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Abstract: Civic engagement plays a critical role in smart city innovation and urban development by
encouraging active participation in civic activities such as volunteering, voting, community orga-
nizing, or advocacy, all of which contribute to the development of local communities. This study
highlights the need to assess civic engagement in smart cities in order to improve the interactions
between technology and society. The study assessed the reliability and validity of the Civic Engage-
ment Scale (CES) in the Czech context. The results presented are based on a representative sample of
1366 respondents from the general population aged 15–74. The study included univariate statistics,
tests of internal consistency, and principal component analysis. In addition, the study presents the
results of confirmatory factor analysis (CFA) that was conducted to examine the fit of the proposed
model to empirical data. The results indicate that the CES has excellent psychometric properties,
including high internal consistency and favorable absolute and incremental indices. The Czech
version of the CES can be considered a valid and reliable instrument. The findings suggest using
CES to research and evaluate policy interventions aimed at developing digital platforms that enable
citizens to easily participate in urban planning and smart city projects, community-driven smart city
projects that ensure local needs and preferences are addressed, or implementing incentive programs
for citizens.

Keywords: civic engagement; smart cities; psychometrics; cross-sectional research; participation;
local communities

1. Introduction

Civic engagement involves the active participation of individuals in a range of civic
activities that contribute to the overall consolidation of society. These activities include
volunteering, donating, voting, and organizing community initiatives [1,2]. At the individ-
ual level, civic engagement stems from a commitment to give back to the community and
embodies a set of values, knowledge, skills, and actions that generate political and social
benefits for the local community [3]. Adler and Goggin [4] defined civic engagement as the
way citizens participate in improving the conditions of their (local) communities. Similarly,
Ehrlich [5] emphasized that civic engagement involves individual and collective actions
aimed at improving the conditions of life within a given community, including support
for democratic and political initiatives volunteering and donation [6,7]. In summary, civic
engagement serves as a manifestation of social belonging [8], active participation [9], and
the practice of active citizenship [10].

The importance of civic engagement is reflected in the growing interest of researchers
and policymakers in understanding its nature, determinants, and outcomes. Deng and
Fei [11] suggested that civic engagement, in addition to other constructs such as community
engagement or public participation, refers to activities within social and political processes
designed to enhance the learning and understanding of social issues, facilitate communi-
cation, and empower participants. This study draws attention to the need to assess civic
engagement in smart cities in order to improve the interplay between technology and
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society. Given the objectives of this study, the focus on smart cities concerns perceptions of
renewable energy, sustainable transportation, and smart public services [12].

Civic engagement is central to the successful development and functioning of mod-
ern urban environments, including smart cities. The concept of smart cities, first used in
1994 [13], depends on the interaction between citizens and urban systems, where civic
engagement plays a central role in planning, decision-making, and innovation processes.
Smart cities have emerged as a response to accelerating urbanization processes [12]. How-
ever, rapid urban development supported by modern information and communication
technologies can lead to gaps in civic engagement and participation. Therefore, the contin-
uous monitoring and support of civic engagement is essential to create citizen-centered
smart cities, successfully implement modernization projects, and ensure the sustainability
of their positive impacts [14]. In addition, interventions aimed at improving residents’
quality of life through information and communication technologies can be more effective
if they are developed and implemented in collaboration with citizens [1]. Smart cities aim
to create environments that are responsive to the needs of residents [11]; civic engagement
is the linchpin that enables this interaction and participation.

2. Literature Review

Given the importance of analyzing and measuring civic engagement, there has been a
need to develop appropriate research tools. Traditionally, such efforts have involved asking
respondents about their participation in various community initiatives, e.g., environmental,
religious, recreational, and cultural programs [15,16]. However, given the complexity of
the issue, the development of sophisticated and reliable tools in the form of scales with
established reliability and assessed validity has become increasingly important [3]. The
reason is that a well-designed scale can add value to both theoretical and practical knowl-
edge about civic engagement and provide stakeholders with a conceptual framework [1,7].
A validated tool for measuring civic engagement can also help to create participatory
and responsive smart cities with the capacity to transform urban life. Appropriate scales
that have been developed to date fall into three main categories: the first assesses civic
behavior, quantifying specific activities related to civic engagement, such as volunteering,
attending public meetings, or voting [10]; the second category assesses attitudes associated
with civic engagement, including altruism, interest in social issues, or a sense of social
justice [1,4,8]; and the third category combines these two components by examining the
relationship between attitudes and corresponding behaviors. An example of this approach
is represented by the Civic Engagement Scale (CES).

Exactly a decade ago, in 2013, the CES developed by Doolittle and Faul [3] was
introduced. Despite the initial lack of psychometric testing, numerous research initiatives
to validate the scale and to implement it in local settings have emerged over the past
decade [17,18]. However, despite the increased attention, the knowledge gap has remained
regarding the psychometric characteristics of the scale, especially with respect to specific
populations and framing topics (e.g., smart cities).

Therefore, the primary objective of this study was to validate the CES with respect
to smart cities. Special emphasis was put on presenting the psychometric characteristics,
including the reliability and convergent validity of the scale. In addition, this study investi-
gated the applicability of CES to the adult population in Czechia. It is worth mentioning
that the population studied in the original study performed by Doolittle and Faul [3]
consisted of students within a reported age range of 17–63 years, with a mean age of
28.42 years. However, the data used in this study were from a representative sample of
the Czech population aged 15–74, enabling the analysis of civic engagement across differ-
ent segments of the population. This study aimed to deepen the understanding of civic
engagement in the context of smart cities and to provide other researchers, policymakers,
participation practitioners, and urban planners with a reliable tool for researching, mea-
suring, and evaluating this critical construct. The study had three main objectives: (a) to
explore the underlying dimensions (factor structures) of civic engagement with exploratory
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factor analysis; (b) to confirm these factor structures through confirmatory factor analysis;
and (c) to assess the convergent validity of the scale.

3. Materials and Methods
3.1. Participants and Procedures

The population was defined as the general population of Czechia aged 15 to 74. In
order to obtain a representative sample, an address-based sampling technique was used.
First, a total of 179 sampling units were identified, and then interviewers contacted 2704
households preselected within the given sampling units. Altogether, 1391 face-to-face
interviews were conducted (i.e., the response rate was 51.4%). A dataset of 1366 cases was
used for analysis, as some cases had to be excluded due to incompleteness. The resulting
sample described in Table 1 demonstrated a proportionate representation of the theoretical
population with respect to gender, age, size of place of residence, and type of dwelling.
Data collection took place in September 2022.

Table 1. Selected socio-demographic characteristics.

Variables Theoretical
Population * Sample

Gender

Male 49.9% 49.3%
Female 50.1% 50.7%

Total 100.0% 100.0%

Age

15–29 years 20.1% 19.9%
30–49 years 39.5% 39.4%
50–74 years 40.4% 40.7%

Total 100.0% 100.0%

Size of the place of
residence

Fewer than 10,000 inhabitants 46.1% 46.3%
10,000 to 49,999 inhabitants 22.0% 21.6%
50,000 inhabitants and more 31.9% 32.1%

Total 100.0% 100.0%

Type of dwelling
Family house 46.2% 46.7%
Condominium 53.8% 53.3%

Total 100.0% 100.0%
Note: n = 1366; * Data about the theoretical population comes from the Czech statistical office.

3.2. Ethical Considerations and Quality Assurance

Considerable attention was paid to ethical and data quality assurance issues. Several
steps were taken to protect the rights of respondents, ensure their anonymity, and adhere
to ethical standards. In this regard, informed consent was obtained from respondents
prior to the start of each interview; this ensured that respondents were fully aware of the
objectives of the study, the research process, and how the data provided would be used.
When gathering data from adolescent respondents (15–18 years), the procedures were
introduced and explained not only to the respondents themselves, but also to at least one
parent or guardian. In addition, informed consent was obtained from both the adolescent
and the guardian who was present throughout the interview process to ensure a supportive
and ethical environment.

The responses obtained were rigorously anonymized, i.e., all data were processed in
such a way that no specific individual could be identified. Aggregate data were presented
in a way assuring that no individual could be identified. This ensured that respondents’
privacy and confidentiality were fully protected. As part of data quality assurance, 35% of
all interviews conducted were back-checked.
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3.3. Translation of the Scale

In the first stage of the translation process, two independent translations of the original
English instrument into Czech were carried out, following the procedures recommended
by Sousa and Rojjanasrirat [19]. The two Czech versions were compared to identify and
resolve any differences and ambiguities. Finally, a back-translation was performed to check
the equivalence between the English and Czech versions [20].

Another step in the process of scale translation was a pilot test conducted with a sample
of 26 respondents. The aim of this phase was to test the comprehensibility of the items for
the intended population and to identify possible sources of misunderstanding. The pilot
testing did not reveal any comprehension issues; therefore, the translated instrument was
considered adequate and usable for the Czech population.

3.4. Measures
3.4.1. Civic Engagement Scale (CES)

The Civic Engagement Scale (CES) contains a total of 14 items rated on a seven-point
Likert-type scale. Given the hypothesized gap between attitudes and behaviors [21,22],
when individuals’ attitudes may not directly correspond to their actions due to situa-
tional circumstances, the original study presented attitudes and behavioral patterns as
two components of the scale [3]. Eight items comprised the first component focused on
the attitudinal aspect of civic engagement (e.g., “I believe I should make a difference in
my community.”), while the remaining six items formed a second component reflecting
specific behavioral patterns (e.g., “I help members of my community.”). Attitudinal items
were rated with the use of agreement scale ranging from definitely agree (7) to definitely
disagree (1), whereas the behavioral scale was assessed by the frequency scale ranging from
always (7) to never (1). This was the same format as that used by Doolittle and Faul [3] in
their original study from 2013. Total scores for each component of the scale ranged from
8 to 56 for the attitudinal component and from 6 to 42 for the behavioral component, with
higher scores indicating higher levels of civic engagement. This particular design of the
scale has been used in other studies as well [14,17,18], and has also been carefully evaluated
for reliability and validity.

3.4.2. Independent Questions

Assessing the convergent validity of a scale is an essential step in validating a research
instrument because it examines whether the scale actually measures the intended con-
struct [23]. For this reason, four specific questions were included in the research instrument.
In order to decrease the response bias and minimize the burden on respondents, these
indicators took the form of independent questions.

First, the belongingness to the local community was assessed by the question “I feel
that I am part of the community where I live.”, focusing attention on identification with the
community spirit and involvement in decision-making processes. This question is relevant
from the perspective of smart cities, which seeks to connect citizens within a city and
encourage their active participation in social and community activities [13]. Respondents
who perceive themselves as part of their community might be highly motivated to engage
for the benefit of the given community, city development, and the implementation of smart
city principles.

Second, the examination of the attachment to a place was another key element of civic
engagement that was identified. The appropriate question “What are your feelings about
the place where you currently live?” reflected the respondent’s affective relationship with
the place of residence and reflected the respondent’s subjective perception and attachment
to the place [16]. Place attachment has been linked to civic engagement by many researchers,
both directly and indirectly [24–27]. Therefore, an indicator regarding the respondent’s
relationship with the place of residence was included to examine the convergent validity of
the CES. Hereinafter, this question is reported as “place attachment”.
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Third, the inclusion of the question differentiating between respondents living in
family houses and condominiums was important for testing the scale validity. This ques-
tion was asked under the assumption that people living in family houses may have a
greater need for control over their property and close environment (and therefore, a greater
motivation to be active members of the community) than those living in condominiums.

Fourth, in addition to testing the convergent validity per se, a question was included
to test the hypothesized relationship between CES and respondents’ attitudes toward smart
cities. As mentioned in the introductory session, the issue of attitudes toward smart cities
was indicated by a question aimed at identifying the key areas that respondents considered
desirable with respect to smart cities. These areas were renewable energy, sustainable
transportation, and intelligent public services [12,13]. The corresponding multiple-choice
question was “I wish my place of residence would use renewable energy, has sustainable
transportation, and has intelligent public services.”. The answers were transformed to
an indicator of interest in smart cities as follows: high interest (all three areas checked);
moderate interest (two areas checked); low interest (one area checked); no interest (no
areas checked).

On top of that, standard socio-demographic indicators were also monitored. In this
study, particular attention was paid to the association of CES scores with gender, age, and
the size of the respondents’ place of residence.

3.5. Data Analysis

Sample statistics and the characteristics of the respondents who participated in the
study were analyzed in SPSS. Means (M), standard deviations (SD), skewness, and kurtosis
were calculated to provide a basic description of the data distribution. The strength and
direction of the relationship between variables were indicated by Pearson’s correlation
coefficient; the means of different subgroups were compared using analysis of variance
(ANOVA). T-tests were used for comparison of means between two groups, whereas
ANOVA was used to compare means among more than two groups. The internal con-
sistency of the scale was assessed not only by Cronbach’s alpha [28,29] but, because of
correlated errors, also by McDonald’s omega [30,31], and AVE along with CR [32], which
were also used to inform about convergent validity.

The dimensionality of the scale was tested using exploratory factor analysis based
on principal component analysis [33]. In accordance with classical test theory, the psycho-
metric properties of the scale were examined using confirmatory factor analysis (CFA),
performed in AMOS 24. Given the need to follow explorative and confirmative strategies
simultaneously, the total dataset of 1366 cases was randomly divided into two equivalent
subsets. The first subset was used for exploratory factor analysis, while the latter was used
for confirmatory factor analysis. Similar procedures have also been used successfully in
previous studies [34,35]. The sample size was sufficient even after this split [36].

Missing data were assumed to be missing at random [37]. For no variable did the
proportion of missing values exceed 3%. In the case of EFA and CFA, the listwise method
was used; thus, the analyses in question were performed only with complete datasets; on
the other hand, the independent questions and their analyses may have different numbers
of valid cases.

4. Results
4.1. Descriptive Statistics

All items had similar mean scores, with attitudinal components ranging from 4.04 to 5.19
(with standard deviations in a relatively narrow range from 1.437 to 1.710) and behav-
ioral components ranging from 2.91 to 3.87 (with standard deviations in a range from
1.720 to 1.923). Table 2 also shows the skewness of the individual items, which range from
−0.119 to −0.555 for the attitude items and from 0.004 to 0.611 for the behavior items.
Moreover, the kurtosis of these items ranged from −0.165 to −0.732 or −0.659 to −1.017,
respectively. Skewness and kurtosis for both scale components ranged from −1.5 to +1.5,
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indicating a normal distribution [38]. Additionally, the floor and ceiling effects reached
acceptable values (1.2% for the floor, 3.2% for the ceiling in the case of attitude items; 9.6%
for the floor and 1.2% for the ceiling for behavior items), which is consistent with the
recommendation of Cain et al. [39] that these values should be less than 50%.

Table 2. Descriptive statistics of the Civic Engagement Scale (CES).

Attitude Items n Mean SD Skewness Kurtosis ITC

1 I feel responsible for my community. 683 4.54 1.679 −0.367 −0.669 0.799
2 I believe I should make a difference in my community. 683 4.64 1.590 −0.428 −0.427 0.845
3 I believe that I have a responsibility to help the poor and the hungry. 683 4.83 1.437 −0.420 −0.165 0.757
4 I am committed to serve in my community. 683 4.50 1.592 −0.280 −0.557 0.861
5 I believe that all citizens have a responsibility to their community. 683 4.89 1.574 −0.484 −0.325 0.812
6 I believe that it is important to be informed of community issues. 683 5.19 1.479 −0.555 −0.238 0.759
7 I believe that it is important to volunteer. 683 4.04 1.694 −0.172 −0.712 0.739
8 I believe that it is important to financially support charitable organizations. 683 4.15 1.710 −0.119 −0.732 0.726

The whole attitude component 683 36.78 10.715 −0.349 −0.187

Behavior Items

1 I am involved in structured volunteer position(s) in the community. 683 2.91 1.811 0.611 −0.774 0.789
2 When working with others, I make positive changes in the community. 683 3.23 1.766 0.300 −0.963 0.856
3 I help members of my community. 683 3.40 1.720 0.251 −0.831 0.794
4 I stay informed of events in my community. 683 3.87 1.792 0.004 −0.971 0.805
5 I participate in discussions that raise issues of social responsibility. 683 3.28 1.923 0.410 −1.017 0.817
6 I contribute to charitable organizations within the community. 683 2.97 1.763 0.523 −0.659 0.777

The whole behavior component 683 19.66 9.356 0.347 −0.648

Table 2 also shows the summary data for the two components of the CES; the mean
score for the attitudinal component of the scale was 36.87, with a standard deviation of
10.715, while the mean score for the behavioral component was 19.66, with a standard
deviation of 9.356.

4.2. Internal Consistency

Cronbach’s alpha coefficient was calculated to assess the internal consistency of the
scale. Its value reached significant values of 0.940 (attitude component) and 0.934 (be-
havioral component), indicating that the items consistently measured the same construct.
These values not only confirmed the internal consistency of the present form of the scale;
they even exceeded the original scores reported by Doolittle and Faul [3], of 0.91 and 0.85.
In this context, the McDonald’s omega coefficient was also calculated, which reached a
value of 0.940 for the attitude component and 0.935 for the behavioral component.

Internal consistency was also tested by the item-total correlations (ITCs) [40]. These coef-
ficients ranged from 0.726 to 0.861 for the attitudinal component and from 0.777 to 0.856 for
the behavioral component. All values were significantly higher than the critical value of
0.4 recommended by Furr [41]. Such results supported the hypothesis of a unidimensional
structure of civic engagement attitudes and civic engagement behaviors, as measured by
this scale [42].

4.3. Dimensionality of the CES

Exploratory factor analysis was conducted to assess the structure of the scale [33]. The
results showed that both components were unidimensional when the principal component
analysis for each part of the scale showed only one factor with an eigenvalue greater than 1.
This result was further confirmed by the scree plots, which showed that the optimal number
of factors for each component is one. According to Henson and Roberts [43], higher factor
loadings indicate a greater contribution of the items to a given factor, with factor loadings
greater than 0.4 indicating a significant contribution. Table 3 shows the factor loadings
of the items to the extracted factor; it is obvious that all items achieved factor loadings
greater than 0.4. Table 3 also shows the obtained communalities (h2), which ranged from
0.62 to 0.82 across both components being above the critical value recommended by Velicer
and Fava [44].
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Table 3. Exploratory factor analysis.

n FL h2

CES—attitude items
1 I am committed to serve in my community. 683 0.901 0.81
2 I believe I should make a difference in my community. 683 0.888 0.79
3 I believe that all citizens have a responsibility to their community. 683 0.863 0.74
4 I feel responsible for my community. 683 0.852 0.73
5 I believe that it is important to be informed of community issues. 683 0.819 0.67
6 I believe that I have a responsibility to help the poor and the hungry. 683 0.818 0.67
7 I believe that it is important to volunteer. 683 0.797 0.64
8 I believe that it is important to financially support charitable organizations. 683 0.785 0.62

CES—behavior items
1 When working with others, I make positive changes in the community. 683 0.905 0.82
2 I participate in discussions that raise issues of social responsibility. 683 0.876 0.77
3 I stay informed of events in my community. 683 0.868 0.75
4 I help members of my community. 683 0.860 0.74
5 I am involved in structured volunteer position(s) in the community. 683 0.855 0.73
6 I contribute to charitable organizations within the community. 683 0.846 0.72

Exploratory factor analysis also brought some other important results: the coefficient of
determination, i.e., the proportion of variance in the identified factor explained by the items,
was 70.8% for the attitudinal component and 75.4% for the behavioral component. For the
attitudinal component, the KMO reached 0.932 and Bartlett’s test of sphericity showed
a result of χ2 = 4417.764 (df = 28, p < 0.001). Similarly, for the behavioral component,
the KMO was 0.920 and Bartlett’s test was χ2 = 3232.478 (df = 15, p < 0.001). These results
supported the hypothesis of a unidimensional structure of each of the CES components [36].

4.4. Confirmatory Factor Analysis (CFA)

The psychometric properties of the CES were assessed using confirmatory factor analy-
sis (CFA) with maximum likelihood estimation [45]. Given χ2 = 27.397 with df = 13, p < 0.05,
for the attitude component and χ2 = 11.411 with df = 6, p < 0.05, for the behavior component,
other indices such as the root mean square error of approximation (RMSEA), standardized
root mean square residuals (SRMR), comparative fit index (CFI), Tucker–Lewis index (TLI),
and goodness of fit index (GFI) were used to evaluate the model fit. Results for both
components of the CES are shown in Figure 1, which depicts the tested models together
with standardized coefficients (factor leadings) and communalities.

The values of absolute and incremental indices along with their critical values are
presented in Table 4, which also presents the results of the initial and improved models.

Table 4. Absolute and incremental indices.

RMSEA SRMR GFI CFI TLI NFI

CES—attitude component
Original model 0.139 0.0393 0.911 0.940 0.916 0.936
Improved model 0.040 0.0149 0.990 0.997 0.993 0.994

CES—behavior component
Original model 0.120 0.0261 0.956 0.971 0.952 0.968
Improved model 0.036 0.0098 0.994 0.998 0.996 0.996

Critical values <0.07 [45] <0.08 [46] >0.95 [45] >0.90 [45] >0.95 [45] >0.95 [46]

The process of assessing the fit of the proposed model to the data involved several
iterations, during which the model was refined to reflect errors that include unobserved
variables and capturing variance not included in the latent construct.
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Figure 1. Confirmatory factor analysis of the improved CES models.

4.5. Construct Convergent Validity

Convergent validity of the Czech version of the CES was assessed through average
variance extracted (AVE) and composite reliability (CR) [32,47]. The scale achieved an
AVE of 0.71 for the attitudinal component and 0.75 for the behavioral component, which
means that, on average, 71% and 75% of the indicators’ variance was explained by the
latent variable. Therefore, the results suggested that the latent variable was a fairly accurate
representation of the construct being measured. Composite reliability (CR) for the Czech
data was 0.95 for both components, supporting the assumption that the CES adequately
measured the civic engagement.

More evidence with respect to the construct validity is the extent to which the scale
items are correlated with each other [48]. This is because high correlation can be interpreted
as a consistent way of measuring the same construct. The correlation matrix in Table 5
provides strong evidence of such construct validity, as it shows significant associations
between all items.

Differences in mean scores on the attitudinal component of the scale between different
subgroups were examined. Table 6 shows that older respondents scored more highly
on the CES than younger respondents. Additionally, significantly higher CES scores
were observed among respondents living in single-family homes compared with those
living in condominiums. In addition, respondents with higher place attachment achieved
significantly higher CES scores.
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Table 5. Correlational matrix.

Attitude Items 1 2 3 4 5 6 7 8

1 I feel responsible for my community. 1.000

2 I believe I should make a difference in
my community. 0.693 ** 1.000

3 I believe that I have a responsibility to help
the poor and the hungry. 0.529 ** 0.581 ** 1.000

4 I am committed to serve in my community. 0.683 ** 0.705 ** 0.616 ** 1.000

5 I believe that all citizens have a responsibility
to their community. 0.624 ** 0.617 ** 0.549 ** 0.678 ** 1.000

6 I believe that it is important to be informed
of community issues. 0.511 ** 0.577 ** 0.570 ** 0.555 ** 0.631 ** 1.000

7 I believe that it is important to volunteer. 0.509 ** 0.531 ** 0.471 ** 0.574 ** 0.503 ** 0.471 ** 1.000

8 I believe that it is important to financially
support charitable organizations. 0.504 ** 0.528 ** 0.454 ** 0.527 ** 0.491 ** 0.460 ** 0.607 ** 1.000

Behavior Items 1 2 3 4 5 6

1 I am involved in structured volunteer
position(s) in the community. 1.000

2 When working with others, I make positive
changes in the community. 0.656 ** 1.000

3 I help members of my community. 0.567 ** 0.645 ** 1.000
4 I stay informed of events in my community. 0.529 ** 0.633 ** 0.603 ** 1.000

5 I participate in discussions that raise issues
of social responsibility. 0.596 ** 0.640 ** 0.557 ** 0.637 ** 1.000

6 I contribute to charitable organizations within
the community. 0.604 ** 0.611 ** 0.550 ** 0.524 ** 0.614 ** 1.000

** Correlation is significant at the 0.01 level (2-tailed); n = 683; Kendall’s tau_b.

As hypothesized, civic engagement, as measured by the CES, was found to be signifi-
cantly related to belongingness. In this regard, Table 6 shows that among respondents with
a low feeling of belongingness (i.e., those who did not identify with their local community,
and therefore strongly disagreed with the statement “I feel that I am part of the community
where I live.”), the CES score reached a low value of 22.73. In contrast, individuals who
strongly identified with their local community had a significantly higher CES score (43.04).
A similar pattern was observed in the case of place attachment. In this regard, respondents
who indicated that they could hardly imagine living anywhere else achieved a CES score of
39.88, while those who had planned to move away because they did not like their place of
residence had a CES score of 23.42. Thus, the CES appears to be a sensitive indicator in this
regard. In addition, respondents who attributed more importance to smart city innovations
showed higher CES scores (41.36), followed by 37.59 among those with moderate perceived
importance, and 29.73 among respondents for whom the smart cities innovations had
low importance.

Table 6. Associations of CES—attitude with independent questions.

CES
Mean SD F/t df p-Value * Eta

Gender
−1.434 684 0.152 ** 0.055Male 36.18 10.936

Female 37.35 10.485

Age

8.500 2 <0.001 0.156
15–29 years 34.13 11.845
30–49 years 36.98 10.032
50–74 years 38.52 10.293

Size of the place of residence

1.489 2 0.226 0.066
Fewer than 10,000 inhabitants 35.85 11.890

10,000 to 49,999 inhabitants 36.79 8.946
50,000 inhabitants and more 37.57 11.079
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Table 6. Cont.

CES
Mean SD F/t df p-Value * Eta

I feel that I am part of the community where I live (belongingness).

87.902 3 <0.001 0.532
Definitely agree 43.04 8.818

Agree 38.24 8.461
Disagree 28.69 10.099

Definitely disagree 22.73 10.003

Place attachment

35.137 3 <0.001 0.366
I can hardly imagine living anywhere else. 39.88 9.197

There are some other places where I could live. 35.01 10.681
It is nothing special here, I can live elsewhere as well. 28.31 11.207
I plan to move away because I do not like this place. 23.42 11.843

Type of dwelling
3.081 684 0.002 ** 0.117Family house 38.31 10.22

Condominium 35.76 10.93

Importance of smart cities innovations

43.990 3 <0.001 0.409
High 41.36 9.236

Moderate 37.59 9.435
Low 29.73 10.638
None 32.73 10.725

* ANOVA; ** t-test.

Table 7 shows the results for the behavioral component of the CES. There were sta-
tistically significant associations of CES scores with belongingness: the CES score for
respondents who strongly disagreed with the statement “I feel that I am part of the commu-
nity where I live” was 14.27, while the CES score for those who strongly agreed with this
statement was 22.76. There were also statistically significant associations with age, with
CES scores being highest for respondents aged 50 or older. However, unlike the attitudinal
component, the differences based on type of dwelling were not statistically significant. In
addition, the results summarized in Table 7 show that there were no statistically significant
differences based on the size of the place of residence, and gender.

Differences reflecting the sensitivity of the CES to place attachment are evident. In
this regard, Table 7 shows that people who strongly identified with their place of living
(i.e., those who said they could not imagine living anywhere else) had a CES score of 21.10,
compared with 11.17 for respondents who planned to move away because they disliked
their place of living. As expected, there were statistically significant differences between
respondents from family houses and those living in condominiums on the attitudinal
component (38.31 versus 35.76); however, no such association was demonstrated in the case
of the behavioral component, where the CES scores were 20.36 and 19.19, respectively. Fi-
nally, the results showed a statistically significant positive relationship between behavioral
components of the CES and the importance of smart city innovations.

Table 7. Associations of CES—behavior with other indicators.

CES
Mean SD F/t df p-Value * Eta

Gender
0.504 660 0.614 ** 0.019Male 19.85 9.779

Female 19.49 8.946

Age

14.338 2 <0.001 0.201
15–29 years 16.52 8.982
30–49 years 20.22 9.231
50–74 years 21.32 9.260

Size of the place of residence

1.084 2 0.339 0.056
Fewer than 10,000 inhabitants 19.77 9.858

10,000 to 49,999 inhabitants 18.95 8.786
50,000 inhabitants and more 20.21 9.405
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Table 7. Cont.

CES
Mean SD F/t df p-Value * Eta

I feel that I am part of the community where I live (belongingness).

21.344 3 <0.001 0.296
Definitely agree 22.76 10.226

Agree 20.51 8.459
Disagree 15.56 8.085

Definitely disagree 14.27 8.972

Place attachment

9.783 3 <0.001 0.203
I can hardly imagine living anywhere else. 21.10 9.303

There are some other places where I could live. 18.86 9.128
It is nothing special here, I can live elsewhere as well. 16.19 9.301
I plan to move away because I do not like this place. 11.17 5.167

Type of dwelling
1.601 684 0.110 ** 0.061Family house 20.36 9.568

Condominium 19.19 9.193

Importance of smart cities innovations

12.243 3 <0.001 0.230
High 21.73 9.911

Moderate 20.43 8.708
Low 16.01 8.456
None 18.05 8.400

* ANOVA; ** t-test.

5. Discussion

The purpose of this study was to evaluate the psychometric properties of the CES.
A combination of several analytical approaches was used, including internal consistency
testing, principal component analysis, and confirmatory factor analysis. Based on data from
a sample representative of the Czech population, the results showed that the CES performed
well. The scale had a mean score of 36.78 for the attitudinal component and 19.66 for the
behavioral component; it had acceptable values of skewness and kurtosis [38]. Each of
the scale components showed a high degree of internal consistency when the correlation
between the items and the total score ranged from 0.633 to 0.847 (attitudinal component)
and from 0.586 to 0.826 (behavioral component), meeting the criteria for acceptability [48].

Scale validation results further demonstrated a good fit of the proposed model to the
Czech data. The RMSEA reached 0.040 for the attitudinal component and 0.036 for the
behavioral component; the SRMR values were 0.0149 and 0.0098, respectively; and the
GFI reached excellent values of 0.990 and 0.994 [45–47]. Similarly satisfactory results were
obtained for the CFI (0.997/0.998), TLI (0.993/0.996), and NFI (0.994/0.996).

Convergent validity, as expressed by the average variance extracted (AVE) and composite
reliability (CR), exceeded the recommended thresholds of 0.5 and 0.6, respectively [32,47,49],
and showed significant associations with all independent questions in this study. CR usually
provides a more accurate estimate of internal consistency than Cronbach’s alpha, but in
this case, the results were similar due to the fact that most of the statistical assumptions of
Cronbach’s alpha were met.

The results obtained are consistent with other studies indicating that civic engagement
does not show statistically significant differences based on gender [50,51]. Some studies
have also concluded that civic engagement does not differ by age [2,3,50,52]; however,
this study showed the opposite result for both the attitudinal and behavioral components.
This opposite finding can largely be explained by the fact that the other studies focused
primarily on student populations, while this study considers a much broader range of ages.

It is important to note that due to the cross-sectional nature of this study, the direction
of the relationship between civic engagement and self-reported attitudes cannot be clearly
established [53]. It is unclear whether higher levels of civic engagement influenced respon-
dents’ place attachment or whether, instead, civic engagement in local communities was
based on these feelings. Both perspectives have merit, but a different research design would
be needed to determine the direction of causality. Similarly, it remains unclear whether
attitudes within the CES can be considered predictors of behavior (engagement practices)
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or whether the two components are of equal importance. The reliance on self-reported data
is also a limitation of this study [53]. Although the study confirmed statistically significant
associations between variables, it is important to note the limitations associated with using
self-reported data rather than independently validated objective indicators.

The CES can help identify potential barriers to active participation in smart city
initiatives [50,54] and can provide early warning of potential problems, allowing decision
makers to improve their mitigation strategies [55]. However, some interventions may bring
additional risks, such as widening the digital divide [11,14,56]. Therefore, it would be
useful to consider ICT literacy, perceptions of smart services, and the specificities of urban
versus rural populations [14,55–57]. From a practical point of view, it seems that the CES
can contribute positively to the development of smart cities by providing useful evidence to
measure the impact of appropriate policies and interventions to stimulate civic engagement.
Using CES, civic engagement can be tracked consistently over time or compared across
cities, regions [15,27,51], and target groups [58].

6. Conclusions

The implications of this study for smart city research and practice are at least twofold.
First, it is a novel contribution to validation of the CES, which aims to provide a stan-
dardized tool for thorough examinations of civic engagement. In this regard, the study
highlights the importance of civic engagement attitudes and behaviors as two key compo-
nents related to smart cities and shaping the urban environment. The results confirmed the
good psychometric properties of the CES and suggested that this scale could be a valuable
tool for measuring civic engagement in the context of smart cities. Future research could
aim to use the CES for detailed case studies or comparative analyses of different smart
city projects to understand how civic engagement varies and what factors influence it. In
addition, researchers could use the CES to examine the impact of civic engagement on
the effectiveness of particular smart city initiatives, including exploring the relationship
between civic participation and outcomes in terms of improved city services, sustainability,
or even quality of life. Second, policymakers and smart city practitioners can use the
results of this study to measure the level of civic engagement and design targeted inter-
ventions that can encourage citizens to participate in smart city initiatives. Based on the
CES findings, they could develop targeted interventions to increase civic engagement,
including community workshops, digital platforms for citizen feedback, and educational
programs on smart city technologies. In addition, policymakers and smart city practitioners
could foster partnerships between city governments, academic institutions, and technology
companies to develop innovative solutions that promote civic engagement and address
urban challenges.

Future research could examine the invariance of the CES and assess its performance
within specific smart city initiatives and interventions around the world. This would
provide a comprehensive perspective on how civic engagement translates into different
urban settings and how it supports the innovation and development of smart cities.
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