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Introduction

How do we establish ‘success’ in learning in academic educational envi-
ronments? According to a family of influential constructivist outlooks on
teaching-and-learning environments, successful learning is brought about
by aligning teaching and learning components such as teaching activities,
forms of assessments, learning objectives, and the classroom environment
(Biggs, 1996; Hounsell et al., 2005). More generally, constructivism as a
theory of learning holds that effective and productive learning should not
aim at the transmission of concepts, theory and methods through one-way
instruction, but should instead promote the capacities for understanding in
learners by creating a learning environment that prompts learners to ac-
tively build on a foundation of previous learning (Applefield et al., 2000;
Piaget, 1980). These theoretical insights have been translated into a range
of teaching methods and strategies that fall under the umbrella of ‘active
learning’. Active learning will here be understood in the broad sense of the
attainment of knowledge and understanding through engagement in activi-
ties that require reflection and invite problem solving (Collins & O’Brien,
2003; J, 2020).

Although it is widely recognized that active learning tends to have
a positive effect on knowledge acquisition (Freeman et al., 2014; Haan,
2005), it is less evident that is also promotes long-term knowledge reten-
tion. Standard measures of success in learning such as assessment results
and course evaluations only provide insight into short-term memorization
and recall, during and at the end of the course. To establish that skills and
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competences acquired through active learning will ‘stick’ in the longer term
— here defined as >6 months after the learning experience, — longitudinal re-
search is required. Although several research efforts of this kind have been
completed, their results are ambivalent.

The present study aims to further probe the question of long-term know-
ledge retention by examining whether active learning is associated with
higher knowledge retention compared to traditional (passive, lecture-based)
teaching approaches at around 6 months after the relevant learning expe-
riences have taken place. The study draws on learning experiences from
the Philosophy of Science for Geography (Geografiens Videnskabsteori)
course that ran in block 2 of 2020/21. This course is compulsory for second-
year students of Geography at the University of Copenhagen. The author of
the study was course responsible for this course.

Knowledge retention and active learning

Knowledge retention has long been a topic of intense study in cognitive and
educational psychology circles. This has yielded an expansive literature on
knowledge retention that focuses predominantly on strategies for increas-
ing recognition and recall, e.g. through rehearsal and repetition (Belmont
& Butterfield, 1971; Roediger & Butler, 2011), spaced-learning (Cepeda et
al., 2008), interleaving of different skills and activities (Carvalho & Gold-
stone, 2014) summarization (Brown & Day, 1983), and integration exer-
cises (Gholson et al., 2009).

Although the results from most of these studies appear to be robust and
well-founded, their wider significance for knowledge retention in academic
teaching-and-learning environments is limited. Most of the cognitive psy-
chological studies are based on simple vocabulary or image learning tasks.
It is hard to extrapolate from these tasks to educational settings that aim
at fostering a deep understanding of complex constellations of concepts,
theories, methods and practices. To address this gap, several researchers
have in recent years carried out longitudinal studies in genuine academic
teaching-and-learning environments. Much of this research has been mo-
tivated specifically by the question whether active learning increases long-
term knowledge retention compared to one-way, non-collaborative, lecture-
based teaching approaches.

The results from these research efforts are somewhat equivocal. On the
one hand, there are several studies that have found a clear positive cor-
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relation between active learning and increased knowledge retention. For
example, a study of clinical reasoning in neurology education has shown
that team-based learning enhanced knowledge retention 1 year after the
clerkship, even if it had no effect on examination results at the end of the
clerkship itself (Alimoglu et al., 2017). Likewise, Hartmann et al., 2015 re-
port that the use of collaborative learning techniques in a physiology course
significantly improved retention of learned concepts after 24 months. Simi-
lar results have been reported for courses in pharmacotherapy (Lucas et al.,
2013), chemical engineering (Bullard et al., 2008) and mathematics (Narli,
2011). On the other hand, there are several studies that have found only very
weak or no support for the hypothesis that active learning promotes know-
ledge retention. For example, Morgan et al., 2000 found “minimal differ-
ences in long-term” between lecture-based teaching and cooperative, active
learning approaches in undergraduate-level special education courses. Even
more interestingly, Emke et al., 2016 showed that active learning was ad-
vantageous in the short-term, but not in the longterm. They report that in
pre-clinical pediatrics curriculum, students who were educated in an active
learning environment showed significantly higher performance at the end
of the course relative to students who received lecture-based learning, but
that after two years this difference had completely disappeared.

Some of the discrepancies between these knowledge retention stud-
ies can likely be attributed to different implementations of active learning
strategies (team-based, inquiry-based, etc.) to the kind of knowledge that
was the subject of the knowledge retention test (factual knowledge, concep-
tual knowledge, reasoning skills), and to the methodology that was used to
test knowledge retention. Furthermore, some of the differences may be re-
lated to variation in the activation and use of learned knowledge in teaching
modules or practicals that followed the course but preceded the knowledge
retention test. However, there are no systematic reviews or meta-analyses
that account for these differences. In sum, it is still an open question under
which conditions, to what extent, and in which form active learning can
make a positive contribution to long-term knowledge retention.

Didactic context
The present study was carried out in the context of the course Philos-

ophy of Science for Geography (Geografiens Videnskabsteori), which is
compulsory for second-year students of Geography at the University of
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Copenhagen. In the academic year 2020/21 responsibility for this course
was transferred from the Department of Geosciences and Natural Re-
source Management (IGN) to the Department of Science Education (IND).
Along with this change in course ownership, the course was completely re-
designed. This included the formulation of new learning objectives and an
overhaul of the syllabus to bring it in line with the practice-based approach
to philosophy of science research and teaching that has been spearheaded
by IND (Green et al., in press). Among the new themes that were adopted
for the revised syllabus was a module on philosophical aspects on ‘model-
ing and mapping’. From this course module, two subtopics were selected
to survey the effects of active learning vs. passive (lecture-based) teaching
on knowledge retention.

The first subtopic was taught in a traditional, lecture-based teaching
format. It concerned a discussion of the ‘epistemic division of labor’ in
model-building, which was illustrated using a case from fluvial geomor-
phology. In the lecture, it was explained that modeling strategies that are
useful for making predictions about the flow of specific braided rivers tend
to be poor at explaining why braided rivers in general flow the way they do,
and vice versa. The lecture was delivered online from a prerecorded video
that was posted in the Absalon course environment. The pre-recorded for-
mat prohibited direct interaction with the lecturer.

The second subtopic was prepared with a didactive approach of active
learning in mind. The topic concerned the difference between the repre-
sentational and rhetorical (including ideological) roles of map projections,
illustrated using the case of a controversial map projection, the so-called
‘Peters projection’, that presents equal areas at equal size, at the cost of
severely distorting the shape of countries. Some have argued that world
maps based on this map projection are ‘fairer’ that others since, they present
countries in the Global South at their ‘true size’ — much larger than on
most traditional world maps. Others have argued that world maps based on
the Peters projection method are neither very useful nor obviously ‘fair’.
Moreover, many of them object to the introduction of other motives than
representational adequacy into cartography.

The controversy over the Peters projection was the topic of a 45-minute
seminar class section that relied on an active learning approach. After a
5-minute (mini-lecture) introduction to the history of the Peters projection
controversy, the students were informed that they would be asked to ‘re-
enact’ the controversy in a mock TV-debate based on a fictional, close-to-
home scenario. This scenario involved a proposal by The Danish Federa-
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tion of High Schools to supply all Danish high schools with new atlases
based entirely on the Peters projection, as part of an initiative to decolonize
the geography curriculum. The students were told that this proposal had
already been met with strong responses for and against from various stake-
holders. After sorting the students into groups of three to four members
each, they were given a handout that stated which stakeholder they were
asked to represent. The handout provided some background on the stake-
holder’s position in the controversy but required the students to develop this
into a clearly articulated position (15 mins) (sample handout in Appendix
A). The students didn’t know which other stakeholders would take part in
the debate, but the description on the handout gave an idea of the kind of
opposition they could expect. Each group was asked to send one student as
delegate to the debate. The rest of the group could take part in the debate as
audience. The debate was moderated by the class teacher (15 mins), who
made sure that everyone participant had their say and who tried to involve
the audience. The exercise was concluded by discussing and evaluating (in
plenum) the arguments for and against that had come up during the debate
(10 mins).

Methodology

To assess whether the use of an active learning approach had a positive
impact on knowledge retention, all students that had completed the Philos-
ophy of Science for Geography course in block 2 of 2020/21 were invited
to take an online survey. The survey, composed in Google Sheets, tested
students’ knowledge on the two subtopics from the ‘modeling and map-
ping’ theme described above. The survey was launched when the students
had completed this course module just over 6 months ago and when they
had taken the final exam around 4.5 months ago. By quizzing them on two
subtopics from the same course week, it was expected that recency and
primacy effects could be avoided. A link to the survey was posted on the
Absalon course page' and an announcement was posted on Absalon to in-
vite students to complete the survey. A reminder was posted a week later.
The survey consisted of nine questions in total (see Appendix B). Three
yes/no questions asked whether they could recall having encountered to

1 ‘Absalon’ is the name of the Canvas learning management system implementa-
tion at the University of Copenhagen.
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topic of ‘modeling and mapping’ (Q1) and if they could recall the cases (as
described above) from the modeling part (Q2) and the mapping part (Q6).
Four multiple choice questions quizzed them on some of the specifics from
the two cases (Q3 and Q4; Q7 and Q8). The series of questions on each case
was concluded with an open question that invited the student to share any-
thing else they recalled having learned on that topic. The survey was struc-
tured such that students would receive feedback on their answer to the pre-
vious question before being introduced to the next question. For example,
students who answered ‘no’ to Q1 were be presented with Q2N, whereas
those who answered ‘yes’ would proceed to Q2Y. The same approach was
implemented for right and wrong answer to multiple-choice questions. An-
swer options for the multiple-choice questions were presented in a random
order. For a detailed overview of the survey structure, see Appendix B.

Upon completing the survey, the students were asked to leave their
email address if they were willing to volunteer for a short follow-up to the
survey. With a sufficient response, a group interview with a focus group
would be set up. The aim of the focus group would be to assess stu-
dents’ substantive recall of knowledge items, over and above the capacity
for recognition of that was primarily tested using the survey (Ebbinghaus,
1885). In addition, the focus group could serve to find out how students
thought the different teaching methods contributed to improving their skills
in critical reasoning — a key focus of philosophy of science training.

Results

Online survey

The survey was completed by 35 respondents (53% response rate). All re-
spondents answered the yes/no and multiple-choice questions (Appendix
C) and the two open questions received a total of 17 responses (Appendix
D). Results were not subjected to any statistical analyses.

94% of the respondents reported remembering that one of the week
themes was ‘modeling and mapping’. Regarding the two subtopics, 82%
of the respondents reported remembering the case on modeling that was
taught in a lecture-based format, whereas 100% remembered the case of
mapping that was taught through an active learning exercise. For the first
multiplechoice questions on each subtopic, a total of 83% of respondents
gave the right answer for the lecture-based case (Q3Y: 26 out of 29 (90%) +
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Q3N: 3 out of 6 (50%)) compared to only 31% for the active learning case
(Q7Y: 11 out of 35 (31%) + Q7N: 0 out of 0 (0%)). On the second multiple
choice question, 77% of respondents provided the correct answer for the
lecture-based case (Q4Y: 23 out of 29 (79%) + Q4N: 4 out of 6 (67%))
compared to 89% for the active learning case (Q8Y: 11 out of 11 (100%) +
Q8N: 20 out of 24 (83%)). See Appendix C for a complete overview.

The responses to the open questions reveal that some respondents could
recall other learning components from the week theme on modeling and
mapping in quite some detail. Interestingly, several respondents alluded or
referred to the exercise on the Peters projection in their response to first
open question (underlined in Appendix D). This was before the respondents
had reached the part of the questionnaire that quizzed them on this subtopic.

Focus group

Seven respondents left their email address at the end of the survey. All were
invited to take part in the focus group, but none responded to the invitation.
After two reminder emails, one student responded to say that they were
very busy with other courses and a project. Following this response, the
idea of arranging a focus group was abandoned.

Discussion and conclusion

While it is hard to draw firm conclusions from this small study, it is in-
teresting to observe that for both subtopics, overall knowledge retention
through recognition appears to be high. With the exception of Q7, 79% to
100% of the respondents reported remembering a subtopic and/or recog-
nize the right answer to specific questions. Moreover, in hindsight there are
reasons to think that the answer options for Q7 are ambiguous: apart from
answer 7A, 7C could arguably also be counted as a correct answer to the
question. Even so, this would only yield a correct response rate of 63% for
the first multiple-choice question about the active learning exercise, com-
pared to 90% for the same kind of general multiple-choice question about
the lecture. This could be taken to suggest that the lecture-based format was
better at bringing across a conceptual/ theoretical distinction than the active
learning exercise.

However, this suggestion needs to be qualified in light of the response
to the second multiple- choice question for each of the cases. In each case,
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this question tested for knowledge about the implications of the concep-
tual/theoretical distinction that was the subject of the first multiple-choice
question. Not only did a larger share of the respondents provide the cor-
rect answer to the second-multiple choice for the active learning exercise
(89% vs. T7%), it is also striking that of the 69% who answered the first
multiple-choice question incorrectly 83% managed to answer this second
multiple-choice question correctly. Overall, then, we can perhaps conclude,
very provisionally, that the lecture-based teaching achieved higher know-
ledge retention on bringing across a conceptual distinction, whereas the ac-
tive learning exercise provided higher knowledge retention on understand-
ing the implications of this distinction in scientific practice.

A more robust study of knowledge retention would test of recall over
and above recognition of learned materials, though it is challenging to mea-
sure this in practice. In addition, a research design based on two groups that
were taught the same topics with different didactic strategies (lecture-based
vs. active learning) could overcome the limitations of the present study
in formulating comparable multiple-choice questions on different topics.
Since the current study was initiated after teaching in the Philosophy of
Science for Geography course had completed, it was not possible to adapt
the course design to the study design in this manner. Another important
limitation of the study design is the brevity of the survey, which makes it
hard to generate sufficient data for a meaningful comparison of study ap-
proaches. Keeping the survey short was a conscious choice, though, since
it was expected that a longer survey would fail to generate a sufficient re-
sponse from students.

The methodology and results of the study were discussed with a depart-
ment colleague (Sara Green). It emerged from our discussion that testing for
knowledge retention is especially difficult in case of philosophy of science
courses, since the focus of these courses is not so much to educate students
about key concepts and their applications, but rather to develop their skills
in analyzing texts, to hone their critical and analytical thinking skills, and
to contribute to a more general sense of self-cultivation in the form of Bil-
dung. Thus, even if it had turned out that lecture-based teaching promoted
long-term retention of factual and conceptual knowledge about course ele-
ments, it could still be that active learning activities were more effective for
developing students’ critical reasoning skills. A study of the kind that has
been conducted will not be able to detect this difference. Since critical and
analytical reasoning skills are to a considerable extent domain-general, a
methodology based on semi-structured interviews would have been a more
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fruitful approach toward gaining insight into whether the didactic approach
makes a difference to the learning of these skills. Yet, for reasons of time
and access to students, this was not an option in the current study.
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Active learning exercise handout example

Re-enacting the Peters Projection controversy

Who are you?

You are a geography teacher from a high school in Copenhagen. You have been teaching
students with the current atlases (which mainly contain Mercator maps) for more than two
decades and this has always worked out fine.

What is your position?

You are unhappy with the recent proposal by the Danish Federation of High Schools to
adopt the Peters projection in the geography curriculum and to introduce new atlases based
on this projection into high schools. What is needed is not new atlases, but better education
for geographer teachers. You always take time to explain that all map projections introduce
distortions. Of course you also point out that the Mercator projection distorts the earth in
certain ways. But you know that some of your younger colleagues don’t explain this as well.
They might not even be aware of some of the technical aspects of map projections that you
learned in university, back in the day. You still think that the Mercator projection is a great
projection for teaching geography, especially because it shows Europe clearly, which is
useful for your teaching (which is mainly about geographical issues in Europe).

What can you expect from the others?

You don’t know which others will join the debate, but you do know there is opposition from
both sides. Some are also opposed to proposal from the Danish Federation of High Schools,
but for different reasons. For instance, you know that some think that the current Mercator-
based atlases should be replaced with atlases that contain many different projections. You
don’t think this would be confusing to the students. You are also aware that others, who
support the introduction of the Peter projection maps into Danish high schools, do so as
part of a larger effort to “decolonize the curriculum”. They want to remove what they
regard as the Western, imperialist bias that is inherent to the Mercator projection.

How should you prepare?

At the opening of the debate, you will be given about a minute to present who you are and
what your position is in this controversy. After all the other participants have introduced
themselves, you will debate each other. Try to think of the arguments the others may have
against your position, and think of a strategy for how to respond to them.
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Knowledge retention survey — question structure
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Knowledge retention survey — answer options and results
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Knowledge retention survey open question answers

SSB|O 9S10J9Xd 8y -
‘uoipyaloid adA} suUSp 1oAE| SPABY ISP 91SI) USP 9l JeA "JPUSY S JoAs|q BlIp[e 19103 JeA SIs||9 ‘PUBLL SWe|Ma) Pob us JeA Jejed -
“Juepodw sAemfe si Hd "uonoafoid Joyedssw
uoleonpa Joj peq Ajjenba ayj sano Buluuim ur papaaoons 3 ey ng ‘dew peq e si uojuido Aw ui sesodind [euoijeonpas Joy uonosfoid siajed ayi 1ey) -
*3{SISI[EIUO|0Y A
1B J0} Sesue ‘sabniq 1seyo Jep ‘Usuoipieloid-iojeaisw IpJo} Jsuoliesiuebio abijjexs.o) je 16niq e usw ‘ejeiBoley Je 1a1esni Jo uonosfoid sisled -
19/oued
IA JaBulup|oy SIAY ‘“Jepfeses| us 1o} apAey Joddnib | pueyso) ed sjje Jop ‘[aued 1o pal UOISSNYSIP Us Spane]| IA -
*9LISYI0} JBA USLLIOJ/SUISUIA USLU ‘9S[94IB]S SSpUB| POLL OJ)-[BaJe JeA JOLI0Y -
“usuolpieloid-101eiaw Xj pawl Loy 18 Bd [9)410 punt us aiceA 9||IA a1eq 9l Jop J0LIOAY Bo ‘esjepaigpn siagquiogquiole
wo 19b0ou aye} IA 1e ‘esbo Jeusw Bar ~apa||iq Juanlb 10 |1} auey Jop ‘uoipieloid usyiny abadpn ajnys 1A Joay Yeddnib | esjeae us esbo epene] IA -
Jo} dew sy} asn euuoB em aJe yeym - [ppuassa si esodind ay] °,91|, sdew |[e Jey) "WooJ SSE[O aY} Ul 9SI0IoXa ayeqep ay| -

| &¥Aapn a)in¥s s Bo spasenys!

« (usnBuz 10 ysiueq ui) ateys pjnod noA ey} o1do} siy} uo sbuipeal pue ain}o3| ay} INOge Jaquidawal NoA asjd Buiyihue aiay} s|,, :6D O} SIaMSUY

sBuipeal g ainjos| 8y -
uorppeloid sieyed ‘Buiiasijespl ‘uoipjelisqe Jauopeloid -
“Jayjoue suo WoJ} ysinBunsip o} piey aiam 038 ,A1Ixa|dWwod paonpai, S|9PoW JO SWS) JUSIalIP aU} Jey] -
Joge| aAIHUB09 JO UOISIAIP 8y} puy T10] B UONDSI0Id SI91od POSSNOSIP oM JoquIsal |
‘aspnuoj 1e |1} apob Je s|bou
60 asepiio) 1€ |11 9pob e sjbou uony Ysjjepow je ,Bulepsplegie aysibojows)sida, usp wo apajpuey 1op |1} do apbe| Jep ‘jejewsbiedssuswesyy -
jsuonosloid-dew sy} pue Sebuelo Uy YIIM SSI0ISXS SSE[O SU} Pay| A[[eal |
zainyoid 9oIN -
*apEejapN 18 )0, 1o Jap ay|iny Bo ‘paw aney e a6iBIA Js Jap Jopjedse
a1y |13 Buiyns 196e3 4o Jap Bo 1e|dwisio} piije 4o 19p usw ‘uspaybijesuin Blsio) Bo alejyioy Je |1} pall aieen uey Hoy Bo Js|jepow apeq 1e Jaysny Bap -
payJequesijeiousb aipuil usw ‘pals axpjiyIoads Jop Joj uspul asjebispnioy [ay s epoly aipue ed saieoljdde axpj1 suuny Bo yi6aio} Jop peAy alejyio}
Xl dUUNY UBW ‘pays axpyIoads j1op | Bis epabeenaq pojy us ueplony isioceld 1ebaw abis suuny 6o yy1oadspals 1ebaw Jea [ppow sbe|s aus usp -
(tujole -
‘Aydeibored Jo AIoisly ‘,eBuelo sy, ‘sdew osjew uopuo -
WISIAI}ONJIUOO pue awi} Bunjjem ‘dew uopuo e Jnoge ased y -

«'(Usn6uz 10 ysiueq ul) ateys pjnod noA 1ey) o1doy siy} uo sbulpeal pue 2in}o3| ay} INoge Jaquiawal NoA as|d bulylAue aiayl S|, :GO 01 SIeMsuy



