Abstract

Universities of the Third Age (U3As) empower older adults through tailored, lifelong
learning programs, which have significantly grown both in Europe and worldwide since
the 1970s. In Spain, these programs foster active aging through cultural and scientific
engagement. This study examines a workshop within the Programa Interuniversitario
de la Experiencia in Burgos, focusing on age estimation and paleopathology in
bioarchaeological contexts.

The workshop addressed the challenge of accurately determining the age
of individuals from skeletal remains, particularly amongst older adults whose
representation in archaeological records is often limited. This underrepresentation
affects our understanding of past reproductive patterns and life histories. To tackle this,
a theoretical-practical workshop was conducted with 49 students, employing original
skeletal elements from the San José Cemetery in Burgos.

The workshop's aims included distinguishing age categories via dental and
skeletal analysis, identifying age-related pathologies, and understanding the scarcity
of older adults in archaeological records. The workshop consisted of an introduction to
age estimation methods and pathologies, hands-on analysis of original materials, and
a concluding survey. Our results suggest that this workshop represents a successful
educational strategy for lifelong learning programs targeting older adults. Through
the integration of theoretical content, practical engagement, and critical reflection on
biological aging and archaeological interpretation, the initiative responds effectively to
the learning styles and needs commonly associated with this age group.

Introduction

A forgotten audience: University classes for older adults

Although public engagement in archaeology and bioarchaeology has grown significantly
in recent decades, it often tends to focus on children and younger adults (Moshenska
2017; Richardson and Almansa-Sanchez 2015). While the younger generation

is essential to the future of the discipline, older people bring a deeper, temporal
perspective and rich life experiences that can meaningfully inform and enrich public
engagement efforts. Moreover, older adults are undergoing the very processes of
biological and social aging that bioarchaeology seeks to interpret in past populations.
Because the body is shaped by both biological processes and cultural contexts (Lorentz
2008; Sofaer 2006a,b), it is essential to develop interpretations of age and embodiment
that move beyond purely skeletal analysis (Schutkowski 2008). This creates a unique
intersection between scientific content and personal relevance, where older learners



may engage not only out of curiosity, but also out of a desire to understand their own
bodies and trajectories through the lens of the past (Swain 2007).

Moreover, older adults represent a growing yet often overlooked audience in
science education and outreach. To the best of our knowledge, only one previous
study in educational bioarchaeology has focused on this population group, exploring
online learning during the pandemic (Ward et al. 2023). The present article presents
and evaluates a hands-on educational workshop designed to introduce older learners
to age estimation and paleopathology techniques commonly used in bioarchaeology.
Through the integration of theoretical instruction, direct interaction with original skeletal
material, and guided reflection, the workshop aims to foster active learning and critical
engagement with both the biological and social dimensions of aging. We argue that this
approach is particularly effective for older learners, as it builds on their lived experiences
and offers a meaningful context for engaging with scientific knowledge. The workshop
not only promotes a deeper understanding of skeletal aging but also creates a space
for challenging age-related stereotypes through the lens of archaeological science. In
doing so, it contributes to a broader conversation about the role of lifelong learning by
empowering older adults as active participants in academic and scientific environments.

This workshop was carried out within the framework of Spain’s expanding
University Programs for Older Adults, a movement rooted in the tradition of the
Universities of the Third Age. Since the 1970s, these programs have offered older
learners opportunities to pursue academic, cultural, and personal development
(Casanova et al. 2024; Velazquez and Fernandez 1999). In Spain, the number of
such initiatives has increased significantly since the late 1990s, and today, many
universities—such as those of Barcelona, Zaragoza, and the Basque Country—offer
structured educational pathways under names like “Universities of Experience”. In
Castilla y Ledn, where this study was conducted, the Programa Interuniversitario
de la Experiencia exemplifies this trend. Coordinated by the regional government in
partnership with public university (Servicios Sociales de Castilla y Ledn 2024), the
program promotes active aging and lifelong learning across the region. It provides a
unique platform for interdisciplinary initiatives such as the workshop described in this
article, allowing older adults to engage with complex academic content in a socially
meaningful context.

Original human materials as teaching tools

Original human materials housed in educational institutions have been used as teaching
tools since the 3rd century BC (Standring 2016). Academic institutions maintain
collections of human remains as valuable resources for advancing our understanding

of human biology and evolution. However, it is crucial to note that the use of human
remains in academic settings must adhere to strict ethical guidelines, legal regulations,
and respectful handling practices (National Committee for Research Ethics on Human



Remains 2022). Proper consent, documentation, and storage protocols must be in
place to ensure the ethical use of these valuable resources (BABAO 2019a, 2019b;
Caffel and Jakob 2019; Cassman et al. 2006; Giesen 2013; Marquez-Grant et al. 2011;
Passalacqua et al. 2014; Passalacqua and Pilloud 2018; Roberts 2013; Squires et al.
2019, 2022; Squires and Garcia-Mancuso 2021).

Engaging directly with authentic human skeletal remains offers learners a unique
opportunity to explore the natural variability of human anatomy, including individual
differences, pathological conditions, and taphonomic changes that are often absent
in replicas (Goodison and Aris 2023). This hands-on experience fosters a deeper
understanding of human biology and evolutionary processes. For participants in the
Programa Interuniversitario de la Experiencia, who often come from diverse educational
backgrounds and may include individuals with disabilities, interacting with real human
remains provides a tangible connection to the subject matter. This multisensory
engagement supports inclusive education by accommodating various learning styles
and needs. Moreover, the ethical use of human remains in educational settings
encourages critical discussions about cultural sensitivity, legal considerations, and the
respectful treatment of human materials. These conversations are integral to developing
a comprehensive understanding of the field and preparing students for real-world
applications of their knowledge.

The problem with recognizing senescence in the archaeological skeletal record

Estimating age from adult skeletal remains in archaeological contexts presents
significant challenges, particularly when identifying individuals over 50 years old. While
age estimation in children is relatively accurate due to predictable growth patterns,
adult age estimation is complicated by individual variability in skeletal aging processes.
This disparity is well documented in the literature, with various studies highlighting the
limitations of current methods (Bocquet-Appel and Masset 1982, 1985; Hoppa and
Vaupel 2002; Konigsberg and Frankenberg 1992). For adults, age estimation relies

on various skeletal changes, including bone degeneration, dental wear, cementum
and secondary dentin deposition, and bone remodeling. These processes are heavily
influenced by multiple factors, such as genetics, environment, sex, and population-
specific traits (Iscan et al. 1987; Oettlé and Steyn 2000; Djuri¢ et al. 2007; Hoppa
2000; Kimmerle et al. 2008; Schmitt and Murail 2004; Rissech and Steadman 2011;
Buk et al. 2012; Hens and Belcastro 2012; Harper and Crews 2000; Schmeling et

al. 2000; Bedford et al. 1993; Falys and Prangle 2015; Bullock et al. 2013; Merritt
2013; Nikita 2013). Additionally, variables like body mass index (BMI) and height can
affect age estimation in adults (Merritt 2013; Wescott and Drew 2015). Moreover, with
advancing age, skeletal changes are no longer strictly biological or chronologically
linear, but are shaped by an array of extrinsic factors—such as nutrition, health status,
physical activity, and occupational stress—that vary widely between individuals and



populations. As a result, the same chronological age can correspond to very different
biological profiles. This is especially evident in markers like dental wear and vertebral
degeneration, which are commonly used markers for age estimation but are highly
sensitive to diet, oral hygiene, workload, posture, and other lifestyle factors.

A key concept in adult age estimation is the "Trajectory Effect", where skeletal
indicators become increasingly variable with age. This phenomenon results in a wider
margin of error for adult age estimates compared to those for non-adults (Nawrocki 2010).
Similar difficulties are observed in clinical and forensic contexts, where age estimation
in living adults also becomes less reliable with advancing age due to the same complex
interplay of biological and environmental influences. This characteristic explains why
the margin of error in age estimation is smaller for non-adult individuals than for adults.
Despite ongoing efforts to refine age estimation methods, biological anthropologists must
remain aware of these limitations when interpreting population dynamics of past societies.
In age estimation methods for adult individuals, precision and repeatability tend to fail, as
the proposed age range is sometimes too narrow, too broad, or an open-ended category
(e.g., 50+). Additionally, the reference samples used to develop these methods are almost
entirely from the United States (San Millan et al. 2013).

This underrepresentation of older adults has implications for understanding past
populations, particularly concerning aspects like reproductive lifespan and senescence
(Munoz-Guarinos 2024). For instance, the scarcity of individuals identified as over
50 years old hinders our ability to study menopause and fertility patterns in ancient
societies.

To address these challenges, researchers are exploring new methods, including
the use of Bayesian statistics and a broader range of skeletal indicators to improve
age estimation accuracy for adults (Boldsen et al. 2022). These advancements aim to
provide a more comprehensive understanding of age structures in past populations,
which is essential for studies in educational gerontology and related fields.

Aims and objectives

The primary aim of this study is to explore how older adult learners can acquire a better
understanding of age estimation methods in bioarchaeology and apply this knowledge
to interpret the composition and life courses of past populations. Rather than framing
the activity around the representation of old individuals in the archaeological record,

we focus on how educational interventions can foster student engagement with key
concepts such as skeletal aging, degenerative processes, and the challenges inherent
to adult age estimation.

To this end, we designed a theoretical-practical workshop for students enrolled in
the Programa Interuniversitario de la Experiencia, specifically those students following
the Geography, History, and Art tracks, using original osteological material to provide



a more effective, hands-on learning experience. Skeletal material was preferred

over digital or casted replicas due to their superior capacity to convey age-related
morphological changes (Goodison and Aris 2023). We hypothesize that this direct
engagement enhances conceptual understanding of the biological markers of aging, the
limitations of existing estimation techniques, and the implications these challenges have
for interpreting archaeological populations. Furthermore, we aim to evaluate how older
adults perceive and respond to the experience of interacting with human remains that
are of a similar age to themselves and exhibit pathologies that they might personally
encounter.

The workshop had three educational objectives:

a. Develop practical skills in identifying older adults through comparative visual
analysis of dental wear and age-related changes in the hip bone, with particular
emphasis on the auricular surface of the ilium and the pubic symphysis.

b. Foster critical reflection on the limitations of current age estimation methods for
older adults and the resulting impact on interpreting demographic profiles of past
populations.

c. Promote understanding of how practical and participatory educational
approaches can enhance knowledge acquisition in bioarchaeology, especially in
adult learning contexts.

Materials and methods

The skeletal material

The use of real human skeletal remains in this educational workshop was carefully
considered. While we acknowledge the value of using plastic models and 3D-printed
replicas for certain educational contexts, the pedagogical objectives of this workshop—
namely, to engage older adult learners in the complexity of biological ageing, individual
variation, and diagnostic uncertainty—required direct interaction with original skeletal
material. Authentic remains allowed participants to appreciate natural anatomical
variation, postmortem alterations, and the morphological subtleties that are often
missing from replicas or idealized casts. This hands-on exposure was essential to
illustrate why age estimation in adults is inherently imprecise and must be approached
critically. The study followed the internal ethics policy of the University of Burgos and
adhered to international recommendations regarding the respectful and educational use
of human remains in academic settings (BABAO 2019a).

To conduct the workshop, we selected skeletal materials from the San José
Cemetery, curated at the Laboratory of Human Evolution at the University of Burgos.
This collection of human remains is commonly used for teaching and research purposes
and is composed of an ossuary from the early 20th century from the city of Burgos.
Participants were fully informed in advance that human skeletal remains would be



shown during the workshop, both in physical form and in digital presentation slides.
Informed consent was obtained prior to participation.

For the age-at-death estimation section of the workshop, we selected 30
coxal bones (15 right and 15 left) and 20 mandibles belonging to different individuals.
Both males and female skeletal remains were selected. For the paleopathology
identification section, we selected 20 vertebrae without signs of pathology (10) and
with different pathologies associated with age, such as osteoarthrosis (4), spondylitis
(8) and Schmorl's nodes (3). In addition, some of the mandibles we selected had
caries, periapical lesions, antemortem tooth loss, and alveolar bone resorption. The
pathological conditions observed in the mandibles were not severe enough to hinder the
students' ability to apply the dental wear aging methods.

The workshop

The workshop was taught by three biological anthropologists, lasted two hours, and
was divided into three parts. The first part (40 minutes) consisted of an introduction to
age-estimation methods in adults and non-adults using dental and skeletal features
(AlQahtani et al. 2010; Brooks and Suchey 1990; Buckberry and Chamberlain 2002;
Demirjian et al. 1973; Lovejoy et al. 1985; Lovejoy 1985; Miles 1963; Moorrees et al.
1963; Scheuer and Black 2000; Todd 1920), as well as an introduction to pathologies
affecting vertebrae and teeth. During the introductory session, we facilitated an

open discussion about the ethical and legal aspects of working with human remains,
emphasizing respectful handling, cultural sensitivity, and the responsibilities of
researchers and educators. In this context, we also introduced the complexity of age
estimation in adults and the scarcity of individuals over the age of 50 in archaeological
samples. This issue was presented as particularly relevant for interpreting age
groups such as their own and for understanding major biological milestones, such as
menopause.

Two regions of the pelvis that are relatively good indicators of skeletal age were
emphasized: the auricular surface of the ilium and the pubic symphysis (Buckberry
and Chamberlain 2002; Brooks and Suchey 1990). In the case of the mandibles,
we highlighted alveolar bone loss and dental wear. Regarding the vertebrae, our
focus was on distinguishing between specimens with and without signs of pathology.
When pathologies were present, we aimed to differentiate between at least three
conditions: Schmorl's nodes, spondylitis, and osteoarthrosis. Schmorl’s nodes are
vertical herniations of the intervertebral disc into the vertebral body, typically through
the endplate (Mann and Hunt 2005). They often appear as small, round depressions on
the superior or inferior surfaces of vertebral bodies. Spondylitis refers to inflammation
of the vertebrae, which can result from infectious, autoimmune, or degenerative
processes (Waldron 2019). In bioarchaeological contexts, it is often used to describe
vertebral lesions suggestive of conditions like tuberculous spondylitis (Pott’s disease),



which leads to vertebral body collapse and kyphosis. Osteoarthrosis is a joint disease
characterized by cartilage breakdown, subchondral bone remodeling, and the formation
of osteophytes (bone spurs) (Waldron 2019). In the spine, it typically affects the
vertebral facet joints and can lead to reduced joint space, eburnation, and hyperostosis.
Although the frequency of these bony alterations increases with age, they are not
necessarily age markers, but rather must be interpreted in light of individual lifestyle and
activity patterns.

In the second part (1 hour), students were able to hold the original material
and compare young and old individuals, as well as bones with and without signs of
pathology. Students were divided into three groups to facilitate class management,
ensuring that each group received the same number of bones from the original material.
Each biological anthropologist was assigned to one group. During this portion of
the workshop, students were encouraged to consider and discuss the potential life
circumstances and environmental factors that could have contributed to the observed
conditions in the skeletal remains. This approach aimed to foster critical thinking about
the relationship between bone pathology and an individual's lived experiences, including
aspects such as diet, occupation, lifestyle, and overall health status.

The third part of the workshop (20 minutes) involved having each student
complete an anonymous and voluntary survey, which was approved by the Ethics
Committee of the University of Burgos. The survey administered at the end of the
workshop was structured in three distinct parts, each designed to capture specific
information from the participants. The initial section focused on gathering demographic
data about the class composition (Table 1). This included basic information such
as sex, age, and level of education, as well as any visual or hearing difficulties the
participants might have. Additionally, it assessed their prior knowledge of human
anatomy. Participants with no prior knowledge had never studied or interacted with
anatomical or osteological material before the workshop. Those with basic knowledge
were generally familiar with the human skeleton, able to identify major bones, and had a
general sense of bodily structure, often acquired through introductory lectures, museum
visits, or personal interest, but without formal instruction. Intermediate knowledge
referred to a more developed understanding of osteology, including the ability to identify
specific skeletal elements and features and distinguish between adult and non-adult
bones. Finally, participants with advanced knowledge had received formal education in
disciplines such as medicine, biology, archaeology, or forensic anthropology and were
able to apply age estimation methods and identify pathological changes with a high
level of confidence and accuracy.



Table 1. Part 1 of the survey (demographic data).

Basic data Possible answers
Sex Female
Male

| prefer not to answer

Educational level

Primary school

High School
Professional training
University

PhD

Age

60-70 years
70-80 years
80-90 years

Previous knowledge about human anatomy

None

Basic
Intermediate
Advanced

Can we use this data for educational research?

Yes
No

The second section of the survey consisted of a brief test (Table 2). This was
designed to evaluate the overall effectiveness of the workshop, providing a quantitative
measure of the knowledge gained and the impact of the teaching methods employed.
To more accurately assess the educational efficacy of the workshop, the same test was
also administered two days before the workshop. This strategy allowed us to compare
participants' prior knowledge with their post-workshop understanding.

Table 2. Part 2 of the survey (final test). The right answer is indicated in bold.

Pre-test Post-test
Question Possible answers Correct Incorrect | Correct Incorrect
answers answers |answers answers

Which individual is Individual 1 73.46% 26.53% 81.63% 18.36%
younger? (According to (36/49) (13/49) (40/49) (9/49)
dental remains) Individual 2

Individual 3
Which individual is older? Individual 1 44.89% 55.10% 75.51% 24.48%
(According to the coxal (22/49) (27/49) (37/49) (12/49)
bone) Individual 2

Individual 3
Which pathology is Osteoarthrosis 42.86% 57.14% 68.57% 30.61%
present in this vertebra? (21/49) (28/49) (34/49) (15/49)

Schmorl nodules

Spondylitis
None




Pre-test Post-test
Question Possible answers Correct Incorrect | Correct Incorrect
answers answers |answers answers
Why would you say this ~ They don't have much 65.31% 34.69% 81.63% 18.36%
individual is young? caries (32/49) (17/49) (40/49) (9/49)

They have all the teeth

Their teeth are not very
worn down

They have deciduous and
permanent dentition

The third part of the survey delved into the participants' opinions on various
aspects of the workshop (Table 3). Specifically, it asked about the usefulness of the
original skeletal material in understanding age estimation techniques for adults using
dental or skeletal remains. It also sought feedback on how well the workshop explained
the vertebral and dental pathologies present in themselves. Finally, we asked whether
the workshop helped participants see themselves represented in the archaeological
record. The survey was entirely voluntary with the consent of the participants and the

Programa Interuniversitario de la Experiencia.

Table 3. Part 3 of the survey (opinions on usefulness of the workshop).

Question

Possible answers

Have you had difficulties understanding the explanations provided in

class?

Yes
No

If you answered yes to the previous question, what do you consider to be

the main causes of your difficulty?

Complexity of the subject
Speed of the explanation
Lack of clear examples
Other

Yes
Do you have any type of visual or auditory difficulty? No
Unnecessary
How do you assess the use of archaeological material in teaching? Useful
Vital
. . Yes
Do you think you have learned a bit more about anatomy? No
i . . Yes
Has this workshop helped you see yourself represented in human history? No
Has this workshop helped you to understand the scarcity of old adults in Yes
archaeological contexts? No
. Yes
Have you observed any pathologies that you yourself suffer from? No
If you answered yes to the previous question, has this workshop helped Yes
you better understand your condition? No



Statistical analyses

To tests our hypothesis, we analysed the data from the surveys using two different
approaches. To evaluate the educational effectiveness of the workshop, we compared
the participants’ answers to the same test administered two days before and
immediately after the workshop using McNemar’s test. This statistical test is appropriate
for paired nominal data and assesses whether the marginal frequencies of two related
samples are equal. To evaluate participants’ self-perceived learning and satisfaction we
used x2 test. All statistical analyses were carried out in Rstudio version R 4.1.2 (R Core
Team 2021). Differences were considered significant at a p-value < 0.05.

Results

Demographic data

The survey collected data from 49 participants, providing insights into their demographic
characteristics and knowledge base. Importantly, all 49 participants (100%) consented
to their data being used for educational research purposes and completed the survey.
Most participants were female, accounting for 59.18% (29 out of 49), while males
represented 38.77% (19 out of 49). One participant (2.04%) preferred not to disclose
their sex. Regarding educational background, the largest group consisted of those with
professional training at 42.85% (21 participants), followed closely by those with a high
school education at 36.73% (18 participants). University graduates made up 16.32% (8
participants), and a small fraction (4.08% or 2 participants) completed primary school.
Notably, there were no PhD holders among the respondents. The age distribution of the
participants was primarily concentrated in the 60-70 years range, comprising 59.18%
(29 participants). The 70-80 years age group followed with 38.77% (19 participants),
while only one participant (2.04%) fell into the 80-90 years category. When asked

about their prior knowledge of human anatomy, the majority (59.18% or 29 participants)
reported having no previous knowledge. 32.65% (16 participants) claimed basic
knowledge, and 8.16% (4 participants) reported intermediate knowledge. None of the
participants considered themselves to have advanced knowledge in this area.

Workshop’s educational impact

The second part of the survey included a final test with four questions related to age
estimation and pathological identification based on skeletal remains. For the first question,
which asked to identify the youngest individual based on dental remains, the results of
the test carried out two days prior to the workshop showed that 73.46% (36 participants)
correctly identified Individual 3 as the youngest (Figure 1). Following the workshop,

this number increased to 81.63% (40 participants). The McNemar’s test revealed no
statistically significant improvement in performance after the workshop (p > 0.05).



INDIVIDUAL 1 INDIVIDUAL 2 INDIVIDUAL 3

Figure 1. Mandibles used on the first question of part two of the survey for identifying the
youngest individual based on dental remains.

The second question required participants to identify the oldest individual
based on the coxal bone. After the workshop, a 31% increase in correct responses
was observed compared to two days before. Initially, 44.89% of participants correctly
identified Individual 3 as the oldest, which increased to 75.51% (37 participants) after
the workshop (Figure 2). In this case, the McNemar’s test revealed a statistically
significant difference between the results obtained two days prior to the workshop and
those collected immediately after (p < 0.05).

Individual 1 Individual 2 Individual 3

Figure 2. Coxal bones used on the second question of part two of the survey for
identifying the oldest individual based on pubic and auricular surface degenerative
changes.



In the third question, participants were asked to identify a specific pathology
present in a vertebra (Figure 3). In this case, the responses were more varied. Two
days before the workshop, 42.86% (21 participants) correctly identified osteoarthrosis,
while 32.65% (16 participants) chose Schmorl’s nodules, 20.41% (10 participants)
selected Spondylitis, and 4.08% (2 participants) believed there was no pathology
present. Following the workshop, the percentage of participants correctly identifying
osteoarthrosis increased significantly to 68.57% (34 participants). The proportion of
participants who chose Schmorl’s nodules, Spondylitis, and no pathology decreased to
18.37% (9 participants), 8.16% (4 participants), and 4.08% (2 participants), respectively.
The McNemar test was applied to paired responses before and after the workshop,
revealing a significant improvement in correct identifications (p < 0.05), indicating that
the workshop had a statistically significant positive effect on participants’ ability to
recognize osteoarthrosis.

Figure 3. Vertebra with osteoarthrosis used on the third question of the second part of
the survey. 1 — porosity; 2 — osteophytes; 3 — eburnation.

The final question asked why a particular individual would be considered young.
Two days before the workshop, 65.31% (32 participants) correctly answered that the
individual was considered young because their teeth were not very worn down (Figure
4). Meanwhile, 12.24% (6 participants) thought it was due to a lack of caries, 10.20% (5
participants) believed it was because of the presence of both deciduous and permanent



dentition, and 12.24% (6 participants) chose the option that the individual had all

their teeth. Following the workshop, the percentage of correct responses increased
significantly to 81.63% (40 participants), with decreases in the other options: 8.16% (4
participants) for lack of caries, 6.12% (3 participants) for presence of both dentitions,
and 4.08% (2 participants) for having all their teeth. The McNemar’s test applied to
paired responses revealed a significant improvement in correct identifications (p < 0.05).

Figure 4. Mandible used on the final question of the second part of the survey.

Participants’ self-perceived learning and satisfaction

The third part of the survey gathered participants' opinions on the usefulness of

the workshop, focusing on their understanding, personal experiences, and learning
outcomes. When asked if they had difficulty understanding the explanations provided in
class, 77.55% (38 participants) reported no difficulties, while 22.44% (11 participants)
said they did encounter challenges. Among those who experienced difficulties, the
majority (81.81%, or 9 out of 11) attributed it to the complexity of the subject. A smaller
percentage (18.18%, or 2 out of 11) cited the speed of the explanation as a factor, while
no participants identified a lack of clear examples or other reasons as causes for their
difficulties. Regarding visual or auditory difficulties, 46.93% (23 participants) stated they
had such challenges, while 53.06% (26 participants) reported no issues. Participants
were also asked to assess the use of original skeletal materials in teaching. Nearly half



(46.93%, or 23 participants) considered it vital, while 42.85% (21 participants) found it
useful. A minority (10.20%, or 5 participants) deemed it unnecessary. The vast majority
of participants (93.87%, or 46 out of 49) believed they had learned more about anatomy
through the workshop, while only 6.12% (3 participants) disagreed. When asked if the
workshop helped them see themselves represented in human history, an overwhelming
95.91% (47 participants) responded affirmatively, with only 4.08% (2 participants)
answering negatively. A large proportion of participants (91.83%, or 45 out of 49) agreed
that the workshop helped them understand the scarcity of old adults in archaeological
contexts, while 8.16% (4 participants) did not feel this way. More than half of the
respondents (53.06%, or 26 participants) observed pathologies during the workshop
that they themselves suffered from, while 46.93% (23 participants) did not make such
observations. Among those who identified with certain pathologies, 92.30% (24 out

of 26) said that the workshop helped them better understand their condition, whereas
7.69% (2 out of 26) felt it did not.

When the variables of usefulness of the original skeletal material and the
usefulness of the workshop to understand the scarcity of old adults in archaeological
contexts were compared, a statistically significant difference was obtained (p < 0.05).
While participants who found the workshop useful also appreciated the original material,
those who did not found both resources to be of limited use. However, one person
considered the workshop to be useful but not the original material. When comparing
the variables of usefulness of the original material and the workshop's effectiveness
in helping the audience understand their pathologies, we also found a significant
relationship (p < 0.05). All individuals who reported that the workshop helped them
better understand their pathologies also found the original material vital for teaching.

Discussion and conclusions

The demographic profile of participants in this study—predominantly women in their
60s and 70s with professional backgrounds but limited prior anatomical knowledge—
reflects broader European trends in lifelong learning and educational attainment.

The overrepresentation of women in Universities of the Third Age aligns with well-
documented patterns across Europe (Cybulski et al. 2020; Gierszewski and Kluzowicz
2021). As of 2023, tertiary educational attainment among Spanish women aged 25-34
(48.8%) surpasses that of men (37.6%), mirroring trends throughout the EU (Eurostat,
2024). Many of these women, previously restricted by societal or economic barriers, are
now actively engaging in adult education (Claeys-Kulik et al. 2019). This demographic
context underscores the importance of designing educational experiences that consider
gender dynamics and lifelong learning trajectories. However, it is crucial to acknowledge
that not all older adults are equally represented in such programs; factors like self-
confidence, health, motivation, and awareness continue to influence participation (Villar
et al. 2010).



From an instructional design perspective, the results demonstrate the
considerable pedagogical benefits of incorporating hands-on, original skeletal material
into bioarchaeology and age-estimation learning experiences. The workshop, tailored
to the Programa Interuniversitario de la Experiencia participants, highlights the efficacy
of experiential learning strategies for older adults, particularly those with limited
prior subject knowledge. This aligns with adult learning theories emphasizing active
engagement, multisensory input, and practical relevance as central to meaningful
knowledge acquisition (Knowles 1980; Merriam and Bierema 2013).

The statistically significant improvement in post-workshop assessments—
especially in identifying the oldest individual from skeletal remains and recognizing
vertebral pathology—illustrates how interactive, applied learning formats can deepen
comprehension beyond traditional lecture-based methods. The increase in correct
responses regarding youthfulness based on anatomical markers further suggests the
capacity of older learners to integrate complex biological and archaeological concepts
when engaged in participatory, context-rich environments. Interestingly, the only area
without significant improvement was the question related to identifying the youngest
individual through dental analysis. This may be attributed to participants’ prior intuitive
knowledge or experience distinguishing dental characteristics, possibly stemming from
their own familial roles. Many older adults are familiar with differentiating deciduous from
permanent teeth due to their experiences with children or grandchildren, providing a
baseline competence in this domain. This suggests that leveraging learners’ existing life
experiences and tacit knowledge can be an effective strategy to scaffold new learning.

More broadly, this workshop aligns with a growing body of research that
highlights the pedagogical value of practical, object-based learning in archaeology,
anthropology, and paleontology. Previous studies have demonstrated the effectiveness
of conducting workshops using original skeletal materials, 3D replicas, and virtual
models to foster engagement and accessibility among diverse audiences, including
school students, visually impaired learners, and adult participants in outreach programs
(Andi¢ et al. 2024; Diaz-Navarro and Sanchez de la Parra-Pérez 2023; Evelyn-Wright
et al. 2020; Brumpt et al. 2023). These approaches not only promote conceptual
understanding, but also improve retention, motivation, and inclusivity. In this sense, our
findings contribute to the broader, interdisciplinary discourse on experiential learning
and support calls for the integration of tactile, visual, and applied strategies in teaching
bioarchaeological concepts to non-specialist audiences (Ward et al. 2023; Fernandez-
Laso et al. 2023; DeSilva 2004).

The principles of andragogy, the theory and practice of adult learning, further
supports these findings. Andragogy emphasizes self-directed learning, the value of
drawing on learners’ prior experiences, and the importance of content relevance to adult
learners’ personal and professional lives (Knowles 1980). Our workshop’s success in
linking bioarchaeological content to participants’ own histories and lived experiences



exemplifies these core principles, facilitating motivation and deeper learning. This adult-
centered approach helps bridge the gap between new knowledge and existing cognitive
frameworks, fostering more meaningful and sustained educational outcomes.

Furthermore, the overwhelmingly positive self-reported outcomes and high
satisfaction levels point to the critical role of motivation and personal relevance in adult
education. The workshop’s success in helping participants see themselves reflected in
human history, and in recognizing similarities between observed pathologies and their
own conditions, emphasizes the importance of connecting content to learners’ lived
experiences. Such contextualization fosters engagement and supports transformative
learning processes (Mezirow 1991). Nonetheless, 22.44% of the participants noted
some difficulties, mainly related to the complexity of the subject. To address this, we
recognize the need to adapt certain aspects of the workshop to better support diverse
learning needs, particularly those of older adult learners. Given the two-hour duration
of the session, the amount and density of information may have been challenging for
some participants. Future iterations may benefit from a more scaffolded structure, where
foundational concepts are introduced gradually before progressing to more advanced
material. In line with principles of adult education, strategies such as relating content to
personal experience, encouraging active participation, and allowing time for reflection
can support deeper understanding. Offering optional pre-session reading materials or
short preparatory videos may also help participants engage with the content at their
own pace. These approaches aim to enhance accessibility and inclusivity without
compromising the academic rigor of the program.

The use of original human remains was integral to the success of the workshop,
as tangible, authentic materials provide concrete, multisensory learning stimuli that
make abstract or complex concepts more accessible. For older adult learners, who
benefit from practical applications and real-world connections, this approach enhances
inclusivity by accommodating diverse learning styles and cognitive needs (Brookfield
1986). This reinforces the pedagogical value of authentic artifacts in adult education
programs. We also believe that this component was crucial in enhancing students'
understanding of the very pathologies they experience themselves, particularly spinal
conditions, which were the primary focus of the workshop. This is especially significant
as it provides students with direct exposure to their own ailments—an opportunity they
might not otherwise have. In summary, incorporating original human skeletal materials
into the curriculum of the Programa Interuniversitario de la Experiencia significantly
enriched the learning experience, providing students with authentic insights into
biological anthropology.

Nonetheless, this study has some limitations that should be acknowledged.
First, the relatively small sample size limits the generalizability of the findings and may
not capture the full range of perspectives among older adult learners. Future iterations
of the workshop would benefit from a larger and more diverse participant pool, both



in terms of demographic background and prior exposure to anatomy or archaeology.
Second, while the structure of the workshop was designed to balance individual and
group activities, the potential influence of peer discussion or group dynamics on
individual responses cannot be ruled out. Finally, the short duration of the intervention
provides only a snapshot of its impact, and longitudinal studies are needed to assess
long-term retention and engagement.

Following the positive reception of this pilot workshop, we intend to continue
developing engagement activities that connect bioarchaeological research with older
adult learners. Future iterations will explore new skeletal topics, such as mobility or
dietary reconstruction, and may include longer or multi-session formats to deepen
learning and foster continued participation. We also aim to evaluate the long-term
educational impact of these interventions and to collaborate with other institutions
interested in integrating archaeological science into lifelong learning programs.

In conclusion, this workshop exemplifies a highly effective instructional
approach for lifelong learning initiatives aimed at older adults. By combining theoretical
foundations with hands-on interaction and critical reflection on biological aging and
archaeological interpretation, the program addresses the unique preferences and
capacities of older learners. Such strategies promote active aging, personal growth,
and social inclusion through meaningful, participatory educational experiences. Future
programs should continue to prioritize original skeletal materials and experiential
methods to maximize engagement and learning outcomes within this demographic.
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