Supplementary Material S5
Detailed Evaluation Results
This supplementary material presents the detailed evaluation findings from Puerta Politécnica al Cosmos (2024). Following editorial recommendations, descriptive survey results, inferential analyses, and qualitative findings have been removed from the main manuscript and consolidated here. These results constitute the empirical evidence underpinning the integrated analysis, the recurring implementation conditions and the implementation insights presented in the Practice Insight.
Analytical note. The analyses presented in this supplementary material were conducted independently for each data source using procedures appropriate to their quantitative and qualitative characteristics. Visitor and collaborator questionnaires generated quantitative indicators together with coded qualitative thematic evidence derived from open-ended responses, whereas the student interviews generated binary-coded qualitative evidence through source-specific qualitative codebooks and binary case-by-code matrices.
The resulting quantitative indicators, coded qualitative thematic evidence and binary-coded interview case frequencies were subsequently incorporated into a comparative analytical matrix organised around the shared analytical dimensions described in the main manuscript. Analytical triangulation was then conducted through iterative comparison and integrated interpretation of the complementary evidence, leading to the identification of the recurring implementation conditions presented in Table 2. Transferable implementation insights were subsequently derived through interpretation of these recurring implementation conditions.
Figure S5.1 summarises this analytical pathway from the independent analyses of the three data sources to the recurring implementation conditions and the transferable implementation insights reported in the main manuscript.
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S5.1 Visitor Survey Results (N = 404)
S5.1.1 Participant profile
The event primarily reached audiences from the metropolitan area of Southern Tamaulipas, including Altamira (52.2%), Tampico (25.0%), and Ciudad Madero (18.3%). Participants were predominantly young (M = 17.8 years), with the largest age group being 12–17 years (49.5%), followed by those aged 18–24 years (19.8%). Most respondents identified as students (86.6%), and 78.1% reported attending a science communication activity for the first time.
S5.1.2 Dissemination channels and motivations for attendance
Information about the event circulated mainly through educational institutions (82.3%), followed by social media (9.2%) and word-of-mouth communication (6.7%). The primary motivation for attending was interest in science and astronomy-related topics (48.1%), followed by children’s activities (14.3%), talks and lectures (8.8%), and workshops (8.3%).
S5.1.3 Participation by activity
The highest levels of self-reported participation were associated with the Mobile Polytechnic Planetarium (57.4%, n = 232), the Images of the Cosmos exhibition (41.6%, n = 168), and the Cosmic Kids workshop (41.1%, n = 166), followed by talks and lectures (27.7%, n = 112) and videos (27.5%, n = 111). All remaining activities registered participation levels of 13.1% or less.
S5.1.4 Satisfaction with the event
Visitor satisfaction was high across all evaluated dimensions.
Table S5.1. Visitors’ overall satisfaction across five dimensions at Puerta Politécnica al Cosmos(Likert 1–5)
	Dimension
	Valid n
	Mean
	SD

	Overall organisation of the event
	399
	4.22
	1.12

	Variety of activities
	398
	4.15
	1.11

	Clarity of scientific explanations
	404
	4.12
	1.13

	Accessibility and logistics (location, transport, schedule)
	398
	4.04
	1.07

	Relevance of the topics
	398
	4.21
	1.03


Note. Scale 1–5: 1 = Very dissatisfied, 5 = Very satisfied. Valid n corresponds to complete responses per item and may vary due to non-response. Each dimension was measured using a single-item indicator.
S5.1.5 Activities most valued by visitors
Thematic analysis of the open-ended responses identified the Mobile Polytechnic Planetarium as the most frequently mentioned activity, followed by the Images of the Cosmos exhibition, talks and lectures, the Cosmic Kids workshop, and astronomical observation activities.
Table S5.2. Activities most frequently mentioned as valued by visitors (thematic analysis of an open-ended item)
	Activities mentioned as most valued
	Illustrative quote
	Frequency

	Mobile Polytechnic Planetarium
	“The planetarium was the best; I loved seeing the universe.”
	158

	Images of the Cosmos exhibition
	“The images of the cosmos are beautiful and well explained.”
	30

	Talks and lectures
	“The talks were interesting and clear.”
	26

	‘Cosmic Kids’ workshop
	“I really liked Cosmic Kids; it was fun.”
	19

	Astronomical observation workshop (day/night)
	“Looking through the telescope was the most exciting.”
	18

	All activities
	“I liked all the activities.”
	15

	Videos
	“The videos helped me understand better.”
	13

	Hydropropelled rocket exhibition/demonstration
	“When they launched the rocket…”
	6

	Workshop ‘Introduction to Rocketry’ (propulsion)
	“The rocket propulsion…”
	4

	Astrophotography
	“I liked learning about astrophotography.”
	1

	Not specified / vague response / no response (open-ended mentions)
	
	129


Note. Frequencies represent counts of mentions in the open-ended question. Responses could include more than one activity; therefore, totals may exceed the number of respondents. Frequencies reflect salience and perceived value rather than actual participation rates.
S5.1.6 Areas for improvement
Participants identified several opportunities for improvement, including audio-visual conditions within the Mobile Polytechnic Planetarium, comfort and visitor flow, time allocation, accessibility and transport, and activity variety.
Table S5.3. Reported areas for improvement in visitor experience (thematic analysis of an open-ended item)
	Areas for improvement mentioned
	Illustrative quote
	Frequency

	Accessibility/transport
	“Transport was missing or it was difficult to get there.”
	10

	Clarity/mediation
	“Explain a bit more slowly and with examples.”
	7

	More activities / greater variety
	“Add more activities and dynamics.”
	11

	More time / pacing of the route
	“More time at each activity; it feels rushed.”
	12

	Planetarium: audio-visual quality
	“The sound was low and sometimes the image was hard to see.”
	21

	Planetarium: general aspects (comfort, turns, heat, etc.)
	“It was very hot inside and the queues were long.”
	22

	Organisation/flow (sequence, signage, registration, queues)
	“More signage to know where to go.”
	2

	Resources/capacity (capacity, queues, telescopes, crowding)
	“There were too many people; more slots/capacity were needed.”
	3

	No improvements
	“Everything was fine; I would not change anything.”
	105

	Not specified / vague response / no response (open-ended mentions)
	
	214


Note. Frequencies represent counts of mentions in the open-ended question. Responses could include more than one issue. Frequencies should be interpreted as indicators of perceived concerns rather than direct measures of operational performance.
S5.1.7 Perceived learning, interest and community relevance
Reported interest in science increased from 62.9% in retrospective pre-event assessments to 77.8%, with 304 of 391 valid respondents reporting increased interest in science. Likewise, 357 of 393 valid respondents reported having learned something new during the initiative.
In addition, 394 respondents considered the initiative important for the local community, whereas 380 respondents indicated willingness to participate in future editions, corresponding to 97.5% and 94.1% of the visitor sample, respectively.
These findings reflect immediate post-event perceptions and retrospectively reported changes in interest in science. 
S5.1.8 Inferential analyses by audience group
Additional analyses explored possible differences according to occupation (students versus non-students) and age group (<18 versus 18+ years).
Table S5.4. Inferential comparisons by occupation (students versus non-students)
	Dimension
	Students M (SD) [n]
	Community M (SD) [n]
	p
	r

	Organisation
	4.19 (1.09) [345]
	4.37 (1.28) [54]
	0.013
	0.113

	Variety
	4.13 (1.08) [344]
	4.30 (1.27) [54]
	0.028
	0.101

	Clarity
	4.09 (1.10) [350]
	4.28 (1.35) [54]
	0.012
	0.116

	Accessibility/logistics
	4.02 (1.03) [344]
	4.15 (1.29) [54]
	0.058
	0.090

	Relevance
	4.18 (1.00) [344]
	4.37 (1.20) [54]
	0.010
	0.118


Note. Mann–Whitney U tests were used for Likert-type items. Effect sizes are reported as r.
Table S5.5. Inferential comparisons by age (<18 versus 18+ years)
	Dimension
	<18 M (SD) [n]
	18+ M (SD) [n]
	p
	r

	Organisation
	4.15 (1.11) [274]
	4.35 (1.13) [124]
	0.008
	0.120

	Variety
	4.12 (1.08) [273]
	4.23 (1.16) [124]
	0.101
	0.076

	Clarity
	4.06 (1.11) [279]
	4.23 (1.18) [124]
	0.023
	0.105

	Accessibility/logistics
	3.95 (1.07) [273]
	4.23 (1.04) [124]
	0.003
	0.140

	Relevance
	4.15 (1.00) [273]
	4.32 (1.09) [124]
	0.010
	0.118


Note. Mann–Whitney U tests were used for Likert-type items. Effect sizes are reported as r.
Table S5.6. Interest increase comparisons by occupation
	Indicator
	Students yes/valid n (%)
	Community yes/valid n (%)
	p
	Cramér’s V

	Increase in interest (Yes)
	261/338 (77.2%)
	43/53 (81.1%)
	0.646
	0.023

	Learned something new (Yes)
	306/339 (90.3%)
	51/54 (94.4%)
	0.462
	0.037


Note. Pearson’s χ² tests were used for dichotomous indicators. Effect sizes are reported as Cramér’s V.
Table S5.7. Interest and learning comparisons by age
	Indicator
	<18 yes/valid n (%)
	18+ yes/valid n (%)
	p
	Cramér’s V

	Increase in interest (Yes)
	203/266 (76.3%)
	100/124 (80.6%)
	0.409
	0.042

	Learned something new (Yes)
	241/268 (89.9%)
	115/124 (92.7%)
	0.478
	0.036


Note. Pearson’s χ² tests were used for dichotomous indicators. Effect sizes are reported as Cramér’s V.
S5.2 Collaborator Survey Results (N = 30)
S5.2.1 Collaborator profile
The collaborator survey comprised 30 individuals directly involved in the planning, organisation and delivery of Puerta Politécnica al Cosmos. Participants fulfilled complementary organisational roles, including organisers, workshop facilitators, speakers and logistical support staff, thereby providing the organisational perspective incorporated into the analytical triangulation.
Most collaborators reported previous experience in science communication activities aimed at the general public. Eighteen collaborators indicated having participated in outreach activities on several previous occasions, seven reported limited previous experience in similar initiatives, and five stated that this was their first experience in science communication. Likewise, most collaborators had previously participated in activities comparable to Puerta Politécnica al Cosmos, such as astronomy workshops, astronomical observation sessions or mobile planetarium activities.
These variables characterise the organisational team responsible for programme implementation and are presented to contextualise the organisational perspective incorporated into the triangulation.
S5.2.2 Organisational implementation
Collaborators consistently evaluated the organisational implementation of the initiative positively, indicating that programme delivery was supported by favourable organisational conditions throughout the three-day event.
Overall organisational coordination received particularly favourable evaluations. Most collaborators also reported receiving sufficient operational information before programme delivery, having access to the resources required for their activities and feeling adequately prepared to interact with visitors.
Table S5.8. Organisational implementation indicators reported by collaborators (N = 30)

	Organisational indicator
	n
	%

	Organisation rated 5/5
	21
	70.0

	Organisation rated 4/5
	9
	30.0

	Information was clear and timely
	25
	83.3

	Would have preferred more detail
	4
	13.3

	Resources functioned adequately
	22
	73.3

	Minor logistical/technical difficulties
	8
	26.7

	Felt very well prepared
	15
	50.0

	Felt reasonably prepared
	14
	46.7

	Did not feel adequately prepared
	1
	3.3


Note. Percentages are calculated using the total collaborator sample (N = 30). Workshop-related items were summarised only when applicable. These indicators describe organisational conditions perceived by collaborators during programme implementation.
S5.2.3 Public engagement as perceived by collaborators
Collaborators consistently perceived high levels of visitor attendance, participation and engagement throughout programme implementation.
Attendance at activities was generally considered high, while visitor participation was described as active and consistent. Likewise, collaborators perceived high levels of public interest in the scientific topics presented and considered that visitors generally understood the scientific content delivered during the initiative.
Table S5.9. Public engagement indicators as perceived by collaborators (N = 30)
	Indicator
	Result

	High attendance
	28 (93.3%)

	Active and consistent participation
	26 (86.7%)

	Public interest in scientific topics
	M = 4.63 / 5.00

	Visitors' perceived understanding
	M = 4.30 / 5.00


Note. Attendance and participation are presented as frequencies and percentages. Interest and perceived understanding correspond to mean scores on five-point Likert scales.
Unlike the visitor survey, which documents participants' immediate post-event experiences, these indicators represent collaborators' organisational perceptions of visitor engagement during programme implementation.
S5.2.4 Perceived programme impact
Collaborators also evaluated the broader contribution of the initiative to public engagement with science and identified relatively few operational barriers during programme implementation.
Most collaborators reported observing no significant implementation barriers. Among those identifying operational difficulties, the most frequently reported issues involved visitors' lack of prior information regarding some activities, followed by communication-related barriers and access or mobility constraints.
Similarly, collaborators considered the initiative to have made a positive contribution to science communication and to the promotion of scientific vocations among children and young people.
Table S5.10. Programme impact and implementation barriers perceived by collaborators (N = 30)
	Indicator
	n
	%

	No significant implementation barriers observed
	21
	70.0

	Lack of prior visitor information
	5
	16.7

	Communication barriers
	2
	6.7

	Access or mobility difficulties
	2
	6.7

	Excellent opportunity to bring science closer to society
	26
	86.7

	Contributes to fostering scientific vocations
	24
	80.0


Note. Percentages are based on the total collaborator sample (N = 30). Programme impact reflects collaborators' organisational perceptions rather than direct participant self-reports.
S5.2.5 Operational recommendations
Qualitative analysis of the open-ended recommendations (Question 23) identified several recurring priorities for strengthening future editions of the initiative. Unlike the quantitative indicators presented above, these findings represent collaborators' operational recommendations derived from thematic coding of the open-ended responses.
Recommendations concentrated on strengthening organisational logistics, improving accessibility to the venue, increasing technical resources and staffing levels, enhancing communication and publicity, and refining scheduling procedures for organised school visits. Several collaborators also suggested incorporating additional interactive activities to enrich visitor participation.
Table S5.11. Operational recommendations identified from collaborators' open-ended responses (Question 23)
	Operational recommendation
	Illustrative quotation
	Mentions (n)

	Activities and visitor experience
	“Introduce games or a rally so participants can learn while interacting.”
	7

	Accessibility, location and transport
	“The institute is far from the city and there is no public transport.”
	6

	Organisation and logistics
	“Improve organisation and coordination during the event.”
	6

	Equipment and technical resources
	“Improve the sound quality and image of the mobile planetarium.”
	6

	Staffing and operational support
	“Increase the number of staff during peak attendance.”
	5

	External communication and publicity
	“Increase promotion through social media and local media.”
	5

	Scheduling and visitor flow
	“Improve scheduling for schools and reduce waiting times.”
	5

	Internal communication
	“Communication between staff and organisers should be clearer.”
	1

	No improvements suggested
	“None.”
	2


Note. Frequencies represent thematic mentions identified through qualitative coding of the responses to Question 23. Individual responses could receive multiple thematic codes; therefore, totals exceed the number of collaborators. Quotations are reproduced with minor editorial corrections while preserving their original meaning.
S5.2.6 Analytical contribution of collaborator evidence
Taken together, the collaborator survey provides the organisational perspective underpinning the analytical triangulation developed in the main manuscript. Whereas the visitor survey documents participants' immediate experiences and the interviews capture retrospective interpretations, the collaborator survey contributes evidence concerning organisational coordination, operational implementation, visitor engagement as perceived by the implementation team, and priorities for future programme development.
Accordingly, the quantitative indicators presented in Sections S5.2.2–S5.2.4 constitute the principal organisational evidence incorporated into the recurring implementation conditions summarised in Table 2 of the main manuscript, while the qualitative recommendations presented in Section S5.2.5 complement the interpretation of the implementation condition related to operational constraints and future programme development.
S5.3 Semi-structured Student Interviews (N = 40)
S5.3.1 Participant profile
The interview sample comprised forty students recruited independently of the visitor survey. To maximise variation across educational trajectories, the sample included ten participants from each educational level represented in the study (primary school, lower secondary school, upper secondary school and undergraduate education). Interviews were conducted after completion of the event in order to document participants' retrospective interpretations of programme implementation, perceived learning and recommendations for future editions.
Unlike the visitor and collaborator surveys, whose qualitative findings are summarised as coded thematic mentions, the interview evidence is presented as binary-coded case frequencies derived from the qualitative coding matrices (Supplementary Material S1A). Consequently, each frequency represents the number of interviewees for whom sufficient evidence of a given code was identified rather than the number of textual mentions.
S5.3.2 Activities most frequently recalled
Interview transcripts were analysed through binary thematic coding using the qualitative codebook presented in Supplementary Material S1A. Each activity was coded once per interview when sufficient qualitative evidence was identified. Consequently, frequencies represent the number of interviewees recalling each activity rather than the total number of textual mentions.
The Mobile Polytechnic Planetarium was recalled by all interviewees (n = 40; 100.0%), followed by participatory workshops (n = 32; 80.0%), the Images of the Cosmos exhibition (n = 24; 60.0%), scientific videos (n = 23; 57.5%), astronomical observation (n = 21; 52.5%) and scientific talks (n = 12; 30.0%). Overall, 39 interviewees evaluated the overall organisation positively.
S5.3.3 Binary-coded interview indicators contributing to the integrated implementation conditions
Table S5.12. Binary-coded interview indicators contributing to the integrated implementation conditions (N = 40)
	Implementation condition
	Indicator
	n (%)

	Immersive educational experiences
	Mobile Polytechnic Planetarium recalled
	40 (100.0)

	
	Participatory workshops
	32 (80.0)

	
	Images of the Cosmos exhibition
	24 (60.0)

	
	Scientific videos
	23 (57.5)

	
	Astronomical observation
	21 (52.5)

	
	Scientific talks
	12 (30.0)

	Organisational coordination
	Overall organisation evaluated positively
	39 (97.5)

	
	Overcrowding reported
	10 (25.0)

	
	Image-quality issues
	10 (25.0)

	
	Audio-quality issues
	8 (20.0)

	Participant engagement and perceived learning
	Retrospectively reported learning something new
	37 (92.5)

	
	Retrospectively perceived increased knowledge
	27 (67.5)

	
	Reinforced previous knowledge
	3 (7.5)

	
	No substantial change
	5 (12.5)

	
	Sought additional science-related information
	14 (35.0)

	
	Shared learning with others
	37 (92.5)

	
	Improve audio-visual conditions
	14 (35.0)

	Operational constraints and future programme development
	Increase resources or visitor capacity
	11 (27.5)

	
	Improve visitor circulation and internal organisation
	2 (5.0)

	
	
	


Note. Frequencies were derived from binary coding of the complete interview transcripts according to the operational definitions specified in the qualitative codebook (Supplementary Material S1A). Each indicator represents the number of interviewees for whom sufficient qualitative evidence was identified. Multiple codes could be assigned to the same interview; therefore, frequencies are not mutually exclusive and should be interpreted as coded cases rather than direct questionnaire responses. The indicators are organised according to the four recurring implementation conditions identified through analytical triangulation and provide the interview evidence incorporated into Table 2 of the main manuscript.
S5.3.4 Summary of interview findings relevant to the integrated analysis
Binary thematic coding indicated that 37 interviewees reported having learned something new during the event. Twenty-seven interviewees explicitly reported retrospectively perceived increased knowledge, whereas thirty-seven reported having learned something new during the initiative. Fourteen participants reported actively seeking additional information about astronomy or science following the event, whereas 37 stated that they had subsequently shared what they had learned with family members, friends or classmates.
Regarding programme implementation, nearly all interviewees (39/40) evaluated the overall organisation positively. Nevertheless, one quarter identified overcrowding or image-quality limitations during some activities, while one fifth referred to audio-related problems. Recommendations for future editions primarily focused on improving audio-visual conditions, increasing visitor capacity and strengthening organisational logistics.
Taken together, these findings demonstrate that the interviews contributed evidence extending beyond immediate participant outcomes by documenting participants’ retrospective interpretations of programme implementation, operational constraints and priorities for future programme development.
S5.3.5 Relationship between interview coding and integrated analysis
The source-specific qualitative codebook (Supplementary Material S1A) provided the analytical framework for organising the interview transcripts into binary case-by-code matrices. These matrices enabled the systematic identification of qualitative evidence across interviewees and served as the basis for deriving the binary-coded interview case frequencies presented throughout this supplementary material.
The binary-coded interview case frequencies constituted one of the three complementary sources of evidence incorporated into the comparative analytical matrix described in the main manuscript. Within this matrix, the interview evidence was interpreted alongside the quantitative indicators and coded qualitative thematic evidence derived from the visitor and collaborator questionnaires according to the shared analytical dimensions presented in Table 1.
Rather than merging the original datasets, the comparative analytical matrix provided a structured framework for systematically examining convergent, complementary and divergent evidence while preserving the methodological integrity of each data source. Analytical triangulation was subsequently conducted through iterative comparison and integrated interpretation of the evidence assembled within this matrix, leading to the identification of the four recurring implementation conditions reported in Table 2 of the main manuscript.
Transferable implementation insights were subsequently derived by interpreting the recurring implementation conditions in terms of their practical significance for planning, adapting, delivering and evaluating future itinerant science popularisation initiatives. Accordingly, the interview evidence contributed directly to identifying the recurring implementation conditions and subsequently supported the derivation of the transferable implementation insights.
This analytical pathway establishes complete traceability from the original interview transcripts through the source-specific qualitative codebook (Supplementary Material S1A), the binary case-by-code matrices, the binary-coded interview case frequencies, the comparative analytical matrix and the analytical triangulation process, culminating in the recurring implementation conditions and transferable implementation insights presented in Table 2 of the main manuscript (Figure S5.1).
S5.4 Relationship between Supplementary Material S5 and the integrated findings
The evidence presented throughout this supplementary material constitutes the empirical evidence base underpinning the recurring implementation conditions and transferable implementation insights reported in Table 2 of the main manuscript.
Visitor survey findings, collaborator survey findings and binary-coded interview case frequencies are presented separately to preserve the methodological integrity and distinctive analytical contribution of each data source prior to analytical integration. Rather than merging the original datasets, the quantitative indicators, coded qualitative thematic evidence and binary-coded interview case frequencies were subsequently incorporated into a comparative analytical matrix organised around the shared analytical dimensions described in the main manuscript.
Within this comparative analytical matrix, complementary evidence from the three data sources was systematically examined through analytical triangulation to identify convergent, complementary and divergent implementation evidence. This process led to the identification of the four recurring implementation conditions that constitute the analytical basis for the transferable implementation insights presented in Table 2.
Accordingly, this supplementary material should be interpreted as the empirical evidence underpinning the integrated analytical interpretations reported in the Practice Insight rather than as a separate presentation of independent study findings. Figure S5.1 summarises this analytical pathway from the independent analyses of the three data sources to the recurring implementation conditions and the transferable implementation insights.
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Figure S5.1. Analytical pathway from independent data sources to recurring
implementation conditions and transferable implementation insights.




