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Letter to the Editor
Do People Understand IARC’s 2B
Categorization of RF Fields From Cell Phones?
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In May 2011, the International Agency on Cancer in Research (IARC) issued an official statement
concluding that cell phone usage was “possibly carcinogenic to humans.” There have been
considerable doubts that non-experts and experts alike fully understood what IARC’s categorization
actually meant, as “possibly carcinogenic” can be interpreted in many ways. The present study is
based on an online survey indicating that both the characterization of the probability of
carcinogenicity, as well as the description of the risk increase given in the IARC press release, was
mostly misunderstood by study participants. Respondents also greatly overestimated the magnitude
of the potential risk. Our study results showed that IARC needs to improve their scientific
communications. Bioelectromagnetics. © 2014 Wiley Periodicals, Inc.
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“Mobile phones may cause cancer, warn world
health chiefs: After years of contradictory claims, an
authoritative verdict.” This and similar news headlines
were published in May 2011 after the International
Agency for Research on Cancer (IARC) issued their
official report, concluding that cell phone usage was
“possibly carcinogenic to humans” [Baan et al., 2011].
Given that there are over 6 billion cell phone
subscriptions [ITU, 2011], IARC’s scientific report
and press release have been analyzed and reanalyzed
as people tried to understand what “possibly carcinogenic” means and whether they should really be
worried about using their cell phones [IARC, 2011].
While IARC carefully assessed the available scientific
evidence on radio-frequency (RF) fields, there are
doubts that non-experts, and even experts, fully
understood what IARC’s categorization actually
meant, as “possibly carcinogenic” can be interpreted
in many ways [IARC, 2013]. Also, in many languages,
the difference between “possibly carcinogenic” (2B)
and “probably carcinogenic” (2A) either does not exist
or is difficult to explain.
IARC is an international agency for cancer
research, not a public health agency. Therefore, the
categorizations made regarding human carcinogens
were not supposed to be interpreted as public health
messages, as they have been used recently. IARC
classifies the strength of scientific evidence about the
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carcinogenicity of an agent [IARC, 2006]. IARC’s
classification was originally meant to be part of a postmarket surveillance of agents to determine whether
there was enough evidence to conclude that the agents
are carcinogens or whether more research was needed
to assess their carcinogenicity. In the health risk
assessment process, IARC conducts the first step,
hazard identification, and provides information towards a full assessment of health risks by national
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authorities or the World Health Organization’s [WHO]
International EMF Project for electromagnetic fields.
IARC’s Group 1 is the category for agents
assessed to be “carcinogenic to humans.” For Group 1
carcinogens, there must be sufficient scientific evidence of carcinogenicity in humans (epidemiology
studies) or less than sufficient evidence in humans, but
sufficient evidence in experimental animals and strong
evidence in exposed humans that the agent acts
through a relevant mechanism of carcinogenicity.
Agents categorized in Group 2 are at two extremes. If
the degree of evidence is judged as “almost sufficient
in humans (limited evidence) and sufficient in animals,” agents are categorized as Group 2A or “probably carcinogenic to humans.” If the scientific evidence
is of lesser strength than required for 2A, then agents
can be categorized as Group 2B, “possibly carcinogenic to humans.” Thus, 2B is used when there is limited
evidence in humans and less than sufficient evidence
in animals. The main point is that IARC uses
qualitative terms to categorize the degree of evidence
available, but when used without a clear definition, the
meaning of these terms can be lost or misunderstood.
Many health and science literacy studies indicate
that non-experts have difficulty understanding and
interpreting qualitative, non-numeric probability statements such as “possibly,” “probably,” or “likely” [Bergenstrom and Sherr, 2003; Berry et al., 2003]. In an
earlier study, it was suggested that qualitative expressions
of uncertainty elicit high individual estimates of uncertainty [Lichtenstein and Newman, 1967]. Other studies
concluded that qualitative probability expressions are
characteristically vague, with high between-subject and
within-subject variability [Beyth-Marom, 1982; Budescu
and Wallsten, 1985; Hamm, 1991]. Similarly, there are
difficulties in the interpretation of percentages and
reference terms for risk and hazard information (i.e.,
20% higher risk). Studies suggest that people generally
have low numeric capabilities. Such a lack in skill may
lead to gross misinterpretations of numeric and probabilistic risk expressions [Gigerenzer et al., 2005; Gigerenzer et al., 2007; Visschers et al., 2009; Fraukje
et al., 2010]. These findings motivated us to conduct a
study focussing on how non-experts understand the
information given in the IARC press release issued in
June 2011.
Using Survey Monkey (Palo Alto, CA), an
online survey consisting of 13 questions was conducted in April 2012. Information about this on-going
survey and the opportunity to participate was made
available to all 27,000 students of the University of
Innsbruck in Austria. A total of 2,013 students with a
mean age of 24.5 years participated, with 66% of the
respondents being female and 34% male. The students
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were from a wide variety of academic disciplines, and
participation was anonymous and voluntary. The
survey used parts of the original IARC [2011] press
release as stimulus material. Participants were
instructed to read the text from the original IARC
press release: “The WHO/International Agency for
Research on Cancer (IARC) has classified radiofrequency electromagnetic fields as possibly carcinogenic
to humans (Group 2B), based on an increased risk for
glioma, a malignant type of brain cancer associated
with wireless phone use. The IARC [2011] did not
quantitate the risk; however, one study of past cell
phone use (up to the year 2004), showed a 40%
increased risk for gliomas in the highest category of
heavy users (using their phones for 30 min per day
over a 10-year period).”
They were then asked to express their own
opinion about the risk of getting brain cancer from cell
phones using the 5-point Likert-scale. Finally, they
answered 13 short questions requiring, on average,
about 5 min to answer.
We were especially interested in two questions:
How do respondents interpret the expression “possibly
carcinogenic” and how do they understand what is
meant by a 40% increase in risk? The first question
was evaluated by asking the respondents to express
their degree of confidence that a carcinogenic effect
would actually occur from cell phone use. Participants
then had to identify the meaning of the “40% risk
increase” by choosing one of five options. Finally,
respondents answered questions about the reference
group from which the risk increase among heavy users
was calculated.
The readability of the IARC text passage received
good marks. On average, our respondents perceived
the text as clear, simple, and understandable. Figure 1a
shows how respondents interpreted the qualitative
probability expression “possibly carcinogenic.” Judgments on confidence about the risk and the possible
occurrence of a carcinogenic effect from cell phones
were gathered using a Likert-scale ranging from 0 to
100 (0 ¼ no confidence; 100 ¼ 100% confident).
Figure 1a shows that the expression “possibly carcinogenic” has a variety of meanings among participants.
Within the 90% confidence interval, 50% of the
numerical interpretations of “possibly carcinogenic”
are within the box where the median numerical
interpretation is 30.
Figure 1b suggests that at least some of the
interpretations of the qualitative probability expression
can be explained by pre-existing risk perceptions
since, the higher the risk perception, and the higher the
degree of confidence that a carcinogenic effect occurs.
A between-groups ANOVA indicates that the differ-

IARC’s 2B Categorization for Cell Phones

3

Fig.1. Numericalinterpretationof ‘‘possiblycarcinogenic’’on100-point Likert-scale.A:Mediannumericalinterpretation.B:Mediannumericalinterpretationthreeriskperceptiongroups.

ences between the confidence judgments in the three
risk perception groups are significant (F ¼ 151, 47,
P <.001, Eta2 ¼ 0.142). Post hoc t-tests also revealed
significant differences between all three groups
(P <.001).
Our second topic refers to the interpretation of
the term “40% risk increase” in brain cancer. We
asked, “What does a 40% risk increase mean?” and
“How many additional cases will suffer from cancer?”
Respondents could choose between five answers (1) 1
in 4, (2) 4 in 10, (3) 4 in 100, (4) 1 in 40, and (5) a
number >0. As shown in Figure 2, the majority of
respondents interpreted a 40% risk increase as 4 in 10.
The correct answer depends on the baseline, that is,
the normal brain cancer incidence in the population
studied. Since IARC does not present any baseline
information, a number >0, is the only meaningful
answer to the information provided from Text 1.
Figure 2 shows that only about 10% of the respondents
picked the correct category (N > 0).
Finally, in order to quantify the risk, we asked
the subjects about the reference group to which the
group of heavy cell phone users was compared. They
could make a choice between three groups: non-users,
infrequent users, and the general population. Only a
small minority of the survey participants (13%)
answered correctly, selecting “non-users.” When it
came to the extrapolation of findings, the majority of
respondents (64%) believed that the 40% risk increase
refers to each heavy user of cell phones and not just to
the average person in the heavy user group, which
would have been the correct interpretation.

Even as our results are based on a non-randomized online survey using a student population, our
survey data indicate that both the characterization of
the probability of carcinogenicity and description of
the risk increase given in the IARC press release are
likely to be misunderstood by educated non-experts
(university students with a social and natural science
background). Taking these results into account, it is
reasonable to assume it may be even more difficult for
the general public to understand IARC information.
However, we cannot exclude the occurrence of a

Fig.2. Interpretationofthestatement‘‘40% riskincrease.’’
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sampling bias because we have no information about
the non-responders in our survey. In addition, we have
to be cautious about extrapolating the findings from
the student population to the general public without
additional evidence from a representative sample.
In sum, (1) the study indicates that the numerical
values assigned to the qualitative probability term
“possibly carcinogenic to humans” varied widely
across our participant sample. (2) In line with available
evidence [Gigerenzer et al., 2007], our results show
that the provision of relative risks leads to a higher
risk perception. Thus, both key messages of the IARC
press release trigger biased estimations and misunderstandings about the RF risk potential.
Taking into account IARC’s mission of “producing evidence-based science for global cancer control
policies,” using terms that lead to misinterpretation
and misunderstanding does not assist in conveying
their policy. Both good science and scientific communication are essential to fulfil its mission. This leads to
the question of how to improve the communication of
IARC’s core messages on its carcinogenicity assessments to non-experts. As stated above, a crucial issue
is to understand the qualitative probability terms used
by IARC in a way that clearly describes IARC’s
conclusions about the strength of the scientific evidence on whether or not an agent is carcinogenic.
Furthermore, the statement “40% risk increase” should
be made clearer, with the need for a baseline to
properly describe the actual increase in risk of cancer
from an agent. The latter task can be solved easily by
providing baseline information. The relative risk
statement should be strengthened by information on
the incidence rate expressed as the number of new
cases per unit of population per year. Given that the
incidence of adult glioma is approximately 4.7 per
100,000 persons a year, a 40% increase in risk would
mean an additional 1.9 cases of glioma per 100,000
people each year.
The issue of communicating the IARC category
“possibly carcinogenic for humans” is not as easily
resolved. The first step towards better communication
could be to provide quantitative information, for
example, by giving a number or range of percentages
to these verbal probability phrases, as the International
Panel on Climate Change (IPPC) has done for risks of
climate change [IPCC, 2005]. Adding numerical
values can help overcome the vagueness of qualitative
terms [Budescu et al., 2009], at least to some degree.
Additional information is required to help people
interpret the probability expressions (“possibly” or
“probably”). This could be done by offering comparisons with other substances in the same category or by
explaining the classification system and noting that 2B
Bioelectromagnetics

is located between “probably carcinogenic” and “not
classifiable as to its carcinogenicity to humans.” Thus,
IARC’s “possibly carcinogenic to humans” can be
characterized as the weakest classification category
still indicating that a carcinogenic effect is possible.
From a communication perspective, it can be
argued that people understand the world in a narrative
framework [Akerlof and Shiller, 2009; Wilson, 2011;
Bruine de Bruin and Bostrom, 2013]. Therefore, it
might be useful to construct a narrative that supports
the understanding of the 2B category. A good 2B
narrative should address the issues of who, why and
what follows from the 2B classification. The “who”
refers to the need to characterize the authors of the
classification. The key issue here is that the credibility
of the classification of RF fields depends on trust in
the process and in the people who conducted the
classification. There should be some concern that there
are working group members who are the very
researchers assessing the quality of their own studies.
This would be a reason for people to question the
credibility of the classification. A solution to this
credibility issue for IARC could be to more thoroughly
determine and account for the various potential
conflicts of interest and to search for potential working
group members without such conflicts. An example
could be to select working group members who are
not involved in the EMF field to conduct a truly
independent review.
The “why” refers to the main arguments on which
the 2B-classification is based. IARC’s 2B classification
is primarily based on two epidemiology studies indicating an increased risk of glioma [Hardell et al., 2009;
Interphone Study Group, 2010]. The Interphone Study
noted that: “Overall, no increase in risk of glioma or
meningioma was observed with use of mobile phones.
There were suggestions of an increased risk of glioma
at the highest exposure levels, but biases and error
prevent a causal interpretation.” IARC claims this is a
positive study according to their definition when the
study authors do not. This is a credibility issue. This
existing ambiguity in the 2B-evidence base opens
IARC’s classification to contrasting interpretations and
opinions. From a communications standpoint, it is
necessary to clearly and transparently inform about the
pro and contra arguments for the classification based on
the selected evidence. The other positive study [Hardell
et al., 2009] was clearly demonstrated [Ahlbom
et al., 2009] to be an outlier compared with the majority
of other epidemiological studies. While IARC’s definition of 2B was technically complied with, because two
epidemiology studies showed positive results, there is
considerable doubt about the interpretation of what is a
positive effect.
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The “what follows” is especially relevant. People
like to know whether actions should be taken or not,
and if so, which ones. Thus, it is incumbent upon
IARC to state clearly whether there is any need for
concern besides the recommendation for more research
to clarify the carcinogenic status of RF. While IARC is
not an agency that provides recommendations about
health risk, the agency should merely indicate the type
of research still needed to make more definitive
conclusions about the strength of the scientific evidence. A more radical way to improve IARC’s
communication would be a new approach to the
classification of the evidence of indicating different
levels of carcinogenicity. For instance, Leitgeb [2012]
described a more elaborated classification approach
developed by the German Commission of Radiation
Protection. It can certainly be argued that the German
approach is a step forward to overcome existing
weaknesses in classifying evidence for carcinogenicity.
Nevertheless, even this approach does not automatically lead to better communication with the general
public.
The central message of the present study is that
IARC needs to improve their current scientific communications, and in doing so, keep within its mandate
vis-à-vis its parent WHO. We believe that focusing,
for example, on adding a quantitative explanation to
verbal probability expressions or using comparisons
and narratives could help to ensure that everyone
understands the state of the scientific findings and their
underlying uncertainty. This may also enable all
parties to draw the necessary conclusions for future
health policy activities.
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