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Selecting Estimating Software
Perspectives of an Industry Advisory Board

Introduction

Virtually all construction companies use some form of software to complete construction
quantity take-offs and cost estimates. The array of available software is quite extensive [1]. The
available software poses several challenges for their selection, installation, and use.

Construction firms must consider several variables and the stakes are very high as these tools can
fundamentally change how a company does business, which directly affects the bottom line [2]
[3]. In order to stay current with the industry, academic institutions must follow the industry’s
lead by adopting current and relevant software and integrating these technologies into the
curriculum. Thus, academia faces the same software selection challenges as does industry [4].

The fundamental dilemma is to determine specific criteria that must be considered during the
software selection process. For example, construction firms may select estimating software
based on cost, features, functions, reviews, recommendations, operating systems, and
compatibility with their current estimating procedures. The research described in this paper used
a survey to determine the importance of a number of software selection criteria. The survey was
sent to the Industry Advisory Board (IAB) of the Construction Engineering Management
(CEMT) program at Indiana University Purdue University Indianapolis (IUPUI). The IAB
represents all facets of the construction industry in the greater Indianapolis area. Since most of
the CEMT students seek employment in central Indiana, it seemed reasonable to survey the local
construction industry for their perspectives on quantity take-off and estimating software. The
survey was designed to not only determine the type of software systems used, but to determine
the relative importance and the ranking of the various criteria used during the software selection
process [5].

The ultimate goal of this project is to develop a “decision matrix” that could be used by the
CEMT program to assist in the selection of quantity take-off and estimating software. Analysis
of the survey data led to the development of the matrix which was designed to be adaptable for
use in the industry as well as academia. In addition, the matrix has a measure of expandability
for use in other types of software selection. This paper documents the results of this research and
the development of the fully functional decision matrix.

Background

There is a myriad of software applications that are designed exclusively for the construction
industry. They address every aspect of the construction process including graphic production,
rendering, 3D simulation, quantity take-off, estimating, scheduling, and comprehensive project
management. As is typical of any computer-based application these construction-specific
products vary considerably by a seemingly endless array of variables, such as cost,
sophistication, complexity, and interoperability to name just a few.

Partly in response to this variability, a given construction company may acquire multiple titles to
accomplish similar tasks. One company may possess different estimating software applications.



Determining which application is utilized for a given project may be driven by client preference,
project size, construction complexity, CAD documentation, or even team preference. For
example, Software A does one function significantly better than Software B, although Software
B is superior in other ways, in which case both may used, although in different ways.

The use of estimation software is well established in the industry for good reason. Karshenas
and Tse observed that estimating software is helpful to both predict construction project
productivity using historical database management information and to assist in keeping records
of productivity information of completed projects [6]. In another study, Yang et al. analyzed 112
projects from the “Chinese software project benchmarking dataset” and conducted a survey of
116 organizations to investigate cost estimate software. The results of their survey indicated that
large projects were more prone to cost and schedule overruns and that most computing managers
and professionals were neither satisfied nor dissatisfied with the project estimation [7].

As educators within a construction management program and for the construction industry that
we serve, this vast software universe poses a challenge. We want our classroom content to align
with the industry that our students will soon be entering. Selecting software applications from all
that is available is problematic. Similar to our counterparts in the industry, educators must select
software which satisfies a number of often competing requirements. Our software acquisitions
must compliment the curriculum, integrate with the technical capacity of the institution, and
provide sufficient challenge to students, all the while reflecting current industry standards. We
are thus presented with a shared dilemma: how do both educators and industry decide which
software application(s) to acquire?

Software acquisition and adaptation decisions often involve comparing alternatives of several
criteria. However, the end users of the software systems may not necessarily be familiar with the
overall decision-making criteria. To address this problem, Reinhartz-Berger et al. proposed an
approach for comparing software functionality from the view point of the user. This approach
employed ontological concepts to define functionality in terms of system behaviors. Their
results demonstrated not only that the ontological approach is usable after a brief training period
but it also provided results comparable to ranking done by expert software developers [8].

The challenge therefore demands more than simply asking the construction industry “what
software do you use?” Given the complexity of the construction industry and variety of
construction situations, the responses will be varied and multifaceted to such a degree that the
results would be difficult to interpret. In order to address this at its core, one must consider the
problem in greater detail, first considering all the variables that play a role in the decision-
making process while also recognizing that some criteria are clearly more important than others.

This task is the subject of significant study. Jayakumar and Abran reviewed software test
estimation techniques and considered some of the challenges that needed to be overcome if the
foundations of these software testing estimation techniques are to be improved [9]. Molgkken-
@stvold et al. produced an overview of the estimation methods that software companies apply to
estimate their own projects, why those methods are chosen, and how accurate they are. They
surveyed 18 different companies and project managers of 52 different projects. The authors
found that 1) average effort overruns are 41%; 2) the estimation performance has not changed



much over the past 10-20 years; 3) expert estimation remains the dominating estimation method;
4) estimation accuracy is not significantly impacted by using formal estimation models, and 5)
software managers tend to believe that the estimation accuracy of their own company is better
than packaged programs [10].

One cannot consider the assessment of software without considering its context, specifically the
construction industry. Authors Goulding and Lou conducted a two-part study that researched the
readiness of construction industry firms to adopt new technology. In their preliminary remarks,
they cited work by Lou and Alshawi that noted the construction industry is uniquely challenged
to the adoption of new technologies for a number of reasons, including: the industry’s structure;
the fragmented supply chain; the lack of investment in information and communication
technology (ICT); limited ICT support systems; and limited support and empowerment of senior
decision makers [11].

In their results, Goulding and Lou observed eight (8) “technology factor enablers” that the 40
industry participants within their study identified as most important in evaluating technology for
adoption. In order of most important to least important, they identified the following:

Sharability / Interoperability
Information management
Technology transfer & diffusion
Reliability & support
Connectivity & security
Technology investments
Infrastructure (hardware)

Use / Trial of new technologies

NGO~ wWNE

The authors postulated that these results “...demonstrate the perception that e-readiness within
construction is not purely driven by technology per se, but more by its people and processes...”
The authors ultimately concluded that their overall results demonstrated “...that e-readiness
within the construction sector was still in its infancy.” Even so, they were encouraged by the
fact that the construction industry appeared to be embracing the importance of “...e-readiness
assessment tools to help shape this transition™ [11].

What is needed is a decision-making tool that possesses sufficient flexibility to be useful to both
the construction industry and the academic programs that support the industry. The tool must be
responsive to this data and incorporate the variables that are identified as important by the
construction industry while simultaneously allowing sufficient customization to address
individual circumstances, regardless of whether the user is a construction professional or a
student within an academic program.



Methodology

The methodology used in this research involved an electronic survey of local construction firms
that are on the CEMT IAB at IUPUI. The survey was designed to not only determine the type of
estimating software systems used, but to ask fundamental questions associated with software
selection. This study utilized a survey to rate and rank the selection criteria for the decision-
making process related to software selection process. The survey was produced and distributed
using Qualtrics [12].

The Qualtrics survey had four sections: business, quantity take-off and cost estimating software
products, software selection strategies, and ranking software selection criteria. There was a total
of 21 questions on the survey. From the 21 questions, 4 questions were related to business; 4
questions were related to type of software product used to quantity take-off and cost estimating;
12 questions were related to software selection strategies; and 1 question was related to ranking
software selection criteria. Prior to survey distribution, the questions were reviewed by the
CEMT IAB with limited revisions. After minor revisions, the survey was distributed to 55
CEMT IAB members. After the initial email, two reminders were sent over a period of three
weeks at which point the survey was closed.

Data Analysis

Nineteen (19) industry members responded for a response rate of approximately 35%. As shown
in Table 1, eleven responses were from commercial businesses, three responses were from
industrial businesses, three responses were from heavy highway, and two responses were from
others (professional societies and trade associations).

Table 1 - Primary Business of Survey Respondants
Survey # (1) Business (2) # of (3) Gross Revenues (4) # of
Employees Estimators
19 Commercial <25 <10,000,000 <5
1 Commercial 50-100 10,000,000-50,000,000 <5
2 Commercial 50-100 10,000,000-50,000,000 <5
9 Commercial 50-100 10,000,000-50,000,000 10-15
16 Commercial 100-200 | 50,000,000-100,000,000 <5
15 Commercial 100-200 >100,000,000 <5
4 Commercial 100-200 >100,000,000 5-10
14 Commercial 100-200 >100,000,000 5-10
6 Commercial 100-200 >100,000,000 10-15
8 Commercial >200 >100,000,000 >15
11 Commercial >200 >100,000,000 >15
7 Industrial >200 10,000,000-50,000,000 <5
13 Industrial >200 >100,000,000 10-15
5 Industrial >200 >100,000,000 >15
10| Heavy Highway >200 >100,000,000 >15
12 Heavy Highway >200 >100,000,000 >15
17| Heavy Highway >200 >100,000,000 >15
18 Other >200 >100,000,000 <5
3 Other >200 >100,000,000 5-10




Upon completion of the survey the following data was gathered, sorted, and analyzed to gain
insight on the survey population, industry software, and the importance of specific criteria for
software selection. Ultimately this data was utilized to direct the development of a decision
matrix tool for selecting software that could be used by industry and academic programs. Table
1 depicts the business corresponding to the 19 survey respondents, which includes type of
business, number of employees, gross revenues and number of estimators.

Figure 1 represents the breakdown of respondents within the three major areas of construction
with a smaller population identified as other. As shown in the figure, commercial construction
companies comprised the majority of respondents, which included 11 of the 19 submissions or
approximately 58% of the respondents.

Figure 1 - PRIMARY BUSINESS OF POPULATION
SURVEYED
35% Response Rate (n=19)

10.53%

15.79% OTHER

INDUSTRIAL

15.79% HEAVY
HIGHWAY

n

Aside from establishing a profile for survey contributors and to qualify responses, additional
survey questions identified software currently being used in industry. Figure 2 identifies current
software and their respective distribution of use among the responding population. As shown in
the figure, few software packages show wide-spread use among contributing companies. Both
OnScreen Takeoff and BlueBeam proved to be the most popular among commercial groups. In
fact, in our combined analysis for take-off software most other take-off software packages made
only a single appearance. Further investigation revealed that the distribution of companies
among the three major categories may have contributed to certain software packages appearing
fewer times among the collected responses. With eleven commercial companies responding, the
combined results overshadow responses provided by heavy highway and industrial groups.
Given that two of the three heavy highway companies that responded use Heavy Bid for
construction take-offs, consideration should be given to the impact that a larger heavy highway
population could have on the combined outcomes and the resulting software list. It is evident
from the collected data that there exists a multitude of software packages available to assist with
construction quantity take-offs with few common to all major categories and companies.




Figure 2 - Combined: TakeOff Software

Utilized
Survey Population (n) = 17

# of Companies Using Software

Figure 3 shows the distribution of software use for construction estimating. Though not specific
to the construction industry, Microsoft Excel stood out among the software used for cost
estimating. Heavy Bid was used by all three heavy highway companies, again exposing the
significance of the number of respondents in each of the three major categories. In addition to
identifying types of software used and the resulting number of respondents using each software,
data was collected in regards to the number of individual software packages used by each
respondent.

Figure 3 - Combined: Estimating Software
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Figures 4 and 5 present the number of take-off software packages and the number of estimating
software packages used by each company surveyed. The results revealed that at least half of the
companies responding to the survey use multiple software packages for both quantity take-off
and cost estimating.

Figure 4 - Number of Softwares Used for
TakeOff
Survey Population (n) = 19
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Figure 5 - Combined: Estimating Software
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Data was also collected to identify the importance of the selection criteria. Two methods were
used. The first method was a “rating outcome” that allowed respondents to assign an importance
rating to each criterion. A 4-level (0-3) rating scale was used with 0 = criterion not satisfied; 1 =
criterion partially satisfied; 2 = criterion mostly satisfied; and 3 = criterion fully satisfied. Table
2 presents the Combined Rating Outcomes. The ratings (0-3) allowed users to assign equal
importance to multiple criterion -- actually, it required them to do so. The far-right column
indicates the number of points earned (out of 57) as a percentage. The top 5 criteria are
identified by the bracketed number. “Available Functions” was rated number one, while “Ease



of Use / Intuitiveness” and “Tech Support Availability / Response Time” were tied for second.
“Industry Popularity” was rated the least important.

Table 2 Combined Rating Outcomes

H . . . . ~
Rating Scale ( 3-very important, 2 important, 1 somewhat important, 0 not important) n E
P
v Q
survey 1|2|3|a|s|6|7 |89 10|12 |12]|13|14]15|16]17|18|19] 8] » @
Respondents o 2 =
2l 5=
= o
Factors Sl =
Cost 2l a2 2223|2311 |af2|1]1]2]2]o0]2]3]| sax%
Familiarity/ 1212212230333 |3|2]2]3]3]2]a]72%@
Navigation
Ease of Use/

. 1 3 2 2 3 2 3 1 3 2 3 3 3 3 3 1 3 3 2 | 46 | 80.7% (2)
Intuitiveness

Security/ Data

A 0 2 2 3 2 2 2 2 2 2 2 3 1 1 2 2 3 3 2 38 66.7%
Protection

Compatibility w/

1 2 2 3 2 1 2 2 2 2 2 3 3 1 2 3 2 2 2 | 39 |68.4% (5
Other Software (5)

Industry Popularity| 0 3 1 0 1 2 1 0 1 0 3 0 2 2 1 1 1 3 2 24 42.1%

Reputation/ Track

2 3 2 1 3 2 3 0 1 0 3 2 2 3 2 1 3 3 2 38 66.7%
Record

Available Functions| 2 3 2 2 3 3 3 2 2 3 3 3 2 2 3 1 3 3 2 47 | 82.5% (1)

Tech Support
Availability/ 3 1 2 3 3 3 2 1 3 2 2 2 3 3 2 3 3 3 2 46 | 80.7% (2)
Response Time

Available Training 3 1 2 1 2 3 2 1 3 1 2 2 2 1 2 2 3 3 2 38 66.7%

Industry Referrals/

) 2 3 2 2 2 3 1 1 1 1 3 2 1 0 3 2 3 3 2 37 64.9%
Recommendations

The second method “ranked” the criteria, which assigned a unique value (0-11) for each
criterion. Ranking requires respondents to choose which criterion is most important with no
allowance for equal levels of importance.

Figure 6 displays the criterion ranking based on a percentage of available points earned. Each
respondent ranked individual criterion in order from 11 to 1 with 11 being the highest points
available. Points for each category were totaled and compared to the maximum possible total of
855 for combined assignable points.

“Available Functions” was rated number one, while “Ease of Use / Intuitiveness” was ranked
second. “Industry Popularity” was rated the least important. These were similar results that
were found in the rating outcomes, however, ranking did not allow for criterion to be equal. This
resulted in greater variance in the middle “rated” and “ranked” criteria, as can be seen in Table 2
and Figure 6, respectively. The ability to combine ranking with rating was a fundamental
building block in the creation of the decision matrix, which is described in the following section
of this report.



Figure 6 - CRITERION RANKING

% based on total assignable ranked points
(survey population n =19, each survey ranked 1-11 totaling 45pts, {n *45} = 855
assignable pts.)
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Recommendations and Conclusions

One of the objectives of this study was to develop a “rating matrix” i.e., a decision-making tool
that would assist users in software selection. The concept was to combine the flexibility of the
ratings with the objectivity of the rankings. Users must also have the ability to assign a
performance rating to each criterion which actually serves as a weighting to determine to what
degree each criterion is satisfied.

Based on the data collected, it is evident that the selected criteria have varying degrees of
importance that should be determined by the individual or group selecting the software. The
results of the survey revealed that all selected criteria had some level of importance and should
be integrated into the decision-making process for software selection.

The Software Decision Matrix was designed to allow the users to “weigh” each of the 11 criteria
based on their level of importance. The weights can be assigned any value between 0 and 100,
as long as the total does not exceed 100 (a warning will appear if the total is not equal 100). In
addition, the matrix required a performance rating for each criterion using a 0 - 3 scale with 0 =
criterion not satisfied; 1 = criterion partially satisfied; 2 = criterion mostly satisfied; and 3 =
criterion fully satisfied.



The total for each criterion is calculated by multiplying the assigned weight by the designated
rating. When comparing software, criteria totals for each software are summed and divided by
300, the maximum amount of possible points. This total is shown as a percentage which may be
easier for most users to interpret than a raw point total. Table 3 displays the Software Decision
Matrix which is a fully-functional working tool. Software packages earning a higher percentage
of points reveal a more suitable selection based on the user’s weights and ratings.

The decision matrix can be used individually or collectively. For example, an individual of a
software selection team can use the matrix prior to meeting as a group and then collectively
discuss and assign team weights and ratings. The matrix was not designed for a specific type of
software and is adaptable to any type of software for any discipline, which expands the use of
this tool.

TABLE 3 - Software Decision Matrix
Software Reviewed
Software Name Software Name Software Name Software Name
Decicion Criteria Weight Performance Rating * Total Performance Rating Scale Total Performance Rating Scale Total Performance Rating Scale Total
Scale 0-3 0-3 0-3 0-3
(Availabla Functions 15 2 30 3 45 0 ]
[Ease of Use/ Intuitiveness 15 2 30 2 30 0 o
Familiarity/ Navigation 15 2 30 3 45 0 o
Compatibility w/ Other
| are 12 2 24 3 36 0 o
Cost 15 3 45 1 15 0 o
ISEl:uriry,l’ Data Protection 10 2 20 2 20 o o
Tech Support Availability/
Respanse Time 5 2 10 3 15 0 1}
Available Training 5 3 15 3 15 0 o
Industry Referrals/
|Remmmenda‘lions = 2 = 2 = Y v
IREputatinnfTra:k Record 5 3 15 3 15 0 ]
Industry Popularity 1 2 2 3 3 0 0o
Total Weighted Points 100 Total Score 75% Total Score 81% Total Score 0% Total Score 0%

* Performance Rating Scale: 3= fully satisfies; 2 = mostly satisfies ; 1 = partially satisfies; 0 = does not satisfy criterion

The authors of this paper were of the firm belief that they should incorporate industry standards
into the curriculum to provide students with tools that the industry currently uses. It is
interesting to note that in both the rating outcomes and the ranking outcomes that Industry
Popularity, which is a direct reflection of industry use, is ranked last.

The authors hope to expand this study and survey a larger population of the construction industry
with respect to other types of software packages, which would include other aspects of
construction, such as scheduling, document control, and bidding, to name a few. Since the focus
of our academic program is primarily commercial construction, the target audience for our
expanded survey would be commercial contractors which may provide more meaningful data to
our academic program. The overlying value of this research effort was the development of the
decision matrix which is adaptable to a variety of software selection scenarios.
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