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Abstract
Background  Evolution is the core of modern biology, but various misconceptions are persistent companions to the 
theory. The intuitively appealing but discredited suggestion that organisms innately tend to evolve in a predefined 
direction still lingers, and remains commonly referenced by biologists, the popular media and even educators in 
the form of so-called ‘evolutionary shorthand’. The flawed logic of goal-oriented evolutionary hypotheses such 
as orthogenesis and teleology is known to negatively impact students’ ability to understand evolution, but may 
remain widespread among the public even in countries where evolution acceptance is high. We have distributed 
a questionnaire to explore the attitude of respondents in Tromsø, a town in northern Norway, towards accurate 
evolutionary statements while also asking whether they agree with common misconceptions related to goal-
orientation in evolution and hierarchies in nature.

Results  Most of the 307 respondents considered evolution to be the best explanation for the origin of species 
and the development of life on Earth and agreed also to other accurate statements of current evolutionary theory. 
Nevertheless, a substantial proportion of respondents agreed to common misconception statements which 
e.g. synonymised evolution with improvement, reflected the great chain of being, and described evolution as a 
progressive process that tends to result in higher complexity and intelligence. Respondents’ inclination towards such 
evolutionary misconceptions differed significantly based on education level and occupation, and our correlation 
matrix visualisation indicates that higher agreement with accurate evolutionary statements is associated with lower 
agreement with misconceptions. Respondents with a university education or an occupational affiliation with biology, 
and people between 31 and 50 years of age held the lowest degrees of misconceptions.

Conclusions  Our results provide a snapshot of current attitudes to evolution and common misconceptions of the 
theory of biological evolution in Tromsø. While evolution is widely accepted, a substantial proportion of respondents 
agree to describe the process as goal-oriented and hierarchical in line with discredited evolutionary concepts such as 
orthogenesis. Based on our observation of an acceptance-understanding discrepancy and the fact that evolutionary 
misconceptions are not uncommon among the public in Tromsø, we welcome a wider debate among biology 
educators in Norway on how to best teach the theory.
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Introduction
In 1998, legendary rock band Pearl Jam released their 
fifth studio album, one track of which is titled Do the 
Evolution. An indisputable hit, the song was accompa-
nied in its release by an animated music video which in 
many ways epitomized the popular view of the process of 
evolution that had taken shape one and a half centuries 
after Darwin. The video begins with scenes that depict 
the dawn of life in the form of single-celled organisms 
which divide and develop into multicellular life forms, 
sequentially turning into fish, dinosaurs, mammals, pri-
mates, and eventually humans. Like many other popu-
lar portrayals of evolution, the video seems to convey 
the process as progressive and directional, with the next 
generation of organisms always being more complex, 
ferocious, and superior to the preceding one as they suc-
ceed each other in a natural hierarchy. While this goal-
oriented, directional view of evolution is not supported 
by empirical evidence (Werth 2012; Rigato and Minelli 
2013; Werth and Allchin 2020; Schramm and Schmie-
mann 2019; Johnson et al. 2012; Walker et al. 2024; Fer-
guson et al. 2022), it was once hotly debated whether 
organisms really did evolve towards the predefined 
goal of higher complexity, intelligence, or perfection (in 
the discredited assemblage of hypotheses collectively 
referred to as orthogenesis) and whether organismal traits 
could be described as existing for a purpose rather than 
as consequences of selection (a concept known as teleol-
ogy). Many past scientists who promoted hypotheses of 
goal-oriented evolution saw a hierarchy in nature, evi-
dent from the practice of referring to clades as e.g. “lower 
plants” or “higher animals” and to organisms as “old”, 
“modern”, or “primitive” and “advanced” with the impli-
cation of superiority of certain taxa (Eimer 1898; Hitch-
cock 1840). This use of terminology carried a form of 
value judgement which is widely regarded as undesirable 
in current science and education (Padian 2013). How-
ever, the past popularity of words invoking a natural hier-
archy can be understood in the light of “the great chain 
of being”– an integral part of the western worldview 
which since antiquity placed humans on top of the cre-
ationary ladder, with progressively simpler beings below 
them (Bowler 2021; Rigato and Minelli 2013). Carrying 
on this tradition, a large body of scientific works of the 
past centuries explicitly elevated certain taxa above oth-
ers in a supposed reflection of the tendency for evolution 
to strive for higher complexity and improvement. Prolific 
authors in the field included John Osborn and his work 
on ‘aristogenesis’ (Osborn 1934), Jean-Baptiste Lamarck 
on the ‘perfecting tendency’ (Gardiner 1897) and many 
others, see e.g. (Rieppel 2011; Popov 2018; Ulett 2014; 
Hitchcock 1840; Kutschera and Niklas 2004). Consistent 
efforts were also made by proponents of goal-oriented 
evolution to spread their ideas to wider audiences (Popov 

2018). Consequently, some of the evolutionary imagery 
most familiar to the public (Fig. 1a), such as the apes pur-
posefully and triumphantly turning into humans in the 
March of Progress (Priest 2024; Schramm and Schmie-
mann 2019) famously depicts an orthogenetic narrative. 
Although goal-oriented evolution is intuitively attractive 
(González Galli and Meinardi 2010; Kampourakis et al. 
2012; Atran 1998; Werth and Allchin 2020; Werth 2012), 
it remains unsupported by evidence. Today, biological 
evolution is widely regarded by scientists and educators 
as an impersonal consequence of selection processes 
which act on random variation, without any requirement 
for subjective human definitions of progress (Johnson 
et al. 2012). While the philosophical debate around the 
nature of evolution will surely continue, terminology that 
evokes a goal-oriented and hierarchical view of evolution 
is slowly being weeded out of academic biology (Czekan-
ski-Moir and Rundell 2020; Rigato and Minelli 2013).

When evolutionary biologists rejected goal-oriented, 
progressive evolution as a viable hypothesis, it could be 
discarded as a misconception of evolutionary theory 
(MacFadden et al., 2012; Watts 2021). However, mis-
conceptions like these remain widely referenced in the 
classroom in the form of so-called ‘evolutionary short-
hand’ (hereafter referred to simply as shorthand), vari-
ous orthogenetic-sounding or teleological expressions 
which attempt to succinctly explain biological concepts. 
We acknowledge that it can be challenging to explain 
evolution to pupils and students without occasionally 
using shorthand (Hammann and Nehm 2020), and such 
phrasing can have some educational value if used with 
care (Werth and Shear 2014; Kampourakis 2020). How-
ever, if these easy-to-swallow expressions become fixed 
in the student’s mind as valid explanations of evolution, 
it becomes an educational problem that will negatively 
impact their ability to understand the theory (Barnes 
et al. 2017; Legare et al. 2018). During our own educa-
tions and careers, we have frequently heard students, 
colleagues and members of the public misrepresent evo-
lutionary theory and findings in various shorthand ways 
which evoke goal-orientation or natural hierarchies. 
Phrases such as “springtails are primitive insects” refers 
to a sister-group relationship but disregards the fact that 
springtails are not insects at all (Kjer et al. 2006, 2016). 
Hearing a student say “jellyfish are lower than crusta-
ceans” immediately brings the great chain of being to 
mind, and in any case the view fails to align with mod-
ern cladistics (Rigato and Minelli 2013; Williams and 
Ebach 2009; Schramm and Schmiemann 2019) as these 
animals have simply diverged from a long-lost com-
mon ancestor (Laumer et al. 2019; Nosenko et al. 2013). 
The ‘living fossil’ trope is also alive and well in the form 
of shorthand and erroneously (Walker et al. 2024) sug-
gests that morphological change and diversification is 
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inherently good– it echoes in phrases such as “crocodiles 
are 200 million years old” which disregards the fact that 
no living species of crocodile existed in the Jurassic (Oaks 
2011) and “priapulids have not evolved since the Cam-
brian” in a gross oversimplification of their suite of ple-
siomorphic traits (Werth and Shear 2014; Wernström et 
al. 2023). While certain clades have undoubtably outcom-
peted others to become prolific in their niches (Qvarn-
ström et al. 2024), off-the-cuff remarks about organisms 
“dominating” their surroundings can be problematic due 
to a lack of clear definition for dominance in the con-
text of biology– whether it comes down to clade diver-
sity, abundance or biomass seems arbitrary. The fact that 
evolution teaching often focuses on a constructive narra-
tive (Espinasa and Espinasa 2008) depicting speciation as 
desirable (Walker et al. 2024) and gives more attention to 
gains than losses of traits and functions (such as diges-
tive systems in endoparasites, or eyes in cave-dwelling 
fish (Johnson et al. 2012) likely contributes to the forming 
of misconceptions, which are rife even in evolutionary 

textbooks (Padian 2013). As biologists frequently in con-
tact with both students and the public, we believe that 
the use of shorthand and continued misrepresentation 
of evolution in popular media (Ferguson et al. 2022) con-
tributes to keeping misconceptions related to goal-orien-
tation and natural hierarchies widely alive.

In Norway, evolution acceptance is generally high but 
lags behind that of comparable Nordic countries (Miller 
et al. 2006), and Norwegian school pupils have previously 
scored lower than those in the other Nordic countries 
when asked questions about evolution understanding 
(Guttersrud and Lie 2009). A comparison of teaching 
plans in the Nordic countries showed that evolution is 
introduced later in Norwegian schools than it is in Swe-
den, Finland and Denmark (Onarheim Martens 2015), 
and the current Norwegian teaching plans for high 
school courses in biology do not place extraordinary 
emphasis on evolution as a core unifying principle. It is 
possible that a lower emphasis on evolution in Norwe-
gian schools is associated with the comparatively lower 

Fig. 1  (a) Humorous depiction of famously orthogenetic narrative of human evolution encountered by one of the authors in an outhouse near Tromsø. 
(b) In-person distribution of the questionnaire through a public outreach activity focused on evolution. (c) Overview of the 22 questionnaire statements. 
Statements reflecting widely accepted aspects of evolutionary theory are shaded in green, while statements including common misconceptions related 
to goal-orientation and natural hierarchies are shaded in pink. Insert shows the phylogeny displayed along with statement 15
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acceptance and understanding of the theory in a Nor-
dic context attested in previous studies (Guttersrud and 
Lie 2009; Miller et al. 2006). To explore attitudes toward 
evolutionary theory and its misconceptions is in one of 
the largest population centres in northern Norway, we 
designed and distributed a questionnaire on evolution 
and its common misconceptions (related to goal-orien-
tation and natural hierarchies) in Tromsø. Dominated 
by industries such as shipping, fishing, aquaculture and 
tourism, Tromsø is a historic melting pot of Norwegian, 
Sámi and Kven peoples and a culturally diverse univer-
sity town (Sætermo and Sollid 2021) with several high-
profile government and private research institutions. 
Consequently, Tromsø provided us with a broad base of 
respondents as we explored attitudes toward the theory 
of evolution and its misconceptions.

Materials & methods
Survey design and distribution
We designed and implemented an anonymous ques-
tionnaire comprised of 22 statements (S1-S22) as well 
as information on age, education level, and occupation 
using the Norwegian online survey service Nettskjema. 
The questionnaire included accurate evolutionary state-
ments (S1-2, S6, S10, S14, S18) but also presented 
common evolutionary misconceptions related to goal-
orientation and natural hierarchies, which were explicitly 
orthogenetic (S3, S5, S7-8, S11-12, S15-16, S19-22) or 
teleological (S4, S9, S13, S17) in nature. In the question-
naire design phase, we were inspired by the Evolution 
Education Questionnaire on Acceptance and Knowledge 
framework (Beniermann et al. 2021) and the Measure of 
Acceptance of the Theory of Evolution instrument (Rut-
ledge and Warden 2010) but did not follow them strictly 
as we did not seek to measure knowledge levels or col-
lect data on religious beliefs. Responses to the state-
ments were given as five possible levels of agreement 
(“Fully disagree.”, “Somewhat disagree.”, “Neither agree 
nor disagree.”, “Somewhat agree.”, and “Fully agree.”). In 
the statement design, we considered the available litera-
ture of known misconceptions, for instance the fact that 
novice readers tend to interpret phylogenetic trees with 
horizontal time axes as depicting a hierarchy with the 
“most evolved” organisms on the top of the tree (Sch-
ramm and Schmiemann 2019). To circumvent the forcing 
of answers which may result from using only a few rigid 
options to choose from (McCain and Kampourakis 2018) 
we also let respondents briefly formulate their own view 
of evolution in text at the end of the form. As English lit-
eracy in Norway is among the highest in the world, the 
questionnaire statements were written in English to cap-
ture as many answers as possible, but text answers at the 
end of the form could also be provided in other languages 
which were then translated. The questionnaire with its 

22 statements (Fig.  1c) was distributed to the public in 
Tromsø between March and September 2024 by a vari-
ety of means that included mass distribution via e-mail-
lists and newsletters, posters in various public venues and 
workplaces, and through targeted in-person interaction 
with university students and the public (Fig. 1b).

Ethical considerations
We designed the questionnaire in line with the general 
guidelines and resources on questionnaire surveys (Hel-
levik 2019) of the Norwegian National Research Eth-
ics Committees. The questionnaire was anonymous and 
no personal data (for instance personal names, e-mail 
addresses or IP numbers) that could link responses to 
respondents were collected under the definition of the 
Norwegian personal data act. Both physical and online 
versions of the form were distributed as to not exclude 
respondents based on familiarity with e.g. smartphones. 
Participation in the study was fully voluntary, and no 
incentives or payment (other than a cup of coffee in some 
instances) were issued. Age data was collected in brack-
ets instead of discrete numbers to increase anonym-
ity. The questionnaire was distributed to many people 
from various social settings in Tromsø, which makes it 
impossible to identify respondents based on background 
information. Before responding to the questionnaire, par-
ticipants were presented with our affiliation and what our 
research aims were, and informed that participation was 
voluntary. At the end of the questionnaire participants 
could choose to consent to their answers being used in 
research, with respondents who did not consent to such 
use (n = 5) being excluded and their answers removed 
from the dataset. We did not ask for sensitive informa-
tion such as religious beliefs.

Data analysis
A correlational analysis of the 307 respondents was con-
ducted to explore the relationships between responses 
to the 22 statements, divided into two categories: E 
(accurate evolutionary statements) and M (misconcep-
tions invoking orthogenetic or teleological reasoning). 
Categorical responses were converted into numeric val-
ues (“Fully agree.” = 5, “Somewhat agree.” = 4, “Neither 
agree nor disagree.” = 3, “Somewhat disagree.” = 2, “Fully 
disagree.” = 1) from which correlation matrix was cal-
culated and visualised using the R package corrplot. In 
subsequent analyses, levels of agreement with E state-
ments were summed and averaged for each respondent, 
resulting in a combined value between 1 and 5 which 
we dubbed the “evolution score”. Agreement with M 
statements was summed and averaged in the same way, 
resulting in a second numeric variable which we dubbed 
the “misconception score”. The written answers to the 
questionnaire’s final, open-ended question were read by 
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three of the authors independently and ranked on a scale 
of 1–5 based on their perceived alignment with evolu-
tionary theory. We cross-compared our rankings and 
calculated an average score on the 1–5 scale for each 
answer, where higher values represented a higher degree 
of agreement with widely accepted aspects of evolution-
ary theory. The resulting value was then integrated into 
the evolution score as described above. To investigate 
relationships between respondents’ evolution and mis-
conception scores and their education level and occu-
pational affiliation we performed Kruskal-Wallis tests. 
When testing the influence of education level, respon-
dents in training or employed as biologists were removed 
from the analysis to avoid skewing the result towards 
lower degrees of misconceptions (as all biologists could 
be assumed to belong to the group with university educa-
tions). To investigate the influence of age on misconcep-
tions we fitted a quadratic polynomial regression model 
of misconception scores against age groups. All analyses 
were carried out in the software RStudio.

Results
Based on the 307 responses (Supp. File 1) to our ques-
tionnaire, we found that (1) acceptance of evolutionary 
theory among respondents is generally high, but that (2) 
many agreed with statements containing misconceptions 

related to goal-oriented evolution and natural hierar-
chies (Fig. 2). An overwhelming majority of respondents 
agreed to the theory of evolution being the best expla-
nation for the origin of species and the development of 
life on Earth (including humans), agreed that fossils pro-
vide evidence for evolution by showing that plants and 
animals have changed over time, and believe in allopat-
ric speciation. Nevertheless, a substantial proportion of 
respondents were willing to synonymise evolution with 
improvement, agreed with the statement that humans are 
more highly evolved than worms, and considered evo-
lution to be a progressive process that tends to result in 
higher complexity and intelligence.

Our correlation matrix of responses to the 22 state-
ments (Fig.  3) shows a strong tendency of respondents 
who agree with an accurate evolutionary statement to 
also agree with the other accurate evolutionary state-
ments. Likewise, we found a corresponding tendency of 
respondents to agree with other misconception state-
ments if they already agreed to one such statement. 
Consequently, the correlation matrix visualises a clear 
dichotomy between agreement with accurate evolu-
tionary statements and agreement with misconception 
statements related to goal-orientation and hierarchies in 
nature.

Fig. 2  Percentage-wise distribution of questionnaire responses for the 22 statements
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From the data collected, we observe that respon-
dents that are employed or in training as biologists gave 
answers with significantly lower misconception scores 
than respondents not affiliated with the biology sphere 
(Fig. 4a), and our polynomial regression analysis (Fig. 4b) 
uncovered a weak U-shaped relationship of the respon-
dents’ age and their misconception score, demonstrating 
that a strong command of evolutionary theory was nega-
tively associated with a low and high age. We note that 
non-biologist respondents with high school, vocational 
or trade educations were equally inclined to agree with 
misconceptions, while respondents with university edu-
cations were significantly less inclined to do so in com-
parison to the other groups (Fig. 4c).

We received diverse answers to the questionnaire’s 
final open-ended question, where respondents were free 
to express their own view of evolution. Most respon-
dents seemed to accept evolution while demonstrating 

varying degrees of understanding of the theory. Several 
respondents gave succinct and accurate descriptions of 
how evolution works (1) or went to great lengths to argue 
against the obvious orthogenetic and teleological angles 
of the questionnaire’s misconception statements (2).

1.	 “The non-random development of new lifeforms 
based on random variation due to genetic mutations, 
sexual reproduction and genetic drift. Questionaire 
have to much emphasis on evolution as a hierarchial 
deterministic process…”.

2.	 “Evolution is the process by which organisms adapt 
to their environment based on natural selection and 
mutation of beneficial or superfluous traits. I find the 
wording of primitive to be highly inappropriate in 
describing evolution as any organism can have more 
or less complexity depending on their niche in their 
environment…”.

Fig. 3  Correlation matrix of questionnaire respondent’s agreement with the statements in categories E (accurate evolutionary statements) and M (mis-
conception statements related to goal-orientation in evolution and natural hierarchies). Red boxes indicate strong correlation between statements, while 
blue boxes indicate weak correlation
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Fig. 4  (a) Ridgeline plot of significantly different evolution (χ2 = 19.846, df = 1, p = 8.394 · 10− 6) and misconception (χ2 = 24.147, df = 1, p = 8.925 · 10− 7) 
scores of respondents employed or in training as biologists compared to other occupations. (b) Levels of agreement with statements reflecting common 
misconceptions between age groups with the U-shaped relationship between misconception score and age described by a quadratic polynomial regres-
sion model (R² = 6.57%, F = 8.825, p = 1.978 · 10− 4). (c) Misconception scores of current or graduated students in high school, trade or vocational education, 
and university (excluding biologists) also differed significantly (χ2 = 30.188, df = 2, p = 2.785 · 10− 7)
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Other respondents described their religious views, 
although we did not ask for them, and seemed to reject 
the theory of evolution outright in favour of creationism 
(3), some going so far as to argue against the evolution of 
humans (4).

3.	 “God created the heaven and the earth.”
4.	 “Evolution in nature has in my opinion never been 

proved, since eventual evolutionary changes in 
each species would take much longer than the life 
of a human observer… I believe that humans were 
created by God, since they are so incredibly much 
more advanced than any other species that I find it 
unlikely that they are a result of evolution from other 
species…”.

Several respondents also conveyed explicitly goal-ori-
ented views in their text answer (5), explaining the theory 
in a way that implied that evolution works towards bet-
terment and higher intelligence, consistent with ortho-
genesis (6).

5.	 “Evolution Are the result of organism desire to always 
be better than they are now.”

6.	 “Evolution is a change in biological species 
through thousands of years. It can either improve 
the determined species, or it can worsen them, 
improvement are intelligence, functions. What can 
they do better now than they could thusands- or 
millions of years.”

Discussion
Our results indicate that a majority people in Tromsø 
view evolution as the best explanation for the origin of 
species and the development of life on Earth, judging 
by high agreement (> 75% fully agree) with the accurate 
statements S1 and S2 (Fig. 2). This finding is in line with 
the comparatively high support for the theory of evolu-
tion in an international context previously attested in 
Norway (Miller et al. 2006). Out of the other statements 
reflecting widely accepted evolutionary theory, the one 
concerning common ancestry for all organisms was the 
one to which the least respondents agreed (S6, < 50% fully 
agree). Whether this result reflects disagreement with 
the substantial evidence which supports the theory of a 
single common ancestor of life, or whether disagreeing 
respondents have simply not been exposed to this claim 
or find e.g. several independent origins more convincing, 
is an uncertain but intriguing question. Few respondents 
explicitly rejected evolutionary explanations of biology 
or embraced creationism in their written responses to 
the questionnaire (Supp. File 1), a finding which indicates 
that biology teaching in northern Norway is convinc-
ing in terms of evolution acceptance despite the lower 

emphasis placed on the theory in Norwegian schools as 
compared to other Nordic countries (Onarheim Martens 
2015). Nevertheless, a substantial proportion of respon-
dents not only agreed either strongly or somewhat with 
orthogenetic (such as S3, > 25% fully or somewhat agree) 
and teleological (such as S4, > 75% fully agree or some-
what agree) misconception statements but also pro-
vided such reasoning themselves in the questionnaire’s 
final, open-text question. However, other misconcep-
tion statements e.g. related to the supposed superiority 
of humans and the raison d’être of domesticated animals 
were strongly rejected by respondents (S8 and S9, > 50% 
fully disagree), demonstrating that responses were con-
text-specific. The misconceptions which received the 
highest agreement from respondents were teleologi-
cal rather than orthogenetic in nature, but a majority of 
respondents also agreed strongly or somewhat to ortho-
genetic statements such as “humans are more highly 
evolved than worms” (S5, > 50% fully agree or somewhat 
agree). Statements describing sharks and crocodiles are 
ancient, primitive and “living fossils” were also agreed 
to either strongly or somewhat by a substantial propor-
tion of respondents (S11, > 50% and S16, > 25%). Addi-
tionally, many strongly or somewhat agree to the notion 
that mammals are the dominant organisms on Earth 
(S12, > 25%), in spite of the lack of any biological agree-
ment about the definition of dominance. Supported by 
information in the written text answers (e.g. quotes 5 and 
6), we deem it likely that at least some of the agreement 
with our misconception statements reflects a worldview 
influenced by the great chain of being, where evolution 
is a strictly progressive process. If so, the conclusion is 
that teaching of evolution in northern Norway has not 
always succeeded at conveying the theory accurately. It is 
noteworthy that our correlation matrix (Fig.  3) demon-
strates a low level of correlation in agreement between 
accurate evolutionary statements and misconception 
statements, meaning that respondents agreeing with one 
statement category were less prone to also agree with the 
other category and represents a basic dichotomy within 
the respondent group, where some were substantially 
more prone to agree to misconception statements than 
others. Unsurprisingly, academic biologists and biology 
students who have been heavily exposed to evolutionary 
theory scored lower in the misconception metric com-
pared to the other respondents (Fig.  4a) which repre-
sented diverse occupational backgrounds, and biologists 
have likely influenced the observed correlation matrix 
dichotomy to some degree. Education level also played 
a role among non-biologists (Fig.  4c), with high school 
students and graduates having misconception scores on 
par with respondents enrolled in or graduated from trade 
and vocational education but higher than those with a 
university education. This observation could stem from 
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university students being exposed to science and evolu-
tionary reasoning to a higher degree than non-academics 
regardless of their subject of study. Respondents at the 
extreme ends of the age distribution (Fig. 4b) appeared to 
harbour higher degrees of misconceptions than respon-
dents in the middle of the age range (31–50 year classes 
having the lowest misconception scores). We suspect that 
the U-shaped regression results from the fact that teleol-
ogy and orthogenesis are intuitive to people of young age 
(Kampourakis et al. 2012), while older respondents could 
hold views more influenced by e.g. religion– surveys of 
public evolution acceptance in the U.S have shown a per-
sistent negative association between age and acceptance 
of evolution (Miller et al. 2022). The high agreement 
with widely accepted evolutionary statements along with 
substantial agreement with misconceptions which we 
observed places emphasis on a well-known fact in evo-
lution teaching - nominal acceptance of the theory does 
not mean that a person knows its details, or that they 
understand it well enough to reject discredited concepts 
such as orthogenesis and teleology. In short, acceptance 
and knowledge of evolution are different (Beniermann et 
al. 2021), a discrepancy which has previously been dis-
cussed by many other authors (McCain and Kampourakis 
2018; Allmon 2011; Barnes et al. 2017). The acceptance-
knowledge discrepancy is not necessarily due to a failure 
of biology teaching, as it could also result from a low per-
sonal interest in natural science combined with the lin-
gering impact of the culturally ingrained “great chain of 
being”, the intuitive appeal of orthogenetic explanations, 
and exposure to evolutionary misconceptions perpetu-
ated by the popular media (Ferguson et al. 2022). How-
ever, we cannot reject the possibility that the continued 
use of shorthand both in education and science media 
also contributes to perpetuating flawed ideas of how 
evolution works among students and the public, both in 
Norway and beyond (Czekanski-Moir and Rundell 2020; 
Ferguson et al. 2022; Padian 2013). If so, this is unfor-
tunate considering the negative learning outcomes for 
understanding natural selection and evolution associated 
with teleological reasoning (Barnes et al. 2017; Legare et 
al. 2018). Shorthand might make it easier to communi-
cate certain ideas quickly and in an understandable way, 
but it risks oversimplifying or misrepresenting the nature 
of evolutionary processes. What is particularly worry-
ing are the potential dangers of the public fundamen-
tally misunderstanding evolution, as the orthogenetic 
view of evolution where humans purposefully evolved 
to reign supreme over other organisms is intimately 
linked to racial supremacy ideologies (Rigato and Minelli 
2013; Rieppel 2011; Fischer et al. 2019). Educators thus 
face the challenge of balancing simplicity and accuracy 
to ensure that students develop a balanced understand-
ing of evolution and the concept of common descent, 

where the constructive narrative of functional and trait 
gains is nuanced with examples of evolutionary loss and 
simplification.

Limitations
In all, 307 respondents consented to use of their ques-
tionnaire responses in our research. Demographic data 
of Tromsø municipality from the fourth quarter of 
2024 attest a population of 79 421 (SSB 2024), of which 
nearly 0.4% responded to the questionnaire. Based on 
our conversations with respondents we assume that 
most were town residents. We did not collect sensi-
tive data on religion or ethnicity and therefore cannot 
determine whether respondents defined themselves as 
e.g. Kven, Sámi, or Norwegian or belonging to particu-
lar religious groups, but based on our conversations with 
respondents we believe that responses from a wide vari-
ety of affiliations are represented in the dataset. Out of 
Tromsø municipality’s inhabitants, 5367 people (approx. 
6.8%) were immigrants from 10 select countries with a 
large contribution as of the fourth quarter of 2024 and 
the town has experienced a rapid growth in tourism and 
international visitors in recent years (Nielsen 2023). Our 
findings may thus be influenced by responses from visi-
tors to Tromsø or those with an immigrant background 
to some degree. Therefore, we believe that the results are 
indicative for larger settlements in northern Norway but 
would be wary of extending conclusions to e.g. rural seg-
ments of the populations or to more narrowly defined 
religious or ethnical groups.

Conclusions
Our results provide a broad snapshot of current attitudes 
towards the theory of evolution and its misconceptions 
in Tromsø. We demonstrate that while the basic concept 
of biological evolution is widely accepted, a substantial 
proportion of respondents harboured misconceptions 
reminiscent of largely discredited goal-oriented evolu-
tionary hypotheses. Respondents with a university edu-
cation or an occupational affiliation with biology, and 
people between 31 and 50 years of age held the least 
degree of such misconceptions, which are kept alive 
and well by the popular media, in textbooks and in the 
form of ‘evolutionary shorthand’ in the classroom. Mis-
conceptions which invoke orthogenetic and teleological 
reasoning are known to negatively impact students’ abil-
ity to understand evolution, and we show that they are 
not uncommon among the public in Tromsø. We there-
fore welcome a wider debate among biology educators 
in Norway on e.g. the use of shorthand, and how to best 
teach the theory.
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