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INTRODUCTION

Students at the secondary school levels have been found 
to believe easily false information online and often 
lack the ability to identify hoaxes (Dumitru, 2020). The 

inability of students to critically evaluate online sources is a 
problem stemming across middle school, high school, and 
even into college (McGrew et al., 2018). Recent high school 
graduates entering university for the 1st year often rely on 
online content as references or sources for information over 
more well-established scientific journals, textbooks, or other 
references (Perruso, 2016; Purdy, 2012). Moreover, students 
entering the college level utilize the internet as a digital tool 
and source of information as part of their daily lives (Metzger, 
2007). While there has been an increasing amount of research 
on information and source credibility of online media (Metzger 
et al., 2010), this has been sparingly applied to the biological 
sciences to evaluate scientific media literacy (Archilla et al., 
2019), particularly in the life sciences.

In general, over 70% of college graduates are considered 
scientifically illiterate on some level, meaning they lack the 
ability to understand basic scientific facts or knowledge related 
to scientific material (Miller, 2012). Moreover, the process of 
ascertaining facts and distinguishing between fact and fiction is 
central to science (Allchin, 2018). However, many undergraduate 
students either demonstrate false scientific reasoning skills or 
lack scientific comprehension skills (Woolley et al., 2018). For 

science majors, for example, biology, medical health, physics, 
chemistry, and astronomy majors, pedagogies which emphasize 
critical reasoning skills and competence are vital and result in 
important learning outcomes (Hager et al., 2003; Maudsley 
and Strivens, 2000). Consequently, the development of critical 
thinking is important for students to utilize the scientific method 
in practice, but also for promoting good citizen science for 
the populace to have basic scientific literacy and understand 
relevant scientific issues (Bonney, 2018; Girle, 2011). This 
problem among the 1st year biology students may scaffold to 
upper-level biology students resulting in majors which lack 
information literacy. Information literacy, specifically the 
ability to interpret digital information, is a critical component of 
scientific literacy (Schiffl, 2020). Students attending both high 
school and university need to develop the ability to evaluate 
and apply information. However, students often accept science 
information at face value or literately without question of 
veracity since scientific literacy is often not taught in schools. 
Inquiry-based teaching and learning in secondary school can 
help college students develop valuable skills in both information 
and scientific literacy and in general as biology graduates 
(Dorfman et al., 2017; Zion and Mendelovici, 2012).

One research activity that has been implemented previously 
at the middle school level but seldom at higher academic 
levels is the “Pacific Northwest Tree Octopus” activity (Loose 
et al., 2018). This study highlighted the need for increased 
development of critical thinking with web literacy skills, as 
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the majority of students at the 7th grade level (students aged 
11–13) identified the species to be real (Pilgrim et al., 2019). In 
addition, the use of creative activities using fantasy animals has 
also been used to teach the importance of biological adaptations 
with some success (Guidetti et al., 2007). University students 
also have variable ability to identify fake or valid sources of 
information (Musgrove et al., 2018). Implementing critical 
thinking in an undergraduate science course has been found to 
reduce students’ reliance and perceived belief in pseudoscience 
(Wilson, 2018). However, a short, focused online activity on 
the validity of the fake Pacific Tree Octopus could be applied 
to older students entering college for the 1st time as a means to 
teach scientific literacy and the ability of students to evaluate 
false data on species.

Herein, the ability of the 1st year undergraduate biology majors 
to correctly determine if a species existed was evaluated, as 
well as their observations on a follow-up questionnaire when 
they were shown a clearly satirical video.

Research questions guiding this investigational in class activity 
were:
1.	 How did 1st year college students evaluate a fake, non-

existent species using a seemingly real credible website?
2.	 How effective is this activity to engage students as part 

of a follow-up survey in promoting their awareness of 
false information from websites and the importance of 
developing critical thinking skills in science.

METHODOLOGY
In the fall semester of 2020 as part of an introductory 1st 
year organismal biology course at a small private liberal arts 
university, a concise short online activity was developed to 
introduce the concept of reliability of online websites for a false 
species. This two-part activity investigated whether students 
were willing to question the veracity of a website describing 

a false species over a 2-week period. All student participants 
agreed to this activity for use of their data, and student name 
and information were kept confidential and anonymous. All 
identifiers from completed activities were removed following 
downloading online from the class online software Canvas. 
Part 1 shown in Figure 1, consisted of three short questions 
including “What is the scientific name of the Pacific Northwest 
tree octopus?,” “Where would you find this rare and elusive 
species and in what kind of habitats?,” and finally “Why is 
this species endangered?.” This initial assignment included a 
link to a specific website on the species which students were 
encouraged to visit for information (https://zapatopi.net/
treeoctopus/). Part 2 shown in Figure 1, consisted of a follow-
up activity including three questions, with part 2 including 
a satirical video which clearly shows the false nature of the 
species in question. Part 2 questions included more detailed 
questions such as “Is this species real?,” “Honestly, did you 
either suspect or find out more information when I asked you 
to answer 3 preliminary questions about this ‘species’ if it 
was real?,” “Is there a difference in science for peer-reviewed 
literature and obtaining information from the web?,” and “Is 
it important to think critically in science?.” The activity was 
delivered to students online as part of their weekly assignments, 
with part 1 provided for 1 week and part 2 the subsequent week. 
Authors followed the ethical guidelines of the supervising 
institution.

The content of two activities was quantitatively evaluated 
by analyzing the responses to the survey questions to 
determine if students successfully assessed the “believability” 
or “credibility” of content as an accurate or real source 
of information on the “Pacific Northwest Tree Octopus” 
according to Hovland et al. (1953). Responses were examined 
to questions for both parts 1 and 2 and evaluated based on 
responses if students thought that the species was real and 
assigned each student to either “yes” or “no” category for both 

Figure 1: Part 1 and 2 Activity Questions. Students were shown part 1 during a normal semester week and part 2 the following week as a follow-up/
reflection
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parts 1 and 2. Students participating in activity were asked 
to reflect on the importance of online content versus peer-
reviewed literature and if it was important to think critically 
in science. Figure 2 shows the website included in the activity 
for part 1 to allow students to rely on the website as there only 
needed reference to complete activity. Finally, a Chi-square 
analysis was performed to detect differences between the 
frequency of responses between part 1 and part 2 on the beliefs 
of the species existence.

RESULTS
In total, 90 complete responses for both part 1 and part 2 were 
assessed with 10 students failing to respond and subsequently 
removed from analysis. Figure 3 shows for part 1, 90% of 
students thought that the species was real with only 10% 
thinking it was fake. For part 2, 7.8% of students still thought 
that the species was real, with 92.2% concluding it was fake. 
These results show that after watching a spurious YouTube 
video highlighting the species as clearly fake, a few students 
still answered that they thought that the species was real. Only 
two students specifically mentioned during part 1 responses 
that the species was in fact not real, with seven students 
mentioning they completed activity part 1 but recognized the 
species as fake (based on responses to part 2). All students 
responded during the part 2 follow-up activity that thinking 
critically is important in science, with most students providing 
various examples of positive feedback on the activity.

According to our data, there was a significant difference in 
the proportion of student responses on whether they thought 
that the species was real for part 1 and part 2 of this activity, 

Chi-square statistic χ2 (1, n = 90) = 121.749, ρ < 0.001, with 
more students realizing the species was fake during part 2 than 
for part 1. Finally, there was some variability among students 
for responses and these are included for both parts of this 
activity in Table 1.

DISCUSSION
This study found that a large number of university students 
failed to determine this species as false. Based on responses, 
we noted a lack of students overall to conduct further research 
into this species, even if they were suspicious about the species 
existence. However, this activity was purposefully designed 
so it was concise, short, and consisted of only three basic 
questions from one website, that is, we did not specifically 
ask students to conduct further research. Little guidance other 
than the activity itself was given to students. It is possible that 
for those student responses indicating the species existed, 
they were not paying attention or did not spend adequate time 
evaluating the questions during part 1 and were just completing 
a short assignment as part of an introductory biology course. In 
fact, many responses by students either stated “I filled out the 
three questions and did not give it more thought” or “I thought 
it was real and did not do any further research.” Moreover, 
most students indicated that they initially thought that it was 
real and that they only thought that it was fake after watching 
the video. The majority of students did not conduct further 
research after reading about an octopus that lives terrestrially 
in the trees of the Pacific Northwest. Only two students out of 
the nine that recognized the species as being fake explicitly 
stated in their response to part 1 activity that the species was 

Figure 2: Screenshot of website for the Pacific Northwest Tree Octopus used in this activity (https://zapatopi.net/treeoctopus/). Retrieved August 25, 2020
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not real by commenting “none of this article is actually true” 
or “it would also be pretty hard to find since it is not real.” This 
observation may indicate that students do not invest time or 
mental energy in evaluating short assignments or do not expect 
the instructor to provide this type of inquiry activity regarding 
the veracity of obscure and ultimately fake species. In other 
words, they lack some level of critical independent thinking 
and took the instructor “at their word.”

Students commented overwhelmingly that they appreciated 
the activity stating “This was a great activity, I can’t believe 
I fell for it” or “I thought the video during part 2 was funny” 
with others commenting on it being their favorite activity in the 
course. Three students mentioned that they had been previously 
exposed to the species in high school and knew it was not 
real, accounting for some responses where students knew the 
species was fake. Most students realized that it was not real only 
after part 2, watching the video and answering questions from 
part 2. These results were surprising to say the least for a college 
level activity for the 1st year biology majors, given that many 
in their initial answer to questions for part 1 regarding “Why 
is the species endangered” included “blooming populations of 
its natural predator, including the bald eagle and sasquatch” 
which they obtained verbatim straight from the website.

As this activity, part 1 and part 2 (Figure 1) were taught online 
with little information provided by instructors (authors), this 
study’s findings indicate further reflection during in class 
sessions to explore reliability of student feedback on why they 
failed to identify the species as fake is needed at the university 
level. For example, further exploration of why they “just 
believed a college instructor” or why they “quickly completed 
the assignment with no further consideration” and “taking 
the instructor at their word” indicates the need for the 1st year 
students to develop independent inquiry skills which question 
and recognize false data or information in science. Group-
based learning offers an alternative opportunity to engage and 
help undergraduate science majors enhance critical thinking 
skills (Kim et al., 2013) and may be applied to this activity.

The development of critical reasoning may also warrant 
further investigation at the high school level in preparation 
for university. Studies have shown in some cases less than 
one-third of high school students were deemed college-ready 
in reading and math (Combs et al., 2010). Jensen and Moore 
(2008) analyzed 1st year biology students reflecting on how 
high school prepared them for college noted less than half 
felt challenged by high school courses and subsequently 
studied very little outside of class. However, there may be 
some hope as implementing advanced high school science 
and math coursework with an emphasis on deep conceptual 
understanding of biological concepts and investigations can 
be positively associated with introductory student academic 
success (Loehr et al., 2011). The importance of understanding 
not only key biological concepts and observation but also 
assessment of empirical evidence are potential avenues for 
how secondary biology teachers might help prepare students 
for higher learning in biology and increase biological literacy 
(Narguizian, 2019). Future implementation of this activity 
could alter whether it is provided within the classroom versus 
online (how we delivered this activity with little input from 
instructor), or even across 1st year students versus upper-level 
university students, as we suspect the unusually high responses 
on the species being real may change based on academic 
level or activity delivery method (i.e., online with little to no 
guidance vs. in lecture).

Table 1: Example of individual student responses to 
activity for part  1 and part  2

Individual student responses to activity
Part 1
“The tree octopus can be found in the temperate rainforest and their 
habitat lies on the eastern side of the Olympic mountain range, adjacent 
to Hood Canal”
“Reasons for species being endangered include decimation of habitat by 
logging and suburban encroachment, building of roads that cut off access 
to water which is needed for spawning”
“Predation by house cats and booming populations of its natural 
predators, including the bald eagles and sasquatch”
“Its numbers are critically low, and it was a good animal to use as a hat”
Part 2
“The point of this activity was to let us know not everything you read on 
the internet is true including about science”
“When you gave us the preliminary questions about this ‘species’ I 
didn’t give it a second thought about being fake due to it coming from a 
professor as well as the website”
“I just filled out the three questions last week not even thinking about if it 
was real or not”
“I had known that octopi could live outside of water for a limited time 
and didn’t find it too outlandish for an arboreal species of octopus”

Figure 3: Student responses (n = 90) to whether they thought that the 
species was real during activity part 1 and part 2
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RECOMMENDATIONS
Based on our findings, we make several recommendations 
for future research to increase science literacy and critical 
thinking. This type of inquiry activity should be incorporated 
in introductory biology courses or other similar activities which 
require development of critical thinking skills, possibly with the 
addition of group discussion the following week or throughout 
the semester. An additional recommendation to consider 
when implementing this activity is that instructors should 
follow up on this activity and encourage students to adopt the 
Sagan standard of “extraordinary claims require extraordinary 
evidence,” or ECREE for short when presenting or discussing 
this activity (Kaufman, 2012). Instructors can recommend 
students emphasize the importance of relying on not only the 
quality of a source but also for students to rely on multiple 
sources in science. This follow-up can take the form of either 
an open class discussion or written reflection to further impart 
to students the importance of critical thinking and develop the 
tools to identifying false information. Science as a discipline 
often is subject to a great deal of misinformation, that is, 
climate change, spread of disease, etc. (Scheufele and Krause, 
2019). Therefore, it is important for students as they progress 
both in academia and in their careers to identify falsehoods 
and think critically in science and be more informed citizen 
scientists. Moreover, introducing this activity to the 1st year 
students may benefit the scaffolding of other courses as they 
progress in upper-level science courses as part of their major. 
In conclusion, thinking critically regarding online information 
or having increased “web literacy” (Leu et al., 2015) may 
need to be further evaluated for incoming college students in 
science through this or other activities and discussions which 
align with biology course learning outcomes.

REFERENCES
Allchin, D. (2018). Alternative facts and fake news. The American Biology 

Teacher, 80(8), 631-633.
Archilla, P.A., Molina, J., & de Mejia A.T. (2019). Promoting undergraduates’ 

awareness of the importance of thinking critically about false or 
inaccurate scientific information presented in news articles. The Eureka 
Magazine on Science Teaching and Dissemination, 16(3), 3106.

Bonney, K.M. (2018). Fake News with real consequences: The effect of 
cultural identity on the perception of science. The American Biology 
Teacher, 80(9), 686-688.

Combs, J.P., Slate, J.R., Moore, G.W., Bustamante, R.M., Onwuegbuzie, A.J., 
& Edmonson, S.L. (2010). Gender differences in college preparedness: 
A statewide study. The Urban Review, 42, 441-457.

Dorfman, B., Issachar, H., & Zion, M. (2017). Yesterday’s students in 
today’s world-open and guided inquiry through the eyes of graduated 
high school biology students. Research in Science Education, 50(1), 
123-149.

Dumitru, E. (2020). Testing children and adolescents’ ability to identify fake 
news: a combined design of quasi-experiment and group discussions. 
Societies, 10, 71.

Girle, R.A. (2011). The question of the question in critical thinking? In P. 
Blackburn, H. van Ditmarsch, M, Manzano, & F. Soler-Toscano (Eds.), 
Tools for Teaching Logic. Lecture Notes in Computer Science. pp. 93-
100. Springer-Verlag. 

Guidetti, R., Baraldi, L., Calzolai, C., Pini, L., Veronesi, P., & Pederzoli, 

A. (2007). Fantastic animals as an experimental model to teach animal 
adaptation. BMC Evolutionary Biology, 7, S13.

Hager, P., Sleet, R., Logan, P., & Hooper, M. (2003). Teaching critical 
thinking in undergraduate science courses. Science and Education, 12, 
303-313.

Hovland, C.I., Janis, I.L., & Kelly, J.J. (1953). Communication and 
Persuasion. Yale University Press.

Jensen, P.A., & Moore, R. (2008). Do students’ grades in high school biology 
accurately predict their grades in college biology? Journal of College 
Science Teaching, 37(3), 62-65.

Kaufman, M. (2012). First Contact: Scientific Breakthroughs in the Hunt for 
Life beyond Earth. Simon and Shuster.

Kim, K., Sharma, P., Land, S.M., & Furlong, K.P. (2013). Effects of active 
learning on enhanced student critical thinking in an undergraduate 
general science course. Innovative Higher Education, 38, 223-235.

Leu, D.J., Forzani, E., Timbrell, N., & Maykel, C. (2015). Seeing the forest, 
not the trees: essential technologies for literacy in the primary-grade and 
upper elementary grade classroom. The Reading Teacher, 69(2), 139-145.

Loehr, J.F., Almarode, J.T., Tai, R.H., & Sadler, P.M. (2011). High school 
and college biology: A multi-level model of the effects of high school 
courses on introductory course performance. Journal of Biology 
Education, 46(3), 165-172.

Loose, E., Ivan, L., & Leu, D. (2018). “Save the Pacific Northwest tree 
octopus”: A hoax revisited or how vulnerable are school children to fake 
news. Information Learning Science, 119, 514-528.

Maudsley, G., & Strivens, J. (2000). Science, critical thinking and 
“competence” for tomorrow’s doctors. A review of terms and concepts. 
Medical Education, 34(1), 3-60.

McGrew, S., Breakstone, J., Ortega, T., Smith, M., & Wineburg, S. (2018). Can 
students evaluate online sources? Learning from assessments of civic online 
reasoning. Theory and Research in Social Education, 46(2), 1651-93.

Metzger, M.J. (2007). Making sense of credibility on the web: Models 
for evaluating online information and recommendations for future 
research. Journal of the American Society for Information Science and 
Technology, 58(13), 2078-2091.

Metzger, M.J., Flanagin, A.J., & Meders, R.B. (2010). Social and heuristic 
approaches to credibility evaluation online. Journal of Communication, 
60, 413-439.

Miller, J.D. (2012). What colleges and universities need to do to advance 
civic scientific literacy and preserve American democracy. Liberal 
Education, 98, 28-33.

Musgrove, A.T., Powers, J.R., Rebar. L.C., & Musgrove, G.J.R. (2018). Real 
or Fake? Resources for teaching college students how to identify fake 
news. College and Undergraduate Libraries, 25(3), 243-260.

Narguizian, P. (2019). Seven pillars of biology literacy: A proposal for what 
secondary school teachers might teach and what college instructors 
should reinforce. The American Biology Teacher, 81(3), 145.

Perruso, C. (2016). Undergraduates’ use of Google vs. library resources: A 
four-year cohort study. College and Research Libraries, 77(5), 61-630.

Pilgrim, J., Vasinda, S., Bledsoe, C., & Martinez, E. (2019). Critical thinking 
is critical: Octopuses, online sources, and reliability reasoning. The 
Reading Teacher, 73(1), 85-93.

Purdy, J.P. (2012). Why first-year college students select online research 
resources as their favorite. First Monday, 17(9), 4088.

Scheufele, D.A., & Krause, N.M. (2019). Science audiences, misinformation, 
and fake news. Proceedings of the National Academy of Sciences of the 
United States of America, 116, 7662-7669.

Schiffl, I. (2020). How information literate are junior and senior class biology 
students? Research in Science Education, 50, 773-789.

Wilson, J.A. (2018). Reducing pseudoscientific and paranormal beliefs in 
university students through a course in science and critical thinking. 
Science and Education, 27, 183-210.

Woolley, J.S., Deal, A.M., Green, J., Hathenbruck, F., Kurtz, S.A., 
Park,  T.K.H., Pollock, S.V., Transtrum, M.B., & Jensen, J.L. (2018). 
Undergraduate students demonstrate common false scientific reasoning 
skills. Thinking Skills and Creativity, 27, 101-113.

Zion, M., & Mendelovici, R. (2012). Moving from structured to open inquiry: 
Challenges and limits. Science Education International, 23(4), 383-399.

Science Education International 
32(2), 159-163 
https://doi.org/10.33828/sei.v32.i2.9 




