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Teaching human evolution: How a museum
programme in the palaeosciences improved
learner performance

The teaching of evolution at school level in South Africa was introduced in 2006. However, evolution
remains a controversial aspect for school learners in South Africa, and many misconceptions persist
among teachers and learners. The study described in this paper sought to investigate whether an
interactive palaeosciences university-based museum programme (PUMP) would benefit the examination
outcome of learners in human evolution in the Gauteng Province of South Africa. The PUMP made use
of sociocultural theory and consisted of inquiry-based activities with casts of hominid skulls and pelvic
bones. The Cultural-Historical Activity Theory (CHAT) framework was used as a theoretical framework.
Pre- and post-tests were written, before and directly after the activities, and a provincial examination essay
question was analysed to see if there was a difference in results between those who attended the PUMP
and those who did not. Focus interviews were conducted with learners and teachers. The results of this
study indicate that the understanding of human evolution increased following PUMP This study advocates
an inquiry-based approach to the teaching of evolution to learners, preferably at an informal science
learning institution such as a museum.

Significance:
«  Workshops increased Grade-12 learners’ understanding of human evolution.
*  The workshops improved the preliminary examination results of the Grade-12 learners.

e [tis recommended that the teaching of human evolution to school learners be supplemented with visits
to informal learning centres such as museums.

Introduction

South Africa has a rich fossil heritage.! However, when the teaching of palaeosciences was introduced into
the school curriculum in 2006, it was met with resistance.? Learners and teachers have many misconceptions
regarding the basic principles of biological evolution3, and mistakes in South African school textbooks further
perpetuate these misconceptions®. South Africans have some of the lowest rates of acceptance of human
evolution’, mostly because of conflicting religious views®’ and the use of standard forms of instruction® rather
than interactive methods® such as inquiry-based techniques, application or analysis'™. In this paper, we describe
a study conducted with schools in the province of Gauteng and the Museum of the Evolutionary Studies Institute
(ESI) at the University of the Witwatersrand, Johannesburg (Gauteng), South Africa. The study was launched in
2018 and was aimed at stimulating interest in the palaeosciences. In particular, we sought to investigate whether a
palaeosciences university-based museum programme (PUMP) would benefit the examination outcome of learners.
The study involved presenting the topic of human evolution as an interactive activity whilst Grade-12 learners from
schools in one educational district in Gauteng visited the ESI museum.

Many have suggested that collaborations between schools and informal science learning (ISL) centres had a
positive cognitive and affective outcome in school learners and that pedagogical research, where learning takes
place in an informal setting, should be pursued.' For example, natural history museums often have an abundance
of information on display' and inquiry-based activities are successful in helping learners to gain knowledge and
meaning about the past'. Such visits encourage learners to ‘see and think’, thus exposing them to ‘thinking skills’
through guided conversation and questions asked by educators and learners. The new information is therefore
gained through reasoning, inference and deduction, which enhance learning.™ Sociocultural theory dictates that
the interaction with peers, while engaged in an activity, as well as the scaffolding provided by educators, deepens
the learning experience.''® In the context of South Africa, studies of ISL centres have found that visits by learners
improved learning®, with pre- and post-visit sessions by teachers assisting to reinforce an informal learning
experience’®.

Study design

We used a mixed-methods approach.’® Data were collected through pre- and post-tests, examination scripts,
observations, focus interviews as well as semi-structured interviews.?® Purposeful stratified sampling? was
chosen. In this type of sampling, the population used in a study is divided by the researcher based on specific
characteristics. Then, random sampling is used to represent each subgroup. South Africa has different types of
schools, and for this study, two different types of schools were selected: former model-C schools and township
schools. Former model-C schools are usually well resourced and perform well??, whereas township schools are
usually located in under-resourced communities. The sample used in this study was composed of a total of 13
schools, represented by former model-C (6) as well as township (7) schools.
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CHAT as a theoretical framework

The study was guided by the third-generation Cultural-Historical Activity
Theory (CHAT)%, which links educational theory and practice?*?. CHAT
acts as a lens through which research is viewed, and intermediate theories
are filters when analysing data.’® The intermediate theories used in this
study were sociocultural theory?” and community of practice®. According
to Foot?, CHAT is composed of six components. The first component
is the subject, the individual or group that performs an activity together
to obtain an object or outcome, which is the second component of the
activity system. The activity is modified by the cultural and historical
influences of the community of the activity system. The third component
is the community, which is made up of people who have an interest in the
same common object and who participate in the activity system. This
temporary activity system exists only while the university and schools
are busy with the activity.* Tools, the fourth component, are used by
the subject to achieve the object of the activity system, and could be
conceptual or material. The tools are shaped by the needs, values and
norms of the culture of the activity system. Rules, the fifth component,
regulate the actions of the subject towards the object and community. The
university had its own rules and division of labour, while the schools had
their own. Sometimes this led to contradictions in the system. The last and
sixth component is the division of labour, which relates to the horizontal
division of tasks and the vertical division of power, resources and access.
The activity system is dynamic and continuously evolving through
collective actions.®' Hence, the object is dynamic.®? The activity theory
was further developed into a system with two interacting activity systems
with a shared object.®® This system is known as the third-generation
CHAT. According to Engestrom and Sannino, the internal contradictions
within the activity systems drive transformation within the activity
systems. The contradictions within and between two activity systems,
working on the same object, could be compared. Contradictions are the
central driving force of change and development in CHAT®, which are
structural tensions within and between activity systems that emerge due
to historical developments, systemic mismatches or conflicting motives.
More recently, Engestrdm and Sanino® developed the fourth-generation
CHAT, which focuses on networks of activity systems rather than just
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interactions between two systems. It emphasises dialogicality, poly-
phony (multiple voices) and distributed agency in expansive learning,
incorporating globalisation, digital technologies and sociopolitical
complexities, highlighting how multiple, interconnected activity systems
co-evolve through negotiation and boundary-crossing. Fourth-generation
CHAT seeks to address challenges such as global crises, digital
transformation and power dynamics by examining how diverse activity
systems interact at a broader scale.

We used the third-generation CHAT framework?3 to investigate the
influence of the PUMP on the performance of Grade-12 learners in
human evolution in one educational district in the Gauteng Province,
South Africa (Figure 1). We also investigated the learners’ views on
evolution, as well as the community of practice between the different
communities and learners’ views on the PUMP. One of the contradictions
of the activity system was the feedback from school principals during
the first year that field trips to the university-based museum were costly
and impacted teaching time for the final exit examinations.? This led to a
second activity centre where PUMP was taken to schools. Hence, the first
activity system is concerned with PUMP at the university-based museum,
while the second system is concerned with PUMP at schools. The
subject (S) of this activity system is the Grade-12 learners who attended
the PUMP. These learners came from schools within one educational
district. Second, the community (C) of this activity system consists of the
university lecturer (IJM) and assistants, the district Life Sciences Subject
Advisor (GvW), teachers and principals of the schools. Third, the rules
(R) that govern the activity system are the rules of the university, that of
the schools, and the rules and regulations of the Gauteng Department of
Education (GDE) when learners go on field trips. Fourth, the tools (T) of
this system are sociocultural theory, inquiry-based learning, the nature
of science, the university laboratory with fossils and fossil replicas, the
museum and the worksheet that the learners completed. Fifth, the division
of labour (D) was between the university lecturer (IJM) and assistants,
the Subject Advisor (GvW) and the teachers. Sixth, the object (0) of this
activity system was to teach human evolution to Grade-12 learners in an
effective way to improve their performance. This paper focuses on one of
the aspects of CHAT, namely the object.

Sociocultural theory
Inquiry based learning
Nature of science
School as the venue
Teaching tools

T
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learners

R C D c R
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Figure 1:
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The third-generation Cultural-Historical Activity Theory (CHAT) design used for this study.
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PUMP

The National Diagnostic Report on learner performance on the
National Senior Certificate examinations®-%, released by the South
African Department of Basic Education, identifies common errors and
misconceptions of learners. The PUMP aimed to address these common
errors and misconceptions in human evolution.?® The PUMP started at the
University of the Witwatersrand with a tour of the palaeontology museum
and fossil preparatory division. For the museum part of the study, the
PUMP included a worksheet that had instructions for a treasure hunt.
Learners were briefed before they started and were then given an hour
and a half to search for the different clues in the museum. Afterwards,
a feedback session was held with the learners. Thereafter, the learners
went to the fossil preparation laboratory where they viewed the extraction
of fossils. Lastly, they were exposed to inquiry-based human evolution
activities. They had to observe, infer, predict and reach a conclusion.* For
this purpose, the learners had to follow the instructions on the worksheet
and investigate artefacts. They measured cast skulls of different
primates (Gorilla gorilla, Pan troglodytes, Australopithecus africanus,
Australopithecus sediba, Homo naledi, Homo erectus and Homo
sapiens), observing and making inferences about skull features such as
the size of brow ridges, prognathous, dentition, palate shape, the position
of the foramen magnum and cranial ridges. Then the learners, working in
groups, had to use their data, compare these skulls and place them in an
evolutionary sequence from Gorilla gorilla to Homo sapiens. Further, pelvic
bones of three species/genera (Pan troglodytes, Australopithecus and
Homo sapiens) were compared to decide which were bipedal, quadrupedal
or a transitional species/genus. The three types of stone tools were real
artefacts that the learners had to study (Olduvai, Acheulian and Middle
Stone Age). The university lecturer scaffolded their learning by discussing
each one at the beginning of the workshop, indicating how sophisticated
they were.*® The sophistication of the tools was linked to cranium size
and cognitive development. Learners then had to decide which species of
hominin was most likely to produce each stone tool. Moreover, they had to
analyse mutations in shortened DNA sequence fragments of six different
species and decide who had the most in common. After this, they had to
draw a phylogenetic tree using the information they generated during the
workshop. During the activity, at least one mentor was moving between
groups and helping the learners.” Learners had to make inferences
at the end of the session which were discussed during the feedback
session. Based on input from school principals during the first year of the
programme which indicated financial constraints, schools did not visit the
university-based museum during the second year of the study. Instead,
the university-based museum conducted the inquiry-based activities of the
PUMP at schools during the afternoons. The same schools participated
during the first and second years of the study.

The learners also wrote pre- and post-tests, which contained the same
five questions on human evolution. The pre- and post-tests were piloted
on two groups of learners. No questions were left out by any learner
during the pilot, and the timing for the tests was found to be adequate.
The pre-tests were also checked for questions that were too easy, and
there were no questions that were correctly answered by all the learners.
Content validity*' is the degree to which questions are representative of
all the possible questions that could be asked. Test-retest reliability*> was
used to check reliability, with reliable instruments delivering scores that
are stable and consistent. The test score should be nearly the same when
the test is administered at different times. This study ran over 2 years and
multiple groups of learners were tested. The values stayed consistent.
The statistical significance of the data was obtained by calculating the
p-value using the two-tailed t-test. The p-value indicates the probability
that the data was obtained randomly. A critical value (o) of 0.05, which is
the value typically chosen by statisticians*, was selected and a p-value
smaller than this indicates statistical significance as there is only a 5%
chance of the null hypothesis being accepted. The reason for using a
two-tailed f-test was that one group of people was tested at a different
time, and the sample group was greater than 30.%2 The pre- and post-test
also had a question in which learners were asked whether humans
evolved from other species of animals.

Observational notes were taken and video clips and photos were analysed.
Observations were made regarding each learner’s involvement, whether
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they asked for assistance, and whether and how they participated in
the feedback session. The observational notes were coded inductively
and themes were generated. After the workshop, four to six volunteers
were asked to participate in a focused interview. They were asked
what they enjoyed, what they did not enjoy and if they thought humans
evolved from animals. The interview notes were transcribed and coded
inductively. Themes were generated which were triangulated with the
themes obtained from the observations. Semi-structured interviews
were conducted with the teachers and school principals. The teachers
were asked what their view was of the workshop. Principals were asked
about the logistical impact of the workshop on their school and if they
supported learners participating in field trips to informal learning centres.
Interviews were also held with museum educators. The researcher and
outreach staff reflected on how the PUMP changed over time as a result
of feedback from learners, teachers and subject advisors via feedback
from the pre- and post-tests, interviews and observations, and whether
the changes had had a positive impact on learners’ cognitive, affective
and formal academic performance, as well as the participation of the
teachers.

The provincial preliminary examination of Gauteng during the first
year of the study contained an essay question that addressed
human evolution. The question expected learners to describe the
characteristics of the skull of Homo sapiens that differentiate them
from African apes. Learners had to explain how the differences
between the human skeleton and that of African apes result in different
modes of locomotion. The following year, the principals of schools in
the educational district were asked for permission to analyse the essay
question in the question papers. A total of 13 schools still had the
scripts available. The group that attended PUMP had a sample size of
246 learners and consisted of five township schools and three former
model-C schools. The group that did not attend PUMP had a sample
size of 323 learners and consisted of four township schools and one
former model-C school. The data from the preliminary examinations
were compared using an unpaired two-tailed f-test because two
different groups of people were used.

Permission for the study was obtained from the University of the
Witwatersrand (HRECN18-04-017), the GDE and the ESI. Learners
had to give assent while their parents, teachers and school principals
provided consent to be part of the study.?

Results

Pre- and post-tests

Overall, 687 learners completed both the pre- and post-tests. The
highest score for the tests was 7 marks. The results indicated that the
performance of the learners improved from the pre-test to the post-test
(Table 1), showing the value of the PUMP The f-test indicated that the
difference was statistically extremely significant (p<0.0001, 95%, t =
23.7825, df = 686, standard error of difference = 0.078). The 95%
confidence interval (Cl) of [-1.68,—1.43] indicated that there was a 95%
certainty that the confidence interval contained the true mean of the
population. The standard error of the mean (SEM), which evaluates how
closely the sample estimates the population, was small, also indicating
a more precise estimate.* When we compared the university with the
school-based PUMP (Table 2), the results were similar, indicating that
the location of the programme did not affect the outcomes of the pre-
and post-tests. The t-test values for the university-based workshop were
p < 0.0001, 95%, t = 18.1862, df = 330, standard error of difference
= 0.088, with a 95% Cl of [-1.77, —1.43]. For the school-based
workshops it was p < 0.0001, 95%, t = 13.3043 df = 276, standard
error of difference = 0.110, with a 95% Cl of [-1.67, —1.24]. Regarding
the question of whether humans evolved from animals, 41% of learners
agreed or strongly agreed in the pre-test and this increased to 51% in
the post-test. In the pre-test, 26% of the learners neither agreed nor
disagreed, and this decreased to 6% in the post-test.

Observations and interviews

Using the answers from all the sources (the interviews at the university
museum, at the different schools, and the post-test, n = 714 with some
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learners selecting more than one option), the results indicate four themes
obtained from learners on their views of the workshop, supporting the
finding that the workshops were beneficial to learners:

e 60% of the learners found the workshop beneficial, learnt new facts
and gained a deeper understanding of human evolution.

e 25% of learners found the workshop enjoyable, exciting and
interesting.

e 20% of learners found the hands-on workshop with good
explanations better than a lecture or using textbooks.

¢ Only 8% of learners did not enjoy the workshop, got confused, or
felt that the school was not a suitable venue.

The benefits of the workshop, as expressed by learners, were also
echoed by the interviewed teachers (7 = 10 with some teachers selecting
more than one option). All the teachers thought the workshop and the
hands-on activities were beneficial to the learners. Most of the teachers
(90%) referred to the fact that the learners could link what they saw in the
workshop to the theory taught at school. Half of the teachers indicated
that the learners could refer to the workshop when they were studying
for the exams because the learners also took photos of the artefacts.
Moreover, 40% of the teachers said the workshop was very educational,
and that the lecturer was knowledgeable and able to answer all the
questions of the learners. They also found the mediation that he provided
in the groups during activities very beneficial. Three teachers indicated
that the workshop would help the learners with the exams and that the
analytical skills used in the workshop were beneficial. Five teachers were
interviewed a year after the workshop, and they were asked whether
they saw a difference between the groups that attended the workshop
and the groups that did not attend the workshop. All the teachers agreed
that the learners who attended understood human evolution better than
the ones who did not attend the workshop. In this regard, the learners
who attended were better able to visualise the content than the learners
who had used only textbooks. The taking of pictures by learners seemed
to have helped. One teacher was interviewed on how the workshop at
the university differed from the workshop at school. In this case, the
learners attended the workshop at the university three years prior and
now the workshop was conducted at the school. The teacher responded
that while the workshop was beneficial and educational, it was easier to
conduct the workshop at school, but some of the enjoyment was lost.

Palaeosciences museum programme improved learner performance
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The two types of workshops had their benefits and drawbacks. At the
university, the late arrival of the buses negatively affected the workshops;
some learners were ill-disciplined and bothered the other university staff;
too few teachers joined the school groups, leaving the education team
to deal with discipline; bus strikes caused the dates to change; learners
missed out on a day of schooling in other subjects; and extramural
activities at schools caused learners to leave early. However, the learners
were very enthusiastic and energetic, and they enjoyed being in a
different environment. The afternoon school-based workshop was more
convenient for the schools, but the learners seemed tired and hungry
because they had attended a whole day of normal schooling, which
required more effort to keep them focused during the feedback session.
As a result, the workshop duration was shortened. The learners also did
not have the benefit of seeing the fossil laboratory and museum.*

Preliminary examinations

The schools that attended the PUMP obtained higher marks for the
examination question (out of a total of 20 marks) on human evolution,
compared to those schools that did not attend (Table 3). An unpaired
t-test found that the difference was extremely statistically significant
(b < 0.0001, 95%, t = 10.9467, df = 567, standard error of difference
= 0.362). The SEM values were small, which indicated a more precise
estimate. However, the average scores remained below 50%.

Discussion and conclusion

The outcome of CHAT indicates that the knowledge of learners about
human evolution improved after attending the PUMP. The success of this
workshop highlights the value of the tools in this activity centre, namely
inquiry-based learning, sociocultural theory as well as working with
fossils and replicas. Based on a sociocultural theoretical perspective,
effective learning is most likely to take place where learners work in
groups, solving problems and handling objects under the guidance of
an experienced facilitator."® Furthermore, it enables active participation
in the learning process to obtain ownership of the process* and develop
curiosity, interest and a desire to learn*’. It is recommended that
inquiry-based activities, rather than teacher-centred methods, should
be used to enhance the scientific understanding of human evolution
by learners.2’ The degree of conceptual change could be linked to the
degree of active learning.*® Through this process, observation and
communication skills will be enhanced, thus allowing learners to connect
previously obtained knowledge and experiences to new concepts.

Table 1:  The pre- and post-test results of 687 learners
Test Mean score Minimum score Maximum score Standard deviation Standard error of the mean
Pre-test 2.74 0 7 1.31 0.05
Post-test 4.29 0 7 1.55 0.06
Table 2: Comparison of the pre-test and post-test data between the university- and school-based palaeosciences university-based museum programme
(PUMP)
University-based PUMP School-based PUMP
Mean Standard deviation Mean Standard deviation
Pre-test 2.84 1.21 2.69 1.45
Post-test 4.44 1.49 415 1.65
Table 3: Comparison of examination result between the schools that attended the palaeosciences university-based museum programme (PUMP) and those
that did not
Groups Sample size Mean Minimum Maximum SD SEM
Attended 246 8.20 0 18 3.99 0.25
Did not attend 323 4.24 0 20 4.48 0.25
Research Article Volume 121| Number 5/6
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Teachers often do not have the time, experience or the necessary skills
to design these types of learner activities.*® The learners who participated
in the study indicated that the university lecturer explained the content
well, and some even felt that it was better than a lesson from their teacher
at school.2° This finding is supported by Connealy*®, who indicated that
staff at ISL centres often possessed more in-depth knowledge about
some subjects than teachers. For this reason, it is recommended that
learners should be taken to a relevant ISL centre to experience these types
of interactions. According to Hutson and colleagues®, a field trip with a
single focus would likely impact the cognitive skills, knowledge, interests
and future careers of learners. They found this to be particularly true
for academically challenged learners. Field trips provided opportunities
to create connections which would help with understanding classroom
concepts and developing an enjoyment of learning and skills.'>%'% The
teachers in the study indicated that learners who were usually troublesome
were surprised by their interest and willingness to participate in the PUMP2
Whitesell®® found that it was most effective for relatively disadvantaged
learners and that it could be an important tool for closing gaps in racial
and socio-economic achievement in science. The pre- and post-tests
used in this study showed that learner performance in both advantaged
and disadvantaged schools improved after attending the PUMP. Moreover,
those learners who attended the PUMP also performed better in their essay
question on human evolution in the preliminary examinations, compared
with those learners who did not attend the workshop. As a result, this
collaboration with a university-based museum had a positive outcome on
the performance of learners in human evolution.

The workshop increased the acceptance of evolution from 41% (n = 595)
to 51% following the workshop, even though it was not the purpose of
the study to increase the acceptance of human evolution, but rather to
improve the understanding of the topic. This increase could be attributed
to the hands-on approach of the workshops, in which learners could
observe, measure and analyse various aspects, applying analytical
techniques. Moreover, facilitation of the workshop by an expertin evolution
enhanced the experience. In this regard, Sutherland and LAbbie” note that
“Even though an acceptance of evolution is positively correlated with
understanding evolution, it is not necessary. A person can understand
evolutionary theory without accepting it as true.” Teachers still have
poor content knowledge concerning human evolution®? and religion and
the non-acceptance of evolution is a stumbling block which hinders
the understanding of evolution by teachers’. ISLs are valuable tools to
address these shortcomings in teacher knowledge as their professional
development is positively influenced by visits to these centres. However,
all the teachers in this study taught the topic in the required detail and did
not have any objections to the teaching of the topic. They seemed happy
to be part of the programme, as they felt that they also learnt something
new about human evolution. Hence, the workshop also assisted teachers
in addressing their misconceptions or understanding of human evolution.®

Currently, not all schools in Gauteng can attend programmes such as the
PUMP, and the university staff cannot visit all the schools. To overcome
this challenge, several interventions can be considered. For example,
Life Sciences teachers must receive training on the content, as well as
the pedagogy of teaching human evolution. Common misconceptions of
teachers can be identified through surveys, and intervention workshops
should be planned around these misconceptions. Teachers in South
Africa still have poor content knowledge concerning human evolution.%
Given the complex nature of evolution®, there are many misconceptions
regarding evolution and that learners find evolution challenging’. The
GDE currently has a teacher professional development programme
offering free training, which can be used for such a purpose. Moreover,
ISL centres in Gauteng offer exhibitions on human evolution and fossils
(e.g. at the University of the Witwatersrand, the Ditsong National
Museum of Natural History, Maropeng, Sterkfontein Caves and the
Sci-Bono Discovery Centre). It is recommended that the GDE annually
promotes school visits to these places.

Acknowledgements

This paper is dedicated to our friend and mentor Dr lan J. McKay,
outreach officer at the Evolutionary Studies Institute at Wits, who
passed away in 2022. Without his passion, this study would not have

Research Article
https://doi.org/10.17159/sajs.2025/17925

Palaeosciences museum programme improved learner performance
Page 5 of 6

been possible. He conceptualised this project, procured the funding,
managed the project and conducted the workshops. It was a passion
of his that all learners should be exposed to the wonderful world of
fossils. In addition, we thank the Evolutionary Studies Institute, the
University of the Witwatersrand, teaching assistants, the Gauteng
Department of Education, the schools, principals, teachers, parents
and learners who partook in the study.

Data availability

All the data supporting the results of this study are included in the article
itself.

Declarations

We have no competing interests to declare. We have no Al or LLM
use to declare. Ethical clearance for the study was obtained from the
University of the Witwatersrand’s Human Research Ethics Committee
(HRECN18-04-017). Permission to conduct the study was obtained from
the Gauteng Department of Education and the ESI granted permission for
use of their premises.

Authors’ contributions

G.v.W.: Conceptualisation, methodology, data collection, data analysis,
validation, data curation, writing — the initial draft, writing — revisions,
project leadership, project management, funding acquisition. S.B.:
Data analysis, writing — the initial draft, writing — revisions, student
supervision. Both authors read and approved the final manuscript.

References

1. South African Department of Science and Technology. South African strategy
for palaeosciences. Government Gazette. 2011;346(24). Available from:
https://www.gov.za/sites/default/files/gcis_document/201409/paleostrategy
dstfinal.pdf

2. Coleman J, Stears M, Dempster E. Student teachers’ understanding and
acceptance of evolution and the nature of science. S Afr J Educ. 2015;35(2),
Art. #1079. https://doi.org/10.15700/saje.v35n2a1079

3. Glaze AL, Goldston MJ. U.S. Science teaching and learning of evolution: A
critical review of the literature 2000-2014. Sci Educ. 2015;99(3):500-518.
https://doi.org/10.1002/sce.21158

4. TshumaT, Sanders M. Textbooks as a possible influence on unscientific ideas
about evolution. J Biol Educ. 2015;49(4):354-369. https://doi.org/10.1080/
00219266.2014.967274

5. Lelliott A. Visitors’ views of human origins after visiting the Cradle of
Humankind World Heritage Site. S Afr J Sci. 2016;112(1/2):132-139. https:
//doi.org/10.17159/s2js.2016/20150210

6. NaudeF, De Beer J. The theory of ‘evolution’: Christian teachers’ and learners’
perspectives on evolution. In: Proceedings of the International Conference on
Mathematics, Science and Technology Education (ISTE 2014); 2014 October
19-23; Skukuza, South Africa. Pretoria: Unisa; 2014. p. 263-274,

7. Sutherland C, LAbbé EN. Human evolution in the South African school
curriculum. S Afr J Sci. 2019;115(7/8), Art. #5672. https://doi.org/10.17
159/52js.2019/5672

8. Shtulman A, Calabi P. Tuition vs. intuition: Effects of instruction on naive
theories of evolution. Merrill-Palmer Q. 2013;59(2):141-167. https://doi.org/
10.1353/mpq.2013.0010

9. Chi MTH. Active-constructive-interactive: A conceptual framework for
differentiating learning activities. Top Cogn Sci. 2009;1(1):73-105. https://
doi.org/10.1111/j.1756-8765.2008.01005.x

10. Legare C, Opfer J, Busch J, Shtulman A. A field guide for teaching evolution
in the social sciences. Evol Hum Behav. 2018;39:257-268. https://doi.org/
10.31234/0sf.io/yrw8z

11. Muijtaba T, Lawrence M, Oliver M, Reiss MJ. Learning and engagement
through natural history museums. Stud Sci Educ. 2018;54(1):41-67. https:/
/doi.org/10.1080/03057267.2018.1442820

12. André L, Durksen T, Volman ML. Museums as avenues of learning for
children: A decade of research. Learn Environ Res. 2017;20:47-76. https://
doi.org/10.1007/510984-016-9222-9

Volume 121| Number 5/6
May/June 2025


www.sajs.co.za
https://dx.doi.org/10.17159/sajs.2025/17925
https://www.gov.za/sites/default/files/gcis_document/201409/paleostrategydstfinal.pdf
https://www.gov.za/sites/default/files/gcis_document/201409/paleostrategydstfinal.pdf
https://doi.org/10.15700/saje.v35n2a1079
https://doi.org/10.1002/sce.21158
https://doi.org/10.1080/00219266.2014.967274
https://doi.org/10.1080/00219266.2014.967274
https://doi.org/10.17159/sajs.2016/20150210
https://doi.org/10.17159/sajs.2016/20150210
https://doi.org/10.17159/sajs.2019/5672
https://doi.org/10.17159/sajs.2019/5672
https://doi.org/10.1353/mpq.2013.0010
https://doi.org/10.1353/mpq.2013.0010
https://doi.org/10.1111/j.1756-8765.2008.01005.x
https://doi.org/10.1111/j.1756-8765.2008.01005.x
https://doi.org/10.31234/osf.io/yrw8z
https://doi.org/10.31234/osf.io/yrw8z
https://doi.org/10.1080/03057267.2018.1442820
https://doi.org/10.1080/03057267.2018.1442820
https://doi.org/10.1007/s10984-016-9222-9
https://doi.org/10.1007/s10984-016-9222-9

Palaeosciences museum programme improved learner performance

%o Page 6 of 6
13. Melber LM. Partnerships in science learning: Museum outreach and 33. Engestrdm Y. Making expansive decisions: An activity-theoretical study of
elementary gifted education. Gift Child Q. 2003;47(4):251-258. https://doi practitioners building collaborative medical care for children. In: Allwood C,
.0rg/10.1177/001698620304700402 Selart M, editors. Decision making: Social and creative dimensions. New
York: Springer; 2001. p. 281-301. https://doi.org/10.1007/978-94-015-98

14. Wolberg RI, Goff A. Thinking routines. J Museum Educ. 2012;37(1):59-68. 27-9 13 g P psil v /
https://doi.org/10.1080/10598650.2012.11510718 -

. . , ) 34. Engestrdm Y, Sannino A. From mediated actions to heterogeneous coalitions:

15. esrtzg)i/tsNi’nA:S;crifgngeB’r;ﬁlsgu%knlgrl Jhg‘é"i Eé":l(érkz!o 183%(1(%%6;3213;?8}:];&'?/9 Four generations of activity-theoretical studies of work and learning. Mind Cult

y : IS £09TEIE k Act. 2020;27(1):10-26. https://doi.org/10.1 1074 .2020.1 2
d01.0rg/10.1080/21548455.2019. 1624991 ct. 2020;27(1):10-26. https://doi.org/10.1080/10749039.2020.1806328
. o 35. Sannino A, Engestrém Y. Cultural-Historical Activity Theory: Founding insights

16. Ash_ D, Rahm J, Melber LM. Introducnon.l Tools fqr research in |nfor_ma| and new challenges. Cult-Hist Psychol. 2018;14(3):43-56. https:/doi.org/1
settings. In: Ash DB, Rahm J, Melber LM, editors. Putting theory into practice. 0.17759/chp.2018140305
Rotterdam: Sense Publishers; 2012. p. 1-9. https://doi.org/10.1007/978-9 ' '
4-6091-964-0 36. Netteland G, Wasson B, March Al. E-learning in a large organization: A study of

17. Rapule S. Assessing the impact science centres have on the holistic the critical role of information sharing. J Workplace Learn. 2007;19(6):1366—

: : 5626. https://doi.org/10.1108/13665620710777129
development of science learners [PhD thesis]. Potchefstroom: North-West ps/doi.org/ /
University; 2007. https://repository.nwu.ac.za/handle/10394/1945 37. South African Department of Basic Education (DBE). Diagnostic report 2017:

18. Nyamupangedengu E, Leliot A. An exploration of learners’ use of National Senior Certificate examination: Part 1. Pretoria: DBE; 2018. Available

' ' : from: https: .education.gov.za/Resources/Reports.as

worksheets during a science museum visit. Afr J Res Math Sci Techn Educ. ps:/fwww.education. gov.za/ urces/Rep px
2012;16(1):82-99. https://doi.org/10.1080/10288457.2012.10740731 38. South African Department of Basic Education (DBE). Diagnostic report 2018:
National Senior Certificate examination: Part 1. Pretoria: DBE; 2019. Available

19. Timans R, Wouters P, Heilbron J. Mixed methods research: What it is and . . B
4 ) from: https://www.education.gov.za/Resources/Reports.aspx
what it could be. Theory Soc. 2019;48:193-216. hitps://doi.org/10.1007/s psif govzal /Reports.asp

11186-019-09345-5 39. South African Department of Basic Education (DBE) . Diagnostic report 2019:
) ) ) ) National Senior Certificate examination: Part 1. Pretoria: DBE; 2020. Available

20. VanWyk G Where fO(maI education meets the |nforma|._Co-creat|ng museum from: https://www.education.gov.za/Resources/Reports.aspx
palaeosciences learning programmes to enhance teaching and learning in the
Grade 12 South African Life Science classroom [PhD thesis]. Johannesburg: 40. Lazonder AW, Harmsen R. Meta-analysis of inquiry-based learning: Effects
University of the Witwatersrand; 2023. of guidance. Rev Educ Res. 2016;86(3):681-718. https://doi.org/10.3102/

0034654315627366

21. Leavy P Research design: Quantitative, qualitative, mixed methods, arts-
based, and community-based participatory research approaches. New York: 41. Creswell JW. Educational research. Planning, conducting, and evaluating
The Guilford Press; 2017. quantitative and qualitative research. Boston, MA: Pearson Education; 2005.

http: itory. .ac.id/medias/j I/EBK-00121.pdf

22. De Beer J, Ramnarain U. The implementation of the FET Physical and Life pi/Irepository.unmas.ac.id/medias/journal/EBK-00121.p
Science curricula: Opportunities and challenges. Research report prepared 42. Creswell JW, Creswell JD. Research design: Qualitative, quantitative, and
for the Gauteng Department of Education. Johannesburg: University of mixed methods approaches. Los Angeles, CA: SAGE; 2018. https://doi.org/
Johannesburg; 2012. 10.7748/nr12.1.82.52

23. Engestrom Y. Learning by expanding: An activity-theoretical approach to 43. Bhatti M, Kim J. Towards a new paradigm for statistical evidence in the use
developmental research. Helsinki: Orienta-Konsultit; 1987. https://doi.org/1 of p-value. Econometrics. 2020;9(2):1--3. http://dx.doi.org/10.3390/econom
0.1017/cbo9781139814744 etrics9010002

24. Roth WM, Lee Y-J. ‘Vygotsky’s neglected legacy’: Cultural-historical activity 44. Frost J. Introduction to statistics: An intuitive guide for analysing data and
theory. Rev Educ Res. 2007;77(2):186-232. https://doi.org/10.3102/0034 unlocking discoveries. Statistics by Jim Publishing; 2019. Available from:
654306298273 https://statisticsbyjim.com/basics/introduction-statistics-intuitive-guide/

25. Van der Bijl A, Taylor V. Nature and dynamics of industry-based workplace 45. Connealy SS. Institutional and organizational influences on collaborations
learning for South African TVET lecturers. Ind High Educ. 2016;30(2):98— between informal science education organizations and schools [PhD thesis].
108. https://doi.org/10.5367/ihe.2016.0297 Lubbock, TX: Texas Technology University; 2018. https://ttu-ir.tdl.org/items/4

3ba6b0c-bdcd-42d7-9568-a9a814b52613

26. Mentz E, De Beer JJ. Cultural-Historical Activity Theory as a lens in a6b0c-bdc 9568-a92
mixed methods research on self-directed learning. S Afr J High Educ. 46. Antwi V, Oppong C. Using field trips to promote active participation among
2021;35(5):163-183. https://journals.co.za/doi/pdf/10.2853/35-5-4364 pupils of Mumford community JHS Ghana to improve their performance in

science. J Educ Curr Dev Res. 2014;2(4):152-166.

27. Vygotsky LS. Mind in society. Cambridge, MA: Harvard University Press; @

1978. 47. Behrendt M, Franklin T. A review of research on school field trips and their
) ) » ) L value in education. Int J Environ Sci Educ. 2014;9:235-245.

28. Lave J, Wenger E. Situated learning: Legitimate peripheral participation.

Cambridge: Cambridge University Press; 1991. https://doi.org/10.1017/ch 48. Nehm RH, Reilly L. Biology majors’ knowledge and misconceptions of natural
09780511815355 selection. BioSci. 2007;57(3):263-272. https://doi.org/10.1641/b570311

29. Foot K. Cultural-Historical Activity Theory: Exploring a theory to inform 49. Hutson T, Cooper S, Talbert T. Describing connections between science
practice and research. J Hum Behav Soc Environ. 2014;24(3):329-347. content and future careers: Implementing Texas curriculum for rural at-risk
https://doi.org/10.1080/10911359.2013.831011 high school students using purposefully designed field trips. Rural Educ.

2011;31:37-47. https://doi.org/10.35608/ruraled.v33i1.421

30. McMillan J, Goodman S, Schmid B. luminating “transaction spaces” in : ps//dot.org/ fruraled.v33i
higher education: University-community partnerships and brokering as 50. Kelton ML. Mathematics learning pathways on a school fieldtrip: Interactional
“boundary work”. J High Educ Out. 2016;20(3):8-30. https://openjournals practices linking school and museum activity. Visit Stud. 2021;24(2):220-
libs.uga.edu/jheoe/article/view/1291 242. https://doi.org/10.1080/10645578.2021.1939984

31. Hardman J, Amory A. Introduction to Cultural-Historical Activity Theory and 51. Whitesell ER. A day at the museum: The impact of field trips on middle school
tool mediation. In: Bozalek V, Ng’ambi V, Wood D, Herrington J, Hardman science achievement. J Res Sci Teach. 2016;53(7):1036—1054. https://doi.
J, Amory A, editors. Activity theory, authentic learning and emerging org/10.1002/tea.21322
technologies. London: Routledge; 2015. p. 1-21. https://doi.org/10.4324, i ) ) ) )
978131 59771823 g P psi v / 52. Kyriacou X, De Beer J, Ramnarain U. Evolutionary ideas held by experienced

South African biology teachers. Afr J Res Math Sci Technol Educ.

32. Hardman J. Researching pedagogy: An activity theory approach. J Educ. 2015;19(2):118-130. https://doi.org/10.1080/10288457.2015.1014231
2008;45:63-93. https://journals.ukzn.ac.za/index.php/joe/issue/archive

Research Article Volume 121| Number 5/6

https://doi.org/10.17159/sajs.2025/17925

May/June 2025


www.sajs.co.za
https://dx.doi.org/10.17159/sajs.2025/17925
https://doi.org/10.1177/001698620304700402
https://doi.org/10.1177/001698620304700402
https://doi.org/10.1080/10598650.2012.11510718
https://doi.org/10.1080/21548455.2019.1624991
https://doi.org/10.1080/21548455.2019.1624991
https://doi.org/10.1007/978-94-6091-964-0
https://doi.org/10.1007/978-94-6091-964-0
https://repository.nwu.ac.za/handle/10394/1945
https://doi.org/10.1080/10288457.2012.10740731
https://doi.org/10.1007/s11186-019-09345-5
https://doi.org/10.1007/s11186-019-09345-5
https://doi.org/10.1017/cbo9781139814744
https://doi.org/10.1017/cbo9781139814744
https://doi.org/10.3102/0034654306298273
https://doi.org/10.3102/0034654306298273
https://doi.org/10.5367/ihe.2016.0297
https://journals.co.za/doi/pdf/10.2853/35-5-4364
https://doi.org/10.1017/cbo9780511815355
https://doi.org/10.1017/cbo9780511815355
https://doi.org/10.1080/10911359.2013.831011
https://openjournals.libs.uga.edu/jheoe/article/view/1291
https://openjournals.libs.uga.edu/jheoe/article/view/1291
https://doi.org/10.4324/9781315771823
https://doi.org/10.4324/9781315771823
https://journals.ukzn.ac.za/index.php/joe/issue/archive
https://doi.org/10.1007/978-94-015-9827-9_14
https://doi.org/10.1007/978-94-015-9827-9_14
https://doi.org/10.1080/10749039.2020.1806328
https://doi.org/10.17759/chp.2018140305
https://doi.org/10.17759/chp.2018140305
https://doi.org/10.1108/13665620710777129
https://www.education.gov.za/Resources/Reports.aspx
https://www.education.gov.za/Resources/Reports.aspx
https://www.education.gov.za/Resources/Reports.aspx
https://doi.org/10.3102/0034654315627366
https://doi.org/10.3102/0034654315627366
http://repository.unmas.ac.id/medias/journal/EBK-00121.pdf
https://doi.org/10.7748/nr.12.1.82.s2
https://doi.org/10.7748/nr.12.1.82.s2
http://dx.doi.org/10.3390/econometrics9010002
http://dx.doi.org/10.3390/econometrics9010002
https://statisticsbyjim.com/basics/introduction-statistics-intuitive-guide/
https://ttu-ir.tdl.org/items/43ba6b0c-bdcd-42d7-9568-a9a814b526f3
https://ttu-ir.tdl.org/items/43ba6b0c-bdcd-42d7-9568-a9a814b526f3
https://doi.org/10.1641/b570311
https://doi.org/10.35608/ruraled.v33i1.421
https://doi.org/10.1080/10645578.2021.1939984
https://doi.org/10.1002/tea.21322
https://doi.org/10.1002/tea.21322
https://doi.org/10.1080/10288457.2015.1014231

	Teaching human evolution: How a museum programme in the palaeosciences improved learner performance
	Introduction
	Study design
	CHAT as a theoretical framework
	PUMP

	Results
	Pre- and post-tests
	Observations and interviews
	Preliminary examinations

	Discussion and conclusion
	Acknowledgements
	Data availability
	Declarations
	Authors’ contributions
	References


