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Abstract
CubeSats have emerged as a sustainable and cost-effective alternative to traditional satellites, offering advantages in

scalability, resource efficiency, and innovative end-of-life disposal practices. The rapid growth of nanosatellite launches,
particularly CubeSats, is accelerating. In the next five years, around 1,900 more launches are expected, nearly two-thirds
of the total deployed over the past quarter century. This highlights the exponential expansion of CubeSat technology. A
significant portion of these missions are led by undergraduate educational teams, often supported by national or inter-
national programs such as NASA’s CubeSat Launch Initiative (CSLI), the Canadian Space Agency’s (CSA) Canadian
CubeSat Program (CCP), the Japan Aerospace Exploration Agency’s (JAXA) KiboCUBE, and the European Space
Agency’s (ESA) Fly Your Satellite! (FYS). This paper presents a comparative analysis categorizing CubeSat programs
into well-established (e.g. the CSLI, FYS), newer (e.g. the CCP), and emerging (nations exhibiting interest in develop-
ing CubeSat initiatives, such as those working with KiboCUBE). Drawing from structured surveys and semi-structured
interviews with undergraduate teams from each tier, the study evaluates key determinants of program success, such
as infrastructure, funding, and deliberate knowledge transfer. These parameters are examined to assess their cumula-
tive efforts on mission success, workforce development, and sustainable economic growth. With the ultimate goal of
leveraging concrete capacity-building practices common in high-tech and capital-intensive sectors, the study proposes
actionable frameworks for empowering emerging spacefaring nations to develop autonomous and resilient CubeSat
programs. Each case study is contextualized within its unique institutional and cultural environment to ensure that
recommendations support sustainable and equitable growth across diverse regions in the global CubeSat sector. Key
trends indicate that well-established programs provide stable and enduring frameworks through extensive mentorship
structures and subsidized launch opportunities, whereas emerging initiatives emphasize adaptability, leveraging inter-
national collaborations to compensate for limited infrastructure. The KiboCUBE program, in particular, exemplifies
a model of equitable capacity building through its partnership with JAXA and the United Nations Office for Outer
Space Affairs (UNOOSA), fostering practical skills and local program development in participating nations. Despite
the diversity of approach, programs across all maturity levels face similar systemic challenges in securing resources,
ensuring continuity, and facilitating knowledge transfer. Aligned with the United Nations Sustainable Development
Goals 8, 10, and 17, this study identifies cross-cutting factors which enhance knowledge transfer, promote equitable
access and use of outer space, and strengthen international collaboration. The proposed strategies not only cultivate a
skilled, globally-connected space workforce, reinforce national CubeSat ecosystems, and support emerging programs
in achieving long-term sustainability and competitiveness within the evolving global space economy.

Acronyms/Abbreviations
SDG: Sustainable Development Goal
CSA: Canadian Space Agency
NASA: National Aeronautics and Space Administration
CSLI: CubeSat Launch Initiative

CCP: Canadian CubeSat Program
UNOOSA: United Nations Office for Outer Space Affairs
JAXA: Japan Aerospace Exploration Agency
ESA: European Space Agency
FYS: Fly Your Satellite!
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UN: United Nations
CUBICS: CubeSats Initiative in Canada for STEM
IARU: International Amateur Radio Union
ROSPIN: Romanian Space Initiative
URSSA: Undergraduate Research Student
Self-Assessment
SPARSO: Space Research and Remote Sensing
Organization
EU: European Union
UK: United Kingdom
ITU: International Telecommunication Union
STEM: Science, technology, engineering,
and mathematics

1. Introduction
CubeSats—standardized modular nanosatellites—

have become a cornerstone of modern space access,
offering a sustainable and cost-effective alternative to
traditional satellite platforms. Their smaller size, lower
mass, and reliance on off-the-shelf components help
reduce resource consumption across the development
process, which is further streamlined by their short
build cycles and minimalist onboard systems. Their
evolving end-of-life disposal strategies also support
the minimization of space debris and the promotion of
responsible orbital practices [1]. Their standardized
design, compact size, and low launch costs have at-
tracted significant interest from academic institutions
and emerging space nations, enabling participation in
orbital missions that were previously out of reach [2,
3]. As of April 30, 2025, a total of 2,730 CubeSats had
been launched, comprising approximately 92% of all
nanosatellites deployed globally since the early 2000s
[4]. This demonstrates the overwhelming dominance
of CubeSats in the modern era, as launch activity has
followed an exponential growth trajectory since 2020. A
growing share of these missions are led by undergraduate
teams and supported by institutional programs such as
NASA’s CSLI [5], CSA’s CCP [6], ESA’s FYS [7],
and JAXA’s KiboCUBE [8]. These initiatives provide
access to launch infrastructure, technical mentorship, and
funding support, which collectively foster student-led
innovation and strengthen national space ecosystems [1,
9].

Despite the growing number of CubeSat launches
worldwide, academic missions continue to face significant
challenges in achieving consistent success. According to
the Aerospace Corporation, fewer than 50% of university-
led CubeSats fully meet their mission objectives, with fail-
ures often resulting not from technical limitations but from
inadequate project management, inconsistent mentorship,
and poor documentation practices [10]. While recent stud-

ies have proposed targeted solutions such as clearer mis-
sion scoping, embedded mentorship, risk-based assurance,
and structured lifecycle documentation, these practices re-
main unevenly implemented across national programs, in-
cluding NASA’s CSLI, JAXA’s KiboCUBE, and ESA’s
FYS [10, 11]. Most existing literature focuses on isolated
cases or context-specific recommendations, without sys-
tematically examining how national programs implement
capacity-building strategies to support CubeSat develop-
ment. Capacity building refers to developing the long-
term technical and institutional capabilities for countries
to sustain their own satellite development programs. That
includes skills training, mentorship, career advancement,
infrastructure, funding, outreach and collaboration, and
internal leadership. Capacity building is an essential ele-
ment to ensure program continuity beyond one launch and
development within the global space economy. There is
little analysis of how these practices vary across programs
with different levels of maturity, or whether they are de-
signed to be generalizable and scalable beyond individual
contexts. As a result, there is limited understanding of how
student training and mentorship in university-led CubeSat
programs, supported by national initiatives, contribute to
long-term program sustainability and workforce develop-
ment, as students gain practical skills that prepare them
to contribute effectively to the broader aerospace sector.
Thereby, this study addresses this gap by comparatively
analyzing national initiatives to identify which practices
have the most durable impact on student-led mission suc-
cess and knowledge retention.

To examine differences in educational CubeSat pro-
gram design and outcomes, this study conducts a compar-
ative analysis across three tiers of capacity-building ini-
tiatives. (1) Well-established programs, such as NASA’s
CSLI, have supported the launch of over 200 university-
led CubeSats and provide long-term institutional frame-
works along with robust technical resources [12]. (2)
Newer national programs aim to expand domestic space
capabilities and educational outreach. For example, the
CSA’s CubeSats Initiative in Canada for STEM program
builds on the earlier CCP, introducing a multi-tiered sup-
port model for novice, intermediate, and advanced teams.
It emphasizes structured mentorship, industry collabora-
tion, and access to shared infrastructure such as central-
ized testing platforms [13]. (3) Emerging programs often
represent initial, internationally supported efforts to build
local capacity. A representative example is Saudi Ara-
bia’s KAUSTSat team, which was developed in partner-
ship with global stakeholders to catalyze regional Cube-
Sat capabilities [14]. To evaluate these tiers, this study
conducted surveys with undergraduate CubeSat teams af-
filiated with national programs, focusing on key dimen-
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sions including technical infrastructure, funding mecha-
nisms, and knowledge transfer practices. Mentorship and
international collaboration were also examined, as both
are consistently linked to improved mission success and
long-term program sustainability. Well-established ini-
tiatives such as ESA’s FYS and NASA’s CSLI exempli-
fies this through resilient program frameworks that pro-
vide extensive mentorship, subsidized launch access, and
structured support. In particular, FYS combines technical
guidance from ESA engineers and industry professionals
with international student collaboration and non-technical
training in areas such as soft skills and career development
[15]. Meanwhile, newer programs adapt to national con-
texts by aligning with local industry needs and educational
capacities. For instance, KiboCUBE epitomizes capacity
building via international partnership and tailored train-
ing for countries like Kenya and Guatemala, enabling the
building and deploying of their first CubeSat [16], while
KAUSTSat targeted the national aim of increasing student
knowledge and experience with CubeSats [14]. However,
efforts like the BIRDS program demonstrate how standard
bus designs and mentorship shorten timelines for novice
teams [17].

This study translates into offering a structured, com-
parative framework that shares lessons learned from es-
tablished and emerging educational CubeSat programs to
help student-led teams with long-term sustainability and
mission success. By aligning these insights with UN
SDGs 8 (Decent Work and Economic Growth), 10 (Re-
duced Inequalities), and 17 (Partnerships for the Goals),
the framework not only empowers university teams to
strengthen their capacity-building but also guides educa-
tors, funders, and policymakers in assessing current pro-
grams and revising them to maximize success. Ultimately,
it provides recommendations grounded in real-world suc-
cesses to help cultivate skilled workforces, foster equitable
access to space, and sustain innovation through interna-
tional collaboration.

1.1 The Rise of CubeSats in Academic and Emerging
Space Contexts
CubeSats are a class of nanosatellites built using mod-

ular units, where each unit (1U) has dimensions of ap-
proximately 10 cm on each side and weighs a maximum
of 1.3 kilograms. These units can be scaled into larger
forms, with the 6-unit (6U) configuration emerging as the
most prevalent model in active use [18]. Their compact
form, lower mass, and use of off-the-shelf components
have made them particularly appealing for educational use,
offering students hands-on experience in satellite design,
systems engineering, and mission operations. In academic
contexts, CubeSats enable universities to engage in orbital

missions at a fraction of the cost of traditional platforms,
promoting STEM education and innovation. These mis-
sions are valuable not only for the experience they offer
but also for the data they collect. For example, the first
Romanian educational satellite, ROSPIN-SAT-1, was pro-
duced by a student team of the Romanian Space Iniative
(ROSPIN), under ESA’s FYS Design Booster program.
ROSPIN-SAT-1 was developed with the aim of detecting
health issues in vegetation and potential reforestation ar-
eas to combat forest degradation in Romania [19]. Beyond
scientific aims, CubeSat missions contribute to capacity
building by helping institutions and individuals develop
long-term expertise, infrastructure, and opportunities in
space science and technology. Through the continuity of
such programs, future students and programs benefit from
established technical knowledge and accessible pathways
to participate in satellite development and operations [20].

1.2 Barriers to Continuity and Scalability in Student Cube-
Sat Programs
The chief risks to continuity and scalability in student

CubeSat teams are institutional: fragile knowledge trans-
fer, episodic funding, and underestimated regulatory over-
head. A recurring challenge is the loss of institutional
knowledge caused by high student turnover and insuffi-
cient documentation. Without living onboarding records,
or repositories for code and operations, new members
must reconstruct the mission from scratch. The Univer-
sity of Colorado’s MAXWELL team noted challenges
with knowledge transfer, including delayed schedules and
forced established teams to repeat work unnecessarily [21].
Beyond money, teams often lack standard access, reusable
design/test procedures, and structured onboarding, forc-
ing avoidable rework. Many teams lack consistent access
to aerospace standards, reusable design and testing pro-
cedures, and laboratory facilities. The APTAS project at
Luleå University of Technology found that without clear
guidance on adapting international standards to local con-
texts, teams often repeat avoidable mistakes, degrading
reliability and scheduling [9]. Regulatory requirements
add another layer; licensing, export controls, and debris
mitigation are frequently underestimated in early plan-
ning. Programs such as ESA’s FYS emphasize starting fre-
quency coordination and compliance work early to avoid
costly delays or scope changes [22]. In short, mission suc-
cess hinges less on a single launch than on knowledge con-
tinuity and scalable team practice themes that recur across
the project lifecycle.
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1.3 Educational and Workforce Development through
CubeSat Missions
CubeSat missions provide a low-cost capacity-

building platform that enhances workforce readiness and
supports a smoother transition for undergraduate students
into professional roles. CubeSats are intricate systems
that involve direct engagement in disciplines such as
engineering, physics, communications, management,
and policy, providing a multidisciplinary experience
that fosters collaborative systems thinking and technical
teamwork skills. Engaging in CubeSat development
offers a practical, hands-on learning environment that
has been linked to measurable academic benefits. Active
learning experiences of this kind can lead to roughly a
6% improvement in examination scores and lower the
likelihood of course failure when compared to conven-
tional lecture-based instruction [23]. National programs
facilitate such learning for undergraduate students seen
through KiboCUBE, FYS, and more that allow them
to participate in CubeSat projects as well as creating
capacity through collaborative efforts with sponsors,
other universities, and international collaborators. Many
of these initiatives align with the long-term educational
goals for capacity building in basic space technologies set
by UNOOSA. For example, the well-established BIRDS
program empowers students from emerging nations,
including Ghana, Mongolia, and Nigeria, by enabling
them to participate in the entire lifecycle of a CubeSat
mission and launch their country’s first satellite [24].
These programs offer an affordable, low-risk pathway
for non-space-faring nations to successfully develop
their first CubeSats and cultivate experienced local talent
capable of sustaining national space programs. Beyond
technical capacity building, national initiatives also
focus on increasing the participation of underrepresented
students and minority-serving institutions to ensure a
diverse and inclusive space sector [13].

1.4 Lifecycle of a Student-led CubeSat Initiative
Student CubeSat projects typically span three to five

years, but their pacing is governed by semesters and co-
hort turnover. During the concept and proposal phase
teams conduct feasibility studies, wherein students learn
to define achievable objectives within resource constraints
[12, 25]. Subsequently, during the design phase, students
begin developing subsystem architectures and payload re-
quirements under faculty or industry mentorship. NASA’s
CubeSat Launch Initiative (CSLI) describes design cycles
as 1–6 months, reflecting expectations for relatively ma-
ture proposals [12]. By contrast, case studies such as Hes-
tad et al. (2023) demonstrate that in student-led programs,
this stage may extend to 1–2 years due to steep learning

curves, cohort turnover, and the integration of coursework
into project milestones [9]. Beyond its training in systems
engineering, this stage provides training in documenta-
tion, which are critical skills for ensuring continuity across
graduating cohorts [9]. Payload development usually has
the most direct student contributions, requiring the design
of instruments or experiments to balance mass, power, vol-
ume, and data constraints. This process builds interdisci-
plinary collaboration, communication skills, and experi-
ence in design reviews [23]. Early regulatory planning is
vital to mission success; NASA’s CSLI advises submitting
the IARU coordination requests 10 months prior to inte-
gration into the launch vehicle, while amateur bands must
coordinate through the IARU Satellite Frequency Coordi-
nation Panel, which meets every two to three weeks [26,
27]. The environmental testing and integration should
take up the majority of the schedule, as vibration, thermal-
vacuum, and EMC tests often reveal anomalies, making
test campaigns and iterative development crucial aspects
of a CubeSat mission [28]. Finally, during the launch and
operation phase, students gain experience in telemetry and
data analysis and can hand over valuable skills to younger
cohorts, embedding knowledge transfer into the mission
lifecycle [10]. Each stage thus functions as both a tech-
nical and capacity-building milestone, producing gradu-
ates who are well-trained in the complexities of real-world
space systems.

1.5 Global Impact and Alignment with UN Sustainable
Development Goals
By giving students hands-on experience in aerospace

design, testing, and operations, educational CubeSat pro-
grams directly advance SDG 8 by creating skilled talent
pipelines for high-value technology sectors [29]. National
policies such as Canada’s Space Strategy and the African
Union’s Space Strategy recognize small satellites as cata-
lysts for resilient, collaborative innovation systems, as per
SDG 17 [30, 31]. UNOOSA’s Space2030 Agenda and Ac-
cess to Space for All initiatives position space education
as a means to reduce inequality, especially for low- and
middle-income nations without domestic launch capabili-
ties, in direct support of SDG 10 [20, 29]. For instance,
the Joint Global Multi-Nation Birds Project has enabled
universities in underserved countries to build and oper-
ate their first satellites. Expanding such access is both
an economic priority and a matter of global fairness. To
meet these global targets, it is essential to compare how
national CubeSat programs deliver on the SDGs in prac-
tice, identifying structures that most effectively turn pol-
icy into measurable educational, technological, and socio-
economic gains.
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1.6 Rationale for This Study and Need for Comparative
Insight
This study addresses a central question in CubeSat

program design: what consistently works across national
initiatives to ensure not only mission success, but also
long-term capacity-building and workforce development.
While numerous countries have launched university Cube-
Sat programs, there is limited comparative research evalu-
ating which structural and institutional features contribute
most effectively to sustained outcomes.

A comparative approach is necessary to identify which
elements are transferable across contexts and which are
specific to national conditions. Such an approach also
enables the evaluation of how program maturity, insti-
tutional support, and resource availability influence out-
comes. In doing so, this study moves beyond isolated suc-
cess stories to develop a more comprehensive understand-
ing of effective program design.

To support this analysis, the study focuses on three
core analytical pillars. The first is knowledge transfer,
which refers to the processes through which technical, or-
ganizational, and experiential knowledge is retained, doc-
umented, and shared between project cycles. The second
is technical infrastructure, which encompasses both physi-
cal infrastructure, such as integration and testing facilities,
and non-physical infrastructure, such as software tools and
institutional support systems. The third pillar is funding
models, which include the structure, sources, and timing
of financial support available to university teams.

By examining knowledge transfer, technical infrastruc-
ture, and funding models across well-established, newer,
and emerging national programs, this study clarifies which
program features most effectively contribute to mission
success, long-term skill development, and sustainable pro-
gram growth. These three analytical pillars provide a fo-
cused lens for identifying transferable strategies while rec-
ognizing the importance of local context. In doing so, the
study supports the design of national CubeSat initiatives
that promote equitable access to space, strengthen edu-
cational outcomes, and build lasting capacity within the
global space ecosystem.

2. Methodology
The methodology is outlined in detail here to ensure

transparency and provide a clear point of reference for
replication and future comparative studies.

2.1 Data Collection and Outreach Procedure
Participants were selected through purposive sampling

and included former and current undergraduate or gradu-
ate students, as well as leaders of predominantly under-
graduate CubeSat teams across diverse regions, institu-

tional contexts, and levels of national program involve-
ment. All participants were above 18 years of age, had
the capacity to provide informed consent, and held an ac-
tive or former role within their CubeSat team. This eli-
gibility served as the baseline criteria and was comple-
mented by a database in which information on prospec-
tive teams was compiled and reviewed for relevance. For
each invited participant, a rationale was established based
on their role and contributions within the CubeSat team,
their affiliation with an academic institution or national
program, and the scope of their team’s activities as docu-
mented through registries, conference proceedings, orga-
nizational websites, or professional networks. Additional
verification was supported by publicly available informa-
tion such as team websites, press releases, or LinkedIn pro-
files, ensuring that all participants were directly engaged
in their CubeSat initiative.

Each identified team was contacted through email,
LinkedIn, or university website forums and received a per-
sonalized invitation along with documentation to ensure
that participation was fully informed. Participants were
provided with: an abstract of the paper, which introduced
the research idea, outlined the objectives, and described
the expected outcomes of the study; a Participant Informa-
tion Statement, which detailed the study purpose, the vol-
untary nature of involvement, potential risks and benefits,
confidentiality, and data storage procedures; and a Con-
sent Form, which confirmed that participants understood
their rights and agreed to take part in the survey, with an
optional item to participate in a follow-up interview, and
included contact details of the research leads for any in-
quiries or concerns.

2.2 Procedure of Surveys and Interviews
Data collection was conducted in two sequential

stages designed to combine broad coverage with detailed,
context-specific insights. The first stage involved an on-
line survey administered through Google Forms. Before
receiving access to the survey, participants were required
to return a signed consent form via email, which con-
firmed that they understood their rights and agreed to par-
ticipate. This step ensured that participation in both stages
remained voluntary and fully informed.

The second stage comprised semi-structured inter-
views with participants who had consented to further con-
tact and whose survey responses contained anomalies, un-
expected findings, or particularly thought-provoking per-
spectives. These interviews were conducted over Zoom,
typically lasting thirty to forty-five minutes. Each session
was led by a trained co-investigator who conducted back-
ground research by reviewing the participant’s survey re-
sponses in detail prior to the interview. This preparation
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enabled the interviewer to design tailored, open-ended
questions directly linked to the participant’s prior input.

Interviews followed a standardized protocol. Each be-
gan with an unrecorded introduction in which the study
was explained, consent was revisited, and the structure and
expected duration were outlined. Once recording began,
participants were reminded that they could indicate “off
the record” at any point. With permission, sessions were
recorded and auto-transcribed, allowing the interviewer to
remain engaged while ensuring accuracy. At the conclu-
sion, the co-investigator summarized the discussion, ex-
pressed gratitude, and explained next steps, including tran-
script review and amendment opportunities.

We reached out to 120 participants involved in
undergraduate-level CubeSat initiatives across national
and international programs. Of these, 19 completed the
survey, and 4 were subsequently interviewed in greater
depth due to the distinctiveness of their responses. Par-
ticipants self-classified their teams into three categories
of national program maturity: Emerging (early-stage or
pilot programs in nations just beginning CubeSat develop-
ment), New (recent initiatives with limited cohorts, such
as CSA’s CCP), and Established (long-running programs
with consistent support and multiple launch cycles, such
as NASA’s CSLI or ESA’s FYS), guided by these explicit
definitions and examples provided in the survey. The
final distribution included 5 Established, 7 New, and 7
Emerging teams. In addition to program maturity, the
survey captured a geographically diverse set of responses.
A total of thirteen regions were represented, spanning
from Canada and the United States to Portugal, Saudi
Arabia, and beyond, covering four continents (Asia, Eu-
rope, North America, and Oceania). This distribution en-
sured that the study reflected a wide range of institutional
and regional contexts. This methodological design not
only ensured rigor and comparability but also aligned with
broader international priorities, particularly the SDGs on
Decent Work and Economic Growth (SDG 8), Reduced
Inequalities (SDG 10), and Partnerships for the Goals
(SDG 17). By foregrounding student experiences, institu-
tional contexts, and cross-regional collaboration, the study
contributes to understanding how CubeSat programs serve
as pathways to workforce development, greater equity in
space access, and international capacity building.

2.3 Question Design and Development
Survey questions were developed through an iterative

process informed by a review of global CubeSat litera-
ture and by drawing on validated approaches to educa-
tional program evaluation, particularly the Undergradu-
ate Research Student Self-Assessment (URSSA) frame-
work [32]. URSSA was selected because of its empha-

sis on capturing student experiences, including skill devel-
opment, knowledge transfer, and career impacts, making
it especially relevant to the context of undergraduate-led
CubeSat programs. The aim was to capture both measur-
able trends and nuanced experiences, enabling meaning-
ful comparisons across regions. Questions reflected the
study’s guiding objectives: knowledge transfer, funding
and resource challenges, project management practices,
outreach, and the influence of CubeSat participation on
educational and career trajectories.

The final survey contained 54 questions organized into
sections aligned with these objectives. Specifically, the in-
strument consisted of 6 multiple-choice items, 32 Likert-
scale items, 2 “select all that apply” items, and the re-
mainder open-ended prompts, including questions captur-
ing participant background information. This distribution
provided a balance of structured comparability with oppor-
tunities for elaboration. The language of each item was
refined to avoid leading phrasing and remain accessible
to participants from diverse cultural and educational con-
texts. All survey questions were reviewed and verified by
the University of Toronto Research Ethics Board for neu-
trality, clarity, and compliance with ethical standards. The
design process emphasized precision and fairness, ensur-
ing that responses reflected the participants’ perspectives
rather than researcher expectations.

Interview protocols were constructed to build directly
on survey findings. Each participant’s responses were re-
viewed in advance by a trained co-investigator, who iden-
tified anomalies or particularly rich commentary. Semi-
structured guides were then tailored to these focal points.
While anchored by a set of core themes, the guides re-
mained flexible, allowing participants to expand on reason-
ing, clarify ambiguities, and provide concrete examples.

Survey and interview data were analyzed using a com-
bination of statistical and qualitative methods. Quantita-
tive responses were examined using non-parametric tests,
including the Kruskal–Wallis test with Bonferroni cor-
rections for post-hoc comparisons, while qualitative data
from open-ended responses and interview transcripts were
analyzed through thematic coding and comparative analy-
sis. This mixed-methods approach enabled both statistical
validation of observed patterns and deeper interpretive in-
sights into the lived experiences of CubeSat teams.

This dual approach ensured that the survey provided
broad, structured coverage, while interviews generated
deeper, context-specific insights that enriched and vali-
dated the quantitative findings.

2.4 Ethics and Participant Protection
Although no physical, psychological, or legal risks

were anticipated given the voluntary and noninvasive na-
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ture of the study, deliberate safeguards were embedded in
the research design to ensure participant comfort and pro-
tection. Before completing the survey, each participant re-
ceived a consent form and an information sheet outlining
the objectives of the study, the scope of participation, and
their rights as contributors. These rights included the free-
dom to decline any question, withdraw from the study at
any time without penalty, and request clarification when-
ever necessary. They were also reiterated at the beginning
of every interview to reinforce transparency and under-
standing.

To minimize social risks that could arise from partic-
ipants sharing personal or institutional experiences, all
data were anonymized and only aggregate findings were
reported. Participants were also provided with copies of
their survey and interview transcripts and were explicitly
invited to redact or amend any content they did not wish to
include in the analysis. By granting participants meaning-
ful control over the use of their data, the study minimized
the possibility of unintended disclosure while strengthen-
ing trust and openness between researchers and contribu-
tors.

The study was reviewed and approved by the Research
Ethics Board at the University of Toronto, ensuring that
all procedures met established international standards for
informed consent, confidentiality, and participant welfare.

Taken together, these measures ensured that participa-
tion was voluntary, respectful, and protective of individ-
ual autonomy throughout the research process. Partici-
pants could therefore engage candidly and meaningfully,
confident that their perspectives would be handled with
integrity.

3. Theory and calculation
3.1 Ordinal Analysis Theory

This section details the rationale and statistical pro-
cedures used to analyze ordinal responses in our survey.
We aimed to determine whether self-reported outcomes
differed across CubeSat program categories—Emerging,
New, and Established—using methods appropriate for or-
dinal data. These tests were chosen to align with the nature
of Likert responses and our sample characteristics.

3.1.1 Why use Ordinal Tests
Our survey employed 5-point Likert-style items to

capture constructs such as funding, training, collabora-
tion, and institutional engagement. These responses yield
ordinal—not interval—data. As emphasized in the litera-
ture, “parametric statistics should not be used with ordi-
nal data, especially for small samples” [33]. Treating or-
dinal responses as continuous risks violating assumptions
about spacing and distribution [34]. Non-parametric tests,

by contrast, do not assume normality or equal intervals
and are therefore well-suited to survey evaluations in space
program contexts where sample sizes are modest and cat-
egory counts are imbalanced.

3.1.2 Kruskal–Wallis H Test
To test for statistically significant differences in out-

comes across the three program types, we applied the
Kruskal–Wallis H test. This test is a rank-based alterna-
tive to one-way ANOVA and is appropriate for comparing
more than two independent groups on an ordinal variable
[35, 36]. It does not assume normal distributions or equal
group variances.

The Kruskal–Wallis statistic is calculated as:

H =
12

n(n+ 1)

k∑
i=1

R2
i

ni
− 3(n+ 1) [1]

where:

• n = total number of observations,

• k = number of groups,

• ni = number of observations in group i,

• Ri = sum of ranks in group i.

The H statistic measures the extent to which the distri-
butions of ranks differ between groups. A larger H value
indicates greater differences between group medians, rela-
tive to the variation within groups. Under the null hypothe-
sis that all groups are drawn from the same population (i.e.,
their medians are equal), the H statistic approximately fol-
lows a chi-squared distribution with k− 1 degrees of free-
dom.

3.1.3 Post Hoc Comparisons
For survey items with statistically significant omnibus

test results (p < 0.05), we conducted post hoc pairwise
comparisons using Dunn’s test with Bonferroni correction.
The Dunn test computes a standardized z-score for the dif-
ference in mean ranks between groups i and j:

zij =
R̄i − R̄j√

N(N+1)
12

(
1
ni

+ 1
nj

) [2]

where N is the total number of observations.
To control for the family-wise error rate across mul-

tiple comparisons, raw p-values were adjusted using the
Bonferroni method:

padjusted = min(1,m · praw) [3]

where m is the number of comparisons.
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This allowed us to identify which pairs (e.g., Estab-
lished vs. Emerging) drove the observed differences,
while minimizing false positives. In borderline cases (e.g.,
p = 0.0697), we interpreted the trend directionally rather
than drawing firm conclusions, consistent with the ex-
ploratory nature of our study.

3.1.4 Methodological Justification
This analytic approach was selected to match the data

characteristics and research aims. Specifically:

1. Ordinal measurement: Likert-type items reflect
subjective judgments, which are ordered but not nec-
essarily equidistant [33, 34].

2. Distributional concerns: Program-level data may
be skewed or contain outliers. Kruskal–Wallis is ro-
bust to these issues [35].

3. Comparative interpretation: Non-parametric tests
allow for meaningful intergroup comparisons even
when group sizes differ or variances are unequal [36].

This combination of Kruskal–Wallis and Dunn post
hoc testing allowed us to test hypotheses about maturity-
related differences in program outcomes without violating
core statistical assumptions. We present the resulting test
statistics and significance levels in Section 4, along with
post hoc pairwise comparisons where applicable.

4. Results
We reached out to over 120 CubeSat teams, of which

a total of 19 completed the survey. Four of these partic-
ipants also engaged in follow-up interviews. The dataset
included Likert-scale items, multiple-choice and select-all
responses, as well as open-ended questions. Given the
modest sample size, statistical power was limited, and the
results are best understood as exploratory indicators of pat-
terns and experiences rather than definitive conclusions.
The strength of the study lies in the combination of quan-
titative measures, which provide structured points of com-
parison, and qualitative insights, which highlight the insti-
tutional and cultural contexts behind recurring themes.

4.1 Ordinal Analysis Results
From the 32 Likert-scale questions in the survey,

we conducted a detailed analysis of 10 items to as-
sess whether participants’ reported capacity-building out-
comes differed across CubeSat programs of varying ma-
turity. These 10 were selected for their statistical sig-
nificance or thematic relevance, capturing outcomes re-
lated to funding, career alignment, infrastructure, knowl-
edge transfer, and collaboration. Programs were grouped

into three categories—Emerging, New, and Established—
based on self-reported classifications guided by explicit
definitions and examples provided in the survey.

Although only a subset of questions reached statistical
significance, the inclusion of non-significant but themat-
ically relevant items provides important context. These
measures exhibit where outcomes were broadly similar
across program types, such as collaboration and infrastruc-
ture, indicating that in these areas participants reported
comparable experiences regardless of program maturity
(evidence of convergence). While the significant items
highlight areas where program maturity shaped outcomes,
the non-significant items illustrate domains of shared ex-
perience across all program types. Presenting these items
alongside the significant results ensures that the quanti-
tative analysis reflects the broader landscape of CubeSat
capacity-building, while leaving detailed interpretation to
the discussion section. To account for the ordinal nature
of the data, we applied the Kruskal–Wallis H test to each
question. For items with statistically significant omnibus
results (p < 0.05), we conducted Dunn’s post hoc pairwise
comparisons using Bonferroni correction.

4.1.1 Summary of Key Results
Two survey items demonstrated statistically significant

differences across program categories, while the others in-
dicated broadly similar outcomes across programs. Ten
items were selected for presentation based on their statis-
tical relevance or thematic alignment with the study’s an-
alytical pillars.
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Table 1. Kruskal–Wallis H test results for selected ordinal
items. Significant differences (p < 0.05) are bolded.

Survey Question H p-value

Did the CubeSat program provide fi-
nancial support/funding access?

9.371 0.009

Did participation influence your ca-
reer goals or interests?

7.327 0.026

Did space agency/regulators pro-
vide licensing guidance?

5.886 0.053

How difficult was obtaining key li-
censes (launch, spectrum, export)?

5.482 0.065

Did the project help you gain practi-
cal job/academic skills?

4.694 0.096

Did participation improve your
team’s long-term financial capac-
ity?

4.395 0.111

How would you rate your team’s
STEM skill growth (coding, sys-
tems, orbital mechanics)?

4.041 0.133

Did national policies need to be
adapted/created for the mission?

3.409 0.182

Should teams allocate
time/resources for outreach?

3.343 0.188

Have skills/knowledge from your
CubeSat project been useful beyond
the project?

3.334 0.189

Across the 10 items presented, two reached statistical
significance: national financial support (Qfinance) and ca-
reer goal alignment (Qcareer). 8 additional questions, while
not significant, are included for their relevance to infras-
tructure, knowledge transfer, and collaboration themes.
These patterns provide a quantitative baseline for the sub-
sequent post hoc analyses and qualitative interpretation.

4.1.2 Post Hoc Comparisons
Table 2. Presents Bonferroni-adjusted p-values from
Dunn’s test for pairwise comparisons across program
maturity categories on perceived access to national
financial support (Qfinance) . A significant difference was
observed between Established and New programs
(p = 0.0135), with Established teams reporting greater
access to support,
(Medianfinance_new > Medianfinance_established). No
significant differences were detected between Emerging
and Established programs (p = 1.0000) or between
Emerging and New programs (p = 0.0697).

Emerging New Established
Emerging 1.0000 0.0697 1.0000
New 0.0697 1.0000 0.0135
Established 1.0000 0.0135 1.0000

Table 3. Presents Bonferroni-adjusted p-values from
Dunn’s test on the perceived influence of CubeSat
participation on career goals (Qcareer). A significant
difference was found between Emerging and New
programs (p = 0.0265), with New programs reporting a
lower median influence score than Emerging programs
(Mediancareer_new < Mediancareer_emerging). No
significant differences were observed between
Established programs and either Emerging or New
programs.

Emerging New Established
Emerging 1.0000 0.0265 0.4166
New 0.0265 1.0000 0.4166
Established 0.4166 0.4166 1.0000

4.1.3 Full Ordinal Results
The complete set of Kruskal–Wallis H test results

for all 32 ordinal Likert-style items is provided in Ap-
pendix A, with interpretation of these findings presented
in Section 5 (Discussion).

4.2 Open-Ended Analysis
The open-ended survey responses reveal important de-

scriptive patterns in how CubeSat programs at different
stages of maturity prioritize outreach, skills, collaboration,
and funding. These trends highlight how program matu-
rity shapes not only resource challenges but also strategic
priorities, offering insights that complement the quantita-
tive findings.

4.2.1 Outreach Activities
Distribution of reported outreach activities by Cube-

Sat program maturity category. Emerging and New
programs emphasized school-based outreach and STEM
events, while Established programs were unique in report-
ing public events, suggesting broader community engage-
ment.
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Table 4. Engagement types reported by CubeSat teams
across program maturity levels. Sample sizes: Emerging
(n = 6), New (n = 6), Established (n = 5). Results
demonstrate that media outreach and school visits were
the most frequently reported engagement strategies,
while environmental agency involvement was rare.

Engagement Type /
Audience

Emerg. New Estab. Total

Media / Public out-
reach

4 3 3 10

Workshops / STEM
fairs

1 0 1 2

Young students
(school visits)

3 2 3 8

Scientific community 1 0 3 4
Environmental agen-
cies

0 0 1 1

Universities 2 2 1 5
International commu-
nity

3 0 1 4

Total 15 8 11 34

4.2.2 Skills Development
Table 5. Skill development areas reported by CubeSat
teams across program maturity levels. Sample sizes:
Emerging (n = 6), New (n = 6), Established (n = 5).
Project management and problem solving were most
frequently cited, while design and operations were less
commonly identified.

Skill Type Emerg. New Estab. Total

Systems engineering 1 1 4 6
Project management 0 4 4 8
Operations 0 0 2 2
Programming 3 2 1 6
Problem solving 3 5 1 9
Design (technical) 1 1 0 2

Total 8 13 12 33

4.2.3 Collaboration Patterns
Table 6. Collaboration patterns reported by CubeSat
teams across program maturity levels. Sample sizes:
Emerging (n = 6), New (n = 7), Established (n = 5).
Results indicate that universities and national space
agencies were the most common collaborators, while
partnerships with government agencies and industry were
less frequently reported. Public contributions, including
crowdfunding, donations, and student levies, were also
noted by some teams.

Funding Source Emerg. New Estab. Total
Universities /
Academic institu-
tions

4 2 4 10

National space
agencies

1 7 1 9

Government
agencies

2 0 0 2

Industry partner-
ships

0 2 2 4

Public
contributionsa

0 2 2 4

Total 7 13 9 29
a Includes crowdfunding, donations, and student levies.

4.2.4 Support
Table 7. Support types identified by CubeSat teams as
most beneficial for STEM skill development. Sample
sizes: Emerging (n = 6), New (n = 7), Established
(n = 5). Workshops and mentorship were most
frequently cited, while targeted funding opportunities
were less commonly reported.

Support Type Emerg. New Estab. Total
Curriculum inte-
gration

1 1 1 3

Multidisciplinary
collaboration

2 0 2 4

Targeted funding
opportunities

0 1 1 2

Workshops and
work experience

3 3 1 7

Support and men-
torship

1 4 0 5

Total 7 9 5 21
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4.3 Nominal Data Analysis
This section presents the results of the nominal anal-

ysis of survey responses. To interpret the findings, a
cross-sectional study was conducted, with program cat-
egories (emerging, newer, and well-established) repre-
sented on the rows, and the survey questions along with
their responses displayed on columns. This structure en-
ables clear comparisons across program types, highlight-
ing patterns and differences in responses. The multiple-
choice data are further organized into four key categories:
funding and budgeting, Policy and Licensing Regulations,
knowledge transfer, and infrastructure and testing. These
data are presented directly through visual analyses, allow-
ing for a structured comparison of responses across pro-
gram categories. The study reports frequency distribu-
tions of responses, broken down by program type, ensur-
ing transparent interpretation of the nominal data.

4.3.1 Funding and Budgeting
Survey results indicate that funding shortages were not

a significant limitation, with 79% respondents reporting
no delays caused by insufficient funding (Fig. 7: Ap-
pendix A). Although financial resources themselves were
not identified as a barrier, the findings underscore the im-
portance of financial management skills in ensuring ef-
fective budgeting and resource allocation. A significant
proportion of participants, particularly those from well-
established teams, reported receiving little or no support
in developing these skills before project implementation.

4.3.2 Policy and Licensing Regulations
Policy and Licensing Regulations Policy and licens-

ing requirements were consistently identified as one of
the most significant challenges for student teams, mainly
due to the absence of clear guidance or institutional sup-
port. This was assessed by reporting the frequency of de-
lays attributed to policy challenges, broken down by pro-
gram type. Although some well-established programs re-
ported access to structured policies and licensing instruc-
tions, emerging and newer programs frequently lacked
such frameworks.

Fig. 1. Reflected in the survey results, 71.43% of
emerging programs and 42.86% of newer programs
reported delays due to policy-related obstacles. The most
frequently cited regulatory barriers included radio
frequency allocation, warranty coverage, spectrum
access, and radio licensing, all of which were reported as
major contributors to project delays.

4.3.3 Knowledge Transfer and Institutional Memory
Although outreach was not an explicit requirement or

goal for nearly half of the surveyed projects, the majority
of CubeSat initiatives demonstrated substantial efforts in
this area. This was measured by the proportion of teams
reporting outreach activities as part of the survey. Specifi-
cally, 94.7% of projects reported engaging in outreach ac-
tivities, which included campus presentations, conference
participation, media coverage, and involvement in broader
STEM events. The data further highlight strong engage-
ment with younger student populations, with 84.21% of
respondents indicating targeted outreach to this group.

4.3.4 Infrastructure and Testing
Infrastructure availability and testing capacity

emerged as critical determinants of project outcomes.
Survey data demonstrates that 36.8% of respondents
experienced post-launch issues; this figure increased
substantially among newer programs, where 71.4% teams
reported post-launch complications, as shown in Figure
1. Responses were analyzed by tallying the types of
tests performed and the reported issues, disaggregated
by program type. The most common tests performed
were vibration testing, followed by thermal, structural,
integration, radio frequency communication, and power
system testing. More than 79% of teams reported con-
ducting these types of testing. Well-established programs
reported the broadest range of testing, reflecting stronger
access to institutional infrastructure. Notably, 66.7%
of respondents indicated that testing processes revealed
key issues (Figure 5). Furthermore, emerging programs
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demonstrated the highest reliance on external or shared
facilities, with 85.7% of respondents reporting significant
dependence on such resources. Similarly, 71.4% of newer
programs indicated frequent use of external facilities.

Fig. 2. Outcomes of CubeSat missions across program
maturity levels. Well-established teams most frequently
reported operational or past-lifetime missions, newer
programs had a mix of completed and ongoing missions,
and emerging teams reported a higher proportion of
projects still in development.

4.3.5 Collaboration and Outreach
International collaboration was identified as a notable

strength across CubeSat programs. Overall, 47.4% of sur-
vey respondents reported partnerships with international
collaborators. Emerging programs demonstrated the high-
est participation rates in such collaborations (71.43%), fol-
lowed by newer programs (42.9%), as shown in Figure 3.

Fig. 3. Survey responses on international collaboration
by CubeSat program category. Emerging programs
showed the highest collaboration rates, followed by
newer and well-established teams.

5. Discussion
5.1 Financial Support

While most CubeSat teams do not perceive funding
shortages as a barrier, our findings suggest that the real
challenge lies in financial literacy and planning. Funds
may be available which is a common trend across all matu-
rity levels, but mismanagement, underbudgeting, and lack
of training consistently undermine project sustainability.
As shown in Figure 1, more than 79 percent of teams indi-
cated that they did not experience significant delays due to
funding shortages. However, the Likert-scale results in Ta-
ble 1 provide a more detailed picture. The item “To what
extent did the national CubeSat program provide finan-
cial support or help your team access funding?” yielded
a p-value below 0.05, indicating significant differences
among categories.

Post-hoc results Table 2 suggest that while all pro-
grams receive some form of support, the way funding
is managed differs with emerging teams receiving more
support than established. Emerging programs often ben-
efit from national or university backing, sometimes due
to the novelty of their projects. In a personal interview
with Dr. Mojammel Haque Shourobh from a Bangladesh
CubeSat team called BRAC Onnesha at BRAC Univer-
sity, it was noted that because the project was novel, the
university directly covered the costs. By contrast, estab-
lished programs are expected to manage costs through
their institutions or external sources regardless of novelty.
NASA’s CSLI illustrates this pattern, as it provides only
launch costs while leaving operations and development
to be covered by universities otherwise the project will
risk losing the opportunity to launch [5]. As the num-
ber of CSLI projects has grown, competition for launch
opportunities has increased, placing greater pressure on
established teams to be creative in securing additional re-
sources. This challenge is compounded by our survey re-
sults (Table 8), where 80 percent of teams reported receiv-
ing no support in developing financial management skills,
a pattern consistent across all maturity levels.

This aligns with broader findings that financial liter-
acy and management are rarely foregrounded in CubeSat
education. Effective budget and time planning requires
early consideration of expenses such as labs, testing equip-
ment, and launch costs, as well as a margin for unfore-
seen expenses [9]. There is an emphasis that funding ap-
plications require substantial effort, and that knowledge
gaps in management often extend and negatively impact
project phases beyond initial expectations. This is fur-
ther supported by a personal interview with a CubeSat
team member at Concordia University, SC-ODIN, who ex-
plained that although funds were available, miscommuni-
cation in the budget plan and underbudgeting of certain
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aspects such as the ground station led to negative impacts
on the project. Taken together, these results suggest that
while teams may not perceive funding itself as a barrier,
the lack of structured support for financial literacy and
planning has a direct impact on project timelines and sus-
tainability. Addressing these gaps aligns with the objec-
tives of SDG 8, which emphasizes strengthening financial
management capacity as part of promoting sustainable in-
novation and economic growth, thereby ensuring the via-
bility of future CubeSat projects.

5.2 Infrastructure and Resources
Access to infrastructure is a critical enabler across

design, verification, and operations; without it, teams
face delays, higher costs, and dependence on external
providers. Survey items on access before (p = 0.59) and
during projects (p = 0.63) demonstrated no significant dif-
ferences across maturity levels, indicating that infrastruc-
ture is a systemic bottleneck rather than a stage-specific
constraint. Here, infrastructure refers to clean-rooms, en-
vironmental testing laboratories, integration spaces, and
ground stations.

Nominal responses indicated that many teams relied
on external facilities especially for testing and ground seg-
ment needs often through shared or rented arrangements.
Likert ratings also showed a noticeable increase in per-
ceived improvements from before to during participation
in CubeSat programs, including in countries with estab-
lished space heritage (e.g., the United States and Japan).
This pattern may reflect that CubeSat development re-
mains comparatively nascent within larger space ecosys-
tems, or that rapid sectoral growth has intensified demand
for limited resources.

Interviews reinforced these access constraints. A
member from Romania’s ROSPIN-SAT-1 team, empha-
sized the role of institutional support in bridging gaps:
“Professors allowed us to use their electronic or struc-
tural laboratories and conference rooms for meetings.” By
contrast, a member of Concordia University’s SC-ODIN
team described bureaucratic hurdles: “Concordia facili-
ties existed, but getting approval was slow, and student
groups weren’t prioritized.” Case examples further illus-
trate the issue: RADSAT-SK “had to create their own
clean-room for testing purposes” [37], while KAUSTSat
depended on private partnerships with Spire Global [38].
Even where established frameworks exist such as ESA’s
FYS providing shared facilities [22] survey scores sug-
gest persistent barriers. Post-launch issues were more fre-
quently reported by newer and emerging programs, con-
sistent with the idea that limited infrastructure access un-
dermines risk management.

Overall, these findings indicate that infrastructure

challenges are not resolved by maturity but remain a
shared vulnerability across CubeSat ecosystems. The ab-
sence or inaccessibility of facilities restricts innovation
and reinforces inequality in participation, ultimately con-
straining contributions toward SDG 8’s objectives of pro-
ductive employment and sustainable economic growth.

5.3 Policy and Regulation
Results depicted that one of the greatest barriers to

CubeSat programs is policy and regulation, with a trend
seen across the maturity gradient of program levels. Reg-
ulation here refers to the legal and procedural environ-
ment around CubeSats, including licensing, spectrum al-
location, export control, and national oversight.

In Table 10, 47.37% of all team members surveyed re-
ported policy-related issues. Out of this, 66.67% survey-
ees highlighted frequency allocation delays, while others
noted the lack of clarity in their nation’s licensing frame-
works. Existing literature agrees with this finding, noting
that licensing is a lengthy process, where just registering a
CubeSat’s radiofrequency with the International Telecom-
munication Union (ITU) can take up to 2 years [39].

However, approval times are not the only difficulty in
regulatory processes: lack of updated documents and un-
clear regulatory environments also result in delays. For
example, in a personal interview with a team member of
SC-ODIN revealed “the Canadian government’s regula-
tions weren’t straightforward” for amateur radio licens-
ing, and they had to refine and resubmit applications to
get approval due to not being familiar with the licensing
procedure. Likewise, a team member of ROSPIN-SAT-1
from Romania described how they had to rely on outdated
reference books to secure amateur radio licenses. These
similarities across programs illustrate that the barrier of
regulatory delays and ambiguity is prevalent across pro-
grams of all levels of maturity. The ordinal analysis re-
sults, seen on Table 10, on policy clarity strengthened this
finding. There was no statistically significant difference
between program maturities on the policy-focused Likert
questions, such as Q3 having a p-value of 0.0645 depict-
ing that all programs found it difficult to obtain licenses.
Hence, in capacity-building terms, even technically capa-
ble teams cannot progress without predictable, transpar-
ent, and timely legal frameworks. The persistence of regu-
latory barriers underscores that national governments play
a decisive role in enabling or limiting participation in, and
thus causing inequitable access to, the space sector.

While this indicates no relation between regulation
as a barrier and program maturity, nominal analysis
demonstrated a different trend: as program maturity in-
creased, fewer teams faced policy-related delays 1. Some
emerging teams, like KAUSTSat from Saudi Arabia, had

IAC–25–D1.7 Page 13 of 23



76th International Astronautical Congress (IAC), Sydney, Australia, September 29th - October 3rd 2025.
Copyright © 2025 by the International Astronautical Federation (IAF). All rights reserved.

started before their national space agency had been es-
tablished while others, such as BRAC Onnesha from
Bangladesh, had little support from their national CubeSat
programs. Personal interviews demonstrated that KAUST-
Sat depended on UK’s Spire Global for licensing pro-
cesses, while BRAC Onnesha had to navigate the com-
plex regulatory system of the Bangladeshi space author-
ity Space Research and Remote Sensing Organization
(SPARSO) alone. Meanwhile, teams in established pro-
grams like CSLI or FYS generally operate within more
predictable and developed legal frameworks, sometimes
benefiting from step-by-step guidelines, institutional mem-
ory or longstanding agreements with national authorities
[12]. Overall, though policy-related delays are experi-
enced by many teams, maturity can partially dissolve reg-
ulatory barriers. Addressing this systemic divide con-
nects directly to SDG 10, which calls for reducing struc-
tural inequalities, and demonstrates that equitable access
to space requires more than technical training or financial
resources.

Ultimately, regulatory hurdles may serve as hidden
barriers that constrain participation in the global space sec-
tor. Seeing as this domain was somewhat differentiated
across maturity levels in the results, guidance is crucial for
navigating around legal frameworks to ensure more equi-
table access to CubeSat development for younger teams.

5.4 Career Goals and Workforce Development
CubeSat programs play a formative role in shaping

student career trajectories. They are more than technical
training exercises. They function as entry points into the
space workforce, with their impact shaped by the maturity
and institutional support of the program.

Survey results underscore this point. The item on ca-
reer preparedness exhibited a statistically significant dif-
ference across maturity levels (H = 6.47, p = 0.039),
with participants from established teams more likely to re-
port that their CubeSat experience prepared them for ca-
reers in aerospace. In contrast, items measuring STEM
skill growth (p = 0.12) and job readiness (p = 0.13)
did not show significant differences (Appendix A), indi-
cating that technical learning occurs across all program
types. This indicates a critical distinction: while students
gain skills regardless of program maturity, not all teams
are equally positioned to convert those skills into work-
force outcomes.

This gap is acknowledged in national program design.
NASA’s CubeSat Launch Initiative frames CubeSat en-
gagement as a catalyst for career interest. As CSLI pro-
gram executive Jeanie Hall explains, “Working with Cube-
Sats is a way to get students interested in launching a ca-
reer in the space industry…It’s hands-on experience that

enables students, teachers, faculty, and NASA to conduct
scientific investigations and technology demonstrations”
[40]. This perspective reinforces the idea that interest is
the first step. However, our findings indicate that turning
that interest into employment requires more than technical
engagement. It depends on institutional structure, mentor-
ship, and alignment with workforce pathways, which are
more common among established teams.

Interview data illustrate how structural factors shape
outcomes. A member from Romania’s ROSPIN-SAT-1
team, explained that his interview at Deimos Space fo-
cused on “ESA report writing and documentation,” and
noted that around 20 teammates “now work in the space
sector.” Dr. Shourobh, from Bangladesh’s BRAC On-
nesha team, said CubeSat participation “shaped [his] in-
dustry intent” and enabled him to stay in-country while
pursuing embedded systems. A member from Canada’s
SC-ODIN team, said “lots of our team members got in-
ternships at MDA in Montreal because of their CubeSat
experience,” and highlighted the importance of soft skills
like communication and teamwork. These outcomes re-
flect the design goals of national programs. The Cana-
dian Space Agency identifies workforce development as a
primary aim of its CubeSat Project, preparing “Canada’s
next generation of space innovators” [6]. Interview re-
sponses suggest this goal is realized when technical train-
ing is paired with clear career pathways.

Open-ended survey responses support these find-
ings. Emerging teams tended to highlight technical and
problem-solving skill development, while more mature
programs emphasized project management, communica-
tion, and soft skill acquisition (Table 5). Newer teams also
more frequently reported needing external mentorship and
legal guidance (Table 6), indicating that support structures
are essential for translating experience into employment.
This aligns with the European Space Agency’s Fly Your
Satellite! program, including lessons synthesized from
the SmallSat community [22]. ESA’s approach demon-
strates how formal support mechanisms can help early-
stage teams overcome institutional gaps and strengthen
workforce outcomes.

In this context, CubeSat programs emerge not just as
educational projects but as mechanisms for workforce in-
tegration. They support SDG 8 (Decent Work and Eco-
nomic Growth) by creating employment pathways through
hands-on training, and SDG 10 (Reduced Inequalities) by
offering comparable technical experiences to students in
both established and emerging programs. Although career
outcomes vary, the consistency of skill acquisition across
teams suggests that with targeted support, CubeSat pro-
grams can serve as scalable tools for equitable workforce
development in the global space sector.
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5.5 Knowledge Transfer and Continuity
The sustainability of CubeSat programs depends not

only on technical execution but also on how effectively
knowledge and skills are transferred across cohorts. Sur-
vey results confirm this as a systemic weakness: ques-
tions on institutional knowledge preservation (p = 0.28)
and turnover management (p = 0.77) did not reach signif-
icance, indicating that continuity challenges affect teams
across all maturity levels. As shown in Table 12, Likert-
scale responses on knowledge transfer were low across the
board, with open-ended responses describing a recurring
“reinvention” effect where new cohorts repeated prior mis-
takes due to poor documentation.

Interview findings reinforced these survey patterns. A
team member from SC-ODIN emphasized that “the best
handovers happened when a replacement shadowed for
six months,” underscoring the effectiveness of mentorship
in bridging turnover gaps. A member from Romania’s
ROSPIN-SAT-1 team noted, “Our knowledge transfer is
not yet perfect; we achieve about 80% effectiveness in
some areas… most effective approach has been organizing
in person workshops,” highlighting how face-to-face inter-
actions and leadership roles help consolidate institutional
memory. Dr. Shourobh described both technical improve-
ments and broader advocacy as part of knowledge trans-
fer: “Some of the software systems at the Space Agency
have been improved… I introduced them to MATLAB for
better simulations and research… Additionally, in collab-
oration with [the Bangladesh Telecommunication Regula-
tory Commission], we advocated for ham system licens-
ing.” Beyond national contributions, his team extended
capacity building internationally: “From Bangladesh, we
conducted workshops with Nigeria and Nepal... capacity
building isn’t just within our nation — it’s also affecting
surrounding countries.” Similarly, the KAUSTSat team
institutionalized outreach through national space camps
and international conferences, though acknowledging that
“the knowledge transfer was mainly theoretical.”

Taken together, these results suggest that continuity is
not maturity-dependent but a shared vulnerability across
CubeSat ecosystems. Informal yet impactful practices like
shadowing, workshops, outreach camps, technical advo-
cacy, and regional mentoring demonstrate that student-
driven mechanisms can effectively compensate for the ab-
sence of formal handover protocols. External literature
reinforces this interpretation: ESA guidelines stress that
“larger-scale team interactions and documentation of meet-
ing minutes” are essential for mitigating turnover risks
[22], while Hestad et al. [9] and Kim [17] similarly high-
light mentorship and documentation as central to building
lasting capacity.

This evidence points toward the need to institution-

alize adaptable knowledge transfer mechanisms within
CubeSat programs. By combining formal structures like
documentation and mentorship frameworks with the flex-
ibility of peer-driven approaches, teams can reduce rein-
vention effects, safeguard program sustainability, and con-
tribute to broader capacity building directly supporting
SDG 8’s emphasis on stable institutions and sustainable
growth.

5.6 Outreach and Collaborations
Nominal survey responses identified outreach and col-

laboration as critical dimensions for ensuring the sustain-
ability and broader impact of CubeSat programs. Beyond
the dissemination of project outcomes, outreach activi-
ties were found to foster public engagement with space
research while simultaneously strengthening inter-cohort
knowledge transfer and institutional memory. Interview
findings suggested that outreach also functioned as both
an educational tool and a form of professional develop-
ment. A participant from Bangladesh described how, in-
spired by outreach models in Japan, he returned to his rural
village to engage schoolchildren in water rocket construc-
tion: “They made their own versions and flew them... it
was eye-opening to see how much they could learn through
practice.” This example illustrates how outreach can act as
a vehicle for STEM education, community-building, and
legacy creation both within academic institutions and in
the wider public sphere. Similarly, a student from Concor-
dia emphasized the professional value of outreach: “Out-
reach gives visibility, builds presentation skills, and ful-
fills the program’s goal of growing Canada’s space sec-
tor… great professional development.”

Collaboration emerged as a fundamental mechanism
for addressing resource constraints while enabling tech-
nical and knowledge exchange [22]. International part-
nerships frequently allowed Emerging CubeSat programs
to access expertise, facilities, and networks that would
otherwise have been unattainable. A participant from
Bangladesh noted: “All test facilities regarding the satel-
lite were in Japan... our lab capacity in Bangladesh is lim-
ited.” Members of the KAUSTSat initiative echoed this
reliance on external partnerships: “Spire Global handled
the testing,” and “licenses were handled by Spire Global
in the UK.”

Patterns in outreach and collaboration further revealed
how maturity shapes dependency on external expertise.
Newer programs leaned most heavily on mentorship and
legal support, underscoring their reliance on outside part-
ners during the growth phase. Romanian respondents
pointed to the limits of institutional involvement: “Our
university only provided the necessary signed paperwork
for the Design Booster program and could not allocate
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funds or focus on our project,” contrasting this with other
European teams that received active faculty support and
close mentoring. Dependency on outsourcing was also
evident in Emerging contexts, with Syrian participants ex-
plaining: “Spire Global handled the testing.” By compari-
son, Established programs reported far less mentorship, re-
lying instead on institutionalized arrangements with agen-
cies. One Canadian participant observed: “In CCP and
CUBIX, launch contracts and costs are fully handled by
the CSA… the CSA took care of negotiations, shipping,
customs.” These cases highlight UNOOSA’s emphasis
that sustained institutional experience is crucial for con-
tinuity in student-led programs [20].

This is built on nominal results with Figure 3 indi-
cating that as programs advance along the maturity gra-
dient, CubeSat teams report fewer international collab-
orators. This is due to emerging teams often relying
on external partners for training, funding, and capacity-
building, while mature programs tend to become more
self-sufficient. Formal mentorship and structured training
further reinforced these collaborations. A participant from
Romania’s ROSPIN-SAT-1 explained: “The Romanian
Space Engineering company, whose team developed Ro-
mania’s first CubeSat in 2012, has been mentoring us, pro-
viding valuable knowledge and access to equipment and
laboratories.” ESA support through the Design Booster
program was described as particularly impactful, offering
subsystem-specific training, access to technical documen-
tation, and direct specialist feedback: “We also gained ac-
cess to various ESA documents and research through their
platforms and received direct feedback from their special-
ists during workshops.” Similarly, ESA Academy work-
shops, such as the 2024 CubeSat Concurrent Engineering
Workshop, provided opportunities for around 50 students
to gain expertise in areas including space communication,
law, and cybersecurity.

Open-ended survey responses provided additional evi-
dence of how collaboration patterns varied by program ma-
turity (Table 6). While all teams reported receiving techni-
cal and testing support, Newer programs highlighted men-
torship and legal support more often than other groups,
suggesting a heightened need for structured external guid-
ance as they expand. By contrast, Established programs
reported less reliance on mentorship, reflecting greater in-
ternal self-sufficiency.

Only one program, EIRSAT-1, stood out for its ex-
tensive media presence and public communication ef-
forts. This limited emphasis on formalized outreach
across most teams points to an underexplored area of ca-
pacity building. Strengthening public-facing and cross-
sector engagement aligns with Sustainable Development
Goal 17, which emphasizes inclusive partnerships that

mobilize knowledge, expertise, and resources across in-
stitutional and national boundaries. Taken together, out-
reach, collaboration, mentorship, and structured training
collectively enhance program visibility, technical capabil-
ity, and capacity-building in CubeSat initiatives.

6. Conclusions
This study examined educational CubeSat programs at

varying maturity levels to identify which parameters most
effectively support capacity-building and sustainable mis-
sion outcomes. Drawing on international responses from
19 teams across 13 regions, our findings show that pro-
gram maturity alone does not explain differences in per-
formance. Of the 32 Likert-scale items analyzed, only
national financial support and career influence displayed
statistical significance, while the other 30 revealed simi-
lar experiences across maturity groups. When combined
with nominal indicators, open-ended responses, and per-
sonal interviews, these results suggest that the barriers
shaping outcomes are cross-program rather than maturity-
dependent, providing a more comprehensive picture of the
challenges facing educational CubeSat initiatives.

A consistent set of barriers emerged across survey and
interview data. Regulatory bottlenecks, particularly un-
clear licensing procedures and delayed frequency alloca-
tion processes, proved the most persistent constraint, limit-
ing equitable access to space and reflecting broader struc-
tural inequalities addressed in SDG 10. Inadequate doc-
umentation, high turnover, and weak knowledge-transfer
practices further impeded program continuity, underscor-
ing the importance of sustained collaboration and partner-
ships emphasized in SDG 17. Financial barriers were less
pressing, stemming less from limited funding and more
from mismanagement and insufficient training, highlight-
ing the need for financial literacy and sustainable practices
in line with SDG 8.

While this study is limited by a relatively small sam-
ple size, it represents a novel first step in systematically
examining educational CubeSat programs across multiple
national initiatives and regions. By capturing perspectives
from undergraduate-led teams in 13 regions, it begins to
map barriers within a sector that is rapidly expanding but
remains underexplored in the literature. Future research
should increase the number of respondents to strengthen
statistical power and ensure more balanced regional repre-
sentation, as some categories in this study were dominated
by a single country. A broader scope could also include
longitudinal tracking to monitor turnover, the evolution of
teams over successive cohorts, and challenges across dif-
ferent project phases. Integrating institutional and regula-
tory data would further complement self-reported experi-
ences, while cross-national comparisons and in-depth case
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studies could highlight how policy environments and pro-
gram structures shape outcomes. Additional work could
also examine equity dimensions and the role of collabora-
tion networks. Building on these directions, future studies
could enable the creation of a clear framework of recom-
mendations that guides emerging teams and informs na-
tional program design.

By prioritizing regulatory readiness, financial literacy,
and robust knowledge transfer practices, all student Cube-
Sat programs regardless of their maturity can achieve sus-
tainable success while cultivating skilled workforces, re-
ducing structural barriers to participation, and building in-
ternational partnerships.
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Appendix A
Ordinal Analysis Results

This appendix provides the full results of the Kruskal–
Wallis H tests conducted on the ordinal survey items ana-
lyzed in this study. Survey questions are grouped by the-
matic domain—Financial Support, Infrastructure and Re-
sources, Policy and Regulation, Career Goals and Work-
force Development, Knowledge Transfer and Continuity,
and Outreach and Collaboration. Each table presents the
full text of the item, the H statistic, and associated p-
value, with statistically significant results (p < 0.05)
bolded. These results supplement the discussion of
capacity-building outcomes presented in Section 5.

Financial Support

Table 8. Kruskal–Wallis H test results for Financial
Support-related items. Significant differences (p < 0.05)
are bolded.

Survey Question H p-value
To what extent did the national
CubeSat program provide finan-
cial support or help your team ac-
cess funding? (Q4)

9.3709 0.0092

Did participation in the CubeSat
program help improve your team
or institution’s long-term finan-
cial capacity for future missions?
(Q5)

4.3948 0.1111

Infrastructure and Resources

Table 9. Kruskal–Wallis H test results for
Infrastructure-related items. Significant differences
(p < 0.05) are bolded.

Survey Question H p-value
Rate the adequacy of your
software tools and IT systems
during/after the CubeSat project
(Q13)

2.6925 0.2602

Rate the adequacy of your soft-
ware tools and IT systems before
the CubeSat project (Q14)

2.2488 0.3248

Rate your team’s access to physi-
cal infrastructure before the Cube-
Sat project (Q20)

1.3124 0.5188

Rate your team’s access to phys-
ical infrastructure during/after
participating (Q21)

0.9428 0.6241

To what extent did the CubeSat
program lead to lasting improve-
ments in infrastructure at your in-
stitution or country? (Q24)

0.5261 0.7687
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Policy & Regulation

Table 10. Kruskal–Wallis H test results for Policy &
Regulation items. Significant differences (p < 0.05) are
bolded.

Survey Question H p-value
Did your national agency or reg-
ulator provide guidance during li-
censing? (Q2)

5.8860 0.0527

How difficult was it to obtain li-
censes (e.g., launch, spectrum, ex-
port control)? (Q3)

5.4818 0.0645

To what extent did existing poli-
cies need to be adapted for your
team to carry out the mission?
(Q7)

3.4093 0.1818

How clear were CubeSat-related
policies and regulations when
your project began? (Q19)

1.4305 0.4891

Career Goals / Workforce Development

Table 11. Kruskal–Wallis H test results for Career Goals
and Workforce Development items. Significant
differences (p < 0.05) are bolded.

Survey Question H p-value
To what extent did the Cube-
Sat project influence your career
goals or interests? (Q1)

7.3268 0.0256

Did this project help you gain
practical skills relevant to a job or
academic opportunity? (Q4)

4.6945 0.0956

Rate your team’s growth in STEM
skills as a result of the CubeSat
program (Q6)

4.0408 0.1326

Did the CubeSat help develop
STEM skills that wouldn’t have
been developed otherwise? (Q17)

1.5662 0.4570

Were technical skills developed
hands-on or through prior train-
ing? (Q18)

1.5424 0.4625

Were STEM skills integrated into
university coursework? (Q23)

0.5546 0.7578

How prepared did you feel to en-
ter a professional/academic envi-
ronment? (Q31)

0.3873 0.8239

Knowledge Transfer & Continuity

Table 12. Kruskal–Wallis H test results for Knowledge
Transfer and Continuity items. Significant differences
(p < 0.05) are bolded.

Survey Question H p-value
Have the skills/knowledge from
your project been useful beyond
the timeline? (Q9)

3.3339 0.1888

How important is mandated
knowledge-sharing in national
programs? (Q11)

2.8929 0.2354

How effectively was institutional
knowledge preserved (e.g., men-
torship)? (Q15)

1.9033 0.3861

Did the CubeSat program im-
prove knowledge transfer to future
cohorts? (Q32)

0.3675 0.8321

Did the program facilitate knowl-
edge exchange across teams?
(Q29)

0.4575 0.7955

Outreach & Collaboration(s)

Table 13. Kruskal–Wallis H test results for Outreach and
Collaboration items. Significant differences (p < 0.05)
are bolded.

Survey Question H p-value
Would you recommend allocating
time and resources for outreach?
(Q8)

3.3429 0.1880

How essential was collaboration
to your project’s success? (Q12)

2.8034 0.2462

How frequently did your team in-
teract with collaborators? (Q22)

0.5769 0.7494

How many CubeSat missions
has your team been involved in?
(Q25)

0.5156 0.7728

How satisfied was your team with
the collaboration experience?
(Q26)

0.4956 0.7805

Did collaboration contribute to
long-term capacity (e.g., work-
flows)? (Q27)

0.4727 0.7895

Did your team collaborate with in-
stitutions to promote space aware-
ness? (Q28)

0.4589 0.7950

Did your team engage in external
collaboration during the project?
(Q30)

0.4286 0.8071
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Open-Ended Analysis Results

Table 14. Methods of Community Outreach reported by
CubeSat teams. Sample sizes: Emerging (n = 7), New
(n = 7), Established (n = 5).

Engagement
Style

Emerg. New Estab. Total

Activities &
Workshops

4 2 4 10

Elementary
Classroom Visits

3 5 2 10

Presentations
to the Scientific
Community

1 0 0 1

Undergraduate
Events

1 0 0 1

Total 9 7 6 22

Table 15. Direct Outcomes of Collaborative Efforts.
Sample sizes: Emerging (n = 7), New (n = 7),
Established (n = 5).

Support Type Emerg. New Estab. Total
Technical Sup-
port

5 3 1 9

Legal Documen-
tation Support

1 0 0 1

Test Equipment
Support

1 1 1 3

Project Manage-
ment and Success
Support

3 3 3 9

Total 10 7 5 23

Table 16. External and Shared Facilities. Sample sizes:
Emerging (n = 7), New (n = 7), Established (n = 5).

Facility and Us-
age

Emerg. New Estab. Total

Ground Station
Communication
Support

4 0 1 5

Test Equipment
Environmental
Testing

4 4 2 10

Clean-room
Electromagnetic
Compatibility
Facilities

2 0 3 5

Industry Exter-
nal Partner Sup-
port

0 1 0 1

Total 10 5 6 21

Nominal Analysis Results

Fig. 4. Chart shows team composition across maturity
levels, revealing a consistent trend along the maturity
gradient.
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Fig. 5. Impact of testing approaches on mission
outcomes across CubeSat program categories. Teams
from Emerging, Newer, and Established programs
reported varying outcomes, with testing most often
contributing to mission success or revealing key risks,
but in some cases highlighting limited testing influence
or uneven practices.

Fig. 6. Outreach activities reported by CubeSat teams
and their engagement with younger students across all
programs. Most teams (84.2 percent) indicated that their
outreach successfully engaged younger students, while
15.8 percent reported no such engagement.

Fig. 7. Survey responses on whether CubeSat teams
faced significant delays or limitations due to funding
shortages. Across all programs, the majority (79.0
percent) reported no delays, while 21.0 percent indicated
funding shortages had a significant impact.

Fig. 8. Survey responses on support received in
developing financial management skills across all
CubeSat programs. A majority of teams (78.9 percent)
reported receiving no support, while only 21.0 percent
indicated that support was provided very significantly.
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