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Abstract 

Using Canadian Census data from 1981-2006, this paper examines the effect that bilingual 

representation in cities has on the productivity of its workers. Through linguistic variables in the 

census, I index the level of bilingual diversity for each metropolitan area in each time period, and 

identify the impact that this index has on hourly wage through an OLS regression. In addition, I 

create subgroups from the sample to measure the effect across various demographics. My results 

show that city-level bilingualism has a positive effect on worker productivity, but that this effect 

varies substantially across subgroups. 

I’d like to give a special thanks to Chris for his mentorship, the Honours cohort for their 

camaraderie, and my parents for their unconditional support.  



1. Introduction 

Over 30% of Canadians today are able to conduct a conversation in the French language. 

However, this number is shrinking. While the proportion of bilinguals and Francophones has 

been in steady decline since the turn of the century, minority languages have increased in 

significance. With the rise of languages such as Hindi and Mandarin, French has lost its place in 

many parts across the country as the second most spoken language. The Official Languages Act 

and French Immersion education policy tell us that French-English bilingualism is a normative 

social goal for the Canadian government and yet the diminishing number of Francophones 

outside of Quebec is a clear reflection of the lack of attention such policies receive. In addition, 

due to the rise in Canada’s inflow of immigrants over 20% of Canadians today report a language 

other than English or French as their mother tongue. Some see this shift away from strong 

French-English bilingualism as a threat to Canadian values, while others see the notion as 

entirely outdated. Regardless, it is hard to estimate direct outcomes that a change in the bilingual 

demographic will have on everyday Canadian life. Researching the economic effect of official 

bilingualism in Canada is not only a point of academic interest — the implications of any 

relevant findings have the capacity to add a unique dimension to the conversation of official 

bilingualism and its effect on the Canadian identity. 

In this paper I examine one aspect of official bilingualism in Canada: its impact on 

productivity in urban areas. Are bilingual cities more productive? And if so, how are these effects 

“Cities have the capability of providing something for everybody, 
only because, and only when, they are created by everybody.” 

  Jane Jacobs
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distributed across demographics in cities? To clarify, when I refer to bilingualism in this paper, I 

am explicitly referring to the bilingualism of the two official languages of Canada: English and 

French. In addition, when I speak of the level or diversity of bilingualism in a city, I consider not 

only the share of bilingual individuals, but the proportional balance of French-speaking and 

English-speaking monolinguals as well. The balance of these three distinct populations 

determine the extent to which a city is considered “bilingually diverse.” Thus, this paper 

concerns not only bilinguals, but more specifically the representation of both official languages 

in a given Canadian city. Based on the literature in the field of diversity and firm productivity in 

urban areas (Marshall 1920, Jacobs 1969, Quigley 1998, Glaeser 1999, Jaffe et al. 1993, 

Audretsch and Feldman 2004, Ottaviano and Peri 2006), I see a story of bilingual cities having a 

positive effect on the productivity of Canadians working within them. This hypothesis hinges on 

two key economic intuitions. First, that the concentration of firm capital leads to a positive 

spillover effect. Second, that language, like any other form of human knowledge, can be 

considered a portion of an individual or firm’s human capital. Regarding the first claim, Glaeser 

(1999) showed us that the concentration of human capital in firms will lead to positive 

agglomeration externalities, and more successful economies overall. The theory behind this is 

relatively simple: when firms gather, there is a collection of unique methods, strategies, and 

skills. These inputs, referred to simply as “knowledge,” are exchanged across firms, through the 

means of explicit information transfers, shared labour pools, shared capital and so on. In theory, 

through this exchange all firms gain new knowledge. Higher levels of this “knowledge” implies 

higher levels of productivity within firms, and leads therefore to an aggregate level of 

productivity greater than if the firms had operated in isolation. Further research indicates that the 
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diversity of cultural background, ethnicity, education level, and industry type are all compatible 

with this theory, and in many cases, augment the extent to which productivity gains can be made 

through spillovers (Ottaviano and Peri 2006, Moretti 2004, Audretsch and Feldman 1996, 

Sparber 2009). I see no reason why capital in the form of language and bilingualism shouldn’t 

behave in the same way. This paper seeks to tell the economic story in which the more bilingual 

a city is, the greater the opportunity for positive spillover effects to occur. Through this exchange 

of human capital I expect that this ultimately results in a higher level of productivity for firms 

and workers within those cities. 

Ottaviano and Peri’s paper Cities and Cultures (2006) serves as the primary inspiration 

for this paper. I adapt and apply many aspects of their methodology, as well as considering their 

theoretical framework to form the basis of my research. The premise of Cities and Cultures 

(2006) also acts as this paper’s main motivation. While Ottaviano and Peri’s work provides 

insight into the relationship of cultural diversity in American cities, the study of urban diversity 

and its effect on the economic success of cities is not a well-researched field with regards to 

Canadian data. This paper seeks to contribute to the ongoing discussion of diversity and 

productivity in the Urban Economics literature by providing a uniquely Canadian perspective. To 

add, the analysis of official bilingualism in Canada through an Economics framework is a novel 

approach, and a gap yet to be filled in the literature. By exploring the implications of official 

bilingualism on workers and cities in Canada, I add new context to the conversation of Official 

Bilingualism policy and the Canadian values rooted the administration of such a policy. 

 The methodology of my research consists of an ordinary least squares (OLS) model 

regressing the bilingual diversity of a city on individual level productivity. By focussing on all 
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metropolitan areas in Canada over a time period of 30 years, I am able to provide a

comprehensive picture of the presence of official languages in metropolitan areas across cities 

and across time. This analysis is made possible with the use of public-use micro file census data 

at the individual level from the Census of Canada. In my sample, I observe census’ between 1981 

and 2006, totalling 101 unique CMA (Census Metropolitan Area) observations. My results show 

that a marginal increase in city-level bilingual diversity leads to a statistically significant increase 

in the productivity of individuals within the city. I also find that this effect is particularly large 

amongst bilinguals, Francophones, and non-immigrants. These conclusions are consistent with 

the literature regarding human capital diversity in Urban Economics, in particular, the work of 

Ottaviano and Peri (2005). 

The rest of the paper will proceed as follows. Section 2 contains a literature survey 

reviewing key conclusions from past research that helps form the basis of the paper. Section 3 

contains an overview of the relevant data and potential problems associated with sampling. 

Section 4 states the empirical strategy of the analysis and the specifications of the regression 

models. Section 5 outlines the results from the OLS regressions and discusses their potential 

implication, as well as extensions and stability tests verifying the results. Section 6 contains 

closing remarks. 

2. Literature review of agglomeration effects and diversity 

 The argument in favour of firm agglomeration and firm diversity in cities can be traced 

far beyond modern econometric methods and the birth of Urban Economics as a formal field. In 

particular,  Alfred Marshall (1920) and Jane Jacobs (1969) are two major influences in the 
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research of productivity and firm activity in cities. The former argued that firms in cities 

collectively produce more than the sum of their capital due to mutually beneficial knowledge 

exchanges across firms. In the words of Glaeser (1999), Marshall argues that “industrial 

agglomeration exists in part because individuals can learn skills from each other when they live 

and work in close proximity to one another.” Marshall’s work formed one of the fundamental 

notions of Urban Economics: to generate strong economic growth requires the concentration of 

economic activity. This spurred a slew of research that focussed on the effects of firm 

agglomeration, and a positive externality most often described as the “spillover effect” of firm 

capital. Jaffe et al. (1993) produced a seminal work in the literature supporting Marshall’s theory. 

Using data on US patent citations, he showed that firm density has a positive causal effect on the 

rate of innovation per firm. He also showed that patent citations are geographically centred 

around the patent issuing firm, providing empirical evidence for the presence of knowledge 

spillovers. Audretsch and Feldman (1996) added to Jaffe et al.’s findings, showing that the 

returns to knowledge spillovers influence the geographic organization of firms. Glaeser (1999) 

formalized Marshall’s intuition through a theoretical model. Finally, Moretti (2004) provided a 

novel empirical observation showing that human capital is also compatible with the spillover 

theory. He provided evidence that areas with a greater concentration of highly educated workers 

see higher levels of productivity even for those without a university education. 

Out of the aforementioned literature came a wave of research focussing on the 

relationship of diversity and firm productivity in urban areas, both within and across individual 

firms. In essence, economists sought to find the relationship that spillover effects had with the 

characteristics of labour and capital making up firm clusters. Again, traces of this intuition 
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precedes modern Urban Economics. Jane Jacobs (1969) and her theory on “urban import 

substitution” claims that cities are more productive and innovative when they are able to support 

a diverse range of firms capable of producing a broad range of goods. This, Jacobs claims, is due 

to the ability of cities to maximize the human capital of firms and entrepreneurs through 

spillover externalities. Following the work of Glaeser (1993) and Jaffe et al. (1999) we see a 

robust body of empirical work testing Jacobs’ story of diverse firms. There are several papers 

supporting various measures of human capital diversity having positive effects on firm 

productivity. Quigley (1998) is credited with a model showing that maximum efficiency in any 

nation is reached when firm composition is heterogeneous across cities. Audretsch and Feldman 

(1999) used empirical methods to determine that a diverse composition of firms in a city was 

more likely to lead to economic growth and innovation within a cluster of firms versus a 

specialized cluster. This further supports the idea that diversity leads to greater agglomeration 

externalities. The intuition behind this is, again, straightforward. If two firms are homogenous in 

their makeup of capital and labour, there is less knowledge that can be gained from information 

spillovers. However, if firms are unique within their clusters, there is a greater probability that 

information transfers will lead to a gain in knowledge. Of course we see that the opposite can be 

true as well. In cases such as Silicon Valley and the Michigan automotive industry, major 

portions of the economy were supported through a single industry. However, I respond to this in 

two ways. First, even these “specialized” industries show heterogeneity across their firm 

compositions. Detroit, for example, relied on the knowledge of its shipbuilding industry to help 

ensure success in the automotive industry. Silicon Valley began as an industry focussing on 

electronic hardware before its transition to what we see today: a highly productive firm cluster 

6



with a focus on software and web-based applications. If this is unconvincing, I present a second 

point: the idea of firm specialization and homogeneity as being key to a city’s success is only 

apparent in a few choice cases: Silicon Valley and Detroit, as mentioned above, make up a short 

list of cities and clusters that are sustainable over long periods of time through a relatively 

homogenous industry type. Many, if not all of the world’s global cities -- Hong Kong, New York, 

London, Toronto, Los Angeles, San Francisco -- are all successful in part due to the diversity in 

their respective labour populations, as well as the diversity in their firm industries.  

Finally, Ottaviano and Peri (2006) produced a paper titled Cities and Cultures which, as 

mentioned before, forms the basis for this paper. In their research, they measure the effect that 

the level of cultural diversity in a city has on the productivity of its workers. Their research, 

based on US metropolitan areas, shows that high levels of cultural diversity in a firm clusters’ 

labour pool tends to have a positive causal impact on the level of productivity, and that this effect 

is greatest in demographics not commonly associated with notions of diversity in the US (such as 

caucasians, men, and non-immigrants). In my work, I look specifically at the methodology and 

economic story of Ottaviano and Peri, and adapt it to the context of Canadian bilingualism and 

productivity. 

3. Data and the identification of diversity 

To analyze the causal relationship between bilingualism in cities and their associated levels of 

productivity we must present data that accurately represents the level of bilingualism in cities, 

the rate of productivity of individuals within those cities, and various other demographic 

variables to be used as controls, all of which are to be measured at the city-by-time level. 
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The primary source of this data is retrieved from the public-use microfile (PUMF) data of 

the Census of Canada, provided by Statistics Canada. Compiling data in five year intervals 

between 1981 and 2011, I gather a sample of approximately 1.1 million observations over 6 

periods. These observations are categorized by their respective Census Metropolitan Areas, by 

year. In the sample, Census Metropolitan Areas (CMAs) are defined as one or more adjacent 

municipalities with a total population of at least 100,000. In practice, this represents most major 

urban centres in the country. In total, I consider 22 CMAs across 30 years, providing 101 CMA-

by-time observations. 

There are many justifications for the focus on CMAs. CMAs are easily observed and 

statistically reliable in the census data due to the large number of observations contained in each 

CMA. To add, they constitute a stronger natural experiment for our purposes, as they are more 

compatible with our economic intuition due to the comprehensive nature of urban data and the 

concentration of economic activity. To add, CMAs are consistent over time, and can easily be 

treated with fixed time and city effects in the regression analysis. This reasoning also helps us 

establish 1981 as the first period in our analysis. Prior to 1981 we see the number of CMAs 

decline, and therefore the inclusion of prior years compromises the reliability of the data. 

Various other covariates such as demographic variables are also collected from the 

census. These mostly include individual level characteristics such as age, sex, level of education, 

language proficiency, and immigrant status that may have some effect on the level of an 

individual’s productivity. Finally, productivity and linguistic diversity, our key left-hand and 

right-hand side variables respectively, are not explicitly present in the census, but are generated 

through basic inferences from data available in the sample set.  
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 Productivity is represented as hourly wage. This is the method used in Cities and 

Cultures (Ottaviano and Peri, 2006) and is a commonly used proxy for productivity in much of 

the literature related to labour and firms. While hourly wage is not a variable collected in the 

survey, I generate this through the variables of total income, weeks worked per year, and hours 

worked per week. All of these variables are adjusted to 2011 Canadian dollars using the national 

CPI index. When generating productivity, both at the individual and city level, I only include 

observations earning an hourly wage of at least $8.00,  and those who are between the ages of 16 

and 65. The justification for this is two-fold. First, in the measurement of productivity I seek to 

include observations of those capable of working, limiting the age range to what is generally 

considered “working age.” This method is also used in Ottaviano and Peri (2006). Secondly, the 

Federal minimum wage across all periods in the sample is no lower than $8.50 in 2011 dollars, 

and I assume those earning under that wage to be insignificant to the direct, measurable, 

economic productivity of the city. The respondents who report income yet are below the 

threshold of $8.50 per hour are most likely earning income outside of the traditional labour 

market for reasons unspecified. I have allowed $0.50 to the lower bound of the measurement to 

allow for some measurement error either as a result of the survey, or through imprecisions that 

may arise through the calculation of hourly wage. It should also be noted that the real minimum 

wage has generally remained consistent from 1981, where the federally minimum wage was 

$8.50 in 2011 Canadian dollars.   

Generating a Bilingual Diversity Index 

Linguistic diversity is an imperfect measurement that has not seen extensive use in the 

Economics literature. In this paper, the goal of the measurement is to accurately represent the 
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extent to which a city integrates both official languages into its economy and society. On one 

hand, if we divide our sample of Canadians into French and English speakers, the problem is 

easily resolved. There is a strong literature indexing fractionalization by some individual 

characteristic. Problems arise, however, when we consider our third, and perhaps most important 

linguistic group: French-English bilinguals. If we are to show the extent of integration which 

both languages have within a city, we must not only consider those who are able to speak both, 

but to also consider their unique influence in economic productivity. To help tackle this issue, I 

have chosen multiple indices for the measurement of bilingualism within cities in order to 

provide robust results. 

Ottaviano and Peri (2005), among others (Mauro, 1995) successfully score cities 

according to some parameter of diversity using the “index of ethnolinguistic fractionalization.” 

This index was first used in the Economics literature by Mauro in 1995 but traces back to 

unpublished work of the State Geological Committee of the USSR in the 1960s.  As Mauro 

describes, the intention of the index is to “provide an extremely accurate depiction of the 

ethnolinguistic composition of the [population],” and does so by constructing a score for each 

country according to the fractionalization of its population on the basis of mother tongue.  

The ELF index can be adapted to the context of Canadian bilingualism with some 

restrictions. As the ELF index cannot account for bilingualism, the simplest solution is to remove 

all bilingual observations from the sample, and construct index scores for each CMA using only 

monolingual French or English-speaking observations. This is problematic as it does not take 

into account the potential added economic benefit of a strong bilingual population within the 

CMA. On the other hand, as we are concerned primarily with the integration of both languages at 
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the CMA level, the ELF has value in its representation of the balance between French-speaking 

and English-speaking populations within a given city. In terms of measuring the ELF in this 

context, I use two linguistic variables available in the Census. This includes mother tongue, 

which is the characteristic measured in both Mauro’s (1995) work and Ottaviano and Peri’s 

(2006), as well as “language most spoken at home.” The base measurement, using mother tongue 

data, takes the following form: 

Similarly, the ELF using “language most spoken at home” takes on a similar form: 

The score is indexed to CMA i in time period j. The right hand side variables mothertongue and  

homelanguage take the value equalling the proportion of the CMA-by-time population whose 

mother tongue language or language most spoken at home correspond to language k. We see that 

the index reaches its upper bound of  1/k (where k is the total number of languages in the group) 

when all languages are equally represented, and approaches the lower bound, 0, when only one 

language is represented within the group.  

The second measurement of bilingualism scores a CMA according to its population of 

bilinguals as a percentage of the total CMA population. This is a method straightforward in both 

its measurement and interpretation. While it does little to measure the balance of French and 

English languages spoken within a city, my intuition leads me to believe that a high population 
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of bilinguals within a city is a strong representation of how well both languages are represented 

within the city. The equation is simply: 

 

It is apparent that no perfectly accurate measurement of bilingual diversity exists. 

However, both the Mauro ELF index and the bilingualism score provide adequate metrics 

showing the presence of English and French in Canadian cities. Through the use of multiple 

indices, I aim to seek consistency across results to ensure that the general direction of the effects 

in the model, contingent on the indices, are accurate. 

Potential Issues in the Data 

Several sample selection issues arise when collecting the data. Firstly, as mentioned 

above, the sample only constitutes CMAs, and thus effects in areas outside of the 22 CMAs are 

excluded. This poses a potential problem as we may see significant productivity effects with 

regards to bilingual diversity in areas just below the required population threshold. Second, our 

sample does not include all CMAs in any given year, and there are several gaps in the panel from 

areas which have grown, and thus have been classified as CMAs after the 1981 Census. These 

areas include but are not limited to cities such as Victoria, Oshawa, Sherbrook, and Sudbury, all 

of which are included at some point in the 30-year period but were not defined as a CMA in one 

or more periods.  

A second possible issue concerns the inclusion of observations outside of the labour force 

in the calculation of bilingual diversity. My sample considers all observations when generating 
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aggregate diversity variables, however, the productivity variable only concerns those who are 

currently employed in the labour force. I hypothesize that linguistic makeup of the entire CMA, 

rather than the linguistic makeup of the labour force, is significant in the role of the effect of 

bilingualism on productivity — after all, we are identifying worker productivity in cities rather 

than in a confined industry, and it would be questionable to assume that the population as a 

whole plays no part in the productivity of its respective labour force. 

Finally, there is a small segment of the population ranging from 0.5% to 1.5% across the 

sample set who cannot conduct a conversation in either of the two official languages. These 

observations have been removed from the dataset, as the interest of the paper only concerns the 

linguistic characteristics with regards to the official languages of Canada. 
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Descriptive Statistics and Stylized Facts 

  

 Before presenting the empirical methodology and relevant results to the research, let us 

examine some descriptive statistics regarding the presence of bilingualism and the French 

language within Canada. Figure 1 presents a graph sourced from Statistics Canada, showing the 

gradual decline of the bilingual population in Canada since 1961, particularly outside of Quebec. 

We see that the period from 2001 to 2011 shows the total population of Canada growing at a 

faster rate than the bilingual population, implying that the bilingual population, at least as a 

proportion of total population in Canada, is shrinking.  

Figure 1
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 The census data in my sample shows a similar trend from 1981. Figure 2 shows that in 

the time period from 1981 to 2006, while English as a language spoken at home sees a small 

decrease, French drops 2.9 percentage-points, or roughly 12.5 percent. As we see little to no 

change in the English language spoken at home, and a 3.5 percentage-point increase in minority 

languages spoken at home, we can almost directly attribute the shift away from French to the 

increase in the presence of minority languages such as Hindi and Mandarin.  

 Looking at Census data on knowledge of official languages across the same time period, 

we see a  similar trend. Figure 3 shows that French monolinguals have diminished, while English 

monolinguals have increased. While the graph shows bilinguals have increased, Figure 1 tells us 

that the bilingual population peaked prior to 2001, and has been overshadowed by total 

population growth since then.  

Language most spoken at home (in %)

0

17.5

35

52.5

70

French English Other

10.7

67.6

21.7

7.2

68.2

24.6

1981 2006

Figure 2
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 How then, does the Mauro ELF index exhibit the decline of Francophones and 

bilingualism in cities across our time period? Plotting the Mauro ELF scores in Figure 4, we see 

that the ELF index shows a similar decline over time, particularly among lower and middle 

scoring CMA’s. This makes intuitive sense as higher scoring CMA’s in the Mauro index will 

likely include cities in Quebec, which as we observed in Figure 1, saw a lesser decline in the 

growth of bilingual populations. 

  

Knowledge of official language (in %)

0

17.5

35

52.5

70

English French Neither Bilingual

17.4

1.6
13.2

67.7

15.3
1.2

16.6

66.9

1981 2006

Figure 3
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 We can see that the levels of bilingualism and bilingual representation in cities has gone 

down over the course of the sample period. Using the simple data on bilingualism in cities from 

the Census data, I now generate a simple correlation between bilingual populations in cities and 

the average wage within that city. This allows an a priori assumption of our regression analysis, 

as well as a basic understanding of the relationship between bilingualism and wage. 

  

Figure 4

CMA Mauro Scores (mother tongue) by year
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0.125
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0.5
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Figure 5
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 Figure 5 shows us that using a simple correlation, there seems to be no clear trend in any 

direction between the size of bilingual populations in cities and the respective average wages of 

those cities. We also see that most CMA’s across Canada across all time periods in our sample 

have a bilingual population of roughly 5~12%. In addition, we see 26 of our 101 CMA 

observations have a bilingual population from roughly 25~55%. of their total populations. As we 

see no direct trend in the correlation, we cannot provide a strong a priori hypothesis in either 

direction; what we can infer however, is the expected magnitude of the coefficient on bilingual 

diversity, if any, will most likely be small. 

  

 Finally, let us examine the basic summary statistics relevant in our empirical models, 

taken from the Census sample across the entire time period. It should be noted that the sample 

has already been cleaned to only include relevant samples, including the dropping of 

observations outside CMA’s, less than age 16 and above age 65, and those earning less than 

$8.00. It should also be noted that when constructing the relevant right-hand side variable of 

interest, the entire sample, including observations not represented in Figure 6, was used for each 

city-by-year CMA observation. In figure 6 we see that across the relevant sample roughly 22.5% 

Variable Obs Mean Std. Dev. Min Max

bilin 1,338,652 0.225271 0.4177606 0 1

productivity 878,636 28.77751 132.9241 7.5 47019.4

age 1,338,652 36.917 13.14193 17 64

sex 1,338,652 1.491347 0.4999253 1 2

Figure 6
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of the sample is bilingual, the mean wage is $28.77, and the average age is roughly 40. Under the 

sex variable, a value of 1 represents male observations and 2 represents female. We see that 

roughly half of the labour force consists of female workers. It should be noted that the this value 

is skewed more towards men when setting no bounds on productivity, age, as well as when we 

include observations outside of the defined CMAs. 

4. Empirical Strategy 

The Base Model 

To begin the empirical investigation, I first generate a simple correlation between the dependent 

variable of productivity and the key explanatory variable: the ELF score using mother tongue. 

Following this I run my first regression. I use a base log-log OLS model, adapted from the 

specification of the base model used by Ottaviano and Peri (2006). The log-log model is chosen 

for its simplicity when interpreting both wage and language diversity. As stated in Section 3, to 

remain consistent with the literature, bilingual diversity in the base model is calculated through 

the ELF index using linguistic data gathered from the Census on mother tongue language at the 

individual level. It should be noted that when calculating the ELF score, all observations where 

the mother tongue is neither official language is dropped. However, these observations are 

included on the left-hand side of the regression to measure effects on productivity across the 

entire sample. In the model, I include sample observations from the 101 observed CMAs spread 

over the census years (1981, 1986, 1991, 1996, 2001, and 2011). I apply city fixed effects and 

year fixed effects, allowing variation across cities and years to be controlled. Including city and 

time level controls in the base model is crucial and is standard in the literature, particularly with 
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regards to urban productivity and labour across cities. This is due to key characteristic 

differences across cities in a given country, as well as differences in the economic climate of a 

country across time. The model takes the following form: 

The dependent variable prod is a vector of the individual level wages from the sub sample. On 

the right hand side bilinscorei,j represents a vector of ELF index scores for each of the 101 CMA 

observations (i CMA by j year) corresponding with the CMA of the left hand side individual. The 

key left hand side coefficient of interest 𝛽2, multiplying bilinscorei,j . This coefficient represents 

the elasticity of bilinscorei,j  on prod. This can be interpreted as a 1% change in bilinscorei,j 

causing a 𝛽2 x 100% change in our dependent variable , all else equal. 𝛾i and 𝛿j represent our city 

and year fixed effects respectively, and 𝑢i,j is an error term following the standard assumptions of 

the OLS model. 

 The base model, while providing a general relationship between bilingual diversity and 

productivity, lacks robustness and key explanatory variables that account for productivity within 

a city. Concepts of diversity and productivity in urban areas are sensitive to a number of 

demographic characteristics related to its inhabitants. In my second model, I look to include 

regressors which account for key individual characteristics of the observations in my sample. 

Doing so will generate a more precise estimate of 𝛽2. Much like our regressors for city fixed 

effects and year fixed effects, adding additional regressors helps to isolate the relationship 

between an individual’s wage and their CMA’s level of bilingualism, filtering out the impact that 

20



factors such as their own education level or age may have on this relationship. The second model 

takes the following form: 

As we can see, the second model includes an X1 matrix, representing a matrix of demographic 

controls. These controls account for age, sex, education level, visible minority status, and 

immigrant status, all of which in theory and through empirical evidence, are shown to have a 

significant impact on the wage of an individual. The base set of individual level characteristics 

included in the regressor matrix is based on those used in Cities and Cultures (Ottaviano and Peri 

2006). 

 Finally, literature previously discussed regarding spillover effects and externalities within 

cities has shown that city-level demographic characteristics also impact productivity at the 

individual level. Much like the immigrant status of an individual affects their level of 

productivity on average, so too does the overall share of immigrants within a city. Evidence from 

Ottaviano and Peri (2005) shows this to be significant. In their case, the share of African-

Americans had a significant economic impact on the mean wage at the city-level. Moretti (2004) 

also showed that a higher share of university educated workers in an economy had a spillover 

externality that not only benefitted other highly educated workers, but uneducated workers as 

well. In my final specification of the model, I include a series of CMA-level characteristics to 

account for this phenomenon. The final model takes the following form: 
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The matrix X2 contains all of our CMA-level characteristics, including the share of immigrants, 

the share of visible minorities, and the share of university educated workers.  

5. Results and Extensions 

 The results of the regression analyses (table 1) provide a consistent result: bilingual 

diversity has a positive relationship with individual productivity. The estimates in the base model 

show the coefficient to be roughly 0.034. This implies that a 1% increase in the Mauro score 

results in a 3.4% increase in individual productivity, holding all else constant. There are a few 

things to note regarding this result. First, the coefficient is perhaps not the most interpretable 

result. While the coefficient is significantly positive, the Mauro score is a measurement not 

Variable Correlation FixedEffects Individual~s AggregateC~s

ln(bilinscore) 0.001 0.034*** 0.010** 0.012
(0.008) (0.006) (0.005) (0.008)

bilin 0.054*** 0.053***
(0.010) (0.010)

City F.E. X X X
Year F.E. X X X

Individual Ctrl X X
Aggregate Ctrl X

N 909447 909447 493587 493586
r2 0 0.005 0.101 0.101

Table 1: Base model results
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directly seen in the real world. Thus, picturing a change in demographics constituting a 1% 

change in the Mauro score is not clear. While this result seems to produce a relatively large 

coefficient, it is important to remember that our base model lacks any key demographic variables 

that account for a large amount of wage discrepancies, and we should expect this coefficient to 

decrease in the further models. 

 In the second model, I include my demographic control variables and find that the Mauro 

score coefficient is reduced from 0.034 to 0.010, an economically significant reduction. This 

reinforces our result from the first model: indeed bilingual diversity in cities are associated with 

an increase in productivity in the form of wages at the individual level. Looking at the 

demographic variables used as controls, we see that most follow our general a priori 

assumptions. Male, caucasian, higher educated, and older workers all tend to earn more, 

indicating that our sample is behaving appropriately. Perhaps of some significance to our model 

is the impact that English-French bilingualism has on an individual. The regression shows that 

the ability to speak both official languages increases productivity in our sample by roughly 5%.  

 In our final model, which includes a set of aggregate city-level control variables, we see 

that the key explanatory variable is insignificant, with a coefficient of 0.012, or 0.2% larger than 

when the model included just individiual level controls. We also see that many of our city-level 

controls are insignificant as well. In an attempt to increase significance in the final model, I also 

run a instrumental variable regression by randomly generating two separate aggregate variables 

for each CMA-by-time observation and instrumental each randomly sampled aggregate variable 

on its counterpart. The key results were, however, still insignificant. The full table of this 

regression can be found in the Appendix. 
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 One of the possible concerns with the OLS regression was the accuracy to which the ELF 

score using mother tongue linguistic data from the Census accurately represented the level of 

bilingual diversity in a city. Therefore, I use two additional measurements of bilingualism in a 

city and compare their respective results when used as the key left-hand side variable in the 

regression including individual level control variables. As stated before, the two additional 

measurements are the same ELF index using home language in place of mother tongue, as well 

as the simple proportion of bilingual speakers as a percentage of the city’s total population. The 

regression results (table 2) show that these results are relatively similar to that of the original 

ELF score using mother tongue. Using the ELF index based on home language data, the 

associated coefficient is 0.008, or 0.2 percentage points less than the original model. Using 

bilingual percentage, the coefficient is 0.012, slightly above the 0.01 coefficient found in the 

base result. However, unlike the base results, both of these results are statistically insignificant, 

Variable Bilingu~e HomeLang   

ln(bilin%) 0.012              
(0.01)              

   ln(homelang) 0.008
(0.01)

City F.E. X X
Year F.E. X X

Individual Ctrl X X
Aggregate Ctrl

N 678013 571052
r2 0.087 0.095

Table 2: Variations in diversity measurement 
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and thus we cannot draw direct comparisons or determine the reliability of these measurements. 

However, the coefficients being of a similar magnitude tend to indicate that there is at least some 

consistency in our results. 

 While regressing on the total Canadian labour force gives us an understanding as to how 

productivity is effected by bilingualism across the country, there is also an opportunity to 

investigate how different subgroups of the population are affected by changes in the 

representation of the official languages. As language serves as a fundamental tool for labour and 

productivity, the degrees to which the official languages are represented in a city will affect 

different demographics, industries, and firms in wide ranges of magnitude. I measure this by 

running the third model, which includes city and year fixed effects as well as individual level 

controls, on various subgroups of the population and comparing the effect on those subgroups in 

relation to the results previously reported. 

Variable Bilingu~s English French    

ln(bilinscore) 0.029*** -0.006 0.032***
(0.01) (0.01) (0.01)

immg -0.034** -0.050*** -0.058**
(0.02) (0.02) (0.03)

City F.E. X X X
Year F.E. X X X
Individual 

Ctrl X X X
Aggregate 

Ctrl

N 117391 325258 47279
r2 0.13 0.094 0.078

Table 3: Language subgroups
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 In our first test, I stratify the sample by linguistic characteristic, measuring effects 

respectively on bilingual, French monolingual, and English monolingual subgroups. Note that 

these sample groups vary significantly in their number of observations. The French-only 

subsample represents roughly 10% of the total sample, while English-only represents over two-

thirds of the sample. The results tell a compelling story. French-only and bilingual speakers see a 

substantially larger effect from increases in the ELF score compared to the total sample. While 

the original regression reports a positive effect of 1% for a 1% increase in the ELF score,  

regressing the same model only on bilinguals observations sees the effect rise to 2.9%. 

Furthermore, regressing on French-only speakers shows the effect to be even higher, at 3.2%. 

Both of these results are statistically significant at the 1% level. However, the English only 

subgroup is statistically insignificant, and its coefficient is reported as -0.6%. This statistical 

insignificance implies that we cannot make a direct comparison across all three subgroups; 

however, we can look at the bilingual and French subgroups, and draw the conclusion that they 

benefit more than the sample as a whole.  
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The second set of subgroups generated is a simple stratification by sex of the individual. The 

sample sizes for these are, as we’d expect, very similar. In addition, we see that the effect on the 

respective groups are also similar, with the female subgroup generating a coefficient of 1%, and 

the male subgroup reporting 1.2%. This is a result we would expect, as generally, there is no 

indication as to why the sex of an individual observation would alter the effects their CMAs 

bilingual diversity would have on them. With that being said, this test is not without interesting 

results: the benefits from bilingualism on the individual’s productivity does have a slight 

variation across sexes. Males see a 6% productivity gain from bilingualism, while females see a 

lesser effect of 4.2%. These effects are both statistically significant at the 10% level. There does 

not seem to be any clear intuition from the literature that would suggest such an effect, however, 

Variable Female Male     

ln(bilinscore) 0.01* 0.012*
(0.01) (0.01)

bilin 0.042*** 0.061***
(0.01) (0.01)

City F.E X X
Year F.E. X X
Individual 

Ctrl X X
Aggregate 

Ctrl

N 264033 229554
r2 0.105 0.093

Table 4: Male/female subgroups
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we may hypothesize that this may be due to some discrimination amongst public sector jobs 

which require bilingualism. 

 

 Finally, I have run the regression on a Quebec subgroup, separating the sample into those 

observations located within Quebec, and those who are located outside of Quebec. Quebec is the 

only province in which French is the dominating language, and so I expect individuals within the 

province to face considerably different barriers with regards to productivity, language, and 

linguistic interactions with the rest of the country. It should be noted that there is large 

discrepancy in sample size between these two subgroups, as Quebec only contains 3 of the 22 

total CMAs taken from the Census. In this regression, we see quite an apparent, economically 

large discrepancy between the two subgroups. While those outside of Quebec see a negative 

Variable NotQuebec Quebec    

lnmotoscore -0.007 0.010**
(0.01) (0.00)

bilin 0.028*** 0.098
(0.01) (0.00)

immg -0.035*** -0.043**
(0.01) (0.02)

City F.E. X X
Year F.E. X X

Individual Ctrl X X
Aggregate Ctrl

N 366217 127370
r2 0.097 0.108

Table 5: Quebec subgroup
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impact of official bilingualism, those within Quebec see a positive effect. These coefficients 

again, however, are statistically insignificant, making a cross-comparison unfeasible.  

6. Conclusion 

 The policy discussion surrounding official bilingualism does not primarily revolve 

around economic productivity. Most would agree that the federal policy is rooted in the 

preservation of national identity and Canadian values. However, I do believe there is a strong 

case to be made that by examining the economic implications of bilingualism in Canada, a 

worthwhile addition to the conversation can be made — an economic analysis allows us a greater 

level of context and perspective from which such policy can be assessed and understood. Using 

the results and intuitions of past literature, my research seeks to understand the extent to which 

the representation and integration of Canadian official languages in cities within Canada changes 

the productivities of the workers and firms operating within them.  

 My research finds a statistically significant, positive effect of a city’s bilingual diversity 

on the productivity of its workers. The result shows that a 1% increase in the level of bilingual 

diversity of a city, represented through its ethnolinguistic fractionalization score, increases the 

level of productivity of a worker within the city by approximately 1%. I then run the model on 

various subgroups of the sample population and find that the effects differ greatly based on 

certain characteristics of the sample. In particular, I find that the subgroups of bilinguals and 

French-only speakers benefit considerably more than the sample as a whole. 

 Ultimately, drawing a direct conclusion and a policy direction as a result of this finding is 

difficult. While bilingual diversity seems to benefit the country’s productivity as a whole, its 
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effect is certainly found within certain demographics more than others — namely Francophones. 

In some cases, increasing bilingual diversity may even hurt the productivity of individuals in 

certain cities. What can be said for certain is that increasing the level of bilingualism within a 

city, firm, or individual allows for the expansion of interactions amongst markets and 

populations in Canada. If my findings, the findings of past literature, and basic economic theory 

are to be taken as truths, there is certainly a case that greater amounts of productivity are to be 

had through the exchange and collaboration of an economy’s entire workforce. 
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Appendix  — Full OLS Regression Results (coefficients and t-statistics) 
 

Table 1A: Base model results

Variable Correla~n FixedEf~s Individ~s Aggrega~s  

ln(MauroScore) 0.001 0.034 0.01 0.012
0.08 5.58 2.06 1.48

Bilingual dummy 0.054 0.053
5.52 5.38

Age 0.104 0.104
15.64 15.67

Age^2 -0.001 -0.001
13.16 -13.19

Sex (1 if male) 0.124 0.124
7.73 7.73

High school dummy -0.065 -0.065
10.95 -11.27

University dummy 0.404 0.382
27.8 11.5

Immigrant dummy -0.047 -0.09
4.92 -3.68

Minority dummy -0.14 -0.122
6.35 -3.6

Labour force participation of CMA -0.378
1.32

ln(University educated proportion of 
CMA)

-0.069

1.12
ln(Immigrant proportion of CMA) 0.023

0.55
ln(Minority proportion of CMA) 0.025

1.52
Immg*Mauro interaction -0.012

1.55
Minor*Mauro interaction 0.006

0.44
Univ*Mauro interaction -0.008

0.59

City fixed effects X X X
Year fixed effects X X X

_cons 2.947 2.859 0.492 0.592
145.42 127.56 5.03 2.36

N 909447 909447 493587 493586
r2 0 0.005 0.101 0.101



Table 2A: Variation in Diversity Measurement

Variable Bilingu~e HomeLang   

ln(Bilingual %) 0.012              
1.13              

Age 0.096 0.101
15.77 15.22

Age^2 -0.001 -0.001
13.46 -12.9

Sex (1 if male) 0.109 0.117
5.18 6.24

High school dummy -0.071 -0.069
11.27 -12.07

University dummy 0.381 0.398
32.59 29.87

Immigrant dummy -0.117 -0.065
14.45 -8.87

Minority dummy -0.156 -0.138
10.35 -6.34

Labour force participation of CMA -0.134 -0.234
0.35 -0.76

ln(University educated proportion in 
CMA)

0.029 0.028

0.79 0.74
ln(Minority proportion of CMA) 0.002 0.01

0.13 0.63
ln(Mauro Score — Home) 0.008

1.37

City Fixed Effects X X
Year Fixed Effects X X

_cons 0.818 0.763
3.47 3.49

N 678013 571052
r2 0.087 0.095



Variable Bilingu~s English French    

ln(Mauro score) 0.029 -0.006 0.032

3.24 -0.56 3.46

Age 0.11 0.104 0.091

12.1 13.45 14.66

Age^2 -0.001 -0.001 -0.001

10.15 -11.29 -12.78

Sex (1 if male) 0.1 0.129 0.128

4.43 6.97 3.97

High school dummy -0.074 -0.063 -0.056

8.93 -8.89 -3.54

University dummy 0.382 0.41 0.447

29.6 20.73 33.63

Immigrant dummy -0.034 -0.05 -0.058

2.27 -5.63 -2.03

Minority dummy -0.143 -0.129 -0.198

5.9 -4.93 -5.01

_cons 0.522 0.421 0.805

3.98 3.76 9.43

City Fixed Effects X X X

Year Fixed Effects X X X

N 117391 325258 47279

r2 0.13 0.094 0.078

Table 3A: Language Subgroups



Table 4A: Male / Female Subgroup

Variable Female Male     

ln(Mauro Score) 0.01 0.012

1.78 1.72

Bilingual dummy 0.042 0.061

3.36 6.46

Age 0.109 0.1

17.62 14.11

Age^2 -0.001 -0.001

14.45 -12.19

High school dummy -0.05 -0.074

6.16 -10.77

University dummy 0.403 0.393

18.22 49

Immigrant dummy -0.045 -0.048

2.96 -4.31

Minority dummy -0.175 -0.102

6.28 -5.27

_cons 0.656 0.674

5.94 5.57

City fixed effects X X

Year fixed effects X X

N 264033 229554

r2 0.105 0.093



Table 5A: Quebec Subgroup

Variable NotQuebec Quebec    

ln(Mauro Score) -0.007 0.01

0.61 2.83

Bilingual dummy 0.028 0.098

3.39 23.65

Age 0.106 0.098

13.14 9.16

Age^2 -0.001 -0.001

10.99 -7.74

Sex (1 if male) 0.125 0.116

7 3.35

High school dummy -0.062 -0.065

8.51 -6.35

University dummy 0.411 0.404

20.18 47

Immigrant dummy -0.035 -0.043

3.07 -2.67

Minority dummy -0.114 -0.199

4.59 -14.07

_cons 0.469 0.668

4.1 5

City fixed effects X X

Year fixed effects X X

N 366217 127370

r2 0.097 0.108



cma#c.year
Halifax (omitted)  

Quebec City -0.006
5.79

Montreal 0.012
12.83

Sherbrooke 0.018
10.99

Ottawa 0.019
19.32

Oshawa 0.005
3.02

Toronto 0.014
14.99

Hamilton 0.003
2.68

St. Catherines 0.001
0.5

Kitchener 0.006
4.69

London 0.007
5.66

Windsor -0.001
0.63

Thunder Bay 0.057
40.5

Winnipeg 0.003
3.04

Regina 0.001
0.71

Calgary 0.005
4.77

Edmonton -0.003
2.79

Vancouver 0.004
4.64

Victoria -0.005
2.74

_cons -5.69
3.28

N 909447
r2 0.092

Table 6A: CMA-by-year coefficients



Variable iv      

ln(Immigrant proportion in CMA) 0.051
1

ln(Minority proportion in CMA) 0.013
0.86

ln(Labour participation in CMA) -0.308
2.57

ln(University educated proportion in 
CMA)

-0.05

0.66
ln(Mauro score) 0.013

1.23
Bilingual dummy 0.052

5.01
Age 0.104

15.73
Age^2 -0.001

13.23
Sex (1 if male) 0.124

7.76
High school dummy -0.065

11.12
University dummy 0.404

27.86
Immigrant dummy -0.047

4.94
Minority dummy -0.143

6.59
_cons 0.313

1.39

N 493587
r2 0.101

Table 7A: Instrumented Aggregate Variables


