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Abstract

Practical-based laboratory instruction represents a substantial component of education in biological anthropology,

a multidisciplinary field concerned with investigating human evolution, biology, and behaviour from an evolution-
ary perspective. The efficacy of online practical laboratory classes using 3D models as part of the mode of delivery, as
compared to traditional face-to-face learning, is poorly understood in the field of biological anthropology despite an
increased uptake of online learning and the potential benefits of embracing this delivery modality. We present the
preliminary findings of an ongoing study exploring the effectiveness of online practical training using 3D resources

in biological anthropology. Through a participant survey of undergraduate and postgraduate osteology and palaeo-
anthropology students (n=27) from an Australian university, we assess (1) whether differences in teaching modality
impact student comprehension of practical concepts and (2) whether student perceptions of learning vary between
in-person and online teaching modalities. Our results show that there are no significant differences in test of knowl-
edge scores between online and in-person in either biological anthropology sub-discipline. However, in-person
students experienced an increased feeling of learning relative to the online students in our combined discipline and
osteology-only cohorts. Feeling of learning scores were statistically significantly lower among the online osteology
cohort relative to palaeoanthropology students. Our preliminary results suggest that online labs using 3D models may
be an effective means of teaching practical skills in biological anthropology, although student perceptions of learning
may be negatively impacted. Feelings of learning are also variable across sub-disciplines, suggesting a need for more
nuanced investigations into the efficacy of online learning. Larger sample sizes are required to confirm these findings.
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Background

Biological anthropology is a multidisciplinary field con-
cerned with investigating human evolution, biology, and
behaviour from an evolutionary perspective (Larsen,
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et al. 2019; Spiros et al. 2022). Aspiring practitioners in
these disciplines therefore require specialist training to
develop the key practical skills necessary for leading and
participating in field or lab-based research (Bonello 2001;
Brookes 2008; Cobb and Croucher 2012; Craik and Coll-
ings 2022; Kent et al. 1997).

Online learning is becoming increasingly common
in many practice-based fields in both STEM and the
humanities, including biological anthropology and its
cognate disciplines anatomy, archaeology, biology, and
forensic anthropology (Bayle et al. 2022; Derudas and
Berggren 2021; Erolin and Rea 2019; Yammine and Vio-
lato 2015). Since its inception in the 1970s, there has
been intense discussion around the general utility of
online education, with its greater flexibility, accessibil-
ity, and inclusiveness cited as key benefits (Mitchell and
Delgado 2014; Lloyd et al. 2012; Dumford and Miller
2018; Bernard 2021; Almahasees et al. 2021). Within
STEM disciplines, however, online learning has tradi-
tionally been perceived to be an unsuitable medium for
the delivery of practical training (Peuramaki-Brown et al.
2020), prompting educators to turn to the use of digital
3D materials to replicate in-person learning experiences
(e.g., Gutiérrez-Carreon et al. 2020; Hilbelink 2009; Prab-
hakaran et al. 2018). In anatomy, biology, and archaeol-
ogy, these materials have included digital 3D surface
models, medical computed tomography (CT) models, 3D
visualisation systems, and virtual reality environments
(Bayle et al. 2022; Derudas and Berggren 2021; Erolin and
Rea 2019; Peuramaki-Brown et al. 2020; Petersson et al.
2009). Although the use of 3D models has been shown to
improve both student engagement and factual and spa-
tial knowledge acquisition, not all in-person experiences
can be replicated, leading some researchers to conclude
that 3D technologies are best used to ‘enhance’ in-per-
son learning (Erolin and Rea 2019; Yammine and Violato
2015). There has been little specific research investigat-
ing the utility of 3D models in a pedagogical context in
biological anthropology (though see Craik and Collings
2022 and Shulz 2022 for exceptions).

Here, we present the preliminary findings of an ongo-
ing study exploring the effectiveness of online practical
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training using 3D models in biological anthropology. We
aim to understand whether online practical laboratory
sessions using 3D models are an effective alternative to
traditional, in-person practical training. Through a par-
ticipant survey of osteology and palaeoanthropology stu-
dents (n=27) from an Australian university, we assess (1)
whether differences in teaching modality impact student
comprehension of practical concepts and (2) whether
student perceptions of learning vary between in-person
and online teaching modalities.

Methods

Students who were aged 18 or over and enrolled in intro-
ductory osteology and palaeoanthropology courses at the
Australian National University (Additional file 1) were
eligible to participate this study. We assessed student per-
ceptions of learning and knowledge comprehension in
relation to one lab from each course (Additional file 2).
To ensure equal participation across the online and in-
person study conditions, half of the students from each
course were assigned to participate in the lab online and
half in-person. Detailed information on lab delivery can
be found in Additional file 2.

Following the labs, participants were invited to com-
plete a two-part online survey via the Qualtrics web plat-
form (Additional file 3). In Part One, participants were
asked to answer five Likert Scale questions gauging their
‘Feelings of Learning’ (FOL) (Deslauriers et al. 2019). The
inter-item consistency of Part One was analysed using
Cronbach’s alpha, with results indicating high reliability
(Cronbach’s alpha=0.9542, Nunnally 1978). Part Two
involved a ‘Test of Knowledge’ (TOK) assessing student
comprehension of the lab content. Both online and in-
person students completed this test online. All study
participants answered the same set of FOL questions,
whereas TOK questions were course specific.

Wilcoxon rank-sum exact tests were used to assess
whether students experienced significantly different
TOK and FOL outcomes between in-person versus
online delivery modes (Bland 2015). Analyses were con-
ducted at the combined cohort (both courses online vs.
both courses in-person) and individual cohort (osteology

Table 1 Means, standard deviations, and Wilcoxon rank-sum results for Test of Knowledge (TOK) data collected to measure student
comprehension of in-person and online biological anthropology laboratory content

In-Person Online In-Person Online(n=7) =z p In-Person Online (n=4) =z p
(n=16) (n=11) (n=7) (n=9)

Mean SD Mean SD z p Mean SD Mean SD Mean SD Mean SD

3.63 089 3.09 138 1.081 0281 414 069 357 1397 0744 0573 322 083 225 095 1621 0.143

Tests comprised five subject-specific multichoice questions on content covered in the practical lab. Mean scores out of five were calculated for each cohort, with 5/5
representing excellent comprehension of lab content, while scores of 0/5 represent poor comprehension
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online vs. osteology in-person; palaeoanthropology
online vs. palaeoanthropology in-person) levels using
Stata/BE 17.0 for Mac (StataCorp 2023). Ethical permis-
sions for this study were granted by the ANU Human
Research Ethics Committee (Protocol 2022/216) and the
ANU Planning and Services Performance Team.

Results

A total of 27 students participated in the survey, with
the osteology cohort comprising 52% (n=14) of partici-
pants and the palaeoanthropology cohort 48% (n=13).
Detailed information on the participants and survey
response rates is provided in Additional file 2.

Test of knowledge

There was no significant difference in TOK scores
between the in-person (mean TOK>3.22, SD>0.83)
and online (mean TOK>2.25, SD >0.95) cohorts for the
combined, osteology, and palaeoanthropology groups
(z>0.744, p>0.143, Table 1). There were no significant
differences between the osteology and palaeoanthropol-
ogy cohorts when controlling for online or in-person
delivery type (z>1.656, p >0.146, Additional file 4).

Feeling of learning

In-person students in the combined and osteology only
cohorts experienced significantly higher feelings of
learning (mean FOL>3.81, SD>0.00) relative to the
online students (mean FOL>1.14, SD>0.38, z<3.338,
p<0.001, Table 2). There were no statistically significant
differences in feeling of learning between the in-person
(mean FOL>3.55, SD>0.50) and online palaeoanthro-
pology cohorts (mean FOL>3.50, SD>0.50; z=1.281,
p=0.333, Table 2). Comparisons between the in-per-
son osteology and palaeoanthropology cohorts show
that there were no significant differences in feeling of
learning between these groups (z=2.029, p=0.109,
Additional file 4). However, feelings of learning were sig-
nificantly decreased among online osteology students rel-
ative to online palaeoanthropology students (z=— 2.383,
p=0.024, Additional file 4).

Discussion

Our preliminary findings suggest that online learning
using 3D models does not negatively impact student
comprehension of lab concepts, as demonstrated through
a test of knowledge. Online lab delivery may therefore
represent an effective alternative to in-person laboratory
practicals, enabling engagement with broader student
cohorts (e.g., distance learners). However, online students
experienced significantly decreased feelings of learning
compared to in-person students in the combined and
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osteology-only cohorts. This trend was not observed
among palaeoanthropology students. This finding is
supported by several investigations demonstrating that
decreased feelings of learning are not reflected in student
outcomes (Supriya et al. 2021; Cavanaugh and Jacquemin
2015; Chan et al. 2021).

The impacts of variations in teacher experience, deliv-
ery mode and style, and student proficiency were mini-
mised through the selection of courses, teachers, and
students of similar skill from within one major at the
same university. As such, variations in feelings of learn-
ing may therefore reflect differences in students’ levels
of experience with online learning between the cohorts
(Additional file 2), as well as variation in course content
and types of lab activities, the perceived quality of 3D
resources, student engagement and interaction, and dif-
ferences in student moods, emotions and learning styles
(Alshare et al. 2011; Gray and DiLoreto 2016; Parahoo
et al. 2016; Salter and Gardner 2016). Although prelimi-
nary, our results suggest that the perceived effectiveness
of online labs varies across biological anthropology sub-
disciplines and that more nuanced investigations into the
efficacy of online learning are required.

Our preliminary study is limited by its short duration
(one lab session), small sample size (n=27) and low par-
ticipant response rates (Additional file 2), underscoring
that the data presented here may not be representative
of the broader student community and should be consid-
ered with caution. However, these data provide a valuable
resource for assessing the effectiveness of teaching and
learning in hands-on fields, and for refining educational
best practice in biological anthropology and beyond.

Abbreviations

3D Three Dimensional

ANU Australian National University

FOL Feeling of Learning

STEM Science, Technology, Engineering and Mathematics
TOK Test of Knowledge

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512052-023-00190-w.

Additional file 1: General course outlines.
Additional file 2: Participant, teacher, and lab information.
Additional file 3: Survey.

Additional file 4: Results table for osteology vs. palaesoanthropology
comparisons.

Acknowledgements

We thank the students who participated in this study, as it would not be pos-
sible without their time, effort, and willingness to take part. We also thank the
School of Archaeology and Anthropology, College of Arts and Social Sciences,


https://doi.org/10.1186/s12052-023-00190-w
https://doi.org/10.1186/s12052-023-00190-w

Ward et al. Evolution: Education and Outreach (2023) 16:12

Human Research Ethics Committee, and the Planning and Services Perfor-
mance Team at the Australian National University for their support.

Author contributions

S.MW.: conceptualisation, methodology, investigation, data curation, formal
analysis, writing (original draft), project administration, funding acquisition;
K.L.B.: conceptualisation, methodology, investigation, writing (review and edit-
ing), project administration, funding acquisition; L.A.B.W.: conceptualisation,
methodology, writing (review and editing), project administration, funding
acquisition, supervision.

Funding

This study was supported by a 2021 ANU College of Arts and Social Sciences
Teaching and Learning Grant awarded to LABW., KL.B and SMW. LABW.is
supported by the Australian Research Council (FT200100822).

Availability of data and materials
The dataset supporting the conclusions of this article are included within the
article and its additional files.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 17 April 2023 Accepted: 16 June 2023
Published online: 01 July 2023

References

Almahasees Z, Mohsen K, Amin MO. Faculty’s and students’ perceptions of
online learning during COVID-19. Front Educ. 2021. https://doi.org/10.
3389/feduc.2021.638470.

Alshare KA, Freeze RD, Lane PL, Wen HJ. The impacts of system and human
factors on online learning systems use and learner satisfaction. Decis Sci J
Innov Educ. 2011,9(3):437-61.

Bayle P, Armand D, Bessou M, Cochard D, Couture C, Deguilloux M-F, et al.
Enhancing the learning of evolutionary anthropology skills by combining
student-active teaching with actual and virtual immersion of Master’s
students in fieldwork, laboratory practice, and dissemination. Ecol Evol.
2022;12(4): e8825.

Bernard HR. Online is not just as good as F2F for teaching research methods—
it's better. J Archaeol Edu. 2021;5(1):9.

Bland M. An introduction to medical statistics. Oxford: Oxford University Press;
2015.

Bonello M. Fieldwork within the context of higher education: a literature
review. Br J Occup Ther. 2001;64(2):93-9.

Brookes S. Archaeology in the field: enhancing the role of fieldwork training
and teaching. Res Archaeol Edu. 2008;1(1):31-45.

Cavanaugh J, Jacquemin SJ. A large sample comparison of grade based stu-
dent learning outcomes in online vs face-to-face courses. Online Learn J.
2015. https://doi.org/10.24059/0lj.v19i2.454.

Chan AKM, Botelho MG, Lam OLT. The relation of online learning analytics,
approaches to learning and academic achievement in a clinical skills
course. Eur J Dent Educ. 2021;25(3):442-50.

Cobb H, Croucher K. Field Schools, Transferable Skills and Enhancing Employ-
ability. In: Mytum H, editor. Global perspectives on archaeological field
schools constructions of knowledge and experience. New York: Springer;
2012.

Craik K, Collings AJ. A preliminary study into the impact of using three-dimen-
sional models in forensic anthropology learning and teaching. Sci Justice.
2022,62(6):814-21.

Derudas P, Berggren A. Expanding field-archaeology education: the integra-
tion of 3D technology into archaeological training. Open Archaeol.
2021,7(1):556-73.

Deslauriers L, McCarty LS, Miller K, Callaghan K, Kestin G. Measuring actual
learning versus feeling of learning in response to being actively engaged
in the classroom. Proc Natl Acad Sci USA. 2019;116(39):19251-7.

Page 5 of 5

Dumford AD, Miller AL. Online learning in higher education: exploring
advantages and disadvantages for engagement. J Comput High Educ.
2018;30(3):452-65.

Erolin C. Interactive 3D Digital Models for Anatomy and Medical Education. In:
Rea PM, editor. Biomedical Visualisation, vol. 2. Cham: Springer Interna-
tional Publishing; 2019. p. 1-16.

Gray JA, DiLoreto M. The effects of student engagement, student satisfaction,
and perceived learning in online learning environments. Int J Leadersh.
2016;11(1): n1.

Gutiérrez-Carredn G, Daradoumis T, Jorba J, Pefia-Gomar M-C. A study on
the effectiveness of an undergraduate online teaching laboratory
with semantic mechanism from a student perspective. J Inf Technol.
2020;19:137.

Hilbelink AJ. A measure of the effectiveness of incorporating 3D human
anatomy into an online undergraduate laboratory. Br J Educ Technol.
2009;40(4):664-72.

Kent M, Gilbertson DD, Hunt CO. Fieldwork in geography teaching: a
critical review of the literature and approaches. J Geogr High Educ.
1997;21(3):313-32.

Larsen CS. Introduction. In: Larsen CS, editor. A Companion to Biological
Anthropology. Chichester: Blackwell Publishing Ltd; 2010. p. 1-10.

Little MA, Sussman RW. History of Biological Anthropology. In: Larsen CS,
editor. A Companion to biological anthropology. Chichester: Blackwell
Publishing Ltd; 2010. p. 13-38.

Lloyd SA, Byrne MM, McCoy TS. Faculty-perceived barriers of online education.
J Online Learn Teach. 2012;8(1).

Mitchell MM, Delgado C. Online learning: advantages and challenges in imple-
menting an effective practicum experience. Open J Nurs. 2014;4(6):379.

Nunnally JC. Psychometric theory. New York: McGraw-Hill; 1978.

Parahoo SK, Santally MI, Rajabalee Y, Harvey HL. Designing a predictive model
of student satisfaction in online learning. J Mark Educ. 2016;26(1):1-19.

Petersson H, Sinkvist D, Wang C, Smedby O. Web-based interactive 3D
visualization as a tool for improved anatomy learning. Anat Sci Educ.
2009;2(2):61-8.

Peuramaki-Brown MM, Morton SG, Seitsonen O, Sims C, Blaine D. Grand chal-
lenge No 3: digital archaeology technology-enabled learning in archaeol-
ogy. J Archaeol Edu. 2020;4(3):4.

Prabhakaran M, Pantina C, Gutjahr G, Raman R, Nedungadi P, editors.
Effectiveness of Online Labs Teacher Training Workshop. 2018 IEEE 18th
International Conference on Advanced Learning Technologies (ICALT);
2018 9-13 July 2018.

Salter S, Gardner C. Online or face-to-face microbiology laboratory sessions?
First year higher education student perspectives and preferences. Creat
Educ. 2016;07(14):12.

Shook B, Nelson K, Aguilera K, Braff L. Explorations: An Open Invitation to
Biological Anthropology. Arlington VA: American Anthropological Asso-
ciation; 2019.

Shulz E. Teaching Pedagogy of Online vs In-Person Learning: Relative to Oste-
ology. Lincoln: University of Nebraska; 2022.

Spiros MC, Plemons AM, Biggs JA. Pedagogical access and ethical considera-
tions in forensic anthropology and bioarchaeology. Sci Justice. 2022.
https://doi.org/10.1016/j.5cijus.2022.03.008.

StataCorp. Stata/BE 17.0 for Mac (Apple Silicon). StataCorp LLC: College Sta-
tion; 2023.

Supriya K, Mead C, Anbar AD, Caulkins JL, Collins JB, Cooper KM, et al. Under-
graduate biology students received higher grades during COVID-19 but
perceived negative effects on learning. Front Educ. 2021. https://doi.org/
10.3389/feduc.2021.759624.

Yammine K, Violato C. A meta-analysis of the educational effectiveness of
three-dimensional visualization technologies in teaching anatomy. Anat
Sci Educ. 2015;8(6):525-38.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3389/feduc.2021.638470
https://doi.org/10.3389/feduc.2021.638470
https://doi.org/10.24059/olj.v19i2.454
https://doi.org/10.1016/j.scijus.2022.03.008
https://doi.org/10.3389/feduc.2021.759624
https://doi.org/10.3389/feduc.2021.759624

	A preliminary analysis of the effectiveness of online practical laboratory delivery using 3D models for higher education courses in biological anthropology
	Abstract 
	Background
	Methods
	Results
	Test of knowledge
	Feeling of learning

	Discussion
	Anchor 9
	Acknowledgements
	References


