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Abstract: The article presents the results of own research on the costs of quality of aluminum-glass facades
and ventilated facades from the perspective of Polish production and assembly companies. The main aim
of the research was to collect information on the impact of the identified 22 factors on the quality costs
associated with the implementation of facade systems. The research used an expert survey method. The
selection of the research sample was non-random. Survey questionnaires were addressed to 65 respondents,
including: constructors/designers, construction managers or engineers, assembly managers, production
department employees, cost estimators and other specialists related to the production and installation of
facade systems. The return of completed surveys was 41 (63.08%). The survey form was divided into
two parts. The first part aimed to collect information about the respondents’ experience. The main part
of the form focuses on issues related to the costs of quality of aluminum and glass facades and ventilated
facades. Respondents were asked whether the proposed 22 factors can actually affect the quality costs of
implementing facade systems. Positive responses were received. Moreover, respondents were asked to assess
the degree of importance of the impact of the mentioned factors on the quality costs of constructed facades
and ventilated facades. For this purpose, a five-point Likert scale was used, where 1 means very low influence
and 5 means very high influence. Based on the results obtained, an average rating was determined for each
factor, and then each of the 22 factors was ranked according to the degree of importance. Respondents
indicated that the following factors have the greatest impact on the quality costs of facade systems: assembly
errors (average factor rating = 4.22), design errors (4.00) and complaints (3.83).
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1. Introduction

Issues related to the costs of quality have been developed since the 1950s.1 The author of
the work [1] defined quality costs as “An instrument for measuring quality. Gold mine”. The
1990s and the beginning of the XXI century saw the development of the definition of quality
costs, which depended mainly on the way the company considered the costs incurred.

In the context of managing construction projects, it is now crucial to analyze not only costs
from the perspective of planning, implementation or maintenance of facilities or buildings [2-5],
but also quality costs. For example, the authors of works [6—8] made quality costs dependent
solely on the defects and imperfections of products or services. In turn, in papers [9-13], quality
costs were defined as financial outlays that must be incurred to ensure the assumed level of
quality for all types of product. The authors of [14] did not limit themselves to defining quality
costs as expenditures related to low product quality. This work notes that quality costs may be
costs related to preventing, analyzing and correcting defective work or services. A different
approach to quality costs was demonstrated in [15], where quality costs were defined as the
difference between the product manufacturing costs and the theoretical costs if no defects and
faults were detected. A different approach to quality costs was also presented in [16, 17], where
quality costs were identified with the customer and the lack of customer requirements met
by the company. The works [18-20] additionally emphasized the importance of quality costs
and indicated that they may be part of Total Quality Management (TQM) and that they may
be generated not only during the production of a given product, but throughout its entire life
cycle. A similar approach was presented in [21], but the scope of information was extended
to include a proposal for the classification of quality costs throughout the product life cycle,
which was referred to the period of incurring quality costs divided into the product life cycle
and the manufacturing process. It was indicated that the period of incurring quality costs may
be an element of the narrow or broad approach, related to the organization or user (narrow
approach) and market participants (broad approach), respectively. In paper [22], in relation
to quality costs, attention was drawn to the following features (properties) that quality costs
should be focused on:

— excellence — high quality of exquisite products is expensive;

— production — each product must comply with the design assumptions (mass production);
process — correct, uninterrupted process allows obtaining a good product;

— product life cycle — the safety of use of the product and the need to protect the Earth’s
resources require its supervision in the phases from idea, through design, production,
sales, servicing until withdrawal (liquidation);

— value created and delivered to the customer — any shortcomings that reduce this value
are a waste of human, material and financial resources.

This article reviews the literature on the classification of quality costs and presents the
results of own research on the quality costs of aluminum-glass facades and ventilated facades
from the perspective of Polish production and assembly companies. The main objective
of the research was to collect information on the impact of the identified 22 factors on
the quality costs associated with the implementation of facade systems. The research used
the expert survey method. They were attended by 41 respondents professionally related to
construction, production and assembly of facade systems. The selection of the research sample
was non-random.
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2. Classification of quality costs — a literature overview

Quality management in construction, and above all, issues related to quality costs, is an
area widely discussed in terms of company costs or product costs. An important aspect in
considering quality costs is their classification. Each definition of quality costs proposed by
different authors in different periods of time determined a different division of quality costs.

For example, paper [23] presents a very concise division of quality costs into direct and
indirect. Gryna presented in [24] the division of quality costs from a broad perspective, in which
he distinguished: repair costs, loss costs, damage costs resulting from defective elements, lost
income, additional installation costs and operation and maintenance costs. A different division
of quality costs was proposed in [25], where quality costs were considered as: measurable
quality costs and hidden quality costs.

The issue of quality costs is also included in the ISO 9004-3 standard “Quality management
and elements of the quality system” [26]. Point 2.7 of the standard classifies quality costs
into groups including: operational costs of internal quality assurance (including: costs of
compliance, costs of prevention, costs of assessment, costs of non-compliance, costs of internal
and external errors) and costs of external quality assurance (including: costs quality system
compliance assessment by certification institutions and costs of testing and assessment of
product properties by independent research centers). The quality cost breakdown structure
according to the ISO 9004-3 standard is shown in Fig. 1.

Compliance costs

Prevention costs

Internal quality Assessment costs

(operational)
assurance costs

Non-compliance costs
Internal errors costs
Quality costs
External errors costs

Costs of assessing the compliance of the
quality system by certification institutions

External quality
assurance costs

Research costs and assessment of product
properties by independent research centers

Fig. 1. Classification of quality costs according to ISO 9004-3 (own study based on [26])

Construction companies incur significant costs due to accidents, losses, repeated work,
ineffectiveness of their own operations, the actions of subcontractors and suppliers, and
inappropriate communication. Swedish research presented in publication [27], carried out in
1994-1996, showed that the costs of defects in the case of individual implementations ranged
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from 2.3% to 9.4% of production costs. The analysis of individual defects showed that 32% of
these costs had their sources in the initial phases of the investment cycle (agreements with the
investor and design). 45% of the costs arose on the construction site and related to construction
management, the quality of construction workers’ work and the activities of subcontractors.
Other costs were related to poor quality of materials or improper functioning of equipment and
machines on the construction site.

The situation in Poland is not much better, and its precise assessment is prevented by the
lack of detailed research and the difficulty of identifying and recording quality costs by the
company. The simplest way is to divide quality costs in construction into: costs related to errors
and costs related to preventing errors [28,29]. Error costs can be characterized as the costs
associated with not executing a good work the first time. Factors influencing quality errors
include, for example, [30]:

accidents;

— omission of performance (failure to perform works);
mistakes;

improper workmanship;

— work delays.

The factors listed above result in modifications, return to omitted work, demolitions,
corrections and time extensions. Therefore, it is important to introduce preventive actions to
eliminate quality errors and to allocate appropriate financial resources for this purpose. The
most frequently used division of prevention costs is represented by the PAF model (Prevention,
Appraisal, Failure) [31,32]. Examples of costs associated with preventive actions according to
the PAF model are presented in Fig. 2.

Prevention costs _ Quality planning
Quality testing

Suppliers evaluation

Documentation analysis

Order review

Occupational Health and Safety
Quality audit

Quality management

Training

Quality improvement processes

Comparing the quality of competitive products

Other actions to prevent defects and defects

Fig. 2. Prevention costs according to the PAF model (own study based on [32])
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3. Own studies of the impact of factors on the quality costs
of facade systems

Research and analyzes regarding the quality costs of aluminum-glass facades and ventilated
facades in production and assembly companies have been divided into two phases. The first stage
of research and analysis included the isolation of factors influencing the quality costs of facade
systems. Based on the analysis of literature, company documentation, as-built documentation,
as well as the authors’ own experience, 22 factors were identified, which are presented in more
detail in section 3.1. In the second stage, questionnaire research was conducted, which was aimed
at obtaining information about the potential impact of the identified 22 quality cost factors on the
costs of facade systems. In this part of the research, the expert survey method was used. Research
questionnaires were addressed to specialists employed in the implementation of investments
in which aluminum and glass facades and ventilated facades were designed and installed. The
main assumptions of this part of the research are described in section 3.2 of this article.

3.1. Identification of factors influencing the quality costs of facade systems

As already mentioned, the first stage of the research consisted in selecting factors that could
potentially influence the quality costs of facade systems. Based on the analysis of literature,
company documentation, as-built documentation, as well as the authors’ own experience, 22
factors were identified. The identified factors were assigned to appropriate groups according to
the Czajkowski model.

Czajkowski in [33] proposed a new model for classifying quality costs. In addition to the
standard division of quality costs into: prevention costs, assessment costs, costs of internal
errors and costs of external errors, a new group of quality costs has been added, which are
hidden costs.

The proposed division of factors influencing the quality costs of aluminum-glass facades
and ventilated facades, maintaining the above-mentioned cost groups, is presented in Table 1.

Table 1. Factors describing the costs of quality of facade systems (own study)

Id. Factors and group of factors de:;Zitzl()l:zon
I Prevention costs

I.1 Quality management system certification Cy

1.2 Staff training Cy

1.3 Licenses and other certification Cs

L4 Inspections of machines and devices Cyq

L5 Guarantees and insurance Cs

Continued on next page
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Continued from previous page

Id. Factors and group of factors desI:Zfl?tlion
II Assessment costs
IL.1 Internal audits Ceg
1.2 Production supervision Cy
11.3 Supervision of assembly Cg
1.4 Material supply control Co
1.5 Additional tests and examinations Cio
I Hidden costs
1.1 Failures and downtime Ci
1.2 Overtime (additional working hours) Cia
1.3 Additional deliveries Ci3
v Costs of internal errors
V.1 Design errors Cig
Iv.2 Errors in contract provisions Cis
v3 Assembly errors Cie
Iv4 Order and purchase errors Ci7
v Costs of external errors
V.1 Complaints Cig
V.2 Post-warranty repairs Cio
V.3 Service Coo
V.4 Contractual penalties Cy1
\'A Low quality of information about the service Coo

3.2. Research on factors influencing the quality costs of facade
systems — description of the main assumptions

Research and analysis of literature on the quality costs and factors influencing quality costs
were supplemented with survey research. Survey research is a method of indirect measurement
of the obtained data, which is characterized by the fact that the prepared survey questionnaire
can be sent directly to the respondent, who answers the questions contained in the questionnaire
in writing or electronically [34]. The advantage of the survey research method is the low cost of
obtaining data and the ability to survey a relatively large number of respondents in a relatively
short time. A disadvantage of survey research may be the low quality of data, which is often
heterogeneous and non-objective (or not very objective) [35].

The survey questionnaire and the questions included in it were formulated in such a way
as to verify the accuracy and validity of the identified factors shaping the costs of the quality
of facade systems (aluminum-glass facades and ventilated facades). The questions were also
formulated so that the respondent could answer easily and quickly.
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The questionnaire consisted of two parts. The first part and its 2 questions related to the
general characteristics of the respondent, i.e. profession or position held and work experience
in construction.

The second part of the questionnaire was related to the examined problem, i.e. quality costs
and their impact on the costs of facade systems. All questions were closed questions with the
possibility of supplementing them with the research participant’s own observations. In the first
question, respondents were asked to assess whether the identified 22 factors divided into 5 cost
groups (according to Table 1) affect the quality costs of completion aluminum-glass facades
and ventilated facades. Respondents were allowed to select one of the following three answer
options for each factor:

O Yes;

O No;

O I don’t know.

In addition, the questionnaire indicated that respondents could provide other factors that,
in their opinion, may affect the quality costs of facade systems.

In the second question of this part of the form, respondents were asked to assess each of the
22 quality cost factors divided into 5 cost groups (according to Table 1) in terms of the extent to
which the mentioned factors generate additional costs of quality of aluminum-glass facades and
ventilated facades. A five-point scale was used with the following impact assessment variants:

O “Very low” = 1,

O “Low” = 2;
O “Medium” = 3;
O “High” = 4;

O “Very high” = 5.
A part of the survey form for this question is presented in Table 2. It includes five factors
from group I — Prevention costs.

Table 2. A survey form to assess the impact of quality cost factors from group I — Prevention costs (own

study)
Very low Low Medium High Very high
Id. | Factors and group of factors
group ) ) @) @ ®)
I Prevention costs
L1 Quality man.agen.lent system O O O O O
certification
1.2 Staff training
1.3 | Licenses and other certification
Inspections of machines and
1.4 . Od Od O O O
devices
L5 Guarantees and insurance O O O O O
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Research questionnaires were sent by e-mail and delivered to respondents directly in
construction offices. Ultimately, between September 2019 and July 2020, 65 forms were sent
and issued, of which 41 completely completed surveys were obtained. Therefore, the return of
questionnaires was approximately 63.08%.

4. Results analysis and discussion

4.1. Identification of areas of respondent activity

The first question in the first part of the questionnaire referred to the respondent’s profession
or position. The largest group of survey participants were employees involved in the assembly
of aluminum and glass facades and ventilated facades (17 = 41.5% of respondents). The
second largest group were designers and constructors (12 = 29.3%), and the third largest
group were cost estimators (4 = 9.8%). The smallest number of respondents were employees
associated with the production department (3 = 7.3%). 5 respondents (12.2%) indicated
another profession currently performed. These were quality department employees (2 = 4.9%)
and managers of the complaints or service department (3 = 7.3%). The characteristics of the
answers given to question 1 are presented graphically in Fig. 3.

= Constructor / Designer

= Construction manager / Assembly
manager / Construction engineer

= Production director / Production
manager

Cost estimator

= Other

Fig. 3. Information on the profession or position held by the respondents (own study)

In the second question of the first part of the survey questionnaire, the study participants
were asked to indicate their work experience. Based on the answers received, it can be concluded
that the survey participants are experienced people. 14 respondents (34.1%) have professional
experience of more than 5 years but less than 10 years. 11 respondents (26.8%) have over 10
years of work experience, and 7 respondents (17.1%) have over 15 years of experience. The
study participants also included people who had over 20 years of work experience (5 = 12.2%).
The smallest percentage of respondents (4 = 9.8%) were people with little professional
experience of less than 5 years. The characteristics of the answers received from respondents
to question 2 are presented in Fig. 4.
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14;34.1%

= up to 5 years

= over 5 years up to 10

years

= over 10 years up to 15

years

over 15 years up to 20

years

= over 20 years

Fig. 4. Respondents’ employment experience (own study)

4.2. Verification of the correctness of the analysis of quality cost factors

As mentioned in section 3.2, the second part of the survey questionnaire referred to questions
about the quality costs of implementing facade systems in the form of aluminum-glass facades
and ventilated facades. In the first question of this part of the questionnaire, respondents were
asked, in order to verify the correctness of the analysis made by the authors regarding the
identified 22 quality cost factors, whether the indicated factors actually influence and generate
additional costs of the quality of the implementation of facade systems. The data resulting
from the responses obtained are presented in Table 3.

Table 3. Verification of factors influencing quality costs — survey results (own study)

1d. Factors and group of factors | Yes | No | I don’t know
1 Prevention costs
1.1 Quality management system certification 41 0 0
1.2 Staff training 41 0 0
1.3 Licenses and other certification 41 0 0
1.4 Inspections of machines and devices 41 0 0
L5 Guarantees and insurance 41 0 0
I Assessment costs
IL.1 Internal audits 41 0 0
1.2 Production supervision 41 0 0
1.3 Supervision of assembly 41 0 0
1.4 Material supply control 41 0 0
IL5 Additional tests and examinations 41 0 0

Continued on next page
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Continued from previous page

Id. Factors and group of factors ‘ Yes ‘ No ‘ I don’t know
1T Hidden costs
II.1 Failures and downtime 41 0 0
1.2 Overtime (additional working hours) 40 0
1.3 Additional deliveries 41 0 0
v Costs of internal errors
Iv.1 Design errors 41 0 0
v.2 Errors in contract provisions 41 0 0
IvV.3 Assembly errors 41 0 0
1v4 Order and purchase errors 41 0 0
v Costs of external errors
V.1 Complaints 41 0 0
V.2 Post-warranty repairs 41 0 0
V.3 Service 41 0 0
V.4 Contractual penalties 39 0 2
V.5 Low quality of information about the service 40 0 1

Based on the research results obtained, it can be concluded that the factors proposed by the
authors were correctly identified. For factors: II1.2 — “Overtime (additional working hours)”,
V.4 — “Contractual penalties” and V.5 — “Low quality of information about the service”,
individual respondents indicated doubts whether a given factor can influence on quality costs.
It should also be mentioned that additionally, in the “others” field, respondents provided factors
that may affect quality costs, i.e.:

— investor awareness;

— human factor;

— preparation of samples and models of facades.

The proposed additional factors are, in the authors’ opinion, a component of the 22 factors
identified in the first phase of the research. The human factor can be referred to all errors
listed in group IV — Costs of internal errors. Preparation of samples and models of facades is
a component of factor II.5 — “Additional tests and examinations”, which falls into group II of
costs. In turn, investor awareness refers to group V — Costs of external errors, and especially to
factor V.5 — “Low quality of information about the service”.

4.3. Assessment of the degree of importance and the greatest impact
of factors on the quality costs of facade systems

In the most important question from the point of view of assessing the degree of importance
and the greatest impact of factors on the quality costs of facade systems, a five-point Likert scale
was used, where extreme ratings meant 1 — “Very low” and 5 — ““Very high”” impact, respectively.
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Based on the obtained survey results, an average rating was determined for each factor
according to the formula (4.1), which in turn allowed them to be ranked from the most to the
least important.

N;
> o
41 s, =
( ! N;
where:
S; — average rating of the i-th factor fori = 1; 2; ...; 5, N; — total number of answers for

the i-th factor,

a;j — grade of assessment given to the i-th factor in the j-th answer.

The respondents provided a total of 902 impact assessments for the 22 identified factors
influencing the quality costs of facade systems. The basic characteristics of descriptive statistics,
i.e. Mean, Median, Standard deviation and Coeflicient of variation, are presented in Table 4.

Table 4. Descriptive statistics of quality cost factors (own study)

Id. Factors and group of factors Mean | Median itei?;?gﬁ (g(z;ffi;iteil;;
I Prevention costs
I.1 | Quality management system certification | 2.05 2 0.63 30.78%
1.2 Staff training 2.59 3 0.87 33.47%
I3 Licenses and other certification 2.39 3 1.12 46.66%
1.4 Inspections of machines and devices 2.39 2 0.54 22.68%
L5 Guarantees and insurance 2.83 3 0.59 20.76%
II Assessment costs
II.1 Internal audits 1.56 1 0.74 47.62%
1.2 Production supervision 2.51 2 0.55 22.02%
IL.3 Supervision of assembly 3.00 3 0.67 22.36%
1.4 Material supply control 2.88 3 0.46 15.91%
IL5 Additional tests and examinations 3.78 4 0.57 15.09%
I Hidden costs
.1 Failures and downtime 3.73 4 0.71 19.30%
1.2 Overtime (additional working hours) 3.24 3 0.49 15.07%
1.3 Additional deliveries 3.71 4 0.72 19.30%

Continued on next page
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Continued from previous page

Id. Factors and group of factors Mean | Median Stal.ldz,lrd Coetﬁ.ciefnt
deviation | of variation
v Costs of internal errors
Iv.l Design errors 4.00 4 0.74 18.54%
v.2 Errors in contract provisions 3.41 3 0.84 24.48%
v.3 Assembly errors 4.22 4 0.79 18.74%
v4 Order and purchase errors 3.67 3 0.86 25.52%
\'% Costs of external errors
V.1 Complaints 3.83 4 0.50 16.89%
V2 Post-warranty repairs 3.49 3 0.71 20.40%
V.3 Service 2.90 3 0.49 16.89%
V4 Contractual penalties 322 3 0.91 28.22%
V.5 | Low quality of information about the service | 2.29 2 0.93 10.50%

Fig. 5 shows the ranking of factors influencing the quality costs of facade systems according

to their degree of importance.

Assembly errors

Design errors

Complaints

Failures and downtime

Additional deliveries

Errorsin contract provisions
Additional tests and examinations
Order and purchase errors

Overtime (additional working hours)
Post-warranty repairs

Contractual penalties

Supervision of assembly

Service

Material supply control

Guarantees and insurance

Staff training

Production supervision

Licenses and other certification
Inspections of machines and devices
Low quality of information about the service
Quality management system certification

Internal audits

N Q
0'0 Q(?

e )]
[—————————e—= J]
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A .71
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e ms 1339
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Fig. 5. Factors influencing the quality costs of facade systems according to their degree of importance

(own study)
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According to the data presented in Table 4 and Fig. 5, it can be concluded that the factors
that have the greatest impact on the costs of the quality of aluminum-glass facades and
ventilated facades according to the respondents are primarily:

— IV.3 — “Assembly errors” (average rating = 4.22);

— IV.1 — “Design errors” (4.00).

Both factors from group IV (Costs of internal errors) mentioned here obtained an average
value of the assessment of the degree of impact on the costs of the quality of facade systems
above 4.00, which proves that most of the respondents assessed the impact for these factors at
the level of “High” or “Very high”. The next factors that have a high impact on quality costs
(average impact score between 3.50 and 4.00 for most answers at the “High” or “Medium’
level) are, in the opinion of respondents:

— V.1 — “Complaints” (average rating = 3.83);

— III.1 — “Failures and downtime” (3.73);

— III.3 — “Additional deliveries” (3.71).

Factors that, in the opinion of respondents, are the least important in terms of impact on
the costs of the quality of aluminum-glass facades and ventilated facades (average impact
assessment mainly at the “Very low” or “Low” level, i.e. between 1.00 and 2.50) proved to be:
II.1 — “Internal audits” (average rating = 1.56);

— L1 — “Quality management system certification” (2.05);

— V.5 — “Low quality of information about the service” (2.29);

— L4 — “Inspections of machines and devices” (2.39);

— L.3 — “Licenses and other certification” (2.39).

Globally, the costs of group IV — Costs of internal errors, are, in the opinion of respondents,
the most important group of costs in terms of their impact on the costs of the quality of facade
systems. According to the respondents, factors related to group I costs — Prevention costs, have
the smallest impact on quality costs.

s

4.4. Evaluation of the obtained survey results

As already mentioned in section 3.2 of this article, survey research is associated with
a high risk that the results obtained will be heterogeneous and non-objective (or not very
objective). In the context of expert assessment of the impact of factors on the quality costs of
facade systems, the authors noticed, based on the analysis of data on the descriptive statistics
of quality cost factors (Table 4), that for about half of the assessed factors (12 out of 22), the
value of the coefficient of variation exceeded 20%, which could indicate significant differences
in the obtained research results [36-38].

Taking into account the above, the authors decided to assess the quality of the data using the
Kendall-Smith concordance coefficient, which is used to assess the degree of agreement of the
respondents’ opinions [39]. In order to determine the value of the Kendall-Smith concordance
coefficient, the following formulas were used (from 4.2 to 4.4):

128

where: m — number of experts, n — number of variants, number of factors assessed by experts.
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n m 2

4.3) S = (in,—x)
=1\

DS N

(4.4) x—zz Xij

where: X— average value of the sum of ranks for all variants (factors), x;; — rating of the i-th
expert for the j-th factor.

The respondents assessed the factors by selecting the appropriate variant indicated in the
form to assess the importance of the factors on a five-point Likert scale. The proposed answer
options enabled several of the same assessments to be made for individual issues.

In order to correctly determine the concordance coefficient, it is necessary to determine
average ranks by creating an analogous series for strong ranking, in relation to the series where
all objects are distinguishable [39]. The introduction of average ranks requires an adjustment to
the denominator of the concordance coefficient. Then, for series with related ranks, the value
of T; should be determined, according to the formula (4.5):

k
1 3
4.5) =2 Z (;j - t,-)
J:

where: k — the number of groups having the same rank in the i-th series, ¢; — the number of
identical links in the group.

If linked ranks occur in all series, the 7" value should be determined as an adjustment to
calculate the concordance coefficient, according to formula (4.6):

(4.6) T = i T;
i=1

The final form of the Kendall-Smith concordance coefficient, after taking into account the
above corrections, is presented in formula (4.7):

S

4.7) W=~

"
where: S — the sum of squares of deviations of individual sums from the arithmetic mean of
rank sums for all n objects.

Taking into account the assumptions formulated for the purpose of calculating the
concordance coeflicient, appropriate ranks were selected for the issue related to the assessment
of the importance of factors using a five-level rank scale, where:

— “Very low” = Rank #1;

— “Low” = Rank #2;

— “Medium” = Rank #3;

— “High” = Rank #4;

— “Very high” = Rank #5.

2(n3—n)—mT
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In the next step, a ranking procedure was performed for each of the records corresponding
to respondents 1 to 41, who assessed each of the 22 factors influencing the quality costs of
facade systems. Since there were combined ranks in individual series, the average rank method
was used for further calculations.

Based on the ranking performed, the Kendall-Smith concordance coefficient was calculated
according to the formula (4.7). To assess the degree of compliance, the assessment scale
presented in [40] was used, according to which the degree of:

— “satisfactory/sufficient” is achieved for the range from 0.20 to 0.40;

— “good” — for the range from 0.41 to 0.60;

— “plus good/above good” — for the range from 0.61 to 0.80;

— “very good” — for the range from 0.81 to 0.95;

— “ideal” — for the range from 0.96 to 1.00.

The resulting value of the Kendall-Smith concordance coefficient (W) was 0.517. This
allows for the following statement that when assessing the degree of importance of individual
factors, the respondents agreed to a good extent. According to the authors, the demonstrated
compliance of the respondents allows them to formulate conclusions and opinions based on
the conducted survey research.

5. Conclusions

The article discusses the results of own research on the impact of the quality costs of
aluminum-glass facades and ventilated facades from the perspective of Polish production and
assembly companies, which were carried out by the authors in 2019-2020. The research was
aimed at obtaining information on the impact of the identified 22 factors on the quality costs
associated with the implementation of facade systems.

According to the first part of the research, respondents confirmed the correct identification
of 22 factors (Table 1), assigned by the authors to five cost groups (I — Prevention costs,
II — Assessment costs, III — Hidden costs, IV — Costs of internal errors and V — Costs of
external errors), which affect the quality costs of facade systems.

The second part of the research, which used an expert survey method, allowed for the
ranking of factors influencing the quality costs of facade systems according to their degree
of importance. Respondents indicated factors that, in their opinion, have both high and low
impact on the costs of the quality of facade systems. In the group of factors with a high impact,
respondents indicated the following factors: IV.3 — “Assembly errors” (average rating = 4.22),
IV.1 — “Design errors” (4.00), V.1 — “Complaints” (3.83), III.1 — “Failures and downtime”
(3.73) and III.3 — “Additional deliveries” (3.71). In the group of factors with low impact, the
respondents indicated the following factors: II.1 — “Internal audits” (average rating = 1.56),
I.1 — “Quality management system certification” (2.05), V.5 — “Low quality of information
about the service” (2.29), 1.4 — “Inspections of machines and devices” (2.39) and 1.3 — “Licenses
and other certification” (2.39).

Due to the fact that for approximately half of the assessed factors (12 out of 22), the
coefficient of variation exceeded 20% (Table 4), the authors assessed the quality of the data
using the Kendall-Smith concordance coefficient, which is used to assess the degree of
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agreement of the respondents’ opinions. The resulting value was W = 0.517. This allows to
conclude that when assessing the degree of importance of individual factors, the respondents
agreed to a good extent.

In the future, the authors intend to continue research on the quality costs of aluminum-glass

facades and ventilated facades in order to determine the cost premium for the increased quality
of facade systems. Additionally, the authors allow for the possibility of extending their own
research on the costs of quality of aluminum-glass facades and ventilated facades to, among
others, the Czech Republic and Slovakia.
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Ocena ekspercka wplywu czynnikéw na koszty jakosci systemow
fasadowych

Stowa kluczowe: czynniki wptywajace na jakos¢, jakos¢, koszty jakosci, ocena ekspercka, systemy

fasadowe

Streszczenie:

Celem gléwnym artykutu jest prezentacja wynikéw badan nad kosztami jakosci fasad aluminiowo-

szklanych oraz elewacji wentylowanych w perspektywie polskich przedsigbiorstw produkcyjno-montazo-
wych, ktére zostaly przeprowadzone przez autoréw w latach 2019-2020 na terenie Polski. Badania
zostaly ukierunkowane na pozyskanie informacji na temat wplywu zidentyfikowanych 22 czynnikéw na
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koszty jakosci zwigzane z realizacja systeméw fasadowych. W badaniach wykorzystano metodg¢ ankiety
eksperckiej. Dobér préby badawczej byl nielosowy. Kwestionariusze ankietowe zostaly skierowane do 65
respondentéw, wsréd ktérych mozna wyrdznic: konstruktoréw/projektantéw, kierownikéw lub inzynieréw
budoéw, kierownikéw montazu, pracownikéw dzialu produkcji, kosztorysantéw oraz pozostalych specja-
listéw zwigzanych z produkcjg i montazem systeméw fasadowych. Uzyskano zwrot wypelnionych ankiet
na poziomie 41 (63,08%). Formularz ankietowy zostalpodzielony na dwie czesci. Pierwsza cz¢$¢ miata na
celu zebranie informacji o do§wiadczeniu badanych. W zasadniczej czeSci formularza skupiono si¢ na pro-
blematyce zwigzanej z kosztami jako$ci wykonania fasad aluminiowo-szklanych i elewacji wentylowanych.
Respondentéw zapytano o to, czy zaproponowane 22 czynniki faktycznie moga wplywac na koszty jakosci
realizacji systeméw fasadowych. Uzyskano pozytywne odpowiedzi. Ponadto respondentéw poproszono o
oceng stopnia waznosci wplywu wymienionych czynnikéw na koszty jakosci wykonanych fasad i elewacji
wentylowanych. W tym celu zastosowano pi¢ciostopniowa skale] Likerta, gdzie: 1 oznacza wplyw ,,bardzo
niski”, 2 — ,,niski”, 3 —,.§redni”, 4 — ,,wysoki” a 5 — ,,bardzo wysoki”.Na podstawie otrzymanych wynikéw
wyznaczono ocen¢ Srednig dla kazdego czynnika, a nastepnie uszeregowano kazdy z 22 czynnikéw
wzgledem stopnia waznosci (rys. 5). Respondenci wskazali, ze najwickszy wptyw na koszty jakosci
systeméw fasadowych maja nastepujace czynniki: bfedy montazu (Srednia ocena czynnika = 4,22); bledy
projektowe (4,00); reklamacje (3,83); awarie i przestoje (3,73); dodatkowe dostawy (3,71). Najmniejszy
wplyw na koszty jakosci systeméw fasadowych maja zdaniem badanych nastepujace czynniki: audyty
wewnetrzne (Srednia ocena czynnika = 1,56); certyfikacja systemu zarzadzania jakoscig (2,05); niska
jakos¢ informacji o ustudze (2,29); przeglady maszyn i urzadzen (2,39); licencje i pozostata certyfikacja
(2,39). Z uwagi na fakt, ze dla okolo potowy ocenionych czynnikéw (12 sposréd 22), warto$¢ wspot-
czynnika zmiennoSci przekroczyta 20% (tabela 4), autorzy dokonali oceny jakoSci danych wykorzystujac
w tym celu wspéiczynnik konkordancji Kendalla—Smitha, ktéry stuzy do oceny stopnia zgodno$ci opinii
ankietowanych. Otrzymano w wyniku warto§¢ W = 0,517, co pozwala stwierdzié, ze w przypadku oceny
stopnia wazno$ci] poszczegdlnych czynnikéw, ankietowani byli zgodni w stopniu dobrym.
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