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Abstract
Background  Cancer primary prevention (CPP), particularly through evidence-based recommendations like the 4th 
European Code Against Cancer (ECAC4), represents a cost-effective strategy to reduce cancer burden. Dissemination 
and implementation (D&I) of CPP strategies remain fragmented and inconsistent, and instruments to assess 
dissemination of CPP are lacking. This study aimed to develop and validate an instrument to assess the public (i) 
perceptions of CPP message characteristics, and (ii) public perceptions of ECAC4.

Methods  The validation of the ´Information on Cancer Primary Prevention` instrument was developed through 
a multi-stage process grounded in two D&I frameworks: McGuire’s Communication-Persuasion Matrix and Rogers’ 
Diffusion of Innovations. After literature review, items were generated for the two questions assessing message 
characteristics (channel preferences and source trustworthiness) and 25 items to assess ECAC4 five perceived 
attributes: advantage, compatibility, complexity, trialability, and observability. Validation involved cognitive interviews 
for message characteristics, expert validation through a two-round Delphi panel for ECAC4 attributes, and pre-testing 
with 240 adults recruited through an online panel. Exploratory factor analysis (EFA) was conducted to assess structural 
validity, and Cronbach’s alpha was used to evaluate internal consistency.

Results  Refinements in terminology, response scales, and item wording were implemented after cognitive 
interviews for the two questions of message characteristics (channel preference and source trustworthiness). 
EFA revealed three factors for channel preferences (Traditional broadcast media, Digital media/online interactive 
platforms, and Print media and interpersonal; α = 0.703–0.775) and two factors for source trustworthiness (Official 
sources and Unofficial sources; α = 0.792–0.859). The five ECAC4 attributes were evaluated in a Delphi panel with two 
rounds - due to participant attrition the panel was discontinued before full consensus could be reached for all items; 
five items were adapted based on expert qualitative feedback and included in the pre-test. All five ECAC4 attributes 
subscales demonstrated unidimensionality with strong factor loadings (> 0.50) and good to excellent reliability 
(α = 0.714–0.831).
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Text box 1. Contributions to literature
• Provides a validated instrument specifically designed to assess public 
perception of cancer primary prevention information, addressing a 
measurement gap in population level primary prevention research.

• Enriches knowledge by applying two relevant theoretical frame-
works—McGuire's Communication-Persuasion Matrix and Rogers' 
Diffusion of Innovations Theory—to measure how cancer primary 
prevention messages are received at the population level.

• Offers a tool for public health practitioners to evaluate dissemination 
and implementation strategies at the population level by measuring 
which sources people trust, which channels they prefer, and how they 
perceive cancer prevention recommendations.

Background
Cancer remains a major public health challenge across 
Europe, with high incidence and mortality rates placing 
significant burden on healthcare systems and populations 
[1]. A substantial proportion of cases is attributable to 
modifiable risk factors — including tobacco and alcohol 
use, unhealthy diet, physical inactivity, and environmen-
tal exposures — highlighting the importance of cancer 
primary prevention (CPP) as a cost-effective strategy to 
reduce cancer burden [1, 2].

CPP strategies aim to minimize or eliminate expo-
sure to carcinogens and promote preventive behaviours 
through both individual-level actions (e.g., smoking 
cessation, healthy diet) and population-level interven-
tions (e.g., taxation, urban planning, and environmental 
health policies) [3]. Despite its recognized benefits, CPP 
remains underutilized and underfunded, often con-
strained by socioeconomic structures and short-term 
policy priorities [1, 3–5].

The dissemination and implementation of CPP strate-
gies remain inconsistent and insufficiently explored [4–
6]. A key example is the European Code Against Cancer, 
4th edition (ECAC4), a set of 12 evidence-informed rec-
ommendations for the public to reduce individual risk of 
cancer [7]. Originally developed in the 1980s by the Euro-
pean Commission and later updated by the International 
Agency for Research on Cancer (IARC/WHO), ECAC4 
serves as a crucial CPP education tool for the European 
Union. However, its real-world impact remains limited, 
with studies showing wide variability in public awareness 
and adoption across countries and population groups 
[7–11].

CPP may strengthen its effectiveness and long-term 
sustainability by ensuring consistent community engage-
ment and applying dissemination and implementation 

(D&I) frameworks to prevention efforts. The gap 
between the generation of scientific knowledge and its 
translation into public behaviours (knowledge–behaviour 
gap), has been tackled by D&I research [4, 6, 12]. D&I 
science relies on a range of theoretical frameworks that 
guide the translation of evidence into practice, typically 
focusing on different stages and features of that process 
[13, 14] and on the translational continuum that explains 
the uptake of research by individuals, organizations, and 
decision-makers [6, 12–15]. This continuum includes the 
diffusion of the natural occurring, unstructured spread 
of innovations, the dissemination of strategic efforts to 
promote uptake, and the implementation of evidence-
informed practices into real-world settings [12].

Given their shared focus on determinants, complemen-
tarity, and established relevance to public health messag-
ing, two D&I frameworks were selected to underpin this 
study: McGuire’s Communication-Persuasion Matrix [16, 
17] and Rogers’ Diffusion of Innovations Theory [18]. Both 
frameworks address the factors and conditions affecting 
implementation [13, 15, 19]. McGuire’s Communication-
Persuasion Matrix [16, 17] offers a structured approach 
to analyse the communication process itself, i.e., how 
messages are constructed and conveyed to influence 
health behaviours [12, 15]. Input communication factors 
relate to the message being relayed to the audience and 
how it is shaped by its author(s) [20], covering compo-
nents such as source and channel characteristics. The 
source, defined as the individual or entity delivering the 
message [12, 15], can be evaluated based on attributes 
such as demographics, attractiveness, and credibility. 
In turn, channel characteristics, also described in Rog-
ers’ Diffusion of Innovations Theory, refer to the means 
through which information is disseminated, such as mass 
media, interpersonal networks, and/or digital platforms 
[21].

Diffusion of Innovations Theory[18] outlines the process 
by which innovations spread through populations [13, 15, 
21]. It explains the adoption of innovations as a process 
that unfolds over time and across different adopter cate-
gories—from innovators and early adopters to the major-
ity and laggards—highlighting the social and contextual 
dynamics that shape how they are perceived and taken 
up within communities. A large proportion of the vari-
ance in adoption rates can be attributed to how the inno-
vation’s characteristics are perceived by individuals [18, 
21]. Rogers identified five perceived attributes: relative 
advantage (degree to which an innovation is better than 

Conclusions  This instrument exhibits initial evidence of content and exhibits satisfactory psychometric properties, 
offering preliminary evidence of structural validity, and internal consistency. By operationalizing key constructs 
from established dissemination and implementation frameworks, it addresses critical gaps in cancer prevention 
communication research.
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alternatives), compatibility (degree to which an innova-
tion aligns with one’s beliefs and preferences), complexity 
(degree to which an innovation is difficult to use), observ-
ability (how frequently one sees an innovation being used 
and/or knows someone who uses the innovation), and 
trialability (degree to which one is able to use an innova-
tion on a trial basis).

Overall, these two frameworks offer structured 
approaches for understanding and guiding the dissemi-
nation and adoption of innovations in cancer preven-
tion communication, but their application in this context 
remains limited. Compared with other implementation 
efforts, like cancer screening or treatment, D&I research 
in CPP has received less attention, with fewer studies 
addressing behavioural risk factors modification at the 
population level [4, 6, 22].

Moreover, there is a scarcity of tools to measure D&I 
in CPP, especially in non-clinical, population-level pre-
vention contexts [4, 23]. In particular, there is a lack of 
validated instruments to assess determinants related to 
the characteristics of the innovation, a critical but often 
neglected domain in dissemination studies [23].

To address these gaps, this study applies McGuire’s and 
Rogers’ frameworks to the development of an instrument 
that captures the diffusion of CPP information and how 
cancer prevention messages are received by the pub-
lic. The main objective was to develop and validate the 
`Information on cancer primary prevention instrument´, 
designed to assess (i) perceptions of information sources 
and channels using McGuire’s Persuasive Communi-
cation Matrix, and (ii) public perceptions of ECAC4’s 
attributes through the lens of Rogers’ Diffusion of Inno-
vations Theory. This study aims to identify key enablers 
and barriers to CPP communication, thereby supporting 
future efforts to enhance the adoption and acceptability 
of CPP recommendations.

Methods
The study is part of the Personalized CANcer Primary 
Prevention research through Citizen Participation and 
digitally enabled social innovation (4P-CAN) project 
(https://4p-can.eu/).

The questionnaire was developed and validated 
through a multi-phase process comprising literature-
based item generation, cognitive interviews (for message 
characteristics), expert validation via a Delphi panel (for 
ECAC4 attributes), and pre-testing to assess psychomet-
ric properties (Fig. 1).

Item development
Item development for message characteristics centred 
on two domains: source and channel. Within source, 
trustworthiness was prioritized due to its relevance to 
Rogers’ concept of linkage agents—intermediaries such 

as opinion leaders or gatekeepers who play a key role in 
innovation adoption [13, 18]. Channel characteristics, 
also described in Diffusion of Innovations Theory [21], 
focused on the importance of understanding communi-
cation pathways.

The item assessing source trustworthiness was adapted 
from the Health Information National Trends Survey 4 
(HINTS 4), Cycle 4 instrument [24]. The item addressing 
communication channels was newly developed to capture 
participants’ preferred methods for receiving cancer pre-
vention information. The two items of the message char-
acteristics used a 5-point Likert scale, as recommended 
for general population surveys to allow for a neutral mid-
point response [25], given that participants may hold no 
preference for certain channels or sources:

 	• Preferred channels: “How much do you like the 
following ways of receiving information on reducing 
cancer risk?”

 	• Source trustworthiness: “In general, how much would 
you trust the information about cancer risk reduction 
from each of the following sources?”

For the innovation attributes of ECAC4, the review 
showed the existing instruments assessing innova-
tion attributes are highly context specific and primarily 
focused on evaluating targeted interventions (e.g., drug 
prevention policy), clinical tools (e.g., computerized 
therapy, wearable activity trackers), professional prac-
tices (e.g., internet use, smoking cessation treatment), 
or digital health applications (e.g., eHealth tools, tele-
medicine apps). While not originally intended to assess 
comprehensive public health recommendations such as 
the ECAC4, items from these instruments informed the 
development of the 25 items generated for ECAC4 attri-
butes: relative advantage, compatibility, complexity, trial-
ability, and observability (Table 1). The resulting measure 
- ECAC4 attributes measure - comprised 25 items rated 
on a 5-point Likert scale (1 = “strongly disagree”, 2 = “dis-
agree”, 3 = “neither agree nor disagree”, 4 = “agree”, 5 = 
“strongly agree”).

Face validity
To ensure the face validity of message characteristics, 
cognitive interviewing was conducted. This approach 
enabled the identification of potential issues in wording, 
syntax, terminology and overall comprehension. Cogni-
tive interviewing is a widely used technique for evalu-
ating questionnaire items, especially in early stages of 
survey development, as it helps assess item validity and 
minimize response error [29].

Interviews were conducted with six native English 
speakers, who were recruited through the research team’s 
informal networks (convenience sampling). Interviews 

https://4p-can.eu/
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revisions, which were discussed and agreed upon by the 
research team. The final version of the questionnaire 
integrated all approved changes.

Content validity
The Delphi method was used to strengthen the content 
validity of the ECAC4 attributes measure: a consensus 
technique that systematically collects and aggregates 
informed judgments from a group of experts on specific 
issues or problems [30, 31]. This method has been widely 
applied to survey item refinement [31] and involves 
sequential rounds of evaluation, where each successive 
round is informed by the results of the previous one.

Purposive sampling was used to recruit 15 experts in 
dissemination, implementation science, or public health 

were held between October and November 2024, via 
video conferencing, and lasted between 50 and 86 min.

Each session was co-facilitated by two researchers (AJS, 
RI) who followed a structured cognitive interview script 
and a standardized assessment grid (Additional file 1).

Both researchers independently completed the assess-
ment grid, took notes during the interview and discussed 
their assessments to ensure consistency and complete-
ness, following each session.

Data were collected in two main formats: recorded 
audio files and the assessment grid. Interview data were 
first analysed using the grid item ratings. Items with low 
ratings in any of the seven assessed dimensions were 
flagged, and the corresponding audio recording was 
reviewed in detail. Participant feedback informed item 

Fig. 1  Multi-phase development and validation process of the “Information on Cancer Primary Prevention” instrument
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communication, identified through professional and 
institutional networks linked to the 4P-CAN project. The 
Delphi panel took place between September and Novem-
ber of 2024. In each round, experts independently rated 
25 items using a standardized MS Excel form, assessing 
their relevance and clarity on a 4-point Likert scale - a 
scale format recommended in Delphi panels for content 
validity assessment, as it requires experts to take a clear 
position on item relevance [32]. Experts were encouraged 

to provide comments, particularly for items rated as less 
relevant or unclear (scores 1 to 2), and to suggest alter-
native formulations. Item-Level and overall Content 
Validity Indexes (I-CVI and CVI) were calculated after 
each round. The CVI quantifies the extent of agreement 
among subject-matter experts, reflecting the propor-
tion who rate an item as relevant. Based on the thresh-
old commonly used in similar studies [32] any item 
receiving a relevance score of 3 or 4 from at least 70% 

Table 1  Review of instruments assessing innovation attributes and developed items of ECAC4 attributes measure
Attribute Existing instruments Developed items

(ECA4 innovation attributes)Targeted attri-
butes features

Exemplary Items

Advantage Measures ad-
dressed perceived 
effectiveness
usefulness
and convenience.

1.“HealthQuest is better than 
using workbooks or paper 
and pencil tests for learning 
about health.” [26]
2.“Overall, I find the mHealth 
services to be useful in my 
life” [27],
3.“The treatment is more 
convenient than other 
therapies I have used” [28].

1. It’s useful to have the main cancer prevention recommendations summarised 
in a single place.
2. The European Code Against Cancer can help to improve my health.
3. The European Code Against Cancer provides very useful information.
4. The European Code Against Cancer can help me to engage in healthier 
behaviours.
5. It is very important that the public gets to know the European Code Against 
Cancer.

Compatibility Measures empha-
sised personal use 
and alignment with 
lifestyle or daily 
routines.

1.“I could see myself using 
computerized therapy” 
[43]
2. “This app fits with my 
lifestyle” or “I think that 
using a Video Consultation 
fits well with the way I like 
to manage my health care.” 
[46, 49].

6. The European Code Against Cancer recommendations fit into my everyday life.
7. The European Code Against Cancer recommendations align with the way I 
manage my health.
8. The European Code Against Cancer presents information that fits the way I 
prefer to obtain health information.
9. Adopting the European Code Against Cancer recommendations into my day-
to-day life would be met with approval by friends and family.
10. I can see myself adopting the European Code Against Cancer 
recommendations.

Complexity Measures focused 
on the clarity of 
information, the 
knowledge or 
skills required and 
the challenge of 
remembering mul-
tiple components.

1. “A-CRA is hard for thera-
pists to understand” [45]
2. “I possess the knowl-
edge required to use the 
m-learning method” [44]
3. “Trying to remember all 
components of the SCRITP 
program its hard”) [50].

11. The European Code Against Cancer recommendations are easy to 
understand.
12. The European Code Against Cancer recommendations are easy to follow.
13. The European Code Against Cancer recommendations are easy to remember.
14. The European Code Against Cancer recommendations can be adopted 
without too much effort.
15. The European Code Against Cancer recommendations are easy to explain to 
others.

Trialability Measures included 
perceptions of 
being able to try 
the innovation 
before full imple-
mentation and 
opportunities to 
adapt it to personal 
needs.

1. “I believe that it is okay 
for me to try out a new 
substance use prevention 
program on a limited basis 
before fully implementing 
it” [47]
2.“I had the opportunity to 
try out TA before deciding 
whether to adopt them” 
[48].

16. The European Code Against Cancer recommendations can be tested in my 
day-to-day life before definitely adopting them.
17. I would like to know how the European Code Against Cancer recommenda-
tions can reduce my cancer risk.
18. The European Code Against Cancer recommendations can be gradually 
adopted in my day-to-day life.
19. I can decide which of the European Code Against Cancer recommendations I 
adopt in my day-to-day life.
20. I would like to see how others adopt the European Code Against Cancer 
recommendations.

Observability Represented 
in items on the 
visibility of the 
benefits of using 
the innovation and 
the recognition of 
its impact.

1. “The benefits of using 
the kit with my patients 
are obvious/visible” [48]
2.“A-CRA had an impact on 
participants” [45].

21. The benefits of adopting the European Code Against Cancer recommenda-
tions are visible.
22. There is evidence that the European Code Against Cancer recommendations 
leads to better health results.
23. It is usual to see others adopting the European Code Against Cancer 
recommendations.
24. I would have no difficulty telling friends and family about the benefits of 
adopting the European Code Against Cancer recommendations.
25. If I adopt the European Code Against Cancer recommendations others would 
see changes in my overall health.



Page 6 of 17Santos et al. Archives of Public Health          (2026) 84:145 

of respondents was considered to have reached consen-
sus. Items below this 70% threshold were either revised, 
replaced or removed based on expert feedback. The 
modified or new items were included in the subsequent 
round for re-evaluation.

Psychometric evaluation
A cross-sectional study was conducted to pre-test the 
instrument with a sample of fluent English-speaking 
adults, recruited in February 2025 through an online 
panel administered by Dynata ​(​​​h​t​t​p​s​:​/​/​w​w​w​.​d​y​n​a​t​a​.​c​o​m​/​​​​​
)​, a professional survey company. The company recruited 
participants through its online panels using Computer-
Assisted Web Interviews (CAWI), ensuring nationally 
representative quotas by sex and age, among adults aged 
18 years and above. Inclusion criteria were: (a) being 
18 years or older, (b) fluent English speaker, (c) no cur-
rent or past cancer diagnosis, (d) access to the internet, 
and (e)the ability to complete an online questionnaire 
independently.

Sample size was determined based on established psy-
chometric recommendations of a minimum of 10 par-
ticipants per item for exploratory factor analysis [33]. 
Following the Delphi panel, two of the original 25 items 
from the ECAC4 attributes measure were eliminated; 
this resulted in a final pool of 23 items and a minimum 
requirement of 230 participants for psychometric evalu-
ation. A final sample size of 240 was therefore targeted 
to account for potential invalid or incomplete responses. 
Additionally, the ECAC4 attributes measure developed in 
this study initially included five items per factor, exceed-
ing the recommended threshold of 3–5 items per factor, 
which further supports the stability and interpretability 
of the factor structure [34].

The ‘Information on Cancer Primary Prevention’ sec-
tion of the questionnaire included the message character-
istics and ECAC4 attributes measure, assessed in earlier 
phases of the study. It also collected sociodemographic 
data, including sex, age group, marital status, urbanic-
ity, educational attainment, employment status, and 
self-reported ability to make ends meet (used as a proxy 
indicator of income [35].

Statistical analysis
Descriptive statistics were conducted to summarise the 
participants’ sociodemographic characteristics. All vari-
ables included in the analyses had complete data, with no 
missing values observed. Items underwent preliminary 
descriptive analysis prior to factor analysis. Bartlett’s test 
of sphericity and the Kaiser-Meyer-Olkin (KMO) mea-
sure were used to assess data adequacy for factor analy-
sis [36]. Bartlett’s test assesses whether the correlation 
matrix significantly differs from an identity matrix, with 
a significant result indicating that the data are suitable for 

factor analysis. The KMO measure assesses the propor-
tion of common variance across all variables, with val-
ues ≥ 0.7 generally considered acceptable [34].

Exploratory Factor Analysis (EFA) provides support for 
construct validity, which refers to the degree to which a 
scale or instrument adequately measures the theoreti-
cal construct it is intended to assess. This psychometric 
property is typically backed up by evidence of internal 
structure (e.g., factor analysis) and relationships with 
other variables [37]. EFA was conducted to examine the 
factor structure and loadings of the questionnaire items 
using principal axis factoring, a least-squares estimation 
method that makes no distributional assumptions and is 
suitable for smaller samples [34]. Particularly, EFA was 
conducted in the (i) channel preference, (ii) source trust-
worthiness, and to determine the factor structure of each 
of the five attributes of the ECAC4 attributes measure. 
Factor rotation was performed using Direct Oblimin, 
which allows correlations between factors and maxi-
mizes item loadings on a single factor [38]. The number 
of factors to retain was determined by considering mul-
tiple criteria including eigenvalues (> 1), the propor-
tion of variance explained, inspection of the scree plots, 
and the interpretability of the resulting factor structure 
(34,36,38). For each factor, items were retained if their 
absolute loading were > 0.30 [38]. Finally, the internal 
consistency of each resulting subscale was assessed using 
Cronbach’s alpha (α), with α values > 0.7 indicating good 
or acceptable internal consistency [38].

For the message characteristics items, EFA explored 
the latent structure, given the lack of an established 
underlying framework in the literature. In contrast, for 
the ECAC4 attributes measure —which is grounded in a 
well-defined theoretical structure—EFA was performed 
separately for each attribute. This decision was made 
considering the relatively small sample size, the large 
number of items, and the exploratory nature of the study. 
Analyses were performed using IBM SPSS (version 28).

Results
Message characteristics
Cognitive interview
The message characteristics two items and their cor-
responding response categories were assessed through 
cognitive interviews with a convenience sample of six 
participants (2 female and 4 male), aged 26–78, residing 
in Europe (Ireland, England, Sweden, the United King-
dom, Portugal, and France). Most participants had higher 
education (n = 5), with one having completed secondary 
education.

Clarifying terminology  The cognitive interviews 
focused in part on clarifying participants’ understand-
ing and preferences regarding terminology. Participants 

https://www.dynata.com/
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(n = 5) expressed a preference for the term “cancer risk 
reduction” over “cancer primary prevention” or “cancer 
prevention”, indicating that the latter two terms sounded 
like “more medical health terms”, felt “very formal”, and 
that “cancer risk reduction is easier” and “makes more 
sense”. Based on this feedback, all questionnaire references 
to “cancer primary prevention” were amended to “cancer 
risk reduction.”

When asked about the distinction between the ECAC4 
recommendations and guidelines, participants stated 
it was not clear since “there isn´t any big difference in 
either”. However, four participants explicitly referred to 
it as a set of recommendations, suggesting this framing 
made it feel “more approachable” and “better” than sim-
ply calling them messages.

Regarding the terms to describe the actions people 
might take (e.g., follow, implement or adopt) based on 
ECAC4 recommendations, four participants indicated 
that ‘follow’ was most appropriate, as one expressed: 
“you would want someone to follow a recommendation”. 
Others noted that the terminology might depend on an 
individual’s current behaviour, explaining that “if you are 
already doing it, you would follow it; if you are not doing 
it, you would implement it.”. The term ‘adopt‘ was men-
tioned twice and seen as more action-oriented or “linked 
to actions”.

Item refinements  Overall, participants found the mes-
sage characteristics questions clear and easy to under-
stand. Although, participants were able to answer both 
questions and requested no clarifications, most (n = 4) 
had difficulties with the response options. Some misun-
derstood the scale or reversed the order of ratings, pos-
sibly because only the endpoints were initially labelled. 
Another difficulty in the preferred channel question was 
interpreting it in terms of frequency of use rather than 
preference (“I almost never watch TV, so I don´t know how 
to answer that one”). Similarly, the midpoint of the scale 
in the trustworthiness question was unclear to some. This 
feedback led to the revision of the rating scale and the 
addition of descriptive labels for each point in both ques-
tions (Table 2).

In the channels item, one participant requested the 
question to be repeated. The interpretation issue was 
related to the distinction between Channels and Sources. 
One participant stated, “I don’t trust social media”, which 
suggested an interpretation of source trustworthiness 
rather than channel preference. To address this, the order 
of the questions was changed so that the Source question 
preceded the preferred channel question.

Several interviews (n = 5) yielded suggestions for addi-
tional response categories. For example, internet was 
seen as too broad (“because one can go on the internet 
to look up just information from scientific institutions”), 

so a new option, ’general internet searches‘, was added to 
distinguish it from specific institutional websites. Other 
newly added categories included ’podcasts‘, ’digital and 
AI-based tools‘, and ’other’.

No comprehension issues were reported regarding 
the source trustworthiness question. Participants eas-
ily interpreted its purpose (e.g., “whether I can believe 
the message they are sharing with me, is it impartial”). 
However, some participants (n = 3) had difficulty distin-
guishing between non-governmental organizations and 
research/scientific organizations. These categories were 
simplified, and examples were added in parentheses.

Message characteristics psychometric analyses
The pre-test of 240 participants comprised slightly more 
than half women (51.7%) (Additional file 2). Most partic-
ipants (53.8%) were between 35 and 64 years old, while 
approximately one-fourth were older than 65. More than 
half (56.3%) were married or in a civil partnership. Half of 
the participants (50%) lived in small or mid-sized towns, 
with only 18.3% living in rural areas. Having upper sec-
ondary education was reported by 36.3% of participants, 
while 59.2% were employed. More than one-fifth had dif-
ficulty or great difficulty in making ends meet.

The data of the preferred channels question were 
deemed suitable for factor analysis (KMO = 0.816, 
Bartlett’s χ²(45) = 835.438, p < 0.001). The EFA supported 
the use of a three-factor solution: Traditional broadcast 
media, Digital media/ online interactive platform, and 
Print media and interpersonal (Table  3), accounting for 
50.52% of the total variance, and presented no cross-
loadings. While the three-factor solution showed nega-
tive loadings on the first two factors and positive on the 
third due to oblique rotation—an artefact that does not 
indicate inverse relationships—interpretation is based on 
absolute loading magnitudes exceeding 0.30, identifying 
three distinct channel preference dimensions.

All three factors showed good intra-scale reliability, 
with α = 0.703 for Traditional broadcast media, α = 0.775 
for Digital media/online interactive platform factor, 
and α = 0.752 for Print media and interpersonal factor 
(Table 3).

The data of source trustworthiness question was also 
found to be suitable for EFA (KMO = 0.853, Bartlett’s 
χ²(55) = 1108.620, p < 0.001) and results supported a two-
factor solution : Official sources and Unofficial sources 
(Table 3). The selected solution accounted for 52.11% of 
the total variance and showed no cross-loadings.

Official sources included (i) health professional/
health services, (ii) cancer non-governmental organiza-
tion, (iii) government or governmental institutions, and 
(iv) scientific, research, or academic health institutions 
and organizations. Item loadings ranged from 0.541 to 
0.870. Unofficial sources included (i) family, (ii) friends/
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co-workers, (iii) religious organizations & leaders, (iv) 
general internet searches, (v) social media, (vi) journalists 
and traditional media, and (vii) celebrities or influencers, 
with items loadings ranging from 0.402 to 0.828. Both 
factors showed good reliability, with α = 0.792 for Official 
sources and α = 0.859 for Unofficial sources.

ECAC4 attributes measure
Delphi panel
The 25-item ECAC4 attributes measure was assessed 
through a Delphi panel. Of the 15 invited, five experts 

agreed to participate and completed the first round of 
evaluation via an online consultation. Experts were based 
across Europe and Oceania, with experience in imple-
menting evidence-based interventions across a variety 
of healthcare settings, including primary care, hospi-
tal-based care, community health, and oncology. Fields 
of expertise included implementation science, applied 
health research, behavioural science, public health, and 
health services research. In the second round, one expert 
was unavailable, and two others withdrew from the third 
round due to professional obligations, reducing the 

Table 2  Channel and source questions evaluated in cognitive interviews and pretested
ITEMS Initial items Pretested version
Channel 
question

How much do you like the following ways of receiv-
ing information on reducing cancer risk.

How much do you like the following ways of receiving information about 
cancer risk reduction.

Channel items a) Television
b) Radio
c) Books
d) Newspaper or magazines articles
e) Advertisements (e.g., posters, outdoor 
advertisements)
f ) Health services handouts (e.g., leaflets, pamphlets)
g) Websites
h) Social media
i) Newsletters
j) In person/during a conversation
k) None in particular

a) Television
b) Radio
c) General internet searches (e.g., Google or other internet search en-
gines, Wikipedia or blogs)
d) Websites
e) Social media (e.g., Facebook, Instagram, TikTok, X)
f ) Podcasts
g) Books
h) Paper magazine or newspaper
i) Advertisements (e.g., posters, outdoor advertisements)
j) Health services handouts (e.g., leaflets, pamphlets)
k) In person/during a conversation (e.g., health professional, friends, family)
l) Digital and Artificial Intelligence-based tools (e.g., AI smartphone apps, 
chatbots, virtual assistants like Siri or Alexa)
m) Others

Channel 
response 
categories

1- I don´t like it at all
2 - Dislike it
3 - Neither like it nor dislike it
4 - Like it
5 - Like it a lot

1- Do not like it at all
2 - Dislike it
3 - Neither like it nor dislike it
4 - Like it
5 - Like it a lot

Source 
question

In general, how much would you trust information 
about cancer risk reduction from each of the follow-
ing sources?

NO CHANGE

Source items a) Health professional/ health services
b) Family
c) Friends/co-workers
d) Cancer organization
e) Government
f ) Scientific/research or academic institutions/
societies
g) International public health organizations
h) Religious organizations & leaders
i) Internet Sources (e.g., google, Wikipedia, blogs)
j) Social Media (e.g., Facebook, Instagram, TikTok)
k) Journalists and traditional media (e.g., newspa-
pers, television, radio)
l) Celebrities or influencers
m) Others

a) Health professional/ health services
b) Family
c) Friends/co-workers
d) Cancer non-governmental organization (e.g., National Cancer League)
e) Government or governmental institutions
f ) Scientific, research or academic health institutions and organizations 
(e.g., World Health Organization)
g) Religious organizations & leaders
h) General internet searches (e.g., Google or other internet search en-
gines, Wikipedia or blogs)
i) Social media (e.g., Facebook, Instagram, TikTok, X)
j) Journalists and traditional media (e.g., newspapers, television, radio)
k) Celebrities or influencers
l) Digital and Artificial Intelligence-based tools (e.g., AI smartphone apps, 
chatbots, virtual assistants like Siri or Alexa)
m) Others

Source 
response 
categories

1- Not at all
2 - Slightly
3 - Somewhat
4 – Moderately
5 - A lot

1- Not at all
2 - Slightly
3 - Moderately
4 – A lot
5 – Completely

Bold text indicates changes to the items included in the pre-tested version
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potential third-round panel to two participants. Conse-
quently, the Delphi process was discontinued after the 
second round.

In the first round, 11 items achieved an I-CVI ≥ 0.70 
(Table 5). Nonetheless, all items were reviewed for clarity 
and refined based on qualitative input from the experts. 
Three items (items 1, 10, and 19) required substantial 
revisions, involving partial rewording or rephrasing, 
while several others underwent minor adjustments for 
improved clarity and precision (e.g., items 6, 11, 12, 13, 
15, 16, 18, and 21). For instance, Item 6 was revised from 
’fit into‘ to ’are applicable to‘ (e.g., The European Code 
Against Cancer recommendations are applicable to my 
everyday life).

Despite meeting the defined I-CVI threshold, all 11 
items were retained for the second round to validate their 
revised versions further. One item (item 20) was removed 
due to insufficient clarity and relevance. The remaining 
13 items that did not reach the consensus threshold in 

the first round were refined, amended or newly devel-
oped based on expert suggestions and included in the 
second Delphi round for re-evaluation.

In round 2, 24 items were evaluated. Of these, six still 
did not reach the 70% consensus threshold (items 6, 8, 13, 
14, 22, and 23). One of them (item 23) was subsequently 
eliminated, while the others were further reviewed and 
refined based on the expert’s qualitative input. As previ-
ously mentioned, a third round was not feasible due to 
the anticipated low response rate. Given the small sample 
and in line with a conservative approach to item exclu-
sion, all 23 remaining items were retained for the pre-test 
phase.

Of the 24 items included in the second round, seven 
items remained unchanged from the second round to the 
pre-test version. Of the 16 revised items, five underwent 
substantial revisions (items 6, 13, 14, 22, and 25), most 
of which had an I-CVI of 0.50. Although the ECAC4 
attributes measure was not evaluated through cognitive 

Table 3  Results of the exploratory factor analysis (EFA), separately for (A) preferences for information delivery channels and (B) source 
trustworthiness

Mean (SD) Factor loadings
A. Preferences for information delivery channels Traditional 

broadcast 
media

Digital 
media/ 
online 
interactive 
platform

Print media 
and inter-
personal

  Television 3.53 (1.00) -0.581 -0.233 0.039

  Radio 3.50 (1.04) -0.707 -0.018 0.094

  General internet searches (e.g., Google or other internet search engines, Wikipedia or blogs) 3.79 (0.89) -0.137 -0.860 -0.118

  Websites 3.80 (0.88) 0.057 -0.710 0.155

  Social media (e.g., Facebook, Instagram, TikTok, X) 3.42 (1.14) -0.152 -0.531 0.059

  Podcasts1 3.31 (1.09) (-0.227) (-0.224) (0.284)

  Books 3.79 (0.94) 0.003 -0.071 0.484
  Paper magazine or newspaper 3.69 (0.94) -0.182 0.134 0.726
  Advertisements (e.g., posters, outdoor advertisements) 3.44 (1.11) -0.245 -0.074 0.508
  Health services handouts (e.g., leaflets, pamphlets) 3.76 (0.91) 0.052 0.000 0.777
  In person/during a conversation (e.g., health professional, friends, family) 3.79 (0.95) 0.107 -0.284 0.376
  Others 3.45 (1.10)

B. Trust in information sources Official sources Unofficial 
sources

  Health professional/ health services 3.76 (0.98) 0.774 -0.113

  Family 3.17 (0.92) 0.290 0.402
  Friends/co-workers 3.07 (0.93) 0.132 0.630
  Cancer non-governmental organization 3.40 (0.99) 0.577 0.273

  Government or governmental institutions 3.36 (1.08) 0.541 0.273

  Scientific, research, or academic health institutions and organizations 3.83 (0.98) 0.870 -0.165

  Religious organizations & leaders 2.61 (1.19) -0.045 0.701
  General internet searches (e.g., Google or other internet search engines, Wikipedia or blogs) 3.07 (1.00) 0.103 0.696
  Social media (e.g., Facebook, Instagram, TikTok, X) 2.86 (1.17) -0.150 0.828
  Journalists and traditional media (e.g., newspapers, television, radio) 3.09 (1.00) 0.108 0.664
  Celebrities or influencers 2.50 (1.18) -0.199 0.812
  Others 3.04 (1.18)
1 This item was excluded after the performance of a first model where it showed low loadings in every factor

Bold values indicate the highest factor loading for each item across factors
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interviews, some terminology-related insights from par-
ticipant feedback were incorporated into the final version 
used in the pre-test. All items were revised to consistently 
use the term ‘cancer risk reduction’ rather than ‘cancer 
prevention’ or ‘primary cancer prevention’ (Table 4).

ECAC4 attributes measure psychometric analyses
The suitability of the data for factor analysis was con-
firmed by KMO measures, all exceeding the recom-
mended threshold of 0.70, and by significant Bartlett’s 
tests of sphericity (p < 0.001), indicating sufficient inter-
item correlations for factor structure detection.

All scales demonstrated acceptable to excellent reliabil-
ity and supported the presence of a single factor for each 
attribute (Table 5).

Discussion
The current study aimed to develop and validate a new 
instrument to assess how cancer prevention information, 
particularly the European Code Against Cancer, fourth 
edition (ECAC4), is perceived and received by the public. 
Grounded in two well-established D&I frameworks, Rog-
ers’ Diffusion of Innovations Theory [18] and McGuire’s 
Communication-Persuasion Matrix (McGuire, 1985), 
the study addresses two key gaps: the limited research 
on CPP communication, and the lack of validated instru-
ments to assess innovation attributes in this context.

Overall, the results suggested that the newly devel-
oped instrument (Additional file 3) exhibits satisfactory 
psychometric properties, providing initial evidence of its 
content and structural validity, as well as its internal con-
sistency. These results support its future use in assessing 
public perceptions of CPP information.

Message characteristics
The development of the message characteristics ques-
tions was grounded in McGuire’s Communication-
Persuasion Matrix [16, 17] which situates channel and 
source trustworthiness as critical determinants of suc-
cessful health communication, interacting systemati-
cally with message design and audience characteristics. 
For instance, Arnold and colleagues applied McGuire’s 
framework in a digital health campaign and found that 
persuasion effects—such as trust, attention, and behav-
ioural intent, varied significantly by message source and 
platform [20]. Recent empirical research underscores that 
both perceived expertise and trustworthiness of message 
sources shape how individuals process and respond to 
public health communication, particularly in contexts 
such as CPP and pandemic response [39–41].

The present research found some support for the con-
tent validity of the two questions assessing channel pref-
erence and source trustworthiness, based on theoretical 
rationale and adaptation from relevant literature. Face 

validity, as the comprehensibility component of content 
validity, was supported through cognitive interviews [37]. 
The results provided evidence that participants found the 
items generally clear and understandable, but also high-
lighted issues with response scales, terminology and cat-
egory distinctions. The feedback led to refinements such 
as relabelling the Likert scales, clarifying terms, reorder-
ing items and adding new response categories.

EFA revealed conceptually coherent groupings with 
interpretable factors in both questions, with high factor 
loadings and internal consistency (Cronbach’s α values 
above 0.70 for both source and channel questions) sup-
porting the reliability and validity of the scales. This indi-
cates the theoretical coherence of the instrument [36]. 
The exclusion of one response item (podcasts) that did 
not load into any of the three factors does not compro-
mise the face or content validity of the question, as the 
original item format and response logic were preserved, 
and an open-ended “Other” category ensured flexibility 
in capturing additional options.

ECAC4 attributes
Rogers’ Diffusion of Innovations Theory was used as the 
framework for measuring the five characteristics of 
ECAC4 as an innovation: relative advantage, compat-
ibility, complexity, trialability, and observability [42]. The 
study developed and validated a scale that is particu-
larly relevant for non-clinical, population-level contexts, 
addressing critical gaps identified by Lewis and col-
leagues [23], who highlighted the scarcity of instruments 
assessing how audiences perceive the characteristics of 
health innovations.

Content validity of the ECAC4 attributes measure was 
established through a two-round Delphi panel. Still, due 
to participant attrition in the second round, a common 
limitation in Delphi studies [30, 31], the process was 
discontinued before full consensus could be reached for 
all items. As a result, a decision was made to retain five 
items that had not yet met the consensus threshold; these 
were adapted based on expert qualitative feedback and 
included in the pre-test phase. Additionally, several items 
that had technically reached consensus were further 
revised based on expert comments regarding clarity and 
conceptual alignment. Expert comments provided sub-
stantive qualitative feedback that proved crucial for item 
refinement focused on alignment with Rogers’ theoretical 
framework and conceptual precision, rather than whole-
sale rejection of item content. The decision to revise the 
five items that did not reach the 70% consensus threshold 
after Round 2 was supported by: (1) alignment of item 
content with established operationalizations of Rogers’ 
innovation attributes in the literature, (2) the theoretical 
necessity of representing each of the five attributes (rela-
tive advantage, compatibility, complexity, trialability, 
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FIRST ROUND (n = 5) SECOND ROUND (n = 4) PRE-TESTED VERSION
I-CVI Mean 

(SD)
I-CVI Mean 

(SD)
ADVANTAGE *1. It’s useful to have 

the main cancer pre-
vention recommenda-
tions summarised in a 
single place.

0.8 3.2(1.3) *1. There are so many different 
recommendations about 
preventing cancer that the 
European Code Against Cancer 
makes it easier to know which 
ones to follow.

1 3.5(0.6) 1. There are so many differ-
ent recommendations about 
cancer risk reduction that 
the European Code Against 
Cancer makes it easier to 
know which ones to follow.

2. The European Code 
Against Cancer can 
help to improve my 
health.

0.6 2.4(0.9) *2. Compared to other 
sources and materials I have 
encountered, the European 
Code Against Cancer is a bet-
ter way to learn about cancer 
prevention.

0.75 3(1.4) 2. Compared to other 
sources and materials I have 
encountered, the European 
Code Against Cancer is a 
better way to learn about 
cancer risk reduction.

3. The European 
Code Against Cancer 
provides very useful 
information.

0.6 2.4(0.9) *3. The European Code 
Against Cancer provides more 
useful information on cancer 
prevention compared to other 
informational material.

0.75 3.3(1.5) 3. The European Code 
Against Cancer provides 
more useful information 
on cancer risk reduction 
compared to other sources 
and materials.

4. The European Code 
Against Cancer can 
help me to engage in 
healthier behaviours.

0.6 2.4(0.9) *4. I find the European Code 
Against Cancer more practi-
cal, than other sources or 
materials, because it details the 
specific actions, I can take to 
decrease cancer risk.

1 3(1.4) 4. I find the European Code 
Against Cancer more practi-
cal than other sources or 
materials, because it details 
the specific actions, I can 
take to decrease cancer risk.

5. It is very important 
that the public gets to 
know the European 
Code Against Cancer.

0.6 2.2(1.6) *5. Using the European Code 
Against Cancer to learn about 
reducing cancer risk is more 
convenient than searching for 
the information myself.

1 3.3(0.5) 5. It’s more convenient 
to use the European Code 
Against Cancer than to look 
for the information for all 
the different recommen-
dations to reduce cancer 
risk.

COMPATABILITY *6. The European Code 
Against Cancer recom-
mendations fit into my 
everyday life.

0.8 3.2(0.8) 6. The European Code Against 
Cancer recommendations are 
applicable to everyday life.

0.5 2.5(0.6) 6. The European Code 
Against Cancer feels like 
it’s made for someone 
like me.

7. The European Code 
Against Cancer recom-
mendations align with 
the way I manage my 
health.

0.6 2.8(0.8) *7. The European Code Against 
Cancer recommendations 
address my specific concerns 
about cancer prevention.

0.75 2.5(1) 7. The European Code 
Against Cancer recom-
mendations cover all my 
potential concerns about 
cancer risk reduction.

8. The European 
Code Against Cancer 
presents information 
that fits the way I 
prefer to obtain health 
information.

0.4 2.6(1.1) 8. The European Code Against 
Cancer recommendations are 
consistent with the way I have 
received health-related advice 
in the past.

0.5 2.3(1.3) 8. The European Code 
Against Cancer fits with 
how I stay informed about 
health.

9. Adopting the 
European Code Against 
Cancer recommenda-
tions into my day-
to-day life would be 
met with approval by 
friends and family.

0.6 2.6(1.5) *9. Friends and family would 
approve of me adopting the 
European Code Against Cancer 
recommendations into my life.

0.75 3(1.4) 9. My friends and fam-
ily would approve of me 
following the Euro-
pean Code Against Cancer 
recommendations.

*10. I can see myself 
adopting the European 
Code Against Cancer 
recommendations.

0.8 3.4(1.3) *10. My previous experiences 
with health prevention infor-
mation make the European 
Code Against Cancer recom-
mendations feel familiar.

0.75 2.5(1) 10. My past experiences 
with health advice make 
the European Code Against 
Cancer recommendations 
feel familiar.

Table 4  Delphi round of the ECAC4 innovation attributes
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FIRST ROUND (n = 5) SECOND ROUND (n = 4) PRE-TESTED VERSION
I-CVI Mean 

(SD)
I-CVI Mean 

(SD)
COMPLEXITY *11. The European 

Code Against Cancer 
recommendations are 
easy to understand.

1 4(0) *11. All of the European Code 
Against Cancer recommenda-
tions are easy to understand.

0.75 3(1.4) 11. All of the European Code 
Against Cancer recom-
mendations are easy to 
understand.

*12. The European 
Code Against Cancer 
recommendations are 
easy to follow.

1 3.8(0.4) *12. The European Code 
Against Cancer recommen-
dations are easy to put into 
practice.

1 3.8(0.5) 12. The European Code 
Against Cancer recommen-
dations are easy to put into 
practice.

*13. The European 
Code Against Cancer 
recommendations are 
easy to remember.

0.8 3(1.2) *13. The European Code 
Against Cancer recommenda-
tions are so straightforward 
that are easy to remember.

0.5 2.3(1.5) 13. The European Code 
Against Cancer is a simple 
way to help people learn 
about preventing cancer.

14. The European Code 
Against Cancer recom-
mendations can be 
adopted without too 
much effort.

0.6 2.6(1.5) 14. I feel confident in my ability 
to carry out the European 
Code Against Cancer recom-
mendations without further 
explanation from healthcare 
professionals.

0.5 2.5(1.3) 14. Following the Euro-
pean Code Against Cancer 
doesn’t require special 
skills or knowledge.

*15. The European 
Code Against Cancer 
recommendations 
are easy to explain to 
others.

0.8 3.4(0.9) *15. The European Code 
Against Cancer recommenda-
tions are simple enough that 
I can easily explain them to 
others.

0.75 2.8(1.3) 15. The recommendations in 
the European Code Against 
Cancer are easy to explain 
to others.

TRIALABILITY *16. The European 
Code Against Cancer 
recommendations 
can be tested in my 
day-to-day life before 
definitely adopting 
them.

1 3.8(0.4) *16. The European Code 
Against Cancer recommenda-
tions can be tested for a week 
or a month in my day-to-day 
life before definitely adopting 
them.

1 3.5(0.6) 16. The European Code 
Against Cancer recommen-
dations can be tested for a 
month in my day-to-day life 
before fully adopting them.

17. I would like to know 
how the European 
Code Against Cancer 
recommendations can 
reduce my cancer risk.

0.4 2(1) *17. I can easily test the 
European Code Against Cancer 
recommendations without 
disrupting my current lifestyle 
too much.

0.75 2.8(0.5) 17. The European Code 
Against Cancer feels flex-
ible enough to apply to 
my current way of living.

*18. The European 
Code Against Cancer 
recommendations can 
be gradually adopted 
in my day-to-day life.

0.8 3(1.2) *18. I can try out the different 
European Code Against Cancer 
recommendations, one at 
a time, before deciding to 
implement any of them in my 
day-to-day life.

1 3.5(0.6) 18. I can try out the different 
European Code Against Can-
cer recommendations, one 
at a time, before deciding to 
implement any of them in 
my day-to-day life.

*19. I can decide which 
of the European Code 
Against Cancer recom-
mendations I adopt in 
my day-to-day life.

0.8 3.4(1.3) *19. I see myself trying to 
adopt the European Code 
Against Cancer recommenda-
tions in my day-to-day life.

1 3.5(0.6) 19. I see myself trying to 
adopt the European Code 
Against Cancer recommen-
dations in my day-to-day life.

20. I would like to 
see how others 
adopt the European 
Code Against Cancer 
recommendations.

0.2 2(0.7) ELIMINATED

Table 4  (continued) 
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and observability) with adequate item coverage, and (3) 
psychometric data of all revised items in the subsequent 
pre-test phase, where all five subscales demonstrated 
unidimensionality and acceptable-to-excellent internal 
consistency. While the post-Delphi may raise concerns 
regarding issues like the robustness of the content valid-
ity evidence, they reflect adaptive refinement aimed at 
improving item interpretability [31].

Structural validity was supported by the results of EFA. 
Each of the five innovation attributes subscales demon-
strated unidimensionality, strong factor loadings (all 
> 0.50), and high internal consistency (α ranging from 
0.714 to 0.831). The results suggest that items within each 
subscale converge on a common latent construct, align-
ing with theoretical expectations from the literature on 
innovation attributes, and reinforcing that the instru-
ment is measuring what it was designed to measure.

Limitations
This study has several limitations. First, the cognitive 
interviews used to assess face validity involved only 
six participants, potentially overlooking comprehen-
sion issues across diverse populations. Second, par-
ticipant attrition in the Delphi panel may have reduced 
the strength of content validity consensus. Although 
response rates between 33% and 53% have been reported 
in e-Delphi studies involving expert panels [30], suggest-
ing that the initial participation rate in this study (33%) is 
within the range documented in similar research; content 
validity evidence is based on a combination of quantita-
tive consensus metrics from the Delphi rounds and quali-
tative expert input, rather than full iterative validation of 
all final item versions. This limitation is somewhat miti-
gated by the psychometric data observed in the pre-test, 
but it nonetheless represents a constraint on the compre-
hensiveness of the content validation process. This caveat 
may be particularly relevant considering that the instru-
ment included newly developed items, even though these 

FIRST ROUND (n = 5) SECOND ROUND (n = 4) PRE-TESTED VERSION
I-CVI Mean 

(SD)
I-CVI Mean 

(SD)
OBSERVABILITY *21. The benefits of 

adopting the European 
Code Against Cancer 
recommendations are 
visible.

0.8 3.2(1.3) *21. The benefits of adopting 
the European Code Against 
Cancer recommendations are 
noticeable.

1 3.5(0.6) 21. The benefits of adopting 
the European Code Against 
Cancer recommendations 
to reduce cancer risk are 
noticeable.

22. There is evidence 
that the European 
Code Against Cancer 
recommendations 
leads to better health 
results.

0.6 2.8(1.3) 22. There is clear evidence that 
following the European Code 
Against Cancer recommenda-
tions can reduce cancer risk.

0.5 2.5(1.3) 22.My healthcare provid-
ers recognize the benefits 
of following the Euro-
pean Code Against Cancer 
recommendations.

23. It is usual to 
see others adopt-
ing the European 
Code Against Cancer 
recommendations.

0.4 2.6(1.5) 23. I am more likely to adopt 
the European Code Against 
Cancer recommendations 
because I have seen the posi-
tive impact of following the 
recommendations on others 
around me.

0.2 2.8(1) ELIMINATED

24. I would have no 
difficulty telling friends 
and family about the 
benefits of adopt-
ing the European 
Code Against Cancer 
recommendations.

0.6 2.6(1.5) *24. I frequently encounter ex-
amples in the media that show 
the effectiveness of adopting 
the European Code Against 
Cancer recommendations on 
decreasing cancer risk.

0.75 2.8(1.3) 24. I frequently encounter 
examples in the media that 
show the effectiveness of 
adopting the European 
Code Against Cancer recom-
mendations on decreasing 
cancer risk.

25. If I adopt the 
European Code Against 
Cancer recommenda-
tions others would see 
changes in my overall 
health.

0.6 2.8(1.3) *25. If I follow all the European 
Code Against Cancer recom-
mendations, I believe I will 
significantly reduce my risk of 
cancer.

0.75 2.8(1.3) 25. I see that people 
who do not follow the 
European Code Against 
Cancer recommendations 
have a greater likelihood 
of developing cancer.

I-CVI Item Content Validity Index

* Items achieving the threshold of 70% agreement, and Bold text indicates changes to the items included in the pre-tested version

Bold values indicate the highest factor loading for each item across factors

Table 4  (continued) 
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were conceptually informed by existing instruments 
using Rogers Diffusion of Innovation theory. Third, the 
channel preference and source trustworthiness questions 
were not validated by experts, while the ECAC4 attri-
butes measure was not assessed by target population in 
the cognitive interviews. According to COSMIN guide-
lines [37] content validity requires confirmation of item 
relevance, comprehensiveness, and comprehensibility, 
which may be obtain through input from experts, mem-
bers of the target population, or from both.

Implications and future directions
Overall, this newly developed and validated question-
naire can be used to identify communication gaps in CPP, 
tailor dissemination strategies to sub-population prefer-
ences, and inform message design that optimizes source-
channel alignment. This instrument can support efforts 
by identifying groups less likely to perceive the benefits of 
adopting CPP recommendations, thereby enabling cam-
paign designers to address specific barriers.

Future research could explore how differences in the 
perception of innovation attributes are associated with 
variations in cancer literacy and health outcomes, or 

Table 5  Results of the exploratory factor analysis for ECAC4 attributes measure
Mean (SD) Factor 

loadings
α Eigenvalue Variance 

explained
A. Relative advantage 0.831 2.531 50.62%

  Compared to other sources and materials I have encountered, the ECAC is a better way 
to learn about cancer risk reduction.

3.55 (0.92) 0.846

  There are so many different recommendations about cancer risk reduction that the 
ECAC makes it easier to know which ones to follow.

3.65 (0.88) 0.700

  The ECAC provides more useful information on cancer risk reduction compared to other 
sources and materials.

3.68 (0.81) 0.665

  I find the ECAC more practical than other sources or materials, because it details the 
specific actions, I can take to decrease cancer risk.

3.74 (0.88) 0.720

  It’s more convenient to use the ECAC than to look for the information for all the differ-
ent recommendations to reduce cancer risk.”

3.67 (0.95) 0.603

B. Compatibility 0.823 2.412 48.25%

  The ECAC feels like it’s made for someone like me. 3.50 (0.86) 0.700

  The ECAC recommendations cover all my potential concerns about cancer risk 
reduction.

3.53 (0.91) 0.734

  The ECAC fits with how I stay informed about health. 3.62 (0.91) 0.709

  My friends and family would approve of me following the ECAC recommendations. 3.65 (0.90) 0.647

  My past experiences with health advice make the ECAC recommendations feel familiar. 3.63 (0.90) 0.681

C. Complexity 0.770 2.030 40.59%

  All of the ECAC recommendations are easy to understand. 3.76 (0.87) 0.669

  The ECAC recommendations are easy to put into practice. 3.62 (0.86) 0.526

  The ECAC is a simple way to help people learn about preventing cancer. 3.88 (0.81) 0.618

  Following the ECAC doesn’t require special skills or knowledge. 3.70 (0.94) 0.675

  The recommendations in the ECAC are easy to explain to others. 3.79 (0.86) 0.683

D. Trialability 0.714 1.543 38.57%

  The ECAC recommendations can be tested for a month in my day-to-day life before 
fully adopting them.

3.63 (0.84) 0.659

  The ECAC feels flexible enough to apply to my current way of living. 3.67 (0.86) 0.594

  I can try out the different ECAC recommendations, one at a time, before deciding to 
implement any of them in my day-to-day life.

3.62 (0.89) 0.646

  I see myself trying to adopt the ECAC recommendations in my day-to-day life. 3.70 (0.86) 0.582

E. Observability 0.776 1.918 47.94%

  The benefits of adopting the ECAC recommendations to reduce cancer risk are 
noticeable.

3.67 (0.89) 0.550

  My healthcare providers recognise the benefits of following the ECAC 
recommendations.

3.63 (0.81) 0.793

  In places where the ECAC is promoted, people seem more aware of how to reduce their 
cancer risk.

3.61 (0.87) 0.691

  I frequently encounter examples in the media that show the effectiveness of adopting 
the ECAC recommendations on decreasing cancer risk.

3.42 (0.96) 0.713

ECAC European Code Against Cancer
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how sociodemographic characteristics shape the trust-
worthiness of individuals in information sources and in 
their preferences for specific communication channels. 
Further validity work is also warranted, including CFA 
and tests of measurement invariance across key popula-
tion groups (like, for instance, based on age, gender, or 
geographic region), to ensure the robustness and appli-
cability of the instrument in diverse contexts. Subsequent 
studies can also examine how the instrument relates to 
outcomes such as cancer awareness or behavioural inten-
tion to test the predictive measurements of these items.

Another promising direction would be to adapt and 
validate the instrument in different cultural or linguistic 
contexts, enabling cross-country comparisons and sup-
porting the development of more globally relevant CPP 
communication strategies.

Conclusion
This study presents a newly developed and validated 
instrument for evaluating public responses to CPP mes-
saging. By integrating key constructs from two frame-
works, and assessing both content and structural validity, 
the instrument addresses a critical gap in CPP communi-
cation studies. This instrument offers a robust framework 
to systematically measure key determinants of message 
uptake, including source trustworthiness, communica-
tion channels, and the perceived attributes of preventive 
innovations and can potentially contribute to the design 
and implementation of tailored dissemination strategies, 
thereby strengthening CPP efforts across diverse popula-
tion segments.
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