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Abstract: In project management, the conventional focus
on time and cost often overshadows quality’s underval-
ued, yet pivotal role. This study explores the nuanced
dimensions of project success, centering on the Iron Tri-
angle components: time, cost and quality (TCQ). Although
quality is acknowledged in theoretical definitions, its
economic significance and precise impact remain under-
explored. This research addresses this gap by scruti-
nising the interplay between traditional success factors
and project economic outcomes. By comparing projects
with and without economic benefits, the study examines
potential variations in TCQ influence. Furthermore, the
research identifies specific traditional success factors
associated with economic benefits and probes for a dom-
inant factor with superior impact. A novel Project Unified
Index (PUI) is introduced, enabling comprehensive eco-
nomic performance assessment through TCQ analysis and
statistical techniques. Intriguingly, the exploratory analy-
sis reveals that time and quality possess more significant
influence despite the apparent correlation between cost
and profit. Quality emerges as a potential determinant,
its significance often masked by meticulous measure-
ment. This study underscores the paramount importance
of quality, necessitating its redefinition across industries
in a customer-centric manner. By repositioning quality
as a decisive factor, this research reshapes perspectives
on project management, steering future investigations
towards a comprehensive understanding of quality’s
pivotal role. The data for analysis were collected with the
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1 Introduction

Inthe mostinfluential definitions, time and cost are usually
considered constraints as two crucial factors for the project
and the project manager (Wright 1997; Shenhar et al. 2001;
Ashkanani and Franzoi 2022). However, other important
factors also determine project success. For example, the
Iron Triangle, also known as the Project Management Tri-
angle, is a concept that describes the relationship between
three key components of a project: scope, time and cost. In
addition to scope, quality also plays a crucial role. At the
theoretical level, the quality is apparently present in the
definitions (Juran and Godfrey 1998; Kerzner 2009; Inter-
national Organization for Standardization (ISO) 2015a;
Project Management Institute 2017), but its economic rel-
evance and the precise determination of its importance
are not addressed in the literature. However, quality is a
critical element of the project because it defines the level
of excellence expected for its deliverables (Basu 2014;
Pinto 2016). Some researchers propose different options
for the Iron Triangle components, suggesting that quality
could be substituted with scope. This viewpoint is widely
accepted and has been advocated by researchers such as
Badewi (2016) and Van Wyngaard et al. (2013).

This exploratory study aims to explore the influence
of traditional success factors (time, cost, and quality
[TCQ]) on project outcomes, specifically focusing on
their association with economic benefits. Traditionally,
various factors have been examined for their impact on
project success. Identifying the extent of TCQ factors’
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role in projects with economic benefits can offer valuable
insights for project management stakeholders. Moreover,
investigating the significance of individual TCQ factors
in determining economic project outcomes can enhance
current project management practices and open avenues
for further research in this field. A stopgap and novel
index Project Unified Index (PUI) is introduced for a com-
prehensive economic performance assessment based on
TCQ.

2 Literature review

The Iron Triangle is a project management framework
that balances cost, time and quality, with the under-
standing that changes in one area will affect the other
two. Although there is an ongoing debate about whether
the Iron Triangle is the sole measure of project success,
with some advocating for additional criteria, it is widely
accepted that cost, time and quality remain crucial and
fundamental parameters in project management. Despite
efforts to establish success criteria in project management,
there is a lack of consensus due to divergent perspectives
and recommendations, with quality often overlooked as
a primary criterion. At lower levels, measuring quality
is relatively straightforward, as well-established metrics
exist across various industries (e.g. rework rate, defect
rate, overall equipment effectiveness [OEE], first pass
yield [FPY] in manufacturing) (Ahmed 2013; Jaqin et al.
2020; Adam and Sebestyén 2023). However, as a more
customer-centric approach is adopted, qualitative and
subjective factors become significant, making it challeng-
ing to define good quality. Quality, being subjective and
hard to measure, often becomes a secondary yet impactful
criterion (Moorthy et al. 2011; Pollack et al. 2018). Subjec-
tive measures consider perceptions and feelings, whereas
objective measures focus on quantitative assessments
(Ponkanti and Madoun 2015). Measuring quality at higher
levels presents many challenges and is much more dif-
ficult than determining cost or time in projects. Further
research is still needed to identify relevant quality metrics
and measurement techniques to integrate quality as a
primary success criterion in project management prac-
tices for a long time.

2.1 Iron Triangle — TCQ in the literature

The Iron Triangle, also known as the triple constraint,
offers project managers a framework to balance cost, time
and quality in their projects, aiming to achieve timely,
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budget-conscious, and high-quality outcomes. Undoubt-
edly, project managers directly impact the project triangle
and stakeholder satisfaction (Blaskovics 2014). This
concept is widely adopted for evaluating project perfor-
mance based on these three factors (Atkinson 1999). It
underscores the interplay between TCQ, wherein adjust-
ments in one dimension impact the others. For instance,
elevating quality increases time and cost requirements
(Morris and Sember 2008). Some researchers suggest
substituting quality with scope in the Iron Triangle, high-
lighting that scope, time and cost are its core components
(Van Wyngaard et al. 2012). Pollack et al. (2018) assert that
contextual relevance determines the choice among vari-
ables like scope, performance and quality for the third
vertex of the Iron Triangle.

The Iron Triangle is widely used to indicate project
success, but stakeholders may assess success differently,
considering various criteria (Shenhar and Dvir 2007;
Turner et al. 2013; Davis 2014; Galjani¢ et al. 2023). Resear-
chers debate the validity of the traditional Iron Triangle
and advocate for broader success indicators (Kumar et al.
2023). Shenhar and Dvir (2007) express reservations about
its efficiency-focused nature, advocating for more busi-
ness-oriented and customer satisfaction-centric metrics.
Consequently, some sources propose additional criteria
for success evaluation, including perceived performance,
stakeholder satisfaction, technical innovation and busi-
ness performance (Freeman and Beale 1992; Baker et al.
1997).

2.2 Understanding the quality of projects

The notion of project quality has transformed over time,
which is evident in definitions from professional bodies
and standards organisations (Sebestyén et al. 2023). PMI’s
PMBOK guide consistently underscores the importance of
quality (Project Management Institute (PMI) 2017). Even
though earlier editions defined quality regarding product
or service features, later versions adopted a customer-
centric approach (Project Management Institute 2017).
APM aligns with ISO’s focus on meeting project require-
ments, considering stakeholder needs, project scope,
time, cost and resources (Association for Project Man-
agement (APM) 2012). IPMA’s Competence Baseline
defines quality as process and outcome management
(International Project Management Association (IPMA)
2015). ISO’s standards, like ISO 21500 and ISO 9001,
provides guidelines for project and quality management
(International Organization for Standardization (ISO)
2015b, 2021). PRINCE2 emphasises fulfilling customer
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requirements (The Office of Government Commerce
(OGC) 2009). This evolution shifts from product-focused
to customer-centric quality perspectives. Professional
bodies stress stakeholder satisfaction, organisational
value and diverse factors in quality management. This
evolving outlook embraces quality as technical compli-
ance, meeting customer needs, and spanning the project
lifecycle (Vijayabanu et al. 2022).

2.3 The complex role of quality in success

Project management relies on established success crite-
ria, yet predicting and interpreting project success remain
intricate (Sebestyen 2017). Quality and success are inher-
ently closely interconnected. This relationship is sophis-
ticated, and it becomes even more complex because the
approach to both quality (customer satisfaction, cus-
tomer-centricity vs. compliance with specification) and
success can be multifaceted. This phenomenon compli-
cates the definition of quality in the context of success.
Over the past decades, researchers have approached
quality in significantly varied ways, each grounded in
radically distinct theoretical foundations. Although eco-
nomic returns are often central, some projects meeting
technical goals fail to deliver benefits (Dvir et al. 2003).
The exclusive emphasis on financial benefits is questioned,
as it does not capture complete project success (Sebestyén
et al. 2022). The situation is complicated because unique
success criteria and factors must be applied to specific
projects (Cserhati and Szab6 2014). However, this study
focuses on the most common elementary and traditional
criteria and factors (TCQ) across different project types.
The financial approach appraises success through returns
exceeding costs from the owner’s viewpoint (Association
for Project Management (APM) 2019), i.e. past cash flows
are irrelevant; only present and future returns matter.
Quality, often prioritised behind time and budget, pre-
sents subjectivity challenges (Atkinson 1999; Chan et al.
2002). It indirectly influences success via customer sat-
isfaction and stakeholder engagement (Turner and Zolin
2012; Davis 2014; Williams et al. 2015). This complex-
ity hampers integrating quality as a primary criterion,
which requires relevant metrics and techniques (Ili¢ and
Velickovi¢ 2019). The importance of cost is undisputed,
as it has traditionally been historically identified as one
of the most critical characteristics of projects, and its
accurate definition and optimisation have been addressed
intensively in project management for at least half a
century (Hajdu and Isaac 2016). Despite cost’s antici-
pated stronger link to the owner’s value, quality must be
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explored as a primary project success factor. Eventually,
the financial emphasis overlooks multifaceted success.
Therefore, recognising quality as a primary factor is vital
in understanding its impact on project success. The issue
is so complex that while we briefly overviewed it and
acknowledged the need to review certain fundamentals, it
is not the aim of this study to answer it. Further research is
required to explore it deeper.

2.4 Purpose of this study

The influence of traditional success factors (TCQ) on
project outcomes has been a subject of academic interest.
At the same time, various factors may influence the
economic benefit of projects. Understanding whether
the impact of traditional success factors (TCQ) can differ
between projects with and without economic benefit is a
key research question (RQ) in this study.

Identifying the factors contributing to economic
benefit in projects is crucial for project managers and
stakeholders. Traditional success factors (TCQ) may play
a pivotal role in determining the economic outcomes of
projects. Therefore, investigating if a dominant factor
among traditional success factors significantly impacts
the economic benefit in projects is an important research
inquiry in project management. Consequently, analysing
the effects of conventional success factors on profitability
would enable validation or potential revision of current
practices within the realm of research.

Research Question (RQ): Which specific traditional
success factors are associated with economic benefit in
projects? Is there a dominant factor with a more signifi-
cant impact than others?

3 Research methodology

The data used in this study were collected through a ques-
tionnaire survey. The questionnaire contained mainly
questions about TCQ factors. These can be answered on a
five-point or a three-point Likert scale. Time and cost are
easily measurable and can be well ranked on a propor-
tional scale. In both cases, we set the threshold at 30%.
For instance, regarding time, if the project is not com-
pleted exactly on time, a 30% delay is considered a thresh-
old between a substantial and a minor delay (‘Late’ is up
to +30%, ‘Much late’ is later than +30%). Similarly, if the
project is completed earlier by <30%, it is categorised as
‘Earlier’, but if the completion is >30% ahead, it is labelled
as ‘Much earlier’. We also set the budget threshold at 30%
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similarly (such as ‘Much over budget’, ‘Over budget’).
Respondents provide their answers unambiguously using
a five-point Likert scale.

For quality, we adhered to the typical industry stan-
dard of quality determination in the construction industry,
which examined how the project meets its specifications
and requirements. Due to the lack of a quantifiable propor-
tional measure for quality, it was assessed using a simpler
three-point scale. This approach acknowledges the chal-
lenge of perceiving quality, making a more detailed scale,
such as a five-point scale, less practical. Participants can
assess whether the project is completed in line with or
better/worse than the expected quality.

The use of Likert scales in the social and business
management field is considered standard. However,
several criticisms have been published about their
application (Holt 2014; Arva et al. 2019). Since the inter-
vals between the values measured on an ordinal scale
are not considered equal, comparing such variables
using arithmetic mean and standard deviation is cont-
roversial (Norman 2010; Vargha 2002). In addition to the
problem of the applicability of statistical methods, Arva
et al. (2019) point out in their study that the Likert scale
forces the respondent to choose between a few values
based on their subjective perception when filling in the
questionnaire. An additional problem may be the loss
of varying performance associated with an accurate
assessment. In practice, this usually results in a higher
frequency of one or two categories than others, making
it difficult to detect the small but possibly significant dif-
ferences between variables or variable groups that the
data show. In such cases, the indicator that can be used
instead of the arithmetic mean, the median, is often the
same for many identical responses and does not show
any meaningful difference between the variables under
consideration.

The use of nominal and ordinal scales cannot be
avoided in business sciences, but the analysis, the
choice of indicators used and the conclusions drawn
must take these properties mentioned above into
account. Consequently, the test of means often shows no
difference for ordinal scales, which can sometimes lead
to the incorrect conclusion that the effect of the variab-
les is the same.

The literature offers several solutions to overcome
the problems above, many of which require considera-
ble mathematical or statistical knowledge. However, in
our opinion, their application in business practice may
be hindered by the lack of data and information requi-
red to apply the method, more complex mathematical
procedures and the difficulty of interpreting the results.
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Therefore, in the present study, we use simple techniques
and indices that do not rely on parametric conditions, pre-
serve the ordinal nature of the data, making them easy to
interpret and compare (Cerchiello and Giudici 2012). Indi-
cators based on the shape of the distributions and varia-
bility (heterogeneity) were therefore used to examine the
relative importance of the Iron Triangle factors. To assess
the relative importance, the Quantile Based Index (QBI),
based on quantiles and frequency excesses of the cumu-
lative distribution function, was used by Cerchiello and
Giudici (2012). Besides this index, the Stochastic Domi-
nance Index (SDI) based on the cumulative distribution
function and the Leti Index was applied.

QBI is formulated as follows (Cerchiello and Giudici
2012):

X K-1 F _E
QBI:qu+ 1_Zk—1[ ak I(j (l)
= 50(K-1)

where K is the number of points of the measurement scale,
F(k) is the cumulative distribution function, zq is the sum
ofthe K points scale that contains the predefinéd quantiles,
and 5[~ £ is the sum of the total frequency excesses at each
predefined quantile, whose normalisation is obtained by
dividing it by its maximum. We can normalise the index to
a [0;1] range with the following transformation:

QBI -a

BI' =
Q b-a

@

where ‘@’ is the minimum and ‘b’ is the maximum value
of the QBI, which depends on the number of categories of
the measurement scale.
Based on the cumulative distribution function, which
is a monotonously increasing function between 0 and 1, a
summary index (SDI) can be calculated as follows:
K
SDI=Y'F, ©)

k=1

where F, is the cumulative distribution function and K
is the number of classes. The minimum value of SDI is
1 when all data points are in the highest class, and the
maximum is K when all data points are in the lowest
class. We can normalise SDI by dividing it by its maximum
value, K. In this case, the minimum value of the normal-
ised SDI is 1/K, so we cannot compare measurement scales
with different category numbers. We transformed the SDI
to the [0;1] range. Thus, we can compare the SDI’ with
different numbers of class measurement scales and with
other indexes:
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Regardless of the number of points on the measure-
ment scale, SDI’ = 0 if all data fall in the largest class and
1if in the smallest. SDI’ = 0.5 if the distribution of data is
entirely symmetric across categories. For example, for a
three-item scale, SDI’ = 0.5 if all the data are concentrated
in the middle class, but the index value is 0.5 if no data
are in the middle class and half the data are in the smal-
lest and half in the largest class. In addition, a qualitative
ranking has also been provided based on the median and
the Leti index (Lorenzini and Cerchiello 2013; Mussini
2018). Leti index is defined as:

K-1

L=2%F(1-F,) )

k=1

The L = 0 if frequencies are concentrated in one
category, regardless of which class contains all the data.
Leti index L = (K-1)/2 if heterogeneity is highest when
frequencies are equally distributed between the lowest
and the highest categories. Leti index can be normalised
by dividing L by 2(K-1) (Mussini 2018). As with the other
indices, the normalised Leti index is denoted by L’. While
the SDI index is a second-order stochastic dominance
measure, ideal for comparison purposes, the Leti index
aims at measuring heterogeneity between statistical units
(Lorenzini and Cerchiello 2013).

The research addresses selecting suitable metrics as
well. It acknowledges Likert scale limitations and employs
alternative indices like QBI, SDI and the Leti Index. Additi-
onally, a new index to characterise overall project perfor-
mance is proposed. A significance level of 0.05 is utilised
for the analysis, corresponding to a 5% chance of obser-
ving a result as extreme as, or more extreme than, the one
obtained, assuming that the null hypothesis is true.

4 Collecting data and descriptive
statistics of the data set

Our research focuses primarily on assessing the success
of projects, and TCQ elements were tested in several ways.
Data were collected through an online questionnaire
survey between November 2019 and August 2022. A total of
372 respondents completed the questionnaire, of which 354
were evaluable for the research. Of the total, 18 question-
naires were not suitable for processing and were therefore
not included in the analysis. The research is targeted at an
indefinable population, and the sampling was done using
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a snowball sampling method, which is not statistically rep-
resentative. Industry professionals contacted by the PMI
Budapest Chapter contributed voluntarily to participate.
Additionally, participants who were enrolled in business
master’s programmes at the Budapest University of Tech-
nology and Economics while actively engaged in project
environments provided data for the study. Consequently,
the sampling method influenced the primary character-
istics of the respondents’ backgrounds. The exploratory
analysis aimed at getting to know the population and iden-
tifying the factors that caused its success or failure. The
descriptive statistical processing of the responses shows
that a wide range of sectors was reached, from small and
medium enterprises to large companies, from small projects
with 1-9 people to large projects with >250 people, and also
by industry classification, from services to manufacturing,
from health to finance, covering many other sectors. Data
analysis and visualisation were mainly carried out using
Minitab and Statistica statistical software and, to a lesser
extent, other statistical and spreadsheet software.

As a first step in the analysis, a descriptive statis-
tical analysis of the projects was carried out based on
the 354 evaluable responses. A wide range of statistical
methods were used to systematically organise, simplify,
review, and present the data. Data on the general cha-
racteristics of companies and projects are presented in
Tables 1 and 2 (in percentage). Almost half of the projects
(47%) had a budget of <$1 million, 20% had a budget
of $1-10 million and 10% had a budget of >$10 million.
The average project budget was around $5 million, and
60% of the projects ended in profit. About 58% of the
organisations implementing projects belong to the busi-
ness, 22% to the public (government) and 14% to the
NGO (Non-Governmental Organization) sectors. The vast
majority of the respondents had been directly involved
in projects, with the most significant proportion (39%)
as team members with an average of 1.7 years of project
management experience, and 40% as project managers,
project management team members, or team managers
with an average of 3.7 years of project management expe-
rience. Using Minitab software notation, the percentage
of data missing in a given category when displaying data
is asterisked (N*).

The survey asked respondents to rate the success of
projects based on traditional project evaluation criteria
(time, budget and compliance). The results are shown in
Table 2.

As expected, the three criteria were mainly rated as
medium by respondents, except time, where the cate-
gory ‘Late’ was the most frequent. The median is also in
this category. When comparing the project plan, the data



§ sciendo

Tab. 1: Descriptive statistics about organisations

Category Percentage (%)
Employees
Micro (1-9 employees) 8.47
Small (10-49 employees) 18.36
Mid-size (50-249 employees) 20.62
Large (250+ employees) 51.13
N* 1.41
Annual revenue
<$1 million 13.28
$1+ million — $10 million 13.56
$10+ million — $50 million 10.73
$50+ million — $1 billion 12.71
>$1 billion 22.60
N* 27.12
Business activity sector
Private sector 58.20
Public sector 22.03
NGO 14.69
N* 5.10
Industry classification?
Communication services 3.67
Consumer discretionary 15.54
Consumer staples 3.96
Energy + other sector (health care, 9.63
industrials etc.) 5.93
Financials 10.17
Health care 14.41
Industrials 17.23
Information technology 4.00
Materials + other sector (health care, indus- 3.68
trials etc.) 11.78

Real Estate + other sector
Other and N*
IMore than one sector could be designated.

show that a ‘typical’ project is slightly behind schedule,
is on budget and meets quality expectations. However, it
is also clear that, apart from the quality criterion, where
the proportion of projects of better (19%) or worse (22%)
quality than specification is almost equal, only a tiny pro-
portion of projects perform better than planned in terms
of budget and time. This would be a good indicator of rea-
listic project design if the projects were running behind
schedule or over budget by a similar percentage.

However, the data do not show this. Only 13 projects
(3.67%) were completed ahead of schedule, 34% were
completed on time and 62% were delayed. The distribu-
tion is not as asymmetrical for budget as for time, but the
situation is similar. Leaving aside the quality factor for
now, in summary, only a small proportion of projects were
completed earlier or spent less than planned. Far more
common are overruns on time, on budget, or both.

Based only on the descriptive statistical results, the
quality shows exactly the symmetry that was missing

Erdei et al., Role of the undervalued quality in projects =—— 229

Tab. 2: Descriptive statistics about projects

Category Percentage (%)
Participants in the project
Micro (1-9 employees) 39.83
Small (10-49 employees) 45.20
Mid-size (50-249 employees) 9.04
Large (250+ employees) 4.24
N* 1.69
Experience of participants in projects
<2.0 years 52.55
2.0-4.9 years 29.67
5.0-8.0 years 11.30
>8.0 years 6.48
Budget
<$1 million 47.18
$1+ million — $10 million 20.33
$10+ million — $50 million 7.63
$50+ million — $1 billion 3.11
>$1 billion 0.56
N* 21.19
Project management role
Customer/user 5.08
Project management team member 13.28
Project manager 19.21
Project sponsor/Owner 3.11
Project team member 38.98
Team manager 7.91
Other +N* 12.43
Economic profit
Yes 52.00
No 34.46
N* 13.56
Traditional project evaluation aspects:
Time
Much earlier 0.28
Earlier 3.39
On-time 33.62
Late 47.74
Much late 14.41
N* 0.56
Cost
Much under budget 0.56
Under budget 7.63
On budget 51.98
Over budget 29.94
Much over budget 5.65
N* 4.24
Quality
Better 18.65
Exactly 57.06
Imperfectly 21.75
N* 2.54

above for time and cost. From the point of view of judging
the success of projects, quality appears to be a ‘neutral’
evaluation factor in the ‘Tron Triangle’, when time and cost
exceed the planned project performance. This research
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focuses on the impact of traditional project evaluation
TCQ factors on economic performance. Although descrip-
tive statistical indicators show that projects were typically
completed to the expected quality but late or over budget,
52% of the projects examined were profitable, and only
34% were unprofitable. However, the proportion of non-
responders about their economic performance (13.5%) is
relatively high. If the latter is ignored, where economic
performance is known, 60% of the projects are profitable,
and 40% are not.

5 Data analysis and discussion

We are examining the impact on economic performance
and the relationship between the TCQ elements. The
RQ focuses on the impact on economic performance. To
investigate this, a wide range of statistical methods, from
cross-tabulation analysis, through rank correlation anal-
ysis and multi-correspondence analysis, to the use of
classification and regression trees, have been applied, as
already described in the methodology section. Following
the descriptive statistical analysis, the question arises
whether and how the classical project evaluation criteria
together indicate the economic effectiveness of a project
and whether one of them is more important than the
others.

To test this, as a first step, we created a PUI from the
elements of the Iron Triangle to characterise the overall
performance of the projects, which was then scaled by the
sum of the three factors after scaling the textual assess-
ment of the TCQ factors with numbers. For each factor, the
‘worse’ performance from the customer’s point of view

Tab. 3: Distribution of PUl values
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was given the lower value. At the time, ‘Much late’ and
‘Much over budget’ scored 1, while at the other extreme,
‘Much earlier’ and ‘Much under budget’ scored 5. On-time
and on-budget performance is the middle score of 3. The
scale scores 1-3 for quality, with one being ‘Imperfectly’
and three being ‘Better’. A well-planned and implemented
project has a PUI of 3 + 3 + 2 = 8. At one extreme, PUIl = 3,
when the project product is delivered with significant
delays, well over budget and of poorer quality than expec-
ted. The other extreme is PUI = 13, representing the best-
performing project in all TCQ factors. Table 3 shows the
PUI values of the projects together (330 sample size due to
missing answers) and grouped by dichotomous categories
of question Q6 about project economic profit, Q6 = ‘Yes’ or
‘No’. Figure 1 shows the relative frequency of groupings by
‘Yes’ and ‘No’ categories of economic profit.

According to the results of one-variable descriptive
statistical analyses, the mode of the projects based on
the PUI indicator is 7, and the median is also 7, which is
also true for the groups based on economic profit. Analy-
sing the TCQ indicators shows separately that projects are
typically more likely to be late and over budget than on
budget. Based on the PUI score, these effects appear con-
sistent. They do not compensate for time delays by better
quality or budget savings.

At first glance, the graphical representation does not
show any significant difference between the PUI values of
the projects based on economic performance. In Figure 1,
the solid blue line indicates the relative frequencies of PUI
scores for profitable projects, whereas the red dashed line
indicates the relative frequencies of PUI scores for unpro-
fitable projects. However, the figure already shows the dif-
ference in the shape of the distribution. For both groups,

PUl-value Total no. of projects Economic benefit No economic benefit
Q6 = ‘Yes’ Q6 = ‘No’
Count Percent Count Percent Count Percent

3 5 1.41 1 0.54 4 3.28
4 13 3.67 6 3.26 6 4.92
5 29 8.19 11 5.98 13 10.66
6 68 19.21 30 16.30 30 24.59
7 113 31.92 60 32.61 36 29.51
8 60 16.95 42 22.83 12 9.84
9 31 8.76 19 10.33 8 6.56
10 10 2.82 4 2.17 5 4.10
11 1 0.28 1 0.54 - -

Missing 24 6.78 10 5.43 8 6.56

PUI, Project Unified Index.
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Fig. 1: Graphical distribution of PUl-values by economic benefit (Q6). PUI, Project Unified Index.

the ‘Yes’ distribution (continuous line) tends to be more
frequent for higher values, whereas the ‘No’ distribution
tends to have a less relative frequency for higher values.
Excluding the mode and median value of 7 in both groups,
the interval 3-6 contains 26.1% of the ‘Yes’ category and
43.4% of the ‘No’ category. The interval 8-11 has 35.9% of
the ‘Yes’ category and 20.5% of the ‘No’ category. The dif-
ferences are almost identical, 17.3% for the below median
and 15.4% for the above median categories, but with the
opposite sign.

A Mann-Whitney U test was performed to determine
whether the differences between the two groups of econo-
mic outcomes shown in Figure 1 are statistically signifi-
cant. The computed results of the test are given in Table 4.

The test shows a somewhat surprising result com-
pared to previous expectations. Looking at the variables
individually, the cost variable directly related to profit is
not significantly different (p-value >40%) for profitable
and non-profitable projects. Quality and time are statisti-
cally marginal. Both variables have p-values >2%, <5% but
>1%, and the p-values adjusted for tied values are around
1%. However, for the PUI variable showing the combined
effect of the three factors, the test rejects the null hypo-
thesis, i.e. the coincidence of the means (medians). The
p-value of 0.0008 (0.0011 without correction) is very small

at a 5% significance level. However, there is a significant
difference between the PUI values of projects that gene-
rate economic profit and those that do not. The conven-
tional TCQ scores are significantly different in the two
groups. Based on the data in Table 3, the average ranking
numbers calculated from the sum of ranks shown in
Figure 1 and Table 4 (average ranking number (NO) = 124.7
<average ranking number (YES) = 1574), the PUI values
of loss-making projects are lower than those of profitable
projects, i.e. they perform worse than profitable projects
in one or more of the TCQs.

5.1 Examining the impact and importance of
TCQ variables

The main objective of our study is to examine which, if
any, of the Iron Triangle elements have the most influence
on economic performance in relative terms. Grouping the
data in terms of economic outcomes (‘Yes’ or ‘No’ catego-
ries), we defined the indices and compared the changes
in the indices in the two groups. The results are shown in
Table 5. The table shows the relative frequencies (in%) by
TCQ factors, with separate column headings ‘Yes’ and ‘No’
for profitable and unprofitable projects, respectively.
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Tab. 4: Mann-Whitney U test by variable Q6
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Variable Rank Sum Rank Sum u z p-value Z adjusted p-value Valid No Valid Yes
No Yes
Time 16,783.0 29,882.0 9,402.00 -2.2953 0.0217 -2.4942 0.0126 121 184
Cost 17,126.5 26,829.5 9,986.50 -0.7541 0.4507 -0.8333 0.4046 119 177
Quality 16,050.5 28,799.5 9,029.50 -2.2566 0.0240 -2.5789 0.0099 118 181
PUI* 14,220.5 27,395.5 7,665.50 -3.2582 0.0011 -3.3502 0.0008 114 174
PUI, Project Unified Index.
Tab. 5: Change of indices by Q6
Numeric label Time Cost Quality
Yes No Yes No Yes No
1 10.87 18.18 5.08 8.40 16.58 29.66
2 45.65 51.24 31.64 31.09 62.98 55.93
3 39.13 27.27 53.11 52.94 20.44 14.41
4 3.81 3.31 9.60 6.73 - -
5 0.54 0.00 0.57 0.84 - -
Median 2 2 3 3 2 2
QBr 0.524 0.424 0.573 0.571 0.735 0.715
Sor 0.656 0.711 0.578 0.599 0.481 0.577
L 0.390 0.393 0.378 0.394 0.602 0.664

QBI, Quantile Based Index; SDI, Stochastic Dominance Index; L, Leti Index.

As seen from the means, there is no difference
between the two groups. The medians of the two groups
are equal for all factors regardless of the group break-
down. The two groups have relatively small differences,
but as the PUI indicator has shown, there is an overall
significant difference between the TCQ factors for profi-
table and unprofitable projects. Consistent with previous
results, the cost variable indices have hardly changed,
with budget adherence (or non-adherence) not being
the leading cause of the difference in economic perfor-
mance. The distribution of projects by budget is basi-
cally the same for both groups. The QBI index remains
the largest for the quality factor, with the median value
for economic performance being the dominant factor in
both groups, where the concentration of data remains
the largest. Nevertheless, the SDI’ and L’ indices also
indicate a change in asymmetry. The difference in the
value of SDI’ is 0.1, and the value of the indices varies
around 0.5. For the economically non-profitable group,
the index is almost 0.6, indicating a shift towards the
first, i.e. ‘imperfectly’ category, whereas in the profita-
ble group, on the contrary, the index value has become
<0.5, indicating a smaller but more asymmetry towards
the ‘better’ category. The L’ index also indicates a similar

asymmetry shift. The index increased from L’ = 0.602 for
the ‘Yes’ group to I’ = 0.664 for the ‘No’ group, indica-
ting a higher proportion of category one than the other
group. For Time, the QBI’ index changed the most. The
index is 0.1 lower in the ‘No’ group, indicating a shift in
relative frequencies towards higher scale values in the
‘Yes’ group. Since the first three of the five categories
saw the most substantial change in relative frequencies,
the SDI’ indices changed only slightly, and the L’ index
remained essentially unchanged. Based on these fin-
dings, we believe that the Iron Triangle factors of quality
and time performance play a decisive role in economic
performance. The changes indicated by the indices are
illustrated by the difference in the relative frequencies of
the two groups (‘Yes’—No’ differences) in Figure 2.

The most considerable difference in quality is in cate-
gory 1in the ‘No’ group. In this category, the proportion of
‘Imperfectly’ projects is 13% higher, whereas in the other
two categories (‘Exactly’, ‘Better’), the difference is already
positive in favour of economically profitable projects. The
situation is similar over time. Most economically success-
ful projects are completed on time (category 3, ‘On time’).
Calculated from the absolute value of the differences
between the corresponding categories of the two groups,
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Fig. 2: Differences in the relative frequencies of the two groups (‘Yes’-‘No’).

the average difference in relative frequencies for the
three factors is 5.2% for Time, 1.4% for Cost and 8.7% for
Quality.

5.2 Importance of TCQ factors with C&RT

To confirm the validity of the above conclusions, we used
a Classification and Regression Tree (C&RT) procedure,
the main objective of which is to group the observations,
in our case in terms of economic profit as the dependent
variable, in such a way that the groups are as homogene-
ous as possible. The operation of the classification trees is
based on statistical procedures, which are not the purpose
of this paper.

Classification procedures are often used to build fore-
casting models. However, this study aims to identify the
determinants of the TCQ factors. The main question is in
which order and according to which categories the C&RT
method forms subgroups of the data. For this reason, no
large size tree was constructed. The procedure was perfor-
med using the Statistica for Windows program, and the
resulting tree structure is shown in Figure 3. As shown
in the figure, the first grouping factor is quality. The
‘Better’ and ‘Exactly’ categories are more representative

of economic gains, whereas the ‘Imperfectly’ category is
more representative of economic losses.

5.3 Limitations

The data-collection process for this study faced limita-
tions due to the unavailability of a comprehensive data-
base encompassing all projects. As a result, a snowball
sampling technique was employed to gather a sample for
analysis. Despite this constraint, a sizeable initial dataset
was obtained from various sources exclusively related to
projects, which enabled rigorous statistical analysis yield-
ing valid results in this research.

The survey data indicate a non-response rate to ques-
tions related to costs, as demonstrated in Tables 1 and 2.
Similarly, respondents are more willing to provide infor-
mation about the number of employees than the annual
revenue when answering questions about the size of
the organisation. This suggests that cost and revenue
information is more sensitive for respondents compared
to other types of information. The low response rate for
these questions is concerning and requires further inves-
tigation, even though annual revenue could be given as a
category instead of an exact value.
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Fig. 3: Tree graph for Q6 with C&RT.

This limitation raises concerns about the accuracy of
the data. In the case of annual revenue, we propose that
respondents provide an exact value to facilitate a more
robust statistical analysis. However, it is noteworthy that
the response rate is significantly lower for this question,
despite the option to provide answers on an ordinal scale
(categories). As a result, we affirm that employing catego-
ries to collect sensitive data is justified.

The survey respondents are predominantly from the
Hungarian environment. This is because the snowball
data-collection method was used, starting with a call
issued with the help of the PMI Budapest Chapter. The
data used in this study were collected from two sources.
Firstly, industry professionals whom the PMI Budapest
Chapter contacted voluntarily agreed to participate.
Secondly, participants were not only enrolled in busi-
ness master’s programs at Budapest University of Tech-
nology and Economics but were also working in project
environments. As a result, the main characteristics of
the respondents’ backgrounds were influenced by this

sampling method. Given the circumstances, the observed
ratios could have been anticipated. The observed effect
exhibited a degree of predictability. However, the survey
still includes a substantial proportion of international
company data, as shown in the proportions in Table 1.
The dataset reveals that 39.5% of the projects are affiliated
with international companies, as per the headquarters’
location. Given this finding, we claim that a comprehen-
sive exploratory study with generalisable results can be
carried out on this dataset.

6 Conclusions and further research

Projects are assessed primarily on an attribute-based,
such as a TCQ basis. These are the most critical attributes
for project managers. A comprehensive examination was
conducted during this empirical study, encompassing the
following questions. What are the particular traditional
success factors linked to economic benefits in projects? Is
there a predominant factor with a more significant impact?
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The projects seem to be the same in terms of mean
values, but after a more profound analysis of profit,
clear differences can be found between projects with
and without profit. One of the novelties of the analysis is
that we can answer the above questions with inputs that
can be ranked on a sliding scale using appropriate tech-
niques. The finding diverges from influential definitions
that typically regard time and cost as constraints and
essential factors for project success (Wright 1997; Shenhar
et al. 2001; Ashkanani and Franzoi 2022). Although cost
remains directly related to economic performance, our
study indicates that quality has a more significant impact
on generating economic benefits. We believe that this is
possible because the cost is well quantifiable, measurable,
and easy to monitor, allowing for increased attention
during project implementation. In contrast, quality can
only be measured at a basic level, primarily focusing on
compliance only. However, this discrepancy underscores
the evolving understanding of project success criteria and
the increasing recognition of quality as a primary deter-
minant of project success. Moreover, the literature often
includes quality as a primary success criterion, albeit
placing a higher priority on time and budget delivery
(Atkinson 1999; Chan et al. 2002). The findings challenge
this hierarchy by demonstrating the superior influence of
quality on economic benefits in projects. Further research
is needed to measure project quality at a higher level and
express it in terms of some indicators. This phenomenon
may be the reason why quality emerges as the most cri-
tical determinant of economic benefit. However, it can
be argued that if time and cost are under strict control
at all times, the profitability of a project may depend on
how organisations manage quality. So, quality can be the
determining factor.

This exploratory research demonstrates that the
importance of quality is much greater than previously
thought. Therefore, the key direction for future research
will be to quantify and, where necessary, redefine quality
in all industries in a customer-centric way.
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