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“We have to remember that what we observe is not nature in itself, 
but nature exposed to our method of questioning.”

Werner Heisenberg

Bad science is a persistent 
issue—fraudulent studies to 
poorly conducted research 

and misinterpretation of 
research findings. 

Can science give us 
the answers we need?

https://en.wikipedia.org/wiki/Werner_Heisenberg


Publications



https://pubmed.ncbi.nlm.nih.gov/
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PubMed search  for “dentistry”
  2018 – 29,168
  2019 – 30,013
  2020 – 35,044
  2021 – 39,107
  2022 – 38,660
  2023 – 37,943
  2024 – 40,959

The output of scientific
evidence is immense

At least 1 dental 
publication added 
approximately every 
13 minutes!



0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

2
0

2
5

2
0

2
3

2
0

2
1

2
0

1
9

2
0

1
7

2
0

1
5

2
0

1
3

2
0

1
1

2
0

0
9

2
0

0
7

2
0

0
5

2
0

0
3

2
0

0
1

1
9

9
9

1
9

9
7

1
9

9
5

1
9

9
3

1
9

9
1

1
9

8
9

1
9

8
7

1
9

8
5

1
9

8
3

1
9

8
1

1
9

7
9

1
9

7
7

1
9

7
5

1
9

7
3

1
9

7
1

1
9

6
9

1
9

6
7

1
9

6
5

Total PubMed articles in dentistry — 1965 to 2024

25% from 1965-1994 30 years
756,973 articles

25% from 2012-2019 8 years

25% from 1995-2011 17 years

25% from 2020-2024 5 years
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2013 – 72 more clinical trials (51.2% CT)
2014 – 39 more SR and M-A (49.3% CT)

Clinical trials and systematic reviews
and meta-analyses — dentistry

Clinical trials Systematic reviews and meta-analyses

2024 – 945 more SR and M-A (38.4% CT)



How we present and interpret data 
that can be used for information and 
eventual knowledge will change over 
time with the development of better, 
more sophisticated, and more 
insightful models.

Glick M. JADA. 2019;150(5):325-6



using the wrong study design to claim causality,

not interpretating measures of association correctly, e.g., equating RR with OR,

focusing only on RRD rather than ARD,

not recognizing confounders, mediators, effect modifiers, colliders and other  
types of bias,

inaccurate protocols for particular study designs (cases and controls),

not distinguishing between proportions (ratios) and rates,

confusing incidence with prevalence,

Using the incorrect study design for the research question of interest,

Mistakes were made but not by me



incorrectly interpreting validity and reliability of outcome measures 
(questionnaires),

misinterpreting efficacy and efficiency studies, 

incorrectly equating statistical significance with clinical significance,

incorrectly equating lack of statistical significance with equivalence,

incorrect interpretation confidence intervals,

incorrect  interpretation of p-values,

and more …



Relative risk difference (RRD) = 142/8,901−251/8,901

251/8,901
=

142/8,901

251/8,901
− 1 = 0.57 - 1 = -43%

Relative risk for developing MI 
when using statins

=
AR using 𝑠𝑡𝑎𝑡𝑖𝑛𝑠

AR not using 𝑠𝑡𝑎𝑡𝑖𝑛𝑠
=

142/8,901

251/8,901
= 𝟎. 𝟓𝟕

Relative risk for developing MI
when not using stains

=
AR not using 𝑠𝑡𝑎𝑖𝑛𝑠

AR using 𝑠𝑡𝑎𝑖𝑛𝑠
=

251/8,901

142/8,901
= 𝟏. 𝟕𝟕

MI No MI Total
Using statins 142 8,759 8,901
Not using statins 251 8,650 8,901

393 17,409 17,802

Relative risk and interpretations

6-month trial



With a relative risk of 1.77, which is a correct statement?

“The relative risk of developing MI when not using statins is 1.77 that of using 
statins over a period of 6 months.”

Relative risk and interpretations

A has $100 and B has $120.

  B has 1.2 times that of A, i.e. $120, but not 1.2 times more than A.

  If B had 1.2 times more than A, B would have 100+(1.2x100) = $220.

“The relative risk of developing MI when not using statins is 1.77 more than 
that of using statins over a period of 6 months.”



With a relative risk of 1.77, which is a correct statement?

“The relative risk of developing MI when not using statins is 1.77 that of using 
statins over a period of 6 months.”

Relative risk and interpretations

“The relative risk of developing MI when not using statins is 1.77 more than 
that of using statins over a period of 6 months.”

A has $100 and B has $120.

  B has 1.2 times that of A, i.e. $120, but not 1.2 times more than A.

  If B had 1.2 times more than A, B would have 100+(1.2x100) = $220.



What we can state about relative risk and relative risk difference

“The relative risk of developing MI is 0.57, or 57%, that of not using statins 
after 6 months.”

“Using statins relative to not using statins for 6 months is associated with a 
43% decreased risk of developing MI.”

“The relative risk of developing MI when not using statins is 1.77 that of using 
statins over a period of 6 months.”

“The risk of developing MI when not using statins is 77% times greater when 
using statins over a period of 6 months.”

Relative risk and interpretations



Does an OR of 3 mean that there is a 3 times the chance of 
having CVD if you have periodontal disease? 

A study showed that periodontal disease was associated 
with CVD with an odds ratio (OR) of 3.

CVD(+) CVD(-)
Odds of CVD(+) 

if PD(+)
Odds of CVD(+) 

if PD(-)

PD(+) 50 50 50/50 = 1

PD(-) 25 75 25/75 = 1/3

The odds of CVD(+) given PD(+) compared to the odds of CVD(+) given PD(-) 
1

1/3
 => an OR = 3

But the risk CVD(+) if PD(+) is 2x as likely, not 3x as likely

Odds ratio and interpretations



COVID-19 vaccine “95% effective”: It doesn’t mean what you think it means! | R-bloggers

How effective is a COVID vaccine?

“Primary efficacy analysis demonstrates BNT162b2 to be 95% effective 
against COVID-19 beginning 28 days after the first dose;
170 confirmed cases of COVID-19 were evaluated, with 162 observed in the 
placebo group versus 8 in the vaccine group.”

BioNTech/Pfizer- mRNA vaccine BNT162b2

https://www.r-bloggers.com/2020/12/covid-19-vaccine-95-effective-it-doesnt-mean-what-you-think-it-means/


Pfizer selected about 43,000 voluntary participants where about half received 
the vaccine (22,700) and the other half (the control group; 20,250) received 
only a placebo, without any active substance.

After about a month after the first dose (i.e. one week after the second dose), 
they started to count the number of confirmed COVID-19 cases for each group.

In the placebo group 162 cases were confirmed, whereas in the vaccine 
group only 8 cases appeared.

How effective is a COVID vaccine?



Vaccinated infection rate is 8

22,700
 = 0.000352

Unvaccinated infection rate is 162

20,500
 = 0.007902

Using a common denominator (e.g., per  2,500 people):

Vaccinated per 2,500: 8

22,700
 𝑥 2,500 = 0.88 (approx. 1 case per 2,500)

Unvaccinated per 2,500: 162

20,500
 𝑥 2500 = 19.76 (approx. 20 case per 2,500)

Scaling proportionally 



1of 2,500 infected despite of vaccine

How effective is a COVID vaccine?

Vaccinated per 2,500: 8

22,700
 𝑥 2,500 = 0.88 (approx. 1 case per 2,500)



20 of 2,500 infected without vaccine

How effective is a COVID vaccine?

Unvaccinated per 2,500: 162

20,500
 𝑥 2500 = 19.76 (approx. 20 case per 2,500)



COVID(+) COVID(-) Total
Vacc(+) 8 2,492 2,500
Vacc(-) 162 2,338 2,500

RR = (8/2,500)/(162/2,500) = 8/162 = 0.05

RRD = (8/162)-(162/162) = RR-1 = -0.95

How effective is a COVID vaccine?



Efficacy rate of 95%?
It doesn’t mean that 95 out of 100 vaccinated persons will be protected 
from COVID-19, nor does it mean that it will reduce the severity of the 
illness in case you contract the virus despite being vaccinated.

How effective is a COVID vaccine?



Efficacy is a proxy, i.e. relative risk-reduction of infections in the two study 
groups. This can give a good indication of the order of magnitude of the real-
world effect but is not the same!
What we want to know is the effectiveness of the vaccine in the real world, 
i.e. how well it protects us from contracting the disease.

How effective is a COVID vaccine?



N Engl J Med. 2021;385:1393-400



N Engl J Med. 2021;385:1393-400
Protection of BNT162b2 Vaccine Booster against Covid-19 in Israel:

At least 12 days after the booster dose, the rate of confirmed 
infection was lower in the booster group than in the nonbooster 
group by a factor of 11.3 […] the rate of severe illness was lower 
by a factor of 19.5 […].

https://www.nejm.org/doi/full/10.1056/NEJMoa2114255


Risk in the booster group => 6

2500
= 0.0024

Risk in the non-booster group => 64

2500
= 0.0256

Relative risk=> 0.0024

0.0256
= 0.09375  or 9.4%

(the reported 11.3 was an adjusted RR) 

Absolute risk difference  (RRD*risk in the non-booster group)=>
 0.0256 − 0.0024 = 0.0232 or 2.3 percentage points 

How effective is a COVID vaccine?



RR => -9.4 percent

All persons are fully vaccinated, blue and red persons are the 
unlucky ones who still get an infection (a so-called 
breakthrough infection), while the blue cases can be prevented 
by a booster dose.
What is the absolute risk reduction in percentage points?

Infections w/o booster: <64/2,500; infection with booster: ≈6/2,500

How effective is a COVID vaccine?



All persons are fully vaccinated, blue and red persons are the 
unlucky ones who still get an infection (a so-called 
breakthrough infection), while the blue cases can be prevented 
by a booster dose.
What is the absolute risk reduction in percentage points?
The 9.4 RR becomes a mere 2.3 ARD.

ARD = 100*64/2500-100*6/2500 => -2.3 percentage points

How effective is a COVID vaccine?

Infections w/o booster: <64/2,500; infection with booster: ≈6/2,500



RR => -19.5 percent

Severe cases w/o booster: < 5/2,500; severe cases with booster: < 1/2,500

How effective is a COVID vaccine?

All persons are fully vaccinated, blue and red persons are the 
unlucky ones who still get an infection (a so-called 
breakthrough infection), while the blue cases can be prevented 
by a booster dose.
What is the absolute risk reduction in percentage points?



ARD = 100*1/2500-100*1 => -0.2 percentage points

All persons are fully vaccinated, blue and red persons are the 
unlucky ones who still get an infection (a so-called 
breakthrough infection), while the blue cases can be prevented 
by a booster dose.
What is the absolute risk reduction in percentage points?
The report 19.5 RRD becomes a scant 0.2 ARD.

How effective is a COVID vaccine?

Severe cases w/o booster: < 5/2,500; severe cases with booster: < 1/2,500



Will oral cancer screening improve
mortality rate?

Well, it depends ...

Cancer screening



There are more than 40,000 new cases of oral cancer diagnosed in 
the United States alone every year and early detection is critical for 
survival; when detected early, the five-year survival rate rises from 
less than 50% to more than 80%. 

Survival rate



500 out of 1,000 men alive after 5 years (year 5) => 
a 50% survival rate 5 years after a diagnosis (year 0).
If screening were to be performed 2 years before a diagnosis could have been 
made (year -2),

The real questions are –
how many of the 800 men are alive at year 5;
how many of the 800 would never have developed the disease?

-6 -4 -2 0 2 4 6 8531 7

Timeline (years)
500 are alive

5

800 of the 1,000 mean would be alive after 5 years (year 3).

?

Impossible to know!

Time of diagnosis 800 are alive

the survival rate 5 years after screening is 80%.

Survival rate



-6 -4 -2 0 2 4 6 8531 7

Timeline (years)
500 are alive

5

Time of diagnosis

500 out of 1,000 men alive after 5 years (year 5)
represents is a 50% survival rate 5 years after a diagnosis (year 0).

If screening were to be performed 6 years before a diagnosis could have 
been made (year -6),       1,000 of the 1,000 mean would be alive after 5 years (year -1).

There is a 100% survival rate with screening! 

Survival rate



                                will be alive after 10 years,
which is a 10-year survival rate of 4,050/5,000 = 81%

➢ Assumption 1: screening can detect non-progressive cancer

➢ Without screening: Among 1,000 patients with progressive CA, 50 will be 
alive and 950 will be dead after 10 years

➢ Assumption 2: 10-year survival rate of 5%

➢ With screening: Among 5,000 patients with CA, 1,000 will have 
progressive CA; 4,000 will have non-progressive CA 

➢ With screening: 4,000 + 50 = 4,050

➢ Screening can increase survival rates without actually saving lives!

➢ Death rate (number of people who have died/all people) is more accurate

➢ Assumption 3: 1 in 5 patients have progressive cancer 

Survival rate



The proportion of lung cancer among never-smokers has 
almost doubled in the past 25 years.

25

0

50

75

100

125

1990 1995 2000 2005 2010 2015

8%
(10/125)

15%
(10/67)

Never smokers

Smokers

Greg Welch, MD

Number of 
lung cancers

Percent of  lung cancers 
among never smokers

10



No hypertension Hypertension
Sleep apnea 50 10 60
No sleep apnea 40 20 60

90 30 120

The Chi-square test statistic value is 0.035. The result is significant at p < 0.05.

No hypertension Hypertension
Sleep apnea 49 11 60
No sleep apnea 40 20 60

89 31 120

The Chi-square test statistic value is 0.061. The result is not significant at p >0.05.

Fragility index = 1

Fragility index or the peril of p’s



“The rigor of the science and peer review 
and editorial processes differs 
considerably from journal to journal. This 
unfortunately often leaves the onus of 
being able to discern the relevance and 
importance of the content on the 
shoulders of the reader.”



JAMA. 2024;331(12):1045-1054

“A meta-analysis of 10 case-controlled studies 
revealed an increased risk of recurrent aphthous 
stomatitis…”

“A meta-analysis of 21 case-control studies 
revealed that celiac disease is associated
with a higher incidence of recurrent aphthous 
stomatitis…”



“…the use of nystatin was more effective than 
placebo (relative risk [RR], 0.51 [95% CI, 0.36 to 
0.72]), and use of miconazole (lacquer or gel)
did not differ from placebo (RR, 0.73 [95% CI, 
0.48 to 1.10]).”

Failing to reject the null hypothesis
(i.e., "no significant difference") does not 
mean the two groups are equivalent —
it only means we do not have enough 
evidence to claim a difference. 

JAMA. 2024;331(12):1045-1054



JAMA. 2024;331(12):1045-1054

“…reported comparable success rates to
traditional denture disinfecting protocols and 
administration of topical antifungals for the 
treatment of denture stomatitis
(RR, 1.31 [95%CI, −0.80 to 2.15])

“…a meta-analysis of 3 RCTs that investigated 
probiotics … in the management of recurrent 
aphthous stomatitis revealed evidence 
suggesting a reduction of oral pain … with the 
use of probiotic…” [compared to …?]



“Clinical practice guidelines 
represent highly processed 
evidence with associated 
recommendations to inform 
clinical practice and optimize 
patient care.

Appropriately developed, 
evidence-based recommendations 
will integrate the best evidence 
regarding benefits and harms, the 
certainty of the evidence, 
patients’ values and preferences, 
and resource utilization.”

Carrasco-Labra A, et al. J Am Dent Assoc 2015;146(5):327–336



“Guidelines are systematically 
developed evidence‐based 
statements that assist providers, 
patients, policy makers, and other 
stakeholders to make informed 
decisions on health care and public 
health policy.”

“Guidelines should make the data
(direct evidence, indirect evidence, 
or purely expert opinion) and their 
interpretation fully transparent.”

Res Syn Meth. 2019;10:312–329



“Overall, a conservative estimate is that 50% of 
current evidence-based guidelines suffer from 
either methodological flaws, have questionable 
content with respect to the primary evidence to 
which they refer to or documented outcomes 
diverging from those expected.

On average, guidelines sponsored by medical 
specialty societies are of lower quality 
compared with those endorsed by national 
health agencies.”

Evid Based Med 2017;22(1):1-3



“Spin can be found in the results and 
conclusion sections of abstracts, as well as 
in the results, discussion, and conclusion 
sections in the main text.

A study of nonrandomized studies found at 
least 1 example of spin in the abstract of 
107 of 128 assessed articles (84%), with 
erroneous use of causal language identified 
in 68 (53%) of abstracts.”



In October, 2015, 22 scientists from ten 
countries met at the International 
Agency for Research on Cancer (IARC) in 
Lyon, France, to evaluate the 
carcinogenicity of the consumption of 
red meat and processed meat. These 
assessments will be published in volume 
114 of the IARC Monographs.

The Lancet 2015;16(16):1599-1600

https://www.thelancet.com/journals/lanonc/issue/vol16no16/PIIS1470-2045(15)X0011-8


IARC Monographs evaluate consumption 
of red meat and processed meat (who.int) 
 October 26, 2015

https://www.iarc.who.int/wp-content/uploads/2018/07/pr240_E.pdf
https://www.iarc.who.int/wp-content/uploads/2018/07/pr240_E.pdf










Results:
A meta-analysis of colorectal cancer in ten 
cohort studies reported a statistically 
significant dose-response relationship, with 
a 17% increased risk (95% CI 1·05-1·31) per 
100 g per day of red meat and an 18% 
increase (95% CI 1·10-1·28) per 50 g per 
day of processed meat.

Lancet Oncology. 2015;16(16):1599-1600





Absolute Risk (no processed meat) => 4%

Absolute Risk (processed meat) => 4% x 1.18 ≈ 5%

Conclusions:
Over a lifetime, eating 2 slices of bacon every 
day versus no bacon will result in an 
estimated 1 additional person developing 
colorectal cancer among 100 individuals.

Relative Risk – 18%

Lancet Oncology. 2015;16(16):1599-1600



Research was led by Dr. Don Poldermans, a Dutch 
cardiologist, and claimed that using beta-blockers 
in patients undergoing non-cardiac surgery 
significantly reduced their risk of heart 
complications.

These findings were included in European Society 
of Cardiology (ESC) guidelines (2009), which 
recommended perioperative beta-blocker use.
As a result, hospitals and physicians across 
Europe and the UK adopted beta-blockers as a 
standard pre-surgical treatment.



Fabricated and Manipulated Data
• An investigation found that patient data was either fabricated or selectively manipulated.
• Poldermans failed to obtain ethical approvals for some of his work.

Lack of Proper Randomization and Controls
• The trials lacked proper randomization and double-blinding.
• Many patients included in the study were not properly tracked.

Lack Contradictory Findings in Later Research
• Subsequent randomized controlled trials (RCTs) showed increased risks associated 

with perioperative beta-blockers, contradicting Poldermans' claims.
• A major 2013 meta-analysis published in the British Medical Journal (BMJ) found that 

beta-blocker use in non-cardiac surgery increased the risk of stroke and death by 27% 
and 33%, respectively.



The Dutch Beta-Blocker Study Scandal is 
a striking example of how flawed or 
misleading medical research can lead to 
widespread harm. The study in question 
was the trial, which was later found to be 
based on fabricated and manipulated data. 

The consequences of this fraudulent 
study contributed to an estimated 
10,000 deaths in the UK alone.



Inappropriate methodology
• HARKing (hypothesizing after the results are 

known);
• JARKing (justifying after the results are known);
• P-hacking;
• using the wrong study designs for specific 

research aims;
• using inappropriate statistical tests;
• inappropriate data and analyzes.



“Although clinicians have available a number 
of guides to critically appraise the risk of bias 
associated with clinical studies, little 
guidance exists addressing how to protect 
patients and clinicians from being misled by 
the interpretations offered by the authors of 
clinical studies.”



Spurious relationships?



Hypothesis

Messerli FH. N Engl J Med. 2012 (Oct. 10)



Results Discussion

However, since chocolate consumption 
has been documented to improve 
cognitive function, it seems most likely 
that in a dose-dependent way, chocolate 
intake provides the abundant fertile 
ground needed for the sprouting of Nobel 
laureates. Obviously, these findings are 
hypothesis-generating only and will have 
to be tested in a prospective, randomized 
trial.

A second hypothesis, reverse causation — 
that is, that enhanced cognitive 
performance could stimulate 
countrywide chocolate consumption — 
must also be considered. It is conceivable 
that persons with superior cognitive 
function (i.e., the cognoscenti) are more 
aware of the health benefits of the 
flavanols in dark chocolate and are 
therefore prone to increasing their 
consumption. 

Finally, as to a third hypothesis, it is 
difficult to identify a plausible common 
denominator that could possibly drive 
both chocolate consumption and the 
number of Nobel laureates over many 
years. Differences in socioeconomic 
status from country to country and 
geographic and climatic factors may play 
some role, but they fall short of fully 
explaining the close correlation observed.

Messerli FH. N Engl J Med. 2012 (Oct. 10)



http://tylervigen.com/spurious-correlations

http://tylervigen.com/spurious-correlations
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Potential paper mills | COPE: Committee on Publication Ethics

https://publicationethics.org/publishers-perspective-paper-mills


Generate manuscripts based made-up, fraudulent, manipulated or 
plagiarized data
Sell fake manuscripts
Sell authorships,  positions and citations
Guarantee publication in reputable journals
Engineers the peer review process
Estimates suggest paper mills are responsible for 2% to 20% of all published 
academic papers, particularly impacting the biomedical literature.
Prices can be high, with authorship on papers targeting high-impact journals 
costing up to 30,000 EUR

Paper mills



Detection and Prevention
Publishers and the academic community are working to combat paper 
mills through:
Training editors to identify suspicious manuscripts
Developing AI tools to detect paper mill products
Implementing stricter authorship verification processes
Collaborating across publishers to share information on suspected paper 
mills

Paper mills



Predatory publishing | COPE: Committee on Publication Ethics

https://publicationethics.org/resources/discussion-documents/predatory-publishing


• Accept articles quickly with little or no peer review
• Notify authors of fees only after paper acceptance
• Aggressively solicit submissions and editorial board memberships
• Editorial board: not listed; lists academics without permission; comprises 

dead or retired scholars or scholars who are not specialized in the topic; 
appoint fake academics to editorial boards

• Mimic names or websites of established journals
• Make misleading claims about impact factors or indexing

Predatory journal



• Advertises very fast times from submission to publication
• Publishes out-of-scope articles
• Publishes nonsense articles
• Poor or non-existent editing of articles (many spelling mistakes or very 

poor grammar)
• Hides information on charges
• Lack of information on the policies of the journal, such as peer review, 

licensing and copyright

Predatory journal



Academic Resource Index (ResearchBib)

Asian Science Citation Index (ASCI)

CiteFactor

Cosmos Impact Factor

Eurasian Scientific Journal Index (ESJI)

I2OR Publication Impact Factor (PIF)

Index Copernicus International

International Scientific Indexing (ISI)

Journal Factor

Scientific Indexing Services (SIS)

Scientific Journal Impact Factor (SJIF)

Scope Database

Fake impact factors

List of Predatory Indexers and Fake Impact Factors *Updated (predatoryjournals.org)

https://www.researchbib.com/
https://ascidatabase.com/home.php
https://www.citefactor.org/
https://cosmosimpactfactor.com/
https://esjindex.org/
https://www.i2or.com/home.html
https://journals.indexcopernicus.com/
https://isindexing.com/isi/
https://www.journalfactor.org/
https://www.sindexs.org/
https://sjifactor.com/
https://sdbindex.com/
https://predatoryjournals.org/news/f/list-of-predatory-indexers-and-fake-impact-factors


• Charge publication fees to authors without providing proper peer 
review or editorial services

• Accept articles quickly with little or no quality control

• Aggressively solicit submissions from academics

• Make misleading claims about their reputation, impact factor, or 
indexing

• Appoint fake academics to editorial boards or list academics without 
permission

• Mimic the names or websites of legitimate journals

Predatory publisher



The special editions model was also responsible for the exponential growth 

of MDPI, founded just 13 years ago and today the fourth largest scientific 

publisher in the world. The company published around 20,000 articles in its first 

15 years, but began to multiply production in 2015. In 2021, there were 240,500 

articles, charging an average processing fee of 1,258 Swiss francs (CHF) per 

paper (US$ 1,300). In 2023, its two main titles, Sustainability and International 

Journal of Molecular Sciences, are expected to publish around 3,500 special 

editions each – nine per day!

Predatory publisher



Signs a journal or publisher might be "predatory"

•The journal is not listed in the Directory of Open Access Journals 
(DOAJ)

•It is not listed in Ulrichs, which is an authoritative source on publisher 
information, including Open Access titles

•The publisher is not a member of the Open Access Scholarly Publishers 
Association (OASPA)

•It's not widely available within major databases

•The publisher lists an Impact Factor but the journal is not listed 
in Journal Citation Reports or Scopus CiteScore.

http://www.doaj.org/
http://www.doaj.org/
https://login.proxy.lib.odu.edu/login?url=http://www.ulrichsweb.com/ulrichsweb/
https://oaspa.org/membership/members/
https://oaspa.org/membership/members/
http://guides.lib.odu.edu/az.php
https://login.proxy.lib.odu.edu/login?url=https://jcr.clarivate.com
https://www.scopus.com/sources.uri


“The greatest enemy of 
knowledge is not ignorance,

it is the illusion of knowledge.”

Stephen Hawking



Knowledge

Aware

Ignorance

Unaware

Know 
what you know

Know
what you don’t know

Don’t know 
what you know

Don’t know
what you don’t know



Questions?
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