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Abstract
The phenomenon of post-truth and fake news has given rise to concerns about the development of deliberative democracies. There is a fear that manipulation of people’s sentiments and fabricated facts will steer politics and decision-making. Political argumentation and decision-making are often supported by quantified information. Quantities, in form of fabricated or twisted numbers, may be applied to make fake news more trustworthy. In this paper, we analyse a YouTube video which conveys a claim that Muslims will dominate Europe and the world in near future. We scrutinise the validity of numbers and claims presented in the video together with the role of the presented numbers in conveying a political message. Other sources of information are also explored. We further show how concepts from critical mathematics education can be useful when preparing teaching and learning related to fake news.
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Introduction
The Oxford Dictionary announced post-truth as the word of the year in 2016, defined as “relating to or denoting circumstances in which objective facts are less influential in shaping public opinion than appeals to emotion and personal belief”[footnoteRef:2]. A related term is fake news, which Gelfert (2018) defined as “the deliberate presentation of (typically) false or misleading claims as news, where the claims are misleading by design” (p. 108). Fake news are created to align with people’s sentiments and beliefs, often creating or augmenting fear (Gelfert 2018). Fake news may thus resonate with what Bauman (2006) denotes as liquid fear; a non-tangible fear due to unknown consequences of, for instance, an international refugee situation on local immigration and local identity.  [2: https://en.oxforddictionaries.com/word-of-the-year/word-of-the-year-2016
] 

Fake news may be accompanied by fabricated numbers or twisted numbers, in the sense that they are misinterpreted, not valid for the chosen context, or carefully selected to justify a certain political view. However, intentions and value stances are often implicit and not articulated in discussions, partly because taking these for granted makes argumentation more powerful (Wood 2000). In addition, political issues are often complex, and numbers may consequently be uncertain, possibly supporting different views. The line between fake news and low quality news is fuzzy.
Quantified information is powerful in politics. Skovsmose (2004) uses the term mathematics in action as “a paradigmatic site for discussing knowledge-power structures in today’s society” (p. 10). A central aspect of mathematics in action is that of ensuring justifications and legitimations for actions. This includes the use of mathematical representations of a problem in decision making, in political life, and in cases where mathematics is used for legitimizing decisions that are already taken.  Mathematical representations are sometimes applied to formulate decisions so that they seem objective and neutral.  As Skovsmose (2004) puts it, “Mathematics must be reflected on and criticised in its variety of forms of action.” (p. 12). It is therefore important for deliberative democracies that citizens critically reflect on mathematics in action. 
A range of scholars has promoted the role that mathematics education should play a role in fostering students’ capacity on critical thinking and inquiry. Mathematical inquiry has been used as a tool to spark classroom discussions on a range of societal issues, for example racial justice (Gutstein 2013), fair distribution of some kind of goods (Skovsmose 1994; Barbosa 2006; 2009) and on implications of indices, such as BMI - the Body Mass Index (Kacerja et al. 2017). An aim with these mentioned mathematical activities was to facilitate critical reflections on hidden premises of quantified information, how quantified information is limited and how choices in quantifications have unintentional effects. Further, teaching and learning has been highlighted related to students’ critical inquiry of statistics presented in society (Gal 2004). For example, Watson (2004) has suggested we scrutinise statistics in media stories, such as presented numbers related to TV watching causing violence in real life and a story about doctors successfully saving lives in TV shows compared to the number of successes of lifesaving in real life.
Although there is a growing literature on critique of mathematics-based argumentation in the media and in society in general, less attention is given to situations where numbers play a role in manipulating the reader. Such situations require a critical investigation of data, simplifications, assumptions, graphic presentations, validity of conclusions and how limitations in mathematics-based argumentation can be linked to an underlying agenda. In this paper, we explore and discuss a video shown more than 16 million times on YouTube, claiming that Muslims will dominate the world in the near future. Mathematics-based argumentation plays a central role in the video. We analyse the video by scrutinising the validity of selected numbers and claims together with the role numbers have in the video. The scrutiny includes a comparison with other sources of information, such as a video produced as a counterargument to the first video. Taking this analysis as a point of departure, we discuss how students’ critical competences in mathematics can be applied and developed when working with such sources, arguing how these competences are essential for discussing whether information is fake news. Our theoretical framework for the analysis is based on Niss’ (2015) concept of validation, Skovsmose’s (1994) concept of knowings and ideas from the academic literature on fake news. We also discuss challenges related to labelling news as correct or false, and whether presented numbers can be determined as fabricated, twisted or plainly uncertain.
Background
Fake news in the post-truth era
Money and politics are two main reasons for producing fake news. Fabricated stories serve as clickbait on social media to generate advertisement income, and in politics, news have been fabricated to support political opinions or to hurt opponents (Rochlin 2017). The aim of fake news is to manipulate people by exploiting their sentiments, whether news is constructed or dismissed (Gelfert 2018). Social media distribute fake news effectively at a quick speed. It may look authentic, and thus cause confusion about the reliability of news in general (Nelson & Taneja 2018; Rochlin 2017; Auberry 2018). Further, fake news are often based on anonymous sources and challenging to evaluate (Berghel 2017). A study on how people form and adjust their attitudes when given false, but later corrected, information, suggests that the effect of fake news is challenging to reverse (de Keersmaker & Roets 2017). 
Fake news and the post-truth era are seen as a threat to deliberative democracies, creating a greater gap between people with opposing political opinions. Explanations include that social media feed users with news (including fake news) which comply with users’ viewpoints; people are provoked by political and academic elites who claim to know the truth; and academics’ problematizing of “truth” in post-modern times (Horsthemke 2017). Although supporting the idea of “truth” being a human product, Hannah Arendt (1977) differentiated between rational truths and factual truths. While rational truths are accomplished through reasoning, factual truths denote truths such as historical events or scientific discoveries. Arendt argued that factual truths are the most important for politics to keep as truths. Attacks of such factual truths are claimed to constitute a key problem, because a deliberative democracy depends on factual truths not to be challenged by either extremes or the academic elite, so that a common ground to discuss politics is possible (Gordon 2018; Horsthemke 2017; Walters & Watters 2017).
Suggested solutions on how to fight fake news include checklists on how to tell whether news are true or false (Auberry 2018), overviews of fake news sites and fake news identifying software (Jang et al. 2018). However, this dichotomy of true – false has been problematized. Since there is a spectrum between true and untrue news, labelling something as true or false can be questioned, as well as who decides what is true (Rochlin 2017). The neutrality of a source can always be discussed, and to claim the intention of news is a challenge (Rochlin 2017). A concern is that the above solutions will replace fake news with a technocracy, which also constitutes a challenge to deliberative democracies (Sismondo 2017).
Other ways of engaging with the topic have been argued to be more significant for dealing with the challenge of fake news. Critical thinking and critical inquiry have been argued to be key capacities in counteracting misinforming news, and education is advocated to take the key role in developing such critical capacities (Gordon 2018). This fits the suggestion that students should engage in critical inquiry of several news sites to compare and evaluate content and purpose (Auberry 2018). Part of evaluating news is to understand underlying beliefs, yet allowing for different political opinions (Horsthemke 2017; Samayoa & Nicolazzo 2017). Also, it is suggested that students need to learn the dynamics of fake news – its intentions and distribution through social media (Landon-Murray 2017).  
Mathemacy and validating others’ use of numbers

Numbers can play a role in fake news. They may be fabricated to strengthen or alter people’s beliefs, or twisted in that they are misinterpreted, not valid in the context, or carefully selected to justify a certain political view (Hauge 2019). However, numbers can merely be uncertain due to the complexity of a topic, or value-loaded due to necessary simplifications and other choices in constructing a mathematical representation (Hauge & Barwell 2017). 
Mehta and Guzmán (2018) analysed how quantitative narratives and presentations had a manipulative role in media outlets during the 2016 U.S. presidential elections. From their findings, they developed four categories of manipulations with mathematical representations: Spatial Manipulation: Designing with Disposition refers to multi modal presentations where key information for understanding the significance of the presentation, or the case, is left out, resulting in biased information. Fantasy and Probability denotes how choices of narratives attached to numbers; probabilities in particular, can influence the meaning of these numbers. Also, Mehta and Guzmán suggested that great numbers written numerically stand out visually in the text and may have a manipulative influence on readers. The third category, Manipulation through Extrapolating Data, covers cases of generalizing an insignificant or a local problem without a rationale for it. The last category is Avoiding Numbers When Inconvenient, which is simply using words such as many without suggesting how many, giving the impression of representing a problem, or the opposite: giving the impression that something has significant support. All categories represent situations where there are actually no direct lies in the text (Mehta &Guzmán 2018).
A concept related to both the above manipulative potentials of numbers and to Skovsmose’s (2004) term mathematics in action is the formatting power of mathematics: «Mathematics produces new inventions in reality, not only in the sense that new insights may change interpretations, but also in the sense that mathematics colonizes part of reality and reorders it» (Skovsmose 1994, p. 42). Mathematics has thus the power to shape society’s perception of reality. Skovsmose did not specifically talk about the formatting power of mathematics in relation to fabricated numbers. Rather, he pointed to applications of mathematics, where different but valid choices of how to mathematize a problem produce different solutions. Related to this, Borba and Skovsmose (1997) problematized the ideology of certainty around mathematics, where mathematics is seen as neutral and “the solution” to a problem when contributing to political control. Because fabricated or twisted numbers have the intention to convince people and to influence their perception of a topic, we find the term formatting power very relevant when discussing numbers in fake news.
Skovsmose (1994) has argued that reflecting on the formatting power of mathematics is an essential mathematics competence and important for democratic citizenship. Similar to Freire’s notion of literacy, he introduced the concept of mathemacy, representing a broadened understanding of mathematical competences useful for critical citizenship.
Mathemacy (Skovsmose 1994) consists of three types of knowing: mathematical knowing, technological knowing and reflective knowing. Mathematical knowing involves the ability to calculate, to understand mathematical concepts and to select appropriate algorithms to find correct answers to problems. Technological knowing includes reflections about the contexts where mathematics is applied, about the effects of choices of different concepts and methods in solving problems in the different contexts, and about evaluating the appropriateness of the mathematical solution in the contexts. Reflective knowing is the ability to reflect at a meta-level about the role that mathematics plays in the given context or in society in general. It includes questioning assumptions in various representations of situations or phenomena in society, the aims for using those representations, the circumstances and the people behind them, and reflecting on consequences a representation may have for individuals or for society if such mathematical representations will influence decision-making. If critical citizenship is to be developed, as Skovsmose (1994) puts it, people need to be presented with opportunities for developing mathematical, but also technological and reflective knowing in critical discussions. Fake news is one such topic where all three knowings can be applied and developed.
 Quantified information in society is often based on mathematical models.  A mathematical model is composed whenever a problem from an extra-mathematical domain is translated into mathematics by using mathematical language and concepts. A model is thus a representation of a problem, situation or a phenomenon from outside mathematics. In society, mathematical models, such as the fertility rate, which we will return to, are used for different purposes and in different fields, and there may be differently constructed mathematical models representing the same phenomenon.
Validating a model is an important perspective for critiquing models (Niss 2015).This includes exploring the quality of data, comparing data to other sources of data, exploring assumptions when translating the problem at hand to a mathematical representation, and exploring requirements of the mathematical model. Meta-validation involves questioning the relevance and consequences of the obtained results for the issue of concern; comparing the mathematical model with reality and alternative models, if available; and considering the effect that changing an assumption would have for the issue at hand or, in general, consequences of using the model (Niss 2015, p. 79).When considering whether numbers constitute fabricated or twisted numbers as part of fake news, a validation process in accordance with Niss (2015) may be applied: scrutiny of the quality of data, validity of assumptions and requirements and reflecting on the role numbers play in influencing or manipulating the receivers’ belief.
We apply above ideas in our analytical framework and in discussions.
Methods
Data sources
To discuss what mathematics education can be in relation to fake news, we use two videos published on YouTube as examples. The first video lasts 7 minutes and 30 seconds and is titled “Muslim demographics” (friend of Muslim, 2009). We chose this video because of its current relevance, in spite of being ten years old, and because it uses a range of numbers in predicting Muslim demographics. The numbers are used to support the claim that Muslims constitute a threat to Christian culture, concluding that France will become an Islamic republic, and that Islam will dominate the world. The video is professionally crafted and has been watched more than 16 000 000 times. References are placed in several images, but it turned out that many of the references were either impossible to read or incomplete and impossible to find. Further, the references that are possible to be traced back end at what we consider as islamophobic websites. Thus, we found the video interesting for a discussion on conspiracy theories, fake news, fabricated numbers and on twisted numbers. 
The second video, “Muslim Demographics: The Truth”, has the same name but with “The Truth” added. It is produced by BBC (2009) as a response to the first video, lasting 9 minutes and 20 seconds. The video format is similar to the first one, with numbers, references, maps and other presentation appearances. The aim of the BBC video is to dismantle the main message of the previous video by looking at their mathematics-based argumentation and data sources. This video was selected because it claims that several numbers from the first video are wrong and because it provides other numbers. The video also questions some of the assumptions of the first video, and thereby tells a different story compared to the first. We also inspected data sources referred to in the two videos and included additional data sources we searched for on internet when we found contradictive information in the two videos. Among others, we explored the concept of fertility rate, which is a key idea in the first video, and we scrutinized some of the claims in both videos. Parts of the first video were transcribed.

Analytical framework
We draw on the above literature when we explore the video with mathematics and discuss whether it conveys fake news. This implies that Niss’ (2015) notions of validation and meta-validation of numbers and mathematical models are applied when numbers from the video and other sources are scrutinised. Both data, underlying model assumptions, mathematical treatments and results are validated, in particular those connected to the video’s presentation and treatment of fertility rates. For the meta-validation, we critically reflect on the role of numbers in both videos, but in particular the friendofmuslim video. This includes questioning how numbers and mathematical results support its political message compared to numbers from other sources, such as the BBC video. More specifically, we discuss how changing a model’s requirements, or its variables, can provide a stronger support for a selected view, and likewise, how numbers are used or presented may change the message. Because this is closely linked to the role of presented numbers, we also draw on Skovsmose’s (1994) concept of the formatting power of mathematics. This means that we explore both mathematical concepts used in the video, the way they are applied and presented in the video in different contexts, and we explore the role of mathematical concepts in conveying a political message. As manipulation is key in fake news (Gelfert 2018),we discuss whether numbers are fabricated, twisted or uncertain when we perform the validations and meta-validations. 
When we later discuss our analysis in an educational perspective, we draw on the mathemacy concept together with the three knowings(Skovsmose 1994), presented in the background section. 
Analysis
The video posted by friendofmuslim (2009) starts with dark colours and eerie music. A message that goes with these effects is presented on the screen, pieces of sentences at a time (marked with “/”): 
“The world / is changing / The global culture / our children inherit / will be vastly different / than what it is today / You are about / to witness / a report / on the world’s / changing demographics». 
The video then changes its format to a report resembling style, informing about immigration numbers and fertility rates. The BBC (2009) video, which is a response to this video, evaluates the immigration numbers and fertility rates presented in the friendofmuslim video and concludes differently on some of the numbers.
Fertility rates as a mathematical concept
In both videos, fertility rates are presented as decimal numbers. Fertility rates consist of a simple mathematical model. It includes several ideas, which in turn can be calculated in different ways. When predicting future demography, total fertility rate (TFR)[footnoteRef:3] is applied. This is defined as the predicted number of children born per woman, assuming that women will bear the same number of children as currently and in accordance with a current schedule of age-specific fertility rates, ASFRs. The latter is defined as the number of births during a given time period, say one or five years, per woman of reproductive age. What is denoted as reproductive age, and how age groups are defined, may vary.  Table 1 shows an example of ASFR, showing age specific fertility rates in Egypt in the period 1997 – 2000[footnoteRef:4]. The table shows that, for instance, the ASFR for women between 20-24 years old was 0.196 births in that period. One way of calculating the TFR for all women in Egypt in the time period is adding ASFRs for all age groups multiplied by the number of years from 1997-2000, thus 2.82. [3: https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?countryName=France&countryCode=fr&regionCode=eu#

]  [4: https://www.measureevaluation.org/prh/rh_indicators/family-planning/fertility/age-specific-fertility-rates
] 

	Age Group
	Births (Ba)
	Women in years of Exposure (Ea)
	Rate/Woman

	15-19
	764
	14893.2
	.051

	20-24
	2304
	11747.2
	.196

	25-29
	1994
	9602.3
	.208

	30-34
	1295
	8805.5
	.147

	35-39
	564
	7549.5
	.075

	40-44
	161
	6643.2
	.024

	45-49
	19
	4498.8
	.004


Table 1. Estimates of Annual ASFRs for all women of age 15-49 in Egypt during 1997-2000. Ba is the number of births to women in age group a during the period, Ea is the number of women in age group a, added for each year in 1997 – 2000[footnoteRef:5].  [5: https://www.measureevaluation.org/prh/rh_indicators/family-planning/fertility/age-specific-fertility-rates
] 

While ASFR is based on empirical information that changes from year to year, TFR is a hypothetical measure because it assumes that ASFR will remain constant in the future. The validity and the relevance of the ASFR data in calculating the TFR is thus challenging to assess for anyone. We checked that the rates were correct, based on the information in the table, but naturally we do not have the capacity to evaluate the actual data. We assume that the fertility rates in the friendofmuslim video are calculated TFRs. 
The friendofmuslim video presents fertility rates for selected European countries (Table 2). The BBC video shows fertility rates from some of these countries based on other sources, claiming that the rates from the other video are wrong. To validate these numbers, we checked fertility rates given by BBC’s sources: Eurostat -the European Commission’s statistical office[footnoteRef:6] and Office for National Statistics[footnoteRef:7]. As Table 2 shows, the Eurostat numbers are higher than the numbers in the friendofmuslim video. The BBC provided numbers only for UK, Italy and Spain. Some of the numbers in the table are not quite comparable: while the friendofmuslim video includes England, the two other sources include UK; and the BBC video presents numbers from different years: the Spain number is from 2007 and UK and Italy from 2006. We also had a closer look at the BBC numbers. While BBC claims that the UK fertility rate in 2006 was 1.92, referring to UK Official national statistics, we checked UK numbers at Office for National Statistics and found 1.82. While the BBC numbers for Italy 2006 was 1.35 and Spain 2007 was 1.40, the Eurostat numbers, the BBC sources were 1.37 and 1.36. If Eurostat revises fertility numbers, in case it takes time to collect all data, this can explain the discrepancy. We may have misunderstood something, or BBC may not have been sufficiently thorough. [6: https://ec.europa.eu/eurostat/data/database?node_code=tps00199]  [7: https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/adhocs/005806totalfertilityratestfruk1985to2014
] 

We also suggest that the sources are part of the explanation why some of the numbers are not the same. The friendofmuslim video refers to numbers from a report that can be bought on internet from a website described as “upholding the traditions of the Catholic church”. The BBC video has retrieved the UK number from Office for National Statistics, and the Spain and Italy numbers from Eurostat.

	Country
	France
	England
	Greece
	Germany
	Italy
	Spain
	EU

	2006 fertility rates from friendofmuslim video
	1.8
	1.6
	1.3
	1.3
	1.2
	1.1
	1.38

	2006/7 fertility rates from BBC video
	
	1.92 (UK)
	
	
	1.35
	1.40
	

	2006 fertility rates from Eurostat or Office for National Statistics
	2.0
	1.82 (UK)
	1.40
	1.33
	1.37
	1.36
	1.54


Table 2. Fertility rates presented in the friendofmuslim video compared to numbers from the BBC video and Eurostat[footnoteRef:8] and Office for National Statistics[footnoteRef:9]. The BBC video provides numbers for UK and not for England. [8: https://ec.europa.eu/eurostat/databrowser/view/tps00199/default/table?lang=en]  [9: https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/adhocs/005806totalfertilityratestfruk1985to2014] 


We have so far explored fertility rates, validating and discussing whether rates are correctly calculated and validating supporting data. The exercise shows that calculating a fertility rate is not straight forward, but opens up for different choices that may result in different numbers. In addition, national fertility rates can change in few years. The BBC video presents examples of this retrieved from Eurostat, which show that total fertility rates in Italy increased from 1.19 in 1995 to 1.35 in 2006, and in Spain from 1.16 in 1998 to 1.4 in 2007. This implies that the fertility rates in the friendofmuslim video cannot be taken for granted, and that the correctness of rates is impossible for most people to judge at first sight. Thus, people who are appalled by the video cannot claim that the numbers are fabricated or twisted without checking the data behind, and likewise, people who support the video cannot claim that these numbers are more correct than the BBC numbers. 

Fertility rates applied in a context 
A key number in both videos is the fertility rate 2.11, which according to the friendofmuslim video is the limit rate for “sustaining a culture”:
“According to research, in order for a culture to maintain itself for more than 25 years, there must be a fertility rate of 2.11 children per family. With anything else, the culture will decline”. 
The video then continues with the following claims: 
“Historically, no culture has ever reversed a 1.9 fertility rate. A fertility rate of 1.3 - impossible to reverse, because it will take 80-100 years to correct itself, and there is no economic model that can sustain a culture during that time. In other words, if two sets of parents each have one child there are half as many children as parents. If those children have one child then there are ¼ so many grandchildren than grandparents….”
The video refers to a demographic concept, the replacement-level fertility which lets a population reproduce itself from one generation to another. The BBC video refutes some of the above claims by suggesting that a replacement-level fertility rate of 2.0 is valid and by showing how European fertility rates have increased the last years. Others have argued that for developing countries, because of higher mortality rates, the replacement-fertility rate has to be higher than 2.11(Espenshade, Guzman & Westoff, 2004). 
Discussions about the universal validity of the number 2.11, and eventually identifying variables for which the rate is not universal, concern whether number makes sense in different contexts. In the above sequence, the fertility rates are situated in a context –fertility rates that sustain a culture, or rather, a population. The friendofmuslim video does not explain the basis for claiming that it takes “80 – 100 years to correct itself” if the fertility rate is 1.3 or the basis for claiming that “no culture has ever reversed a 1.9 fertility rate”. Neither does it explain what is meant by “there is no economic model that can sustain a culture”.
Another claim, which the BBC (2009) video also refutes, is that Muslim immigration is a problem because Muslims have more children:
“The video says that a typical French Muslim family has 8.1 children. We haven’t found the source for the statistics, but we do know that in Algeria and Morocco, the two nations which send the largest numbers of Muslim immigrants to France, the fertility rate is just 2.38” (BBC 2009).
The friendofmuslim video applies the number 8.1 to predict that Muslims will constitute one fifth of the population in France in 2027. BBC questions whether 8.1 is correct and suggests that the prediction is not valid. Although it is challenging to validate the quality of the various numbers in the videos, it is quite clear that the numbers in the friendofmuslim video provide stronger support to the claim of a declining “Christian population” and a growing “Muslim population” compared to the BBC video. We looked for fertility rates in Morocco and Algeria on the internet. According to the World Bank, both countries had a fertility rate of 2.58 in 2006 [footnoteRef:10], which is higher than the BBC number. BBC does not report the source of their number or what year it represents. As fertility rates can change from one year to another, and can be calculated in different ways, informing on sources and dates is crucial for validating presented numbers. [10: https://data.worldbank.org/indicator/SP.DYN.TFRT.IN?locations=MA-DZ-TN-EG
] 

What can be denoted as a Christian or a Muslim population is another question: Is the heritage country representative for practiced religion or the number of children? And is this assumption also valid in the future? When considering the numbers’ validity and relevance for predicting future demography in Europe, it is also necessary to consider how the different number claims affect predictions, how relevant the numbers are in concluding whether a “culture” is declining and what constitutes a culture. Answering these questions involves validations of numbers and assumptions in terms of their relevance for the given purpose. It is questionable whether the number 8.1 is correct, but the validity of BBC’s counterargument can also be questioned together with inherent uncertainties associated with applying 2.38. A scrutiny of both the mathematical concept of fertility rate and how it is applied is necessary when considering whether something is fake news in accordance with Gelfert’s (2018) definition, as it implies a validation of numbers and assumptions, and their application in certain contexts. As our analysis suggests, it may be impossible to tell whether a number is constructed, twisted or just uncertain, in particular when sources are not given and the topic is too complex.
Fertility rates and their role in the video
What are the consequences of the above ambiguous numbers, what are their roles, and how may this affect people’s trust in presented numbers? These are questions associated with Niss’ (2015) concept of meta-validations of models. The higher fertility rates in the BBC video and in the Eurostat numbers (Table 2) suggest that there will be more births in Europe than what the rates presented in the friendofmuslim video suggest. Likewise, the claim that the average number of children in French Muslim families is 8.1 indicates that there will be far more Muslim born children than what the BBC and Eurostat numbers imply. According to BBC and Eurostat, the fertility rate in Muslim families in France would still be higher than in the rest of the French population, but not at the same high rate as the number 8.1 implies.  If the political intention is to convince that the number of immigrants should be reduced, the numbers in the friendofmuslim video are favourable, and the opposite applies to the BBC video.
While we concluded that it was challenging to tell whether numbers in the friendofmuslim video were fabricated, twisted or just uncertain, we emphasise that we cannot dismiss that they are fabricated or twisted. The numbers in the friendofmuslim video are more favourable to the video’s political message compared to the other sources we have explored.  Manipulative aspects should also be taken into account when considering whether the video is fake news (Gelfert 2018).We note that the video posted by friendofmuslim starts with dark colours and eerie music that give us associations to horror movies. We surmise that the choice of such effects is deliberate and carefully chosen to appeal to people’s fear. Messages that go with these effects include “In a matter of years, Europe as we know it, will cease to exist”, “In 39 years, France will be an Islamic republic” and “The world is changing. It is time to wake up”. These messages, together with the numbers and the effects, indicate that the intention of the video is to be alarming and to create fear about a perceived global development. In parts of the video, the format has a report resembling style, claiming support from research and showing maps, graphs and numbers in argumentation. The numbers contribute in making the message convincing and powerful. Thus, we consider their role to convince viewers of the video that there is solid reason to fear the sketched development. In addition, we question the video’s use of the term culture. We think population is a more correct term, and we consider that culture may have been carefully chosen because a declining population sounds less worrying than a declining culture. Taken together, this implies that the numbers have a formatting power in accordance with Skovsmose (1994) and can have a manipulating effect, whether the numbers are fabricated, twisted or just uncertain. In accordance with Mehta and Guzmán’s (2018) categories, the numbers are designed with disposition, as the underlying assumptions are not presented, resulting in biased information. The role of numbers can also be compared to their category Fantasy and Probability, as the narratives attached to numbers in the video influence the meaning of these numbers. Because the video is not explicit on what there is to fear with a growing Muslim population, it aligns with what Bauman (2006) denotes as liquid fear – a fear of unknown or uncertain risks, in this case materialised in xenophobia.
A significant question when discussing whether a news is fake news, is what sources are to be trusted. We, the three authors of this paper, have more trust in numbers provided by researchers or by governmental authorities than by an advocacy group or a person who disseminates what we see as a conspiracy theory. One of the reasons for this is transparency. While the BBC video in general informs about its references, which are basically researchers and governmental authorities, friendofmuslim either does not provide a reference, the reference is unclear or the reference is to a website of an advocacy group.  In addition, friendofmuslim is anonymous. The BBC did not manage to uncover who crafted the video[footnoteRef:11]. Another reason for having less trust in the friendofmuslim video is that the worldview reflected in the video is quite xenophobic with a strong implicit political message to stop the growth of Muslim population. [11: http://news.bbc.co.uk/2/hi/8189231.stm] 

Although claiming that something is false is problematic, in particular claiming to know an intention (Rochlin 2017), we suggest that this video represents a conspiracy theory: It has a clear political message, the video design accentuates fear and reasons for fear, while the argumentation is biased. In addition, sources of information are limited and do not always comply with other sources. Yet, the video content cannot be dismissed altogether. Immigration is real in many countries, and the fear some people feel connected to immigration must be assumed to be real, although there are disagreements on whether the situation gives reason to be anxious together with what there is to fear.

Summary of analysis
Numbers play an important role in argumentation in both videos. In the friendofmuslim video, they serve to convince the viewer that the Christian culture is in danger of becoming a minority to a Muslim culture if measures are not taken. In the BBC video, they serve to dismantle this message. The disagreement between the videos about numbers and assumptions in the mathematics-based argumentation, gives reason to discuss whether the friendofmuslim video is an example of fake news.
We validated numbers and number-based claims in accordance with Niss (2015), and we looked more generally at the role of numbers in the video. We explored the concept of fertility rate and found that the rate can be calculated in several ways. This implies that transparency on methods and references to sources are necessary in order to validate numbers. In several cases, sources were missing, which is a problem associated with fake news (Berghel 2017).Some of the numbers differed between the two videos and other sources, and some of these were not comparable because they did not represent the same year or the same concept. Because fertility rates can be calculated in several ways, we cannot conclude whether the deviating numbers were fabricated, twisted or just uncertain. In addition, we question BBC’s claim of holding the truth as some of their numbers did not align with their sources, and because they failed to inform on all sources.
We further scrutinised how numbers were used in argumentation about future Muslim demography in Europe. Such predictions are highly uncertain because assumptions about future fertility rates need to be made and BBC numbers show that rates can change quite rapidly, and because it is questionable whether they represent a culture. This means that it is challenging to tell whether numbers are twisted or just uncertain. Moving to the role of numbers in argumentation, we noted that the numbers in the friendofmuslim video are all more supportive of the video’s claims than the other sources we investigated, both when it comes to the number of future Christian and future Muslim populations. This raises a suspicion that some of the numbers may have been fabricated or twisted. For instance, they may have been selected to be almost correct, or the uncertainty in numbers may have been taken advantage of to support the message. This resembles what Mehta and Guzmán (2018) called design with disposition, as numbers can be carefully chosen. Furthermore, we suggest that defining a Christian or a Muslim population is problematic, and that using these terms may serve the mission of the video. Another problematic issue is that the video takes for granted an implicit understanding of what a favourable culture is. These are aspects which make us conclude that the video represents xenophobia.
An essential aspect of the video is its professional quality: the technical quality, the claimed references to research and numbers and the choice of illustrations. We suggest that such qualities contribute to viewers’ increased trust. In addition, the video contains effects that strengthen the video’s appeal to people’s emotions and fears. It resembles an authentic news report as the reporter has a serious and neutral tone of voice, referring to research and numbers. In addition, graphic designs look the same as in science based news reports. Fake news often appear as real news and can cause confusion (Nelson & Taneja 2018; Rochlin 2017; Auberry 2018). Taken together, we do find that the video has manipulative aspects where numbers play a role, but that care must be taken in concluding whether numbers are fabricated, twisted or just uncertain. The extreme conclusions in the video suggest that the video presents a conspiracy theory, and together with the manipulative features and emotional appeal, the video may well be called fake news. Yet, we emphasise that the contents are not all made up. On the contrary, as often with fake news and conspiracy theories, there are elements that can easily be agreed on, such as the fact that Muslim integration has taken place in European countries. In addition, the video reflects a fear which some people share.
Education perspectives
We propose that mathematics education takes a responsibility in building students’ capacity to critically reflect on whether information can be labelled as fake news and why fake news exist. Our analysis shows that scrutinising numbers was not a very complicated task in this case, which suggests that students can be engaged in similar exploration and validation. A similar exercise can facilitate students’ development of what Skovsmose (1994) denoted as mathemacy. Firstly, exploring how rates are calculated and comparing numbers with other sources, can facilitate what Skovsmose (1994) called mathematical knowing. In addition, internet can be searched for definitions of the concept. Students in Norway can find sufficient data to calculate ASFR, even for different counties of Norway, at the website of Statistics Norway[footnoteRef:12]. The students can explore what happens with the ASFR numbers if the time period changes. This can form a basis for understanding that fertility rates can vary, depending on what is taken into account and how. These activities support a development of critical competences, essential for democratic citizenship facing fake news. They require a critical stance to sources of information through comparing and evaluating numbers. In addition, the activities demonstrate that numbers are not necessarily either correct or wrong, which is a necessary insight when validating a model in accordance with Niss (2015).A follow-up task could be to consider the validity and relevance of the fertility rates for predicting future demography in Europe. Topics may for instance be: how the different number claims affect predictions, or how relevant the numbers are for predicting future demography. Answering these questions requires what Skovsmose (1994) called technological knowing as it requires an inquiry of numbers and concepts in contexts. This is also in line with what Niss (2015) defined as meta-validation as it requires validations of numbers and assumptions in terms of their relevance for the given purpose. Developing capacities to reflect on such matters is key for critical citizenship because decision making is often supported by numbers. If a number is not relevant, it does not justify the conclusion at hand. It is questionable whether the numbers in the friendofmuslim video are false, but through discussing the validity of BBC’s counterarguments, students experience that there are disagreements on the relevance and validity of numbers. [12: https://www.ssb.no/en] 

Considering whether the friendofmuslim video communicates a conspiracy theory, whether it is fake news, or whether the numbers are fabricated or twisted, requires what Skovsmose (1994) denoted as reflective knowing as the questions require critical thinking related to the role of the numbers in connection with the purpose of the video. This is also an element of what Niss’ (2015) described as meta-validation of mathematical models and is essential when students are faced with numbers in news and videos that may be manipulative. When the students have explored the concept of fertility rates, the different definitions and models for calculating it, and after having discussed the numbers’ validity in different contexts as in the technological knowing, they are better equipped for meta-validation, critiquing how the messages of the video are conveyed. We are now at the heart of critical reflections on the role of numbers in society and how numbers can shape our understanding of reality, in line with Skovsmose’s (1994) concept of the formatting power of mathematics and his concept of mathematics in action (Skovsmose 2004). Developing students’ competence in recognising such features, provides a capacity for critical evaluation when faced with fake news and conspiracy theories. Such competences are beneficial in considering any societal issue where numbers play a role in argumentation. The videos provide a myriad of opportunities for teachers to facilitate students’ development of critical capacities. For example, through exploring the consequence of applying the number 8.1 versus the BBC or Eurostat fertility rates for predicting demography, students can discuss the role of this number, in relation to the friendofmuslim’s claim that France will become an Islamic republic. Follow-up questions could be about trust and the significance of sources, and the source of 8.1. The fertility rates for the selected European countries and from the various sources can be discussed in similar ways. An added value is that the BBC numbers can also be scrutinized as they are not consequent in period or sources. Key questions related to reflective knowing would be on how the video appeals to people’s fear and the role numbers have for this purpose, in particular how assumptions make numbers biased or twisted and can influence people’s perception of what the video promotes as a problem.
The BBC video concludes that the friendofmuslim video fails to inform the origin of some numbers, that some numbers are correct while others are wrong. Our validation suggested that also the BBC video lacks references and that some numbers do not coincide with their sources, although the discrepancies are smaller in this video. We would like to point out that while the BBC video makes use of mathematical knowing and technological knowing in the scrutiny of the friendofmuslim video, we notice that there are limited contents in accordance with reflective knowing. The video does not comment on the mission of the video or how it may create fear.
The above suggested tasks and questions require critical thinking, in line with what Gordon (2018) has argued as a solution to fight the impact of fake news. More specifically they fall within what Auberry (2018) has called for: critical inquiry, rooted in an authentic problem, to compare and evaluate content and purpose. We would also like to emphasise that building relational trust in the classroom is a significant requirement in order to succeed with working with fake news with students, as students may share the worldview promoted in fake news. We support Arendt’s (1977) idea that democratic discourses depend on an agreement on what she denoted as factual truths. This implies that trust in certain factual truths is necessary, yet trust is not something that can be demanded. While critical thinking and critical inquiry may develop trust in some factual truths, we believe that allowing different political opinions is important when fake news is discussed, in line with Horsthemke (2017) and Samayoa and Nicolazzo (2017).  
Working with fake news with students introduces several challenges. First, topics may be controversial and difficult to handle in classrooms. Teachers may be reluctant to discuss political issues where students have conflicting views, as this may spark strong feelings and unforeseen situations in the classroom, and perhaps unpleasant reactions from parents. Second, students may support ideas that are not in line with ethical standards in school or in society. We suggest that mutual trust on a personal level must be developed in a classroom before contagious issues are brought into teaching and learning. Perhaps the first questions to the students should be on how the students feel, if watching the friendofmuslim video or something similar, what they think about the content and message of the video, and how it relates to the political atmosphere in society. This can unveil opinions and attitudes so that the teacher can prepare how to approach the issue further while treating students with respect. In addition, challenges may be associated with availability of data, limitations of data and the complexity of the problem. We thereby realize that working with fake news in classrooms may be a risky endeavour for teachers and students. Further research is needed to try out and further develop the ideas we have discussed. 

References
Arendt, H. (1977). Truth and politics. In H. Arendt: Between past and future – eight exercises in political thought.(Essay originally published in The New Yorker,) February 25, 1967. London: Penguin books.
Auberry, K. (2018) Increasing students’ ability to identify fake news through information literacy education and content management systems. The Reference Librarian, 59(4), 179-187, DOI: 10.1080/02763877.2018.1489935
Barbosa, J. C. (2006). Mathematical modelling in classroom: a critical and discursive perspective. Zentralblatt für Didaktik der Mathematik, 38(3), 293-301.
Barbosa, J.C. (2009). Mathematical modelling, the socio-critical perspective and the reflexive discussions. In M. Blomhøj & S. Carreira (Eds.), Mathematics applications and modelling in the teaching and learning of mathematics - Proceedings from Topic Study Group 21 (pp. 133-143). Mexico: ICME.
Bauman, Z. (2006). Liquid Fear. Cambridge, UK: Polity Press.
BBC (2009, 7 August ). Muslim Demographics: The truth. YouTube. Retrieved 15.10.2019 from https://www.youtube.com/watch?v=mINChFxRXQshttps://www.youtube.com/watch?v=mINChFxRXQs
Berghel, H. (2017). Lies, Damn Lies and Fake News. Computer, 50 (2), 80 – 85.
Borba, M. C. & Skovsmose, O. (1997).The Ideology of Certainty in Mathematics Education. For the Learning of Mathematics, 17 (3), 17 – 23.
De Keersmaecker, J., & Roets, A. (2017). ‘Fake news’: Incorrect, but hard to correct. The role of cognitive ability on the impact of false information on social impressions. Intelligence, 65, 107 – 110.
Espenshade, T. J., Guzman, J. C., & Westoff, C F. (2003). The surprising global variation in replacement fertility. Population research and policy review 22, 575-583. 
friendofmuslim (2009, 30 March). Muslim demographics. YouTube. Retrieved 15.10.2019 from https://www.youtube.com/watch?v=6-3X5hIFXYU 
Gal, I. (2004). Statistical Literacy - Meanings, Components, Responsibilities, in J. B. Garfield & D. Ben-Zvi (Eds.), The challenge of developing statistical literacy, reasoning and thinking (pp. 47–78). Dordrecht: Kluwer..
Gelfert, A. (2018). Fake News: A Definition. Informal Logic, 38 (1), 84-117.
Gordon, M. (2018) Lying in Politics: Fake news, alternative facts, and the challenges for deliberative civics education. Educational theory, 68 (1), 49 – 64.
Gutstein, E. (2013). Home Buying While Brown or Black. In: E. Gutstein & B. Peterson (Eds.), Rethinking mathematics – teaching social justice by the numbers,(pp. 47 – 52). USA: Rethinking schools.
Hauge, K. H. (2019). Approaching fake news in mathematics education. J. Subramanian  (Ed.) Proceedings of the Tenth International Mathematics Education and Society Conference, (pp. 486 – 495). Hyderabad, India: MES community. 
Hauge, K.H. & Barwell, R. (2017). Post-normal science and mathematics education in uncertain times: educating future citizens for extended peer communities. Futures, 91, 25 – 34
Horsthemke, K. (2017) ‘#FactsMustFall’? – education in a post-truth, posttruthful world. Ethics and Education, 12(3), 273-288. DOI: 10.1080/17449642.2017.1343620
Jang, S.M., Geng, T., Li, J.-H.Q., Xia, R., Huang, C.-T., Kim, H. & Tang, J. (2018). A computational approach for examining the roots and spreading patterns of fake news: Evolution tree analysis. Computers in Human Behavior, 84, 103-113.
Kacerja, S., Rangnes, T., Herheim, R., Pohl, M., Lilland, I .E.& Hansen, R. (2017). Stimulating critical mathematical discussions in teacher education: use of indices such as the BMI as entry points. Nordic Studies in Mathematics Education, 22(4), 101-116.
Landon-Murray, M. (2017) U.S. Intelligence Studies Programs and Educators in the “Post-Truth” Era. The International Journal of Intelligence, Security, and Public Affairs, 19(3), 197-213, DOI: 10.1080/23800992.2017.1384677
Mehta, R. & Guzmán, L. (2018) Fake or Visual Trickery?  Understanding the Quantitative Visual Rhetoric in the News. Journal of Media Literacy Education, 10 (2), 104 – 122.
Nelson, J.L., & Taneja, H. (2018). The small, disloyal fake news audience: The role of audience availability in fake news consumption. New media & society, 00(0), 1-18. DOI: 10.1177/1461444818758715.
Niss, M. (2015). Prescriptive modelling – challenges and opportunities. In G. A. Stillman, (Eds.), Mathematical modelling in education research and practice, International perspectives on the teaching and learning of mathematical modelling (pp. 67-79). Switzerland: Springer International Publishing. 
Rochlin, N. (2017). Fake news: belief in post-truth. Library Hi Tech, 35(3), 386-392. DOI: 10.1108/LHT-03-2017-0062
Samayoa, A.C., & Nicolazzo, Z. (2017). Affect and/as collective resistance in a post-truth moment. International Journal of Qualitative Studies in Education, 30 (10), 988–993. DOI: 10.1080/09518398.2017.1312595
Sismondo, S. (2017). Post-truth? Social Studies of Science, 47(1), 3–6. DOI: 10.1177/0306312717692076
Skovsmose, O. (1994). Towards a critical mathematics education. Educational Studies in Mathematics, 27 (1), 35-57.
Skovsmose, O.(2004).Travelling Through Education. Uncertainty, Mathematics, Responsibility. Rotterdam: Sense Publishers.
Walters, S.; & Watters. K. (2017). Reflecting on the Global Report on Adult Learning and Education in the “Post-Truth Society”. Adult Education Quarterly, 67(3): 228-237,DOI: 10.1177/0741713617700675
Watson, J. M. (2004). Quantitative Literacy in the Media: An Arena for Problem Solving. Australian Mathematics Teacher, 60 (1), 34-40.
Wood, N. V. (2000). Perspectives on Argument (Third ed.). New Jersey: Prentice Hall.
1

