of a mobile apps.

We used an automatic search tool, named GOOGLE-

SCRAPER1, which is publicly available and open source on

GitHub. In particular, the tool behaves as a Google search

engine and receives as input the query to search and a maximum

number of links to mine. When we designed the query, we firstly

included all the terms possibly referring to mobile apps (e.g.,

“Android application” or simply “app”). Then, we included the

terms relating to the presence of an online quotes, such as the

“estimated price” or simply “quote”. Finally, we considered

synonyms and abbreviations. The final query was the following:

(“quote” OR “quote form” OR “price estimate”)
(“mobile application” OR ”mobile app” OR

”smartphone app” OR ”smartphone application” OR
”android app” OR ”android application” OR ”ios app”

OR ”ios application” OR ”windows phone app” OR
”windows phone application”)

The query result consisted of a list of links that we manually

validated. The goal of the validation was to filter out all the

links that were not related to online quotes, to have an initial

set of metrics. To this aim, we firstly discarded the links that

1https://github.com/NikolaiT/GoogleScraper

were devoid of any form of quote within the web page, while

in a second step we discarded the links that presented generic

quotes that did not give any useful information in our context

(e.g., the information of the customer or generic description

of the project to be developed). The validation process was

performed and cross-checked by two of the authors. The output

of this phase consisted of a set of metrics that were employed

in the validation phase described in the next subsection.

B. 2nd Step: Survey with Experts

The goal of the second step of the study was to validate the

initial set of metrics by experts having a good knowledge of

both effort estimation methods and mobile apps. The purpose
was to exploit the involved experts in order to (i) confirm/refute

the usefulness of the metrics/cost drivers to estimate the effort

in the early phase of development of mobile apps, defined

during the first step of the process and (ii) possibly discover

new factors that were not revealed after the first analysis. The

context of the study was composed by four project managers

with more than 4 years of experience in managing mobile

development and effort estimation.

The selection of the types of participants involved in the

study was not random. In fact, the selected project managers

are responsible for leading the projects in their companies,

in addition to managing the people, resources and the effort

needed to complete the project. Two of them work for large

companies, while the other work in local companies.

With the goal of bringing together the opinions of the

participants and providing a joint solution, we adopted the

Delphi method [19]. The Delphi method is a structured

communication technique, originally developed as a systematic,

interactive forecasting method which relies on a panel of

experts. The experts answer questionnaires in two or more

rounds. After each round, a facilitator provides an anonymous

summary of all judgments. As a consequence, experts are

encouraged to revise their earlier answers in the light of

the replies of other members. The process is stopped after a

predefined stop criterion (e.g., number of rounds, achievement

of consensus, stability of results).

In our case, we firstly proceeded with the design of an online

questionnaire using the Google Form platform. Once all the

participants completed the questionnaire, the different opinions

have been collected and grouped into a single document. Finally,

such document was sent to the experts, who had the opportunity

to express newer opinions based on the answers provided by the

other participants. If a common solution was found in this stage,

the process ends. Otherwise, the process would restart until a

common solution would have been found. The first author of

this paper has played the role of facilitator. Specifically, the

steps are detailed in the following:

Phase 1: Each participant was initially contacted by e-mail

that summarized the purpose of the work with an explanatory

document which included: (i) a brief explanation of the goal

of the work and (ii) the list of metrics with a description. The

instructions to fill in the questionnaire were also included.

The questionnaire was composed of three parts:

189195195



1) Pre-questionnaire: a pre-questionnaire aimed at collecting

general information on the background of the participants;

2) Metrics evaluation: for each metric, the participants were

asked to evaluate the level of importance for early effort

estimation by using a Likert scale intensity [20] from 1 (“not

at all”) to 5 (“very much”);

3) Suggestions: the participants were asked to suggest possible

additions, removals, or changes to the metrics.

Phase 2: Once received the responses from the questionnaire,

the facilitator analyzed the emerged opinions. As for the second

part of the questionnaire, i.e., the evaluation of the metrics,

we calculated the mean, median, minimum, maximum, and

standard deviation of the scores assigned by the participants to

each metric. Regarding the third part of the questionnaire, we

aggregated the answers about the project managers opinions

considering the percentage of participants who believed the

metrics contained in a given category (e.g., the “Features”)

were meaningful. We also collected any further opinions about

the addition/modification/removal of metrics in the form of

open questions, in order to understand the rationale behind the

choices of the participants;

Phase 3: Once analyzed the questionnaire, the facilitator

aggregated the results into a single document, and sent it to the

experts, who had the opportunity to express newer opinions

based on the judgment provided by the other participants. This

step was the most sensitive part of the study because we had to

collect and merge all the different opinions to create a common

solution. For this reason, we provided participants with a new

online questionnaire containing all the opinions collected. The

goal was to push experts to focus on the opinions of the other

participants in order to reach a consensus on the final set of

metrics.

In particular, the questionnaire contained two parts:

1) Scores assigned: the scores assigned by experts during the

1st phase are revealed. We showed to the participants the

mean, median, minimum, maximum, and standard deviation

of the metrics for which we found high variability, asking

each expert if they agreed with the score;

2) Discussion: the discussion and detailed opinions of the

experts about possible additions, removals, and changes

to the set of metrics are presented.

If all the participants approved the evaluation of metrics and the

given suggestions, then the common solution was considered

as found.

C. Threats to Validity

In the context of this study, the threats to construct validity
are mainly related to how we measured the usefulness of

the metrics by the project managers. As explained in Section

III-B, we asked the project managers to tell us whether they

perceived as useful the set of metrics. In addition, we asked if

they wanted to change something or not, giving some reasons.

For the assessment of each metric, we used a Likert scale

[20] that permitted the comparison of responses from multiple

respondents. It was very useful for the comprehension in the

2nd phase of the questionnaire, when it was needed to converge

the different opinions in a shared solution.

Threats to internal validity can be related to the use of the

GOOGLESCRAPER tool. Its use mitigated the possibility of

human error in the online quote search phase. However, we

needed to calibrate the parameters of the tool, i.e., the query

and the maximum number of links. While the query contained

all the words related to the mobile apps, we set the maximum

possible number of links in order to overestimate the results

and, therefore, trying to gather all the web pages of interest.

Moreover, these results were manually cross-checked between

two of the authors.

In this study, threats to external validity can be connected

with the pool of the participants to the study. We chose

them having at least 4 years of experience in managing

mobile development and with a good knowledge of effort

estimation. Moreover, all participants were Italian. For this

reason, the opinions may reflect a limited company reality.

Further investigations should be performed.

IV. RESULTS

The following section describes the results of the two steps

which led to the final set of metrics.

A. 1st Step: Online Quotes Analysis

During the first phase, we found a total of 377 links. The

list of links was placed in a CSV file containing: (i) the link

and title of the web page, and (ii) a brief description of the

content of the page provided by Google. Then, we started

with the two phases of validation. From the initial set of 377
discovered quote forms, we selected 28 real quote forms. The

other 349 were false positives, not presenting any actual quote

form (237) or having forms too general to induce any useful

information (112).

Starting from the set of 28 links, we extracted the draft

of all the factors taken into account in the online quotes.

The list was composed by 48 metrics and for each of them,

there is a measuring scale (e.g., a Likert scale intensity

from 1 to 5, measuring to what extent the presence of a

factor is relevant). Moreover, we grouped the metrics into

seven categories, i.e., Features, Application GUI, Cost Driver,

Project’s Metrics, Application Functionality, Application Size,

and Other Metrics. Due to space limitation, the complete table

named Draft_Set_Metrics reporting an initial draft of

the set of metrics with a description is available in the online

appendix [21].

B. 2nd Step: Analysis of survey with Experts

In this stage we analyzed the opinions of the experts with

regard to the initial set of metrics. For each category, Table I

reports the percentage of participants who considered as useful

the metrics in that category, as well as the percentage of them

who would suggested to add, modify, or remove metrics. The

first thing that is evident is that the experts perceived almost

all the metrics as “useful” for estimating the effort in the early

phase of development of mobile apps.
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Table I: Opinions of the participants regarding the usefulness

and need of modifying the set of metrics.

Categories Usefulness Addition Removal Modification

Features 100% 50% 0% 0%
Application GUI 67% 17% 0% 17%
Cost Drivers 84% 50% 17% 17%
Project’s Metrics 67% 0% 17% 17%
Application Functionality 84% 17% 0% 0%
Application Size 100% 0% 0% 0%
Other Metrics 84% 34% 0% 0%

The case of the category Features and Application Size is

particularly interesting since all the participants affirmed that

all the metrics were needed, highlighting the potential of the

metrics. In the other cases, we can still see that the experts

expressed a consensus about the usefulness of the metrics. At

the same time, the experts helped us in the definition of new

metrics to consider, especially in the cases of the Features
and Cost Drivers categories. For instance, Expert #4 reported

the need of considering the security support of mobile apps.

According to his/her opinion, this was needed because setting

up a security platform may be a time-consuming and effort-

prone activity. As for the removal of metrics, the participants

were less prone to suggest modifications. Expert #2 gave us

the rationale behind this decision. Specifically, he said that

“All the shown metrics have a potential impact on the effort.
Thus, I would not remove things, but rather I would add further
metrics”.

On the other hand, we found several cases where a joint

solution was not found. It is visible in the table named

Score_metrics in appendix [21] that reports the mean,

median, minimum, maximum, and standard deviation of the

scores assigned by the participants to each metric. It is

particularly interesting the discussion of the Social sharing
feature. Here the participants expressed divergent opinions

because two of them believed that this feature is quite easy

to implement due to the possibility of using external APIs,

such as SHARETHIS2. Instead, the remaining two participants,

even considering the possibility of using existing APIs, stated

that their integration might require a lot of effort. Another

interesting example regards the metric Project estimated start
date, which obtained different scores (e.g., Expert #1 estimated

its importance by assigning a score of 4, while Expert #3

assigned 1). When explaining the motivations using the open

questions in the last part of the questionnaire, Expert #3

proposed to group together the metrics Project estimated start
date and Project estimated end date, and evaluate the resulting

metric using the time between the kick-off meeting and end

of the project. Therefore, stating that having a value reporting

the total time available rather two dates may give a more clear

idea of the time and the costs of the project.

C. The Final Set of Metrics

Based on the opinions expressed by the experts, we ag-

gregated the results into a single document and sent it to all

2https://developer.sharethis.com

participants as a support material for carrying out the final

phase. Once received the answers from the experts, we manually

analyzed the results to provide the final set of metrics. First of

all, it is important to note that the participants reached a shared

solution and the disagreements were all resolved. Thus, no

more analysis involving the experts was needed. The complete

table reporting the final set of metrics is available in the online

appendix [21].

Looking at the metrics in the online appendix, we can notice

that the categories have been reorganized to better reflect the

opinions of the experts. In particular, the category Generalities
includes the metrics characterizing all the apps to develop and

the category Features includes all the functionality that need

to be developed.

Moreover, comparing to the initial draft of the metrics, we

changed the name of some of them without make them lose

their semantics. For instance, a metric called New application
or enhancement has been replaced by Development type.

Regarding the previously mentioned Social sharing and

Project estimated start date metrics, the experts decided to keep

the former. The Project estimated end date metric, renamed to

Defined deadline, was considered as more important than the

Project estimated start date one since it declares the deadline

of the project. Moreover, the metrics are not able to give a

clear indication of the cost of the project.

As for the size, in the preliminary classification we measured

it using the number of features but the total number of features

would have been equal to the number of true values assigned

to the features to be implemented. Thus, we changed the count

using the number of static and dynamic views of the app.

Moreover, most of the metrics previously contained in the

category Other metrics were removed since considered as

poor indicators of the effort by the participants. For the same

reason, the metrics Payment information collection, What type
of business owns the app idea? and Mobile application type
were removed.

On the other hand, several metrics were added after the

collection of participants’ opinions. In particular, metrics as

Backward compatibility, Analysis security support, Platform
type and User target were considered relevant by all the experts

involved in the study.

V. CONCLUSIONS AND FUTURE WORK

This paper presented a new set of 41 metrics to estimate the

effort in the early phase of development of mobile apps, which

were validated by four project managers. To deeper understand

the importance and validity of the proposed metrics, we plan

to conduct a further evaluation with industrial companies that

would also give us a clear indication of the most influential

metrics. Furthermore, we plan to evaluate the effectiveness

of these metrics as dependent variables in a prediction model

able to estimate the effort needed for the development of

mobile apps. To this aim, we are starting the preparation of

mobile project data entry forms to gather data on mobile

projects worldwide, that will be used to train and test the effort

prediction model.
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