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Editorial

Katherine Safford-Ramus

Saint Peter’s College
Jersey City, New Jersey, USA

<ksafford@spc.edu>

Welcome to the spring issue of ALM-IJ for 2010. While the interim team was not able to

publish a second issue in 2009, I hope you will agree that we have redeemed ourselves with

this sextet of articles covering a broad range of topics. Adults Learning Mathematics has,

from its inception, served as a forum where researchers and practitioners convene to share

findings and ideas that promote quality mathematics instruction for adults. This issue of

ALM-IJ testifies to that mutual commitment.

We begin with a report on the challenges and opportunities faced by adult

mathematics educators in Finland where the government has a strong commitment to

providing instruction for adults across the lifespan. Then we cross the ocean to a community

college in Manhattan for a discussion of an instructor intervention that addressed

misconceptions of students about concepts from probability. The third article brings us back

to Scandinavia for a cross-cultural Norwegian study about young-adults that focuses on

gender and numeracy.

The fourth article returns to probability with suggestions that capitalize on adult

interests in gambling by using simulations of sports events and internet resources to drive

home the likelihood of losing or winning when booking a sports bet. In the fifth article

another United States community college study examines the classroom practice of instructors

whom the institution deems “successful”. The issue closes with a paper that revisits the

dilemma of the invisibility of mathematics done by workers, a theme that can be traced back

to early Adults Learning Mathematics conferences when Mary Harris spoke of her frustrating

research with needlecraft workers who saw no mathematics in the work they accomplished.

This will be my only issue of the journal since a permanent editor has been selected.

While I have enjoyed learning about the processes involved in the production of the journal I

am delighted to turn over the reins to someone willing to make a long-term commitment to

the post and return to the anonymity of reviewer. Happy reading.

Dr. Katherine Safford-Ramus

Chief Editor 2009-2010
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Abstract

This paper first looks at the contexts and situation of Finnish adult education in basic

mathematical skills. Challenges for and observations of adults’ learning of basic mathematics in

Finland will be illustrated. Studying mathematics and numeracy are considered against its role

in social and personal empowerment. Case studies of Finnish adults’ experiences of and

personal empowerment by learning mathematics are described by using interview data from two

different learning contexts. The first case study deals with older women taking basic

mathematics courses in a folk high school and the second one describes learning and teaching

of basic mathematics in a prison. Finally, suggestions are offered for future perspectives and

education research on adults’ basic skills in mathematics in Finland.

Key words: Adult Education, Basic Skills, Empowerment, Mathematics, Numeracy

Introduction

Finnish education and schooling systems have encountered a lot of international interest during

the last years. Finland has been acknowledged as a country of education, known for its efficient

basic schools and also for high quality adult education. Special attention has been paid to the

equality and the accessibility of high standard schooling for all citizens. Finnish school

students’ good results in the international comparative studies of PISA and TIMMS on

mathematics have been recognized internationally and show that the Finnish pupils do rather

well in mathematical basic skills (Kupari & Törnroos, 2004). Support for high standard
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comprehensive school for all children in Finland and Scandinavian seems to have guaranteed

Finnish school students’ high achievement in mathematics. As well, the Finnish adult education

has achieved high ratings in international comparisons including successful lifelong learning

strategies, equality and people’s high participation, which may be the highest in the world

(Antikainen, 2008). In 2006 about 1,7 million people – that is, half of the 18-64 year old

population – participated in adult education of all types: formal, nonformal, vocational, and

education organized by employers (Pohjanpää, Niemi & Ruuskanen, 2008). The number of

adults with college and university degrees was also among the highest of all OECD countries in

2005. Moreover, results from the IALS (Second International Adult Literacy Survey) study

indicated a high level of literacy skills among Finnish adults (Linnakylä, 2000).

The current education in Finland can be connected to the national, social and

economical development of the country. During the 20th century, Finland, as a state, moved

from a dependent country to an independent, democratic civic society and welfare state. As

recent as the 1960’s, Finland was more an agrarian society, compared to the other western

European countries. During the 1960’s and 1970’s Finnish society underwent one of the fastest

structural transformations in Europe, moving from an agrarian, then an industrial society, and

into a Nordic welfare state (Antikainen & Luukkanen, 2008). Education had an essential role in

this development and a lot of effort has been put into the development of education and

education systems in Finland. The most important changes were represented by the educational

reform during the 1970’s. This reformed the previous divided, and unequal, schooling system

into a nation-wide integrated 9-year comprehensive education system. This new school system

is called basic school. In addition to this large comprehensive school reform, the teacher

training moved to universities and required a Master of Science or Arts degree for all students to

be qualified as a school teacher at the elementary or secondary school level (Antikainen &

Luukkanen, 2008). These two features of Finnish education system have guaranteed the high

standard of education that shows in high achievement levels of, and low differences between,

the current school students’ as well as younger adults’ basic skills.

In contrast to Finland’s results in international comparative studies, some adults in this

advanced welfare state and successful information society, lack basic skills, including

mathematics skills. Several concerns have been identified regarding Finnish adult education.

Specifically, the differences in participation by age, socio-economic status and previous

education are greater in Finland than in other Nordic countries and slightly above average in

OECD countries (Antikainen, 2008). The rising level of education in Finland during the last 25-

30 years, accompanies rather large differences between younger and older people’s education.

The younger generation represents one of the best educated people in the world, whereas the

older generation, including the “big age classes” (born in the 1940’s and 1950’s) who are still at

work, are less educated than their age groups in other developed countries (Kiander, Pekkarinen,

Vartia & Ylä-Anttila, 2005). The rapid aging of population together with the society’s need for

longer careers and also adults’ willingness to work longer before their retirement strongly call

for the development of basic adult education in Finland. Moreover, Finland is one of the

countries where the number of immigrants is increasing. 1They often lack basic skills both in

literacy and numeracy. Even though efforts for improving this kind of adults’ basic education

has increased in the country, there is a clear lack of research and knowledge in the area. In this

article, we will explore the present opportunities and challenges in studying basic skills in

1 In 2007, there were 189 995 immigrated people with Finnish nationality, that is, only 2.5% of the whole population.
In addition, 132 708 foreign citizens lived in Finland in 2008, with the largest groups represented by Russians,
Estonians, English speaking people, and Somalis. (Finnish National Board of Education, 2009; Statistics Finland,
2009)
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Finland, and how personal experiences of learning basic mathematics may empower Finnish

adults.

Features of Finnish Adult Education

Such factors as the need for occupational proficiency, employment and economic growth,

together with increased discourse of competition and efficiency during the 1990’s, have strongly

influenced Finnish adult education (Antikainen & Luukkanen 2008; Niemelä, 1999; Pellinen,

2001). In addition to the emphasis on the development of personality or personal empowerment,

current principles of Finnish adult education include aspects of social empowerment expressed

in principles such as the development of, and support given to, democratic society, increase in

social cohesion, and creation of opportunities for citizens’ welfare (Ministry of Education,

1999). The core of Finnish adult education, with it’s liberal education ideology of personal

fulfillment or empowerment, has been institutions such as Municipal Adult Education Centers,

Study Centers of Non-Governmental Organizations and physical education, folk high schools

and summer universities. Geographically, adult education is spread all over Finland and about 1

million adults, 71% of whom are women, participate yearly in the courses. Municipal Adult

Education Centers are the most popular, with 58% of all students in this area. In 2007, Finnish

adults took 1.6 million courses that were organized by the liberal adult education institutes

(Kumpulainen, 2009).

Today all forms of education and training offered for young people, ranging from

comprehensive school and vocational education to university studies, are also provided for

adults (Finnish National Board of Education, n.d.). Adults have also various possibilities to

improve their basic education. These include Adults’ Classes of ordinary comprehensive

schools, Adults’ High Schools, vocational schools, and institutions of the traditional liberal

education such as folk high schools and municipal adult education centers. They may take a

degree or singular subjects of basic school, upper secondary school or vocational studies

including languages and mathematics. Since 2005, both basic studies at the secondary level and

upper secondary studies have had their own curriculum for adults (Ministry of Education, 2006)

that determines the core objectives for teaching and also describes the content of subjects and

evaluation. But, unlike the curriculum for regular students, adults’ curriculum recommends

taking into account local circumstances, local history, culture and students’ living conditions. In

addition, every student prepares his/her individual study programme (Finnish National Board of

Education, 2004).

Basic studies are also provided for self-directed students by Distance High School and

through the general learning material available on the internet. As an example, the National

Board of Education offers open virtual courses on its’ website. With respect to numeracy skills,

the adult education provided by the formal education system is more popular among Finnish

adults, than the studies offered by liberal adult education institutions. Traditionally, liberal adult

education has concentrated on the cultural and social sciences by offering opportunities for

personal fulfillment and improvement of civic facilities. The portion of natural sciences

including mathematics, is still only 4 % of the offered subjects in liberal adult education

institutions (Kumpulainen, 2009). Only one folk high school (http://www.paivola.fi) currently

specializes in mathematics and offers studies, from basics to university level, for any adult in

the spirit of the liberal adult education. However, the co-operation between various adult

education institutions today offers Finnish adults more choices to improve their basic education

and skills, than was previously offered.
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During the last decade’s, the degree-oriented adult education, labor market education

and education at work have clearly increased, as compared to the traditional liberal adult

education. Furthermore, the previous distinction between formal, or occupational adult

education, and liberal adult education is today much less clear, as the same institutions may

offer both occupational studies and liberal adult education courses (Nurmi, Kontiainen, &

Tissari, 1996; Pellinen, 2001). For example, immigrants are often in need of both occupational

and all-round education to integrate into Finnish society (Ministry of Education, 1999). The

observed challenges of the Finnish adult education system and the expected lack of Finnish

labour in the future, have made national socio-economical policy pay attention to adults’ basic

skills and education, especially to adults with the lowest participation in educational programs.

This especially applies to aging people without the comprehensive school degree, to immigrated

people, and to marginalized groups such as ethnic Romany adults and adults in prisons. Current

efforts attempt to secure for these adults access to education and to offer them enough guidance

and counseling in their efforts for learning. This supports the need for the increased

acknowledgment of adults’ learning difficulties and the increased opportunities for special

education among Finnish adults.

Difficulties in Basic Mathematical Skills

The international comparative results of both TIMSS and PISA studies show rather equal

mathematical knowing among school students (Kupari & Törnroos, 2004). The general

deviation of the scores is one of the smallest among the included countries. Moreover, the

differences between girls and boys, as well as between different schools, are rather small.

However, larger differences in education and basic skills appear between the older and younger

Finnish generation. Furthermore, a rather large number of younger adults do not participate in

post-secondary education. More than 300 000 Finnish employees lack any kind of post-

secondary education and every year nearly 20% of Finnish young adults (10 000) finish their

school without pursuing any kind of post-secondary education (Finnish Adult Education

Council, 2005). These problems are even more apparent among older adults whose education

may be well below the education level of younger Finnish adults. Poor basic mathematical

skills, or previous difficulties in learning mathematics, often prevent adults from continuing

their studies or make them drop off from post-secondary education (Räsänen & Ahonen, 2004;

Suomalainen, 2004).

The differences of Finnish adults’ education along with age and socio-economic status

are clearly larger than in other Nordic countries (Antikainen, 2008). These differences are also

related to the socio-economic variations between different parts of Finland. Adults with the

weakest education live in the Norwest of Finland, whereas the adults in the South have the

highest level of education. A typical active adult student is a 24-44 year-old female in South-

Finland with a university or college degree. By contrast, 60-plus year-old low-paid males with

weak educational and socio-economic backgrounds, from the northern countryside, are typically

left outside the adult schooling system (Pohjanpää et al., 2008). This kind of regional difference

among adults at the post-secondary level seems to also apply to basic mathematical skills of

students in North-Finland, indicating lower skills than students in other parts of the country

(Suomalainen, 2004). Moreover, participation in adult schooling is higher among employed

Finnish people (70%) compared to those unemployed (30%), and among well-educated people

(71%) compared to people with basic or secondary educations (35-36%). Another challenge is

related to the continuously increasing number of foreign-born adults immigrating with poor

basic skills and the inability to study in regular Finnish classrooms. Also those immigrants who
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relocate to Finland due to work have different educational needs than other immigrants (Finnish

Adult Education Council, 2005).

Current research defines adult numeracy as the ‘basics’ of the four computation operations, but

also includes aspects of algebraic, geometric, statistical thinking or quantitative literacy, and

problem solving (FitzSimons, 2008). In addition, this is seen to involve “informal and non-

standard mathematics practices and processes in adults’ lives, which may bear little relation to

formal, taught mathematics.” (Coben, 2002, p.27) Furthermore, as adults’ numeracy draws upon

mathematical skills and knowledge developed over a lifetime, the area is seen as more complex

than ‘applied’ or ‘everyday’ mathematics (FitzSimons, 2008; Menéndez & Civil, 2008). Unlike

in countries such as UK and Australia (ALM-A Research Forum; Coben, 2006), only recently

have these kinds of issues of basic mathematical skills been considered a significant obstacle to

the learning, working and living everyday lives of some Finnish adults. For example, in the

Second International Adult Literacy Survey (SIALS) study, Finnish adults’ quantitative literacy

skills were internationally only at the average level (Linnakylä, 2000).

No large studies can be found clarifying the situation of adults’ basic skills in

mathematics, but adults’ difficulties in mathematics have been frequently observed in vocational

education. Mathematics teachers have noticed that current students’ mathematical skills are

lower than generally assumed. According to the surveys taken by different Finnish vocational

schools, about 25 - 29 % of the students have difficulties in learning mathematics (Alhonen,

2008). The problems seem to be related to things such as fractions, decimals and understanding

of percentages (Suomalainen, 2004). One reason for this can be attached to the lack of

numeracy content in current basic school mathematics textbooks. School students do not get a

good basis in computation. The studies of Finnish students’ numeracy skills in vocational

schools (e.g., Huhtala, 2000; Makkonen, 2006; Suomalainen, 2004) have revealed these

difficulties. Consistent with studies in other countries (Coben, 2009), a study of Finnish nurses

showed deficient mathematical and dosage calculation skills (Grandell-Niemi et al., 2003).

Every second arithmetic operation was calculated incorrectly and only 17% of the nurses

attained a score of 100% and passed the test. The nurses also considered dosage calculation

problems difficult. The results further varied along with the age groups and basic education. The

youngest nurses performed significantly better than the oldest nurses. Also other observations

from Finnish nursery schools point to students’ difficulties in concepts such as verbalized

calculation and fractions. Moreover, students have difficulties in choosing between the division

and the multiplication operation, especially when the task includes decimals. (Huhtala, 2000)

The perceived difficulties have been connected to other various obstacles including

negative previous experiences with mathematics, poor skills in literacy, and diverse

neurological symptoms (Huhtala & Laine, 2004; Kiipulasäätiö, 2008; Räsänen & Ahonen,

2004). For example, according to different surveys, 3-7 % of the population has neurological

learning difficulties in mathematics (Räsänen & Ahonen, 2004). Also, adults with poor basic

education have difficulties in starting or continuing their education and they need a lot of

support in improving their motivation, self-confidence and general learning skills. These

obstacles derive often from previous negative experiences with school mathematics that result in

strong negative attitudes towards and avoidance of mathematics (Malmivuori, 2001;

Schlöglmann, 2006). Many adults experience mathematics as frightening and unpleasant.

Negative attitudes to mathematics tend to develop very early, during the first school years, and

the memories of failures and anxiety stay in vocational school, in university and in working life

(Evans, 2000; Huhtala & Laine, 2004). For example it has been found, more than 50% of the

first-year students (82) in a vocational college of social studies reported previous difficulties in
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learning mathematics, even though only a quarter of them had obstacles in basic mathematics

(Suomalainen, 2004). Students get early distracted from mathematics. Moreover, students often

do not find any practical meaning of mathematics in their own lives and they consider

mathematics, and calculation as something studied and needed only in schools. For example, a

student nurse might give 8 million tablets or 4 liters of insulin for a patient in a mathematics

exam, whereas in a real nursing situation she would not do so (Huhtala, 2000).

Basic Skills and Empowerment

Studies of adults’ basic skills in numeracy and literacy have recently increased throughout the

world while education policies have recognized the high importance of education for each

nation’s economy and welfare. In general, education and adult education are promoted as one of

the core features of the 21st century. Life-long learning and development of new skills are

considered as important factors for individuals’ employment and their level of income, as well

as for sustaining the competitiveness of companies in the global market and for the success of

the nations in global competition (Field & Leicester, 2000; FitzSimons, Coben, & O'Donoghue,

2003; Niemelä, 1999). The future will be most difficult for those adults with the weakest basic

skills and the lowest basic educational background. This has created needs of and efforts for

improving adults’ basic skills in numeracy and literacy. A traditional theoretical context for

improving and studying adults’ basic skills is offered by discussions on equality especially in

critical learning theories (Freire, 2000; Giroux, 1983), transformational learning (Mezirow,

1991) and feministic studies of education (Van Den Bergh & Cooper, 1986; Walkerdine, 1998).

These viewpoints are consistent with the notions of empowerment that in sociological theories

of emancipation are used to denote power and power relations within a society (Cummins,

2000). For example, Robbins, Chatterjee and Canda (1998, p.91) consider empowerment as “a

process by which individuals and groups gain power, access to resources and control over their

own lives.” Consistently, educational sociologists use the term to refer to enhancement of

political rights, social justice and equality through education. The goals of this social and

political empowerment through individuals are to increase people’s academic and social skills in

order to enable them to take better use of their social and economical environment; to learn to

act along with the structures of a society; and also to actively impact on the development of

these structures and their everyday social and cultural environments (Berry, 2005; Giddens,

1984). These aspects are also closely related to the notions of inclusion against exclusion in

education (e.g., OECD, 1999).

In addition to this kind of social and political empowerment, we may consider the

emancipation from a personal empowerment achieved by enhanced skills and education.

Zimmerman (1995) presents three components of empowerment: intrapersonal, interactional,

and behavioral. The idea of personal empowerment can thus be connected to an individual’s

intrapersonal empowerment (i.e., competency, self-esteem, and locus of control) that is further

closely connected to interactional and behavioral empowerment through things such as social

skilling and ability to efficiently act on learning situations. This individual – or micro-level

(Sadan, 2002) - approach to empowerment can be seen to include both empowered outcomes

(e.g., perceived control and competence) and the processes (e.g., skillful problem solving

activities) through which individuals gain personal power (see Perkins & Zimmerman, 1995;

Rappaport, 1984). Personal empowerment then also represents traditional psychological

constructs of empowerment in the form of enhanced self-esteem, self-efficacy, competence, and

locus of control, as opposed to community-based research on empowerment (Perkins &

Zimmerman, 1995). However, the two perspectives, of personal versus social or community

level empowerment, are clearly intertwined as the level of knowing, self-determination and
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ability to act in, and impact on, social and cultural environments, are affected by personal

empowerment and by social interactions and various political or cultural practices, resources

and constraints of a society or community (e.g., Lave & Wenger, 1991).

In the context of mathematics education context, related studies on equity and

empowerment have focused on things such as gender issues, increasing the representation and

achievements of minorities in studying mathematics (Nasir & Cobb, 2002; Secada, Fennema, &

Byrd, 1995; Walkerdine, 1998), and capacity building of adults with poor basic mathematical

and numeracy skills, especially among minorities and adults in undeveloped countries (e.g.,

Barwell, 2005; Matthews, 2003). On the other hand, current global economics and policy put a

strong pressure also on increasing people’s level of education and skills in well-developed

countries. Recent adult education research pays more and more attention to enhancing skills in

numeracy and literacy among major population in these countries (Coben, 2006; Fitzimmons,

Coben, & O’Donoghue. 2003; Safford-Ramus, 2008). Better skills in mathematics power people

socially by helping them to more efficiently understand and act in the modern society. At the

personal or micro-level these skills importantly empower adults by enhancing their cognitive

skills as well as self-confidence and the quality of life in general (Benn, 1997; FitzSimons,

Coben & O’Donoghue, 2003). Moreover, the increased significance of mathematical and

numeracy skills in societies contrasts with often expressed concerns about the scarcity of

students studying mathematics or science and the level of mathematical skills among older

students (e.g., Barry & Davis, 1999; Kantner, 2008; Safford-Ramus, 2000). Various suggestions

have emerged to increase the number of students in these academic fields and to empower post-

secondary students by enhancing their mathematical skills (e.g., Benn, 1997; MacKenzie, 2002;

Manigault, 1997; Safford-Ramus, 2008). These attempts also apply to the situation in Finnish

adult education. We will first report of current efforts in improving adults’ basic skills in

Finland and then move to our case studies of Finnish adults’ personal empowerment by learning

basic mathematics.

Current Efforts to Empower Finnish Adults

In accordance with the objectives of current adult education policy in Finland (Ministry of

Education, 2002), during the last few years the Ministry of Education has established special

programs in order to increase educational opportunities for those Finnish adults who do not

participate in education at all or to a smaller extent. Some of these programs are targeted also to

adults’ basic mathematic skills. The 2003-2009 governmental program, Noste, (the name refers

to upgrading adult skills) was targeted to improve the career prospects and satisfaction at work

of poorly trained adults, and also to increase the employment rate and to decrease the labor

shortages coming from the large number expected to leave the labor market in the near future.

The focus was on 30-59 year old working adults who had no post-compulsory qualifications or

who could complete their basic education (Ministry of Education, 2008). Findings from the

Noste Program indicate that the project has reached most of its’ goals. While low-skill men are

usually under-represented in adult education, their proportion in the program, compared to

women, was 48 %. Moreover, adults in the northern region of Finland actively participated in

the program. Good practices have been established for adult education during the program, such

as out-reach methods; guidance practices; networking with school organizations; and also

cooperation between schools, workplaces and Trade unions (Ahonen, 2009; Pakaste, 2009).

Since the Noste program acted mainly on vocational education, mathematics was not

particularly emphasized in it, but it facilitated learning basic mathematics by providing
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individual tutoring and counseling for students with learning difficulties or with poor learning

skills.

The Adults’ Basic Studies program offers a possibility for 18-59 year-old adults to take

compulsory basic school courses free of charge. In addition, every adult can take singular

courses in basic studies. This “second chance” is suited to aging people who lack the basic

school degree or some parts of it, to immigrants who need basic courses, to drop outs, and to

some young people who are willing to improve their grades for getting into upper secondary

school. These studies offer the option to learn basic mathematics systematically, starting from

the elementary courses and continuing to upper level. The studies are arranged in Adult High

Schools or in some of the folk high schools. In 2008, there were 952 participants in adults’ basic

studies programs. The participating adults, both in the NOSTE and Adults’ Basic Studies

program, are also encouraged to continue their studies from the basics to upper secondary

school courses.

“Learn to Learn” (2006-2010) is the largest of the recently started projects of special

education for adults. There are many older people in Finland who suffer learning difficulties

and, because these kinds of problems were not recognized at the time, had no special education

during their basic school years. The project called “Learn to Learn” is organized by the

Rehabilitation Foundation, which is a non-profit organization supporting social welfare in

Finland. The foundation works together with other Non-Governmental Organizations, various

adult education centers and also with the Finnish Trade Union. This project offers adults

information, guided peer-group studying, workshops and individual neuropsychological

rehabilitations (Kuntoutussäätiö, 2008). It is aimed at creating new opportunities especially for

those adults who had learning difficulties during their primary school years and also for those

older adults who did not participate in any kind of education after their primary education but

later start to improve their basic skills. This kind of a support helps Finnish adults overcome the

learning obstacles encountered from poor basic skills, learning disabilities, or previous highly

negative school experiences.

Methodology for Empirical Findings

We will provide insights into Finnish adults’ experiences of, and personal empowerment by,

studying basic mathematics and numeracy. A case study strategy was applied in two different

educational contexts. The first case relates to a folk high school located in the northern Finnish

countryside. In addition to traditional folk high school courses, it offers formal basic school

education in the form of Adult High School and Senior High School. Prisoners represent

another group of Finnish adults with poor basic mathematics and numeracy skills. The

education offered in prisons is part of the general Finnish adult education system. It is governed

by the general Finnish policy on adult education and the same objectives, decisions and

developmental schemes determine the objectives and organization of the studies in prisons. The

second case study focuses on a large prison in the Finnish capital area that collaborates with an

adult high school by providing basic education for prisoners. Both case study contexts offer

basic and upper secondary school mathematics courses for adults with a curriculum adjusted

especially for adults (Ministry of Education, 2006).

For gathering data from adults’ experiences, we first visited the folk high school,

observed a mathematics class for adults, and interviewed a few voluntary students and their

mathematics teacher. The first data set is based on interviews with three ladies: Riitta, Aili, and

Aune (age ranging between 50 and 65 years), and their teacher Jaana (names are pseudonames).

All ladies had their basic education before the large educational reform in Finland in the 1970’s.
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Riitta and Aili wished to complete their old civic school by studying current basic school topics

and courses. Aune had already finished her studies at the time of our interview. She is an

example of an adult student who systematically aimed at a matriculation examination, which

she also passed in 2006. Because she had attended the comprehensive school over 40 years ago,

she first brushed up her skills by taking singular courses in secondary mathematics before

studying high school mathematics. Our second case study of personal empowerment by

improvement of basic mathematical skills consists of data from an interview with a male

prisoner, his mathematics teacher, and the student advisor of the prison. The adult student, a 30

year-old male called here Pekka, represents a mathematics student in a very special environment

attached to life in a prison. At the time of the interviews he had been in prison for five years and

had few more to serve.

In conducting the interviews, we applied unstructured form of interviews that focused

on particular themes and personal experiences of studying mathematics in the educational

contexts. This kind of interview provides opportunities for participants to formulate their own

answers and also to reflect their thoughts (Hirsjärvi & Hurme, 2008). The approach in the

conducted interviews, especially with adult students in the folk high school, was conversational.

Riitta and Aili were interviewed together at their school. Aune told about her learning

experiences at her home, whereas the teacher of these students answered questions in a written

form by using regular mail. Due to the restricted access to prisoners under the prison regime, the

prisoner Pekka was first asked to write down his answers to an open-ended questionnaire. Later,

we were given the possibility to have a face-to-face discussion with him. His mathematics

teacher and the prison’s student counselor were interviewed in their offices at the prison.

Findings from Finnish Adults’ Empowerment by Learning Basic Mathematics

Studying Mathematics in a Folk High School

The group of adults attending Adults’ Basic Studies in our first case study started two years ago

with only four students in the group, whose ages varied between 21 and 54 years. Some of the

students attended the basic school classes due to their lack of education, but some studied only

due to their intrinsic interest in studying; yet others planned to take later high school courses.

We interviewed older adult students, Riitta, Aili, and Aune, who took courses in secondary

mathematics, and also their mathematics teacher.

Mathematics was the favorite subject for Riitta and Aili. They found it interesting and

studying mathematics gave them experiences of success: “…can think and use brains.” The joy

of understanding from their own effort rewarded the work. After studying mathematics in the

program, Aune enjoyed doing homework with her grandchildren. For these women, learning

mathematics was a personal joy, full of challenges and feelings of success. Aune also thought

about continuing her mathematics studies, because “Such a subject as mathematic, there is

something in it…” Nevertheless, mathematics was not at all easy for these students, and

sometimes they had to work very hard. However, Riitta and Aili expressed one of adult

students’ strengths, that is, persistence: “I don’t give up, I try and try, and then I am happy when

I can solve the problem.” Aune found mathematics positively challenging so that she felt

encouraged after positive experiences in studying mathematics.

When I travelled in the train I immediately opened the book and began to do
exercises; as well, I studied every evening. I worked hard. I had ahaa-experiences
and the feelings: ‘that can’t be true, I got it’!
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These women were aware of the challenges that the teacher faced while teaching older adults

mathematics. These included things such as a need to work in a small group, strong support

needed from the teacher and preparation of special material suitable for these students. “In a

bigger group I was too shy to ask a question if I didn’t understand. I didn’t want to look stupid.“

Due to her life situation, Aune had an opportunity to get almost private instruction from the

teacher. She found this a marvelous opportunity and very helpful for her learning.

She worked very hard for me; she explained and advised me. She demanded me to
do the exercises and told me that they help me to understand them. And I learnt. I
was terribly enthusiastic.

However, after continuing her mathematics studies in high shcool, Aune experienced difficulties

due to lack of help from the teacher. She had to learn more on her own and she longed for an

opportunity to get individual guidance. “The groups with 15–20 students are too big for adults

with different backgrounds and knowledge.” But, the teacher’s devotion during the classes of

basic mathematics increased these adult students’ encouragement to get deeper into the

problems, and they found this highly important, especially in studying mathematics in which “it

is important to learn well the basics.” Even though these women did not have any particular

fears or negative attitudes towards mathematics, their teacher told that the adults often had

either strong negative or positive views of mathematics or about themselves as mathematics

learners. Their personal relation to mathematics was rarely neutral. She had taught mathematics

for two Adult Basic Studies groups and both had needed a lot of encouragement in the

beginning. Some of the students had experienced mathematics as a boring subject during their

earlier school years but now as adults they found it interesting. Other adults considered

themselves as good learners and they had previous good experiences with mathematics.

Adult mathematics students in this folk high school tended to emphasize skills in

computations without paper and pencil, but they rarely said that they were good at making

conclusions or solving problems on paper. The importance of numeracy skills and the ability to

use mathematics in everyday situations was also evident among these adults. Aune trusted in her

ability to do mental calculations, which had been important when she was in business. Riitta and

Aili considered that their ability to do mathematics was based on the strong practice in basic

calculation and, because of that, they felt that they had strong routines in numeracy.

I and Riitta do well with the basics. In that time (in the old civic school before
1970’s) numeracy was taught us better than for the current children. We can count
all the percentages and fractions better than these school students; we had to learn
the multiplication tables by rote.

These statements point to the issue that younger Finnish adults may not have as strong

numeracy skills as older adults. One the other hand, for Riitta, Aili and Aune, life experiences

increased their ability to better see the bigger pictures, and to also understand more abstract

mathematics, that they did not study during their school years. Their current mathematics

teacher agreed on their views: adults’ life experiences give a lot of material and possible links

between mathematics and the everyday life. However, those adults who had a long professional

career but not much education faced difficulties when they needed to make computation with

paper and pencil. These adults were used to doing mental calculations and perceived it helpful

in their current mathematics studies.
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Studying Mathematics in a Prison

Our second case study deals with basic mathematics studies in a prison. Although the secondary

school curricula are very much the same for prisoners as for other adult students, there are

aspects that create a very different context for the adult learners in a prison. A prisoner is under

an obligation to work unless she/he is exempted because of studies, illness or other allowed

reason. According to the current Finnish legislation, captivity consists of labor and vocational

education or voluntary studies. Those prisoners who study can be fully or partly exempted from

labour if “the studies are considered useful for prisoners in liberty” (Law: RTA 3:8 §, 1 mom.).

As prison labor is often considered by prisoners to be unpleasant, studies of various subjects

may help them ease their frustration (Byrne, McElligott, & O’Hara, 2008; Frezzotti, Lastaria, &

Mortola, 2000). Prisoners may be given a permission to undertake either part-time or full-time

studies and studying is one of the few prisoners’ privileges. Students in Finnish prisons receive

a small amount of money for general purposes, less than what is paid for prison labor. They also

receive some money for the education materials needed or the prison provides the materials.

Many of the Finnish prisons co-operate with other educational institutions and their

teachers usually also work in regular adult schools. There is also a rule (Enactment for

Correctional Treatment, 431/75, p. 45) requiring prisoners receive as much support and

guidance in their studies as possible and their achievements should also be overseen. This

implies that various kinds of advice and supervision are offered in Finnish prisons. The results

of a study of Finnish prison students by Autio and Hautamäki (1991) indicated that most of

them had a kind of a neutral or anxious attitude towards studying in a prison. The study also

showed that 71% of the prisoners lacked full basic education, 73% lacked vocational education,

and 25% were unemployed before coming into the prison. At that time 56.7% of the students

took courses in basic education, 36.7% took upper secondary school courses, and 6.7% took

both. In most cases the instruction was offered in one place and one room, and there were few

chances to apply the subjects studied.

In the studied Adults’ School, the curriculum and lower secondary school courses in

mathematics for prisoners were very similar to the regular curriculum for other adults, except

only six mathematics courses were compulsory for the degree in basic (lower secondary school)

mathematics. Similarly as in other adults’ secondary schools, all the mathematics textbooks

used were the same as for other secondary school students, and the mathematics courses were

assessed by a final examination.

Pekka’s empowerment by studying mathematics differed from the women’s process

described above. This was partly due to the special context of being a prisoner but also to his

already good skills in basic mathematics. He had been good at mathematics and wanted to learn

more, but also considered studying mathematics as an important way to stay well by keeping his

mind occupied. He was highly motivated to study mathematics but also disappointed that he

could take only the shorter upper secondary mathematics program, as advanced mathematics

syllabus and courses were not offered for prisoners.

When you are in prison you have a lot of time to spend doing nothing and thinking.
You just waste time and often you end up being crazy. I like to put my head into
something, and since I have been given the opportunity to study, I do my best.

By studying mathematics Pekka avoided falling into the degradation of self-esteem or

depression. He also had future plans for using mathematics. He planned to apply to the Open

University to study physics or economics, and therefore mathematics was meaningful and

valuable for him. While studying mathematics in the prison, Pekka considered himself to be
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lucky because he only had a few problems where he needed the teacher’s help. This encouraged

him in his study of mathematics. However, there were also some problems that he faced while

studying mathematics. The first was that the instruction was addressed to all studying prisoners,

regardless of their level of mathematical knowledge and the skills of the students varied a lot.

The qualification needed for the courses were rather low and Pekka told us about how even the

least advanced students passed the tests. Another issue related to the quality of the applied

instructional material. He could not get mathematics problems that would have challenged him

enough to spend more time in solving and thinking out the problems. Pekka would have liked

“extra material to consult” in mathematics. The library of the prison, which was the only one he

had access to, did not have any further materials on mathematics. Moreover, he considered that

the textbooks were not adequate for the kind of adults who had not studied for years.

A wider perspective to studying basic mathematics in the prison was gained by

interviewing Pekka’s mathematics teacher and also the student counselor. This teacher had 15

years experience as an instructor but she indicated that her own university education was of no

use in adult instruction and everything that she had learned was by own experience. During all

the years as a teacher for prisoner students, she had found that one of the main problems was the

poor reading and writing skills of the prisoners. This interfered with the mathematics classes.

Another challenge was that she could not give any homework since it was most likely that the

prisoners would not complete them. She agreed with Pekka on the lack of materials and the

need for more adequate mathematics books for adults. The only extra materials they had

available was a pack for learning fractions and probability, and sometimes she used the Excel

statistical program to create diagrams and graphs in her teaching.

The interviewed student counselor of the prison had 10 years experience as a social

worker and 5 years experience as a student counselor. Part of her role was to interview the

prisoners who were interested in attending classes and to learn of their educational backgrounds.

According to her experience, most of the prisoners had been problematic young people during

their basic education. She offered some figures on the current state of education in Finnish

prisons. According to her, about five to ten percentages of the inmates lacked basic education.

Almost half of them were gypsies.1 Although the official education applies to all citizens, the

educational level especially among aging Romany people is under the average in the population.

Only recently, the active cultural work and efforts against discrimination by Romany

organizations and public authorities have enhanced their participation in basic schooling

(Ministry of Social Affairs and Health, 2004). Sometimes the prison had prisoners who could

not read. Generally, “there was nothing to offer for them” but occasionally some private lessons

were arranged for this kind of prisoner students. The educational system seemed to have a gap

in this sense. However, even though prisoner students often had difficulties in reading and

writing, they tended to manage when they studied mathematics. According to the counselor,

only 20% of the students who received education in prison finished their studies and graduated

from the basic school. The reasons for quitting their studies related mainly to the movement of

prisoners from one prison to another, or to their withdrawal from the classes due to being caught

doing something not allowed, such as using drugs or other improper conduct.

Discussion

1
The traditional linguistic and cultural minorities in Finland are the Roma, estimated 10 000 or 0,1 % of the whole

population, and the Sámi with estimated 9 000 representatives (Ministry of Social Affairs and Health 2004;
Samediggi, 2008).
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The Finnish adult education system offers quite good opportunities for adults to complete their

basic education and be personally empowered by studying basic mathematical skills even well

after their regular school years. The large number of various adults’ high schools, the co-

operation between different institutions of liberal adult education, and also the large amount of

public funding make the basic studies accessible for adults all over the country. In addition to

basic studies, adults’ have many opportunities to continue their studies at the upper secondary

level in adults’ high schools and further at university level in summer universities and open

universities. This means that the nation-wide education system in Finland has a strong tradition

and also governmental support for adults’ studies at all different schooling levels. Finnish adults

throughout the country have very good chances to take both basic and upper level courses in

mathematics. The question of whether or not to improve one’s own basic skills is more related

to the adults’ own needs, motivation, previous schooling experiences, and their forms of living

in the culture and society.

Some critical views of adults’ mathematic studies have emerged from our studies. For

instance, both the syllabi and material in teaching adults mathematics rely too much on the

content and forms of formal comprehensive school mathematics courses. This implies that even

though liberal adult education is well grounded in Finnish adult education system, the

opportunities for non-formal studies of basic mathematics or, for example, ethno-mathematics

are very restricted. These difficulties and perspectives appear also in other countries (e.g.,

FitzSimons, 2008; Menendez & Civil, 2008). There is a strong tradition of formal mathematics

education and it may provide a strong basis for post-secondary studies, but it may not be useful

for adults with a lot life experience and different needs for studying mathematics. On the other

hand, various kinds of non-formal education settings, more appropriate for adult learners, are

not usually supported and e.g., the lack of materials diminishes adults’ interests in and

possibilities for acknowledging and strengthening their mathematical skills. Older adults’ life

experiences create a basis different from those of youngsters. They long for understanding

mathematics against their previous studies and personal experiences and skills.

Our examples of adults’ possibilities for and experiences of personal empowerment by

studying basic mathematics raised some other questions regarding adults’ basic education in

Finland. One is related to the contradiction between practical numeracy and abstract

mathematics. The latter is currently emphasized in formal comprehensive schools. On the other

hand, older adults who take basic mathematics courses in adults’ programs and schools are not

familiar with the abstract mathematics or problem solving taught in regular schools for children.

These adults studied content prioritizing basic computation during their earlier schooling years.

In contrast, younger adults who study in vocational schools may have problems in basic

calculations and numeracy. This means that older and younger adults bring different skills and

needs to mathematics learning. Adult education programs will have challenges in facing these

varying needs. In addition, the continuously increasing number of adult immigrants in Finnish

adult schools represent a different kind of adult population that often lack of basic skills, both in

literacy and numeracy.

Adult education in general, and studying mathematics in particular, may be highly

empowering for adult students. In our case studies of Finnish adult students, and of their

experiences of studying mathematics, the students did not stress any issues of social or political

empowerment. Instead, they referred to powerful positive experiences such as enjoyment, joy

and personal challenge even though they didn’t see the mathematics they learned very useful for

their everyday life. Studying mathematics enhanced their personal empowerment by increasing

knowledge and understanding of mathematics but also by strengthening their identity as

learners. Empowerment was enhanced by an encouraging and supportive learning environment.



ALM International Journal, Volume 5(1), pp. 6 - 22

Volume 5(1) – June 2010 19

According to Keskitalo-Foley (2000), things such as positive teacher-student –relation, sharing

of experience, and support of the student group create an empowering environment, especially

for adult female students. Similar important features of learning mathematics were also

expressed by the interviewees in our case studies. Even though Pekka as a prisoner had a

learning context quite different from that of the studied women, personal success experiences

importantly encouraged also him, also, to continue his study of mathematics in the prison.

Unlike with these women, his empowerment was enhanced by the chance to do formal studies

while being jailed and by the positive effects of studying mathematics for mental wellbeing and

for his future plans. This reflected also his efforts to be socially empowered by studying

mathematics for the future life after his release from the prison.

Social and political empowerment by learning basic skills is also apparent for

immigrated adults in Finland. By studying literacy and basic mathematics they will gain

cognitive skills, confidence, and also establish an identity as members of Finnish society. The

provided adult education thence empowers them personally in the way that is essential for their

citizenship in Finland and for their living in, and acting on, Finnish society. Our case studies

revealed that there are enthusiastic adult students and teachers who have found opportunities to

study mathematics inside the adult education system. This is highly pleasing since both the

research and development of adults’ mathematics learning have clearly been neglected in the

current discussion on adult education in Finland. This article presents possibilities and

challenges for adults who study basic mathematics, but it also offers perspectives to future

research on adults’ learning of mathematics. Firstly, more comprehensive knowledge is needed

from Finnish adults’ state of arts and difficulties in basic mathematics. This includes knowledge

of the nature of poorly educated adults’ specific educational needs and learning difficulties, but

also knowledge of the variation of these between different adult groups. Secondly, Finland has a

rather comprehensive educational system, but we will need more teachers who are specialized in

adult education, who have adequate knowledge of adults’ basic skills, their specific needs for

learning mathematics, and their ways to learn mathematics.
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Abstract

College students’ misconceptions about probability are common and widespread. These

misconceptions impede students' ability to make sound judgments in situations of uncertainty

and master fundamental concepts of inferential statistics. In this paper the authors report the

results of a study undertaken with the objective of correcting three common stochastic

misconceptions within the framework of an introductory statistics course. Six instructors were

recruited from an urban community college, along with their students. These instructors

implemented a number of activities designed by one of the investigators and aimed at correcting

the representativeness bias, the equiprobability misconception, and the outcome orientation bias.

The purpose of the activities was to trigger cognitive conflict thereby leading students to bring

out and correct their incomplete or erroneous concepts. Three of the instructors attended a

workshop on misconceptions before implementing the activities; the other three implemented

the activities without going through training. Instructors in the third (control) group did not

implement any of the proposed activities and were not trained. An instrument designed by one

of the investigators was used to measure the extent of students’ misconceptions at the end of the

semester in both treatment groups and the control group. The results show that trained

instructors achieved significantly better outcomes than the control group in correcting two of the

misconceptions: the representativeness bias and outcome orientation. By contrast, instructors

who implemented the activities without being trained did not post better results than the control

group in resolving any of the misconceptions. The results suggest that it is possible to improve

students’ conceptual understanding of probability and correct their misconceptions by targeting

the misconceptions directly in an introductory college statistics course. They also suggest that

training on misconceptions is critical in ensuring instructors’ ability to successfully address

students’ erroneous concepts about probability.

Introduction

A substantial body of research demonstrates that students often hold non-standard concepts in

mathematics and science (Garfield, 2001; Morton, 2008; Ozdemir & Clark, 2007; Vosniadu,

2004; Khazanov, 2008). These non-standard concepts are referred to in the literature by

different terms: naive concepts, preconceptions, misperceptions, and misconceptions. The most

common, and broadly accepted, term used in the literature is misconception, which is defined as
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“a student conception that produces a systematic pattern of errors” (Smith, diSessa, &

Roschelle, 1993, p. 10). It is a well established fact that a large proportion of college students

have misconceptions about probability (Antoine, 2000; Das, 2008; Giuliano, 2006; Hirsch &

O’Donnell, 2001; Konold, 1989; delMas & Bart, 1989). These non-standard concepts could

have developed as a result of informal encounters students have with uncertain events at home,

at the workplace, or while playing games of chance. Some of them might have developed

misconceptions at school while learning probability, statistics or other subjects. There are scores

of misconceptions about probability described in the literature. The most common include the

equiprobability bias, conjunction fallacy, outcome orientation, representativeness, availability

bias, and various misconceptions of conditional probability (Shaughnessy,1992; Jones, Langrall,

& Mooney, 2007).

There is also strong research evidence that misconceptions about probability do not

disappear as a result of traditional instruction in probability comprised, for the most part, of

formal definitions, rules, and procedures (delMas & Bart, 1989; Khazanov, 2005, 2008; Konold,

1995, Shaughnessy, 1977, 1981). Misconceptions can “peacefully coexist” with correct

concepts and interfere with students’ ability to apply these concepts consistently and with

confidence (Khazanov & Gourgey, 2009; Ozdemir & Clark, 2007). Garfield (2001, 2007) points

out that, although students may learn probability rules and procedures and may actually

calculate correct answers on mathematical tests, these same students frequently misunderstand

basic ideas and concepts and often ignore the rules when making their own judgment about

uncertain events. Most researchers agree that instructional interventions designed specifically to

eliminate students’ misconceptions of probability are necessary if any tangible and stable

improvements in students’ concepts were to be expected (Khazanov & Gourgey, 2009;

Khazanov, 2008; Konold, 1995; Hirsch & O’Donnell, 2001, Shaughnessy, 1981, 1992).

Need for study

Correcting students’ misconceptions about probability has been broadly acknowledged as an

important instructional goal for stochastic instruction. Shaughnessy, an influential scholar in the

field of probability and statistics education, declared that one of the main goals of stochastic

instruction should be to provide students with evidence of “how misconceptions of probability

can lead to erroneous decisions” (Shaughnessy 1992, p. 482).

Khazanov & Gourgey (2009) surveyed statistics teachers and found that the majority of

their respondents agreed that students’ erroneous concepts and beliefs about probability need to

be addressed in an introductory college statistics course. In another study, Khazanov (2005)

found that the number of misconceptions held by students was significantly associated with, and

predictive of, their achievement in an introductory statistics course.

Shaughnessy (2007) quoted examples from a number of studies in which misconceptions

students have about probability impede the development of correct understandings of some

important statistical concepts.

Teaching probability for conceptual understanding implies a major shift in emphasis

from simply providing formulas, rules, and procedures for calculations to addressing students’

erroneous intuitions and preconceptions (Garfield, 1995; Konold, 1995; Sharma, 2006;

Khazanov & Gourgey, 2009). Khazanov (2005) pointed out that while misconceptions about

probability have been extensively studied at different levels and for different age groups (see,

for example, Fiscbein & Schnarch, 1997; Antoine, 2000) only a few studies reported attempts to

correct misconceptions about probability in college instruction, and even fewer in introductory

college statistics courses. The present study was designed to address the above deficiency.
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Purpose of study

The main purpose of this study was to determine whether targeting three common

misconceptions about probability – the equiprobability bias, representativeness, and outcome

orientation–directly and systematically, by employing activities designed by the investigators in

a college statistics course, would be instrumental in resolving the misconceptions.

The equiprobability bias involves attributing the same probability in a random

experiment to different events regardless of their actual chances (Jones, Langrall, & Mooney,

2007; Lecoutre, 1992; Lecoutre & Rezrazi, 1998). Outcome orientation is characterized by

treating the probability of an occurrence or non-occurrence of an event as an affirmation of

certainty rather than a measure of likelihood (Jones, 2005; Konold, 1989, 1995).

Representativeness bias implies estimating the likelihood of an event based on how well an

outcome represents some aspect of the parent population (Hirsch & O’Donnell, 2001;

Kahneman, Slovic, & Tversky, 1982; Shaughnessy, 1992). Another important purpose was to

determine whether training instructors on misconceptions prior to implementing the activities

would have an impact on student outcomes.

Review of the literature on the teaching and learning of probability

A number of investigators used computer modeling to teach about probability and address

students’ misconceptions. Krishnamachari (1988) explored how the use of computer simulations

facilitated students’ comprehension of basic concepts of probability. She used workbooks with

problems based on computer simulations. The assessment showed that students understood the

concepts of probability explored in the study. Konold (1989) used a computer modeling

intervention in an attempt to influence students’ misconceptions. The results were mixed; some

students changed their interpretation while others persisted in their erroneous concepts. Garfield

and delMas (1989) who used a computer program Coin Toss also obtained mixed results. While

some students changed their ideas about variability after using their tutorial, others persisted in

their misconceptions about sample size and variation. According to Snee (1993), computer

simulations may not be helpful in changing misconceptions about probability in some students.

Nevertheless, other researchers found that teaching with computers can facilitate conceptual

understanding of probability by allowing students to explore and represent stochastic models,

manipulate the parameters, vary assumptions, and analyze data (Jones et al, 2007).

Keeler and Steinhorst (2001) used an approach in which numerical information was

presented in the form of frequencies rather than fractions, decimals or percent. They drew on

research by Cosmides and Tooby (1996) who found that students have an affinity for counting

things. Keeler and Steinhorst emphasize the use of frequencies within the constructivist

framework to develop students’ understanding of concepts such as independence and

randomness. They also used simple probability density functions to allow students to focus on

learning about probabilities associated with continuous random variables without getting

bogged down in the mechanics of standard normal tables and z-scores. Keeler and Seinhorst did

not report about any studies that measured the effectiveness of the above approach; they

encouraged other researchers to investigate how students’ thinking about probability changes as

a result of this approach.

DelMas and Bart (1989) employed an instructional activity that required one group of

students to evaluate predictions based on their intuitive understanding while the other group was

not required to perform this evaluation. They found that the group required to evaluate

predictions did significantly better on a mastery test than the other group. Garfield and Chance
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(1999) demonstrated significant changes in student performance on items designed to assess

their understanding of how sample size is related to the shape and variability of the sampling

distribution. The activity asked students to select among a set of graphic displays the one that

most likely represented a sampling distribution from a population, given a specified sample size.

After making a prediction students used computer software to simulate the sampling distribution

and compare the results to their predictions. While a significant number of students were found

to overcome their misconceptions, subsequent studies revealed that for some of them the gains

were short lived (delMas, Garfield, & Chance, 2002).

Hirsh & O’Donnell (2001) used the instrument they developed for identifying the

representativeness bias to determine the effectiveness of a number of approaches aimed at

correcting this misconception. In the instructional intervention they carried out, three methods

of triggering and resolving cognitive conflict were employed: direct instruction, individual

activities, and small group activities. The effectiveness of the three treatment models was

compared to a control group that received instruction not specifically designed to trigger

cognitive conflict. Although the researchers documented slightly better outcomes in sections

were the cognitive conflict approach was utilized, the improvement did not reach the level of

statistical significance.

Fast (2001) successfully used analogies and anchors to facilitate conceptual reconstruction of

common misconceptions about probability in high school students. He found that his method

led to stable outcomes. Students tested half a year after the treatment still retained the correct

concepts and a significant proportion of them did not show evidence of misconceptions.

Lecoutre investigated the various opportunities for resolving the equiprobability bias. This bias

involves attributing the same probability to different events in a random experiment regardless

of the chances in favor or against them. According to Lecoutre:

There exists an intra-subject vicariance of different cognitive models in various
structurally isomorphic situations. (Lecoutre, 1992, p. 7)

The specific activation of a particular model was found to be linked to the “surface features” of

the situation; the chance context of a purely random situation evokes in most subjects an

implicit model which is not adequate: random events are thought to be “equiprobable by

nature.” Lecoutre succeeded in activating an appropriate combinatorial model by masking the

random aspect of the situation in spite of the fact that the chance model is highly resistant to

change. Nevertheless such activation was found to be superficial. The transfer of an appropriate

model to an isomorphic random situation was less frequent than had been expected. Lecoutre

surmised that the little transfer occurred because the subjects were unable to construct an

abstract representation of the situation. In a follow-up study (Lecoutre & Rezrazi, 1998) it was

found that in situations when subject succeed in constructing an adequate abstract representation

for themselves (with situations of cognitive conflict, learning situations with feedback,

anchoring, etc.) the result of such cognitive activity was, not infrequently, the abandonment of

an inappropriate “chance model” and a more stable transfer to isomorphic situations.

Khazanov (2005) developed instructional materials aimed at addressing three

misconceptions: representativeness, outcome orientation, and the equiprobability bias. He also

developed a test instrument aimed at identifying the above misconceptions. In his 2005 study,

Khazanov trained some instructors and then had them use the instructional materials in a

statistics classroom at their own discretion. Instructors could also use their own materials in

addition to those suggested by Khazanov. The results were inconclusive. While some instructors

managed to achieve a significant reduction in certain misconceptions, the majority did not report

any major changes. It was not clear whether these outcomes could be attributed to the tenacity
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of misconceptions, instructor inability to use the materials properly, or simply to the insufficient

number of activities used to address the misconceptions. The Khazanov 2005 study was broad

in scope and exploratory in nature. The study recommended that a more structured approach be

utilized to determine whether the instructional materials used in the study were helpful in

correcting some common misconceptions about probability. The present study was designed to

implement the approach recommended by Khazanov.

Method

The experimental phase of the study was conducted at an urban community college with a

diverse student population situated in a large metropolitan area in the Eastern United States.

One of the principal missions of that college is to provide access to higher education for non-

traditional adult learners who seek professional and economic advancement and personal

fulfillment. According to the college’s office of institutional research, the median age of

students is 22 years old.

The introductory college statistics course offered in this college satisfies the

mathematics requirements for students majoring in such diverse fields as Accounting, Business,

Liberal Arts, and Mental Health. The prerequisite for this course is basic algebra. A custom

edition of a popular textbook was used that included all the topics represented in the syllabus.

The topics in this course are measures of central tendency, measures of dispersion, graphs, the

binomial and normal distributions, sampling distributions of statistics, t-test, chi-square,

correlation and regression.

In particular, the probability segment of the course includes fundamentals of

probability, addition and multiplication rules, and conditional probability.

Six instructors teaching in aggregate 9 sections of the course were recruited in the spring

semester of 2007, along with their students. Three of these instructors were randomly selected

to attend the workshop on misconceptions that was designed and conducted by Leonid

Khazanov. The other three instructors did not partake in training. All participating instructors

were provided with the instructional materials and a list of common misconceptions with

explanations and examples. All instructors had advanced degrees (doctoral or masters) in

statistics, mathematics, or mathematics education obtained from accredited institutions. It must

be noted, that the control group used in this study was drawn from sections of Introduction to

Statistics offered at the college in 2005. This control group was used in the Khazanov 2005

study. Although the control group was not drawn from the same population as the treatment

group, it is a valid comparison group for the following reasons:

 Both treatment and control sections were drawn from the same statistics course

“Introduction to Statistics” offered at the same urban community college

 In both cohorts students taking the course majored in the same areas

 Prerequisite requirements for enrolling students in the course did not change from 2005 to

2007

 The same syllabus for the course was used for both cohorts

 The same textbook was adopted by the department

 The same test instrument was used to identify the misconceptions

 Four out of nine instructors from the control group were in the treatment groups in the

present study (by random selection, two of them were trained and the other two untrained);

the remaining five instructors in the control group were similar to the instructors in the

treatment group in terms of education and teaching experience
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The workshop

The workshop was designed to inform statistics teachers about common misconceptions of

probability and equip them with effective strategies for resolving the misconceptions. The

workshop was conducted by one of the investigators in June, 2006 in two 1.5 hour sessions.

Three instructors randomly selected from a list of six participating instructors attended the

workshop which covered the following topics:

 What are misconceptions of probability; overview of prevalent misconceptions

 Why is it important to address misconceptions in the first statistics course

 Methods of assessing students’ misconceptions; the PRQ

 Methods of addressing misconceptions; the Instructional Materials

 Implementation. The pitfalls and how to avoid them. Case studies

This workshop is described in detail by Khazanov (2008). The workshop was attended by all

three of the selected participants. They were actively involved in the training and shared with

one another their experiences in dealing with students’ naïve intuitions and erroneous concepts.

Each participant received a copy of the Instructional Materials and guidelines on how to use

them in class.

Instructional Materials

The Instructional Materials (IM) were prepared by one of the investigators (L. Khazanov). The

misconceptions addressed in IM are representativeness, equiprobability bias and outcome

orientation. The materials are comprised of hands-on activities and problems for discussions.

Some elements of the materials were designed by the investigator; others were borrowed from

published sources and modified to varying degrees (Shaughnessy, 1977; Lecoutre, 1998; Fast,

2001; Konold, 1995). The proposed intervention included two hands-on activities and seven

topics for discussions. The activities and problems were chosen so that they address all three

misconceptions.

The theoretical underpinning for the instructional intervention based on the IM is the

theory of ‘cognitive dissonance’ or ‘cognitive conflict. The theory holds that people prefer their

multiple cognitions to be consistent with one another. When their cognitions are inconsistent or

‘dissonant’ people feel uneasy and are motivated to make them consistent (Bernstein, et al.,

1994). In addition to suggested activities and questions for discussions, the instructional

materials contain guidelines for their implementation in the classroom. For each activity and

question there is an indication of the misconception(s) treated, links to important concepts in the

statistics course, suggested placement in the course, estimated time and possible organizational

formats. Below is an example of activities utilized in the instructional intervention1.

Tossing a coin
 Misconceptions treated: representativeness

 Links to important concepts: sample space, independence, binomial probabilities

 Placement in the course: introduction to probability

 Time required: approximately 20 minutes if some work is done at home

 Materials: fair coins

1
Reproduced with the permission of the author from Khazanov, 2008
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 Organizational format: instructor may choose to do his/her own demonstrations or have

students work individually or in small groups

 Procedure: this activity begins with the teacher asking students to compare the probability

of obtaining the following 3 sequences of heads and tails in tossing a coin four times:

TTTT, THHT, and THTT. Say this to your students: When you flip a coin 4 times and

record the outcomes, the following sequences may occur, among other sequences: THHT,

TTTT, and THTT. Compare the probabilities of these sequences. You may state your

position in words, for example, the probability of TTTT is less than the probability of

THTT, or the probability of TTTT is equal to the probability of THTT. Alternately, you

may estimate and compare the probabilities numerically.

 Then the experiment (tossing a coin four times) is performed a large number of times and

the results are recorded. It may be a good idea to ask the students to perform the experiment

at home. Ask each student to do it 30 times at home and record the results. Make sure your

students understand that they need to toss the coin 120 times to obtain 30 foursomes. This

way you will have at least 600 sequences. Ask a group of diligent students to compile the

data and compute the experimental probabilities for the above three sequences. The

experimental probabilities for the aforementioned sequences are calculated using the

relative frequency model. After that the students compare their predictions with the

experimental results (some might observe discrepancies). The next step involves building a

theoretical model for this experiment. Students should be asked (and if necessary helped) to

list all possible sequences of length four and compute the probability of each sequence

using the multiplication principle. Finally the theoretical probabilities are to be compared

with the calculated relative frequencies and guesses. It is likely that students who hold the

misconceptions of representativeness would predict a greater probability for THHT, than for

TTTT. Both, the result of the experiment and the theoretical model are expected to

contribute to the resolution of the misconception.

 This activity can be performed in a variety of organizational formats depending on

instructor preferences. One possible format includes a teacher demonstration followed by

students working in small groups. As was mentioned earlier, you may ask the students do

some work at home. If you prefer the small group format, I can provide suggestions as to

how students might be grouped to maximize their learning. In addition to addressing the

misconceptions of representativeness, this activity can be extended to address the

equiprobability bias; students may be guided to observe that different random events may

have different probabilities (for example, the probability of getting exactly 2 heads without

regard to order is greater than the probability of getting exactly 0 heads).

 Enrichment: have students explore various outcomes when a coin is flipped 6 times or 4

coins are tossed simultaneously (same denomination or different denominations). Students

may be given a link to the website http://shazam.econ.ubc.ca/flip/index.html

 This website allows students to instantly view the results of tossing a large number of coins.

They can make a variety of observations. For example, break down the long sequence into

foursomes and count the number of sequences HTTH and HHHH.

Test Instrument

The test instrument entitled The Probability Reasoning Questionnaire (PRQ) was developed by

one of the authors (L. Khazanov) and is discussed in detail in Khazanov (2005). The instrument

has 16 items. Each test item is comprised of two multiple-choice parts: the principal question

and justification. This approach has several advantages over the one-part items. A number of
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studies report that correct conceptual understanding is significantly overstated if no justification

for the chosen answer is required (Konold, 1995; Hirsch & O’Donnell, 2001; Rubel, 2002).

Konold (1995) described how a correct answer to a question that involved comparison of

probabilities could be obtained using an erroneous concept. On the other hand, answers to both

parts that are consistent with a particular misconception serve as strong evidence that the

misconception is indeed part of the students’ conceptualization of certain random processes and

events.

The instrument was designed to test students for three highly prevalent misconceptions:

representativeness, equiprobability and outcome orientation. To increase the utility of the

instrument, an effort was made to create distracters consistent with at least two misconceptions

on each item. The careful selection of items and creation of suitable distracters achieved this

objective. When creating distracters, priority was given to common explanations consistent with

one of the three misconceptions subject to investigation and treatment. These common

erroneous explanations were extracted from the literature (Shaughnessy, 1992; Lecoutre, 1992,

1998; Konold, 1995, Konold, et al., 1993), as well as the investigator’s own teaching

experience. Distracters that reflect some other common misconceptions and skill deficiencies

have also been used, where appropriate. About half of the items on this instrument are original.

The other half are similar to those proposed by Konold (1990), Garfeild (1998), and Hirsch and

O’Donnell (2001). However, the majority of the borrowed items were modified. The

modification normally included adding or replacing distracters, rephrasing the problem or

editing it.

The validity of the instrument was confirmed by three experts who have advanced

degrees in mathematics or statistics. The experts were asked to pass judgment on how well the

questions reflect the construct domain, and whether they are appropriate at the introductory

college level. They were also asked to identify correct responses, as well as responses consistent

with the specific misconceptions. This method known as “backward translation” is

recommended by Sundre (2003). Items about which the experts disagreed were revised until a

consensus was achieved. The experts also established the cutoff scores and estimated the time

required to complete the test. The consensus was that a student would be considered to have a

specific misconception if he/she scored two or more misconception points for that

misconception on the test. The instrument was then subject to a known-group validation

procedure, another accepted validation method recommended in the literature (Hirsch &

O’Donnell, 2001). An agreement coefficient (Berk, 1984; Subcoviak, 1988; Garfield, 1998)

was calculated for each misconception to establish the reliability of the test.

Administration of Test

The test instrument was administered in class at the end of the spring semester of 2007 in the

nine participating sections of the Introduction to Statistics course. Students were given 40

minutes to complete the test. The test was administered on different days of the week for

different sections. To maintain the integrity of the study, the instructors were directed to collect

all question sheets after the administration of the test and not to discuss it with colleagues or

students. In such a way, the independence of the outcomes was assured.
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Results

A summary of results is presented in table 1.

Table 1: Percentages of different student groups by categories of probability
misconceptions

Probability Misconceptions CGNA (263) TFA (106) UTFA (65)
Representativeness 67% (176) 54% (57) 68% (44)
Equiprobability 83% (218) 80% (85) 80% (52)
Outcome orientation 37% (97) 27% (29) 34% (22)
CGNA=Control Group of College Students (No Activities); TFA=Trained Faculty Implemented Activities;
UTFA= Untrained Faculty Implemented Activities

The first column of table 1 contains data based on a large sample of the college population who

took introduction to statistics in an earlier semester. Instructors teaching the students in this

sample did not receive any training and did not implement any targeted activities aimed at

correcting the misconceptions. The second column contains data aggregated from the five

sections whose instructors attended the workshop before implementing the activities in the

classroom. The third column includes the data from the four sections where the instructors

implemented the activities, but had not attended the workshop. The three categorical variables

in this study are specified in the header of table 1. The observed values of these variables for

each specific misconception are recorded in the respective columns. For analyzing the data, z -

test for comparing two sample proportions from the population was used. The results show that

trained instructors achieved significantly better outcomes than the control group in correcting

the representativeness bias (p-value 0.0089) and outcome orientation (p-value 0.0404). There

was no significant difference between the treatment and control groups on the equiprobability

bias (p-value 0.7299). Notably, this study did not find any significant evidence that

implementing the activities without training was instrumental in resolving any of the

misconceptions that students might have.

Figure 1 illustrates the data presented in Table 1. Each triple of bars corresponds to a

specific treatment category. The height of the bars reflects the prevalence of the misconceptions

after the intervention.

Figure 1: Misconceptions vs. Treatment Categories
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In this section we will discuss a number of points in our findings that warrant explanation. First,

why did the instructors who had been trained prior to implementing the activities overall

achieved better results than those who had not been trained? Second, why was there no

significant improvement in the resolution of the equiprobability bias in any of the treatment

groups? And third, why a large proportion of students in the treatment sections still did not have

their misconceptions corrected?

A possible explanation of better outcomes for students taught by trained instructors is

that instructors who belonged to the trained cohort gave more thought to the misconceptions and

had a better understanding of their nature and, hence, how to address them in instruction. This

might have affected how they led and summarized students' discussions and activities and

addressed students' misconceptions when confronted with them. Another possibility is that

trained instructors were more alert to misconceptions when implementing other activities in the

course; this could have reinforced the impact of the activities and affected students’ long term

outcomes. Notably, the test instrument was administered at the end of the semester. Hence, the

outcomes might have reflected the aggregate effect of teaching the course while being

“misconception vigilant” (Khazanov, 2008), rather than just the net effect of the activities from

the Instructional Materials. Although, as far as we know, none of the instructors targeted the

misconceptions directly in any other activities beyond those recommended by the investigators,

they might have kept an eye on misconceptions better than untrained instructors. We have

anecdotal evidence to corroborate this speculation. One instructor shared with us that the idea of

being “misconception vigilant” emphasized in the workshop had a deep and lasting effect on his

teaching.

Our findings did not show a significant response to the attempt to correct the

equiprobability bias. (Notably, this bias has the highest prevalence of the three considered in

this study). A possible explanation is that there were not enough activities to address this bias

which appears to be more difficult to correct than other biases. To learn their way out of the

equiprobability bias, students need, in addition to understanding chance events in general, to

develop the ability to quantify random events and compare probabilities numerically

(Khazanov, 2005). Based on our findings, it appears that in order to resolve the equiprobability

bias students would need more exposure to the unequally likely probability models. (These

models are not sufficiently represented in many popular textbooks). Additionally, students must

become proficient in the fundamentals of combinatorics.

It must be noted, that in spite of the best effort put forth by our participants to correct

their students’ misconceptions, a large proportion of students still retained some of them at the

end of the term. When we come to think about the factors that detracted from the effectiveness

of the intervention, time constraint appears to be a major factor. An introductory statistics

course is replete with topics that need to be covered. Because of the time constraint, we had to

limit the number of activities and topics for discussions included in the intervention.

Another important factor that surfaced in the course of carrying out the intervention was that

some instructors were unable to trigger cognitive conflict in all students; some students could

not see the discrepancy between their concept and the evidence presented. Triggering cognitive

conflict is a powerful approach to resolving misconceptions. Its effectiveness has been

confirmed in a large number of studies. However, it does not necessarily work for all students. It

is possible that for some students, gradual knowledge refinement and reorganization would be a

more productive approach to correcting their probability misconceptions (Roschelle, 1995).

This speculation needs to be tested in future studies. The investigators have already begun to

revise the IM to incorporate this approach.

And finally, a plausible reason why so many students still had misconceptions in spite of the

intervention is that people’s naïve concepts about probability are difficult to change. A deep
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insight into this issue is offered by Steven Pinker in his book “How Mind Works” (1999).

Pinker pointed out that human brain has undergone extensive growth about 100,000 years ago.

At that time our brain has evolved modules instrumental in the processing of important survival

information. Some probability misconceptions are perfectly consistent with the kind of

probability experiences our ancestors had and which we ourselves still experience in everyday

life. For example, the belief in Gamblers Fallacy, which is a manifestation of the

representativeness bias, may be explained by the experiences created by observations such as ‘a

sunny day is more likely to follow a series of rainy days’ or ‘it is more likely not to see a wild

animal after several of them passed by’. Change is a norm in nature, not an exception. Thus

believing in change had some survival value and is therefore deeply ingrained in human psyche.

To overcome the misconceptions, students sometimes have to go against their natural instincts,

and this proves to be difficult.

In conclusion, we would like to map out a few directions for future research in the area

of probability misconceptions. We believe that it is important to conduct a study designed with

the objective of getting a significant improvement in the resolution of the equiprobability bias,

which proved to be particularly resistant to change. Another possible direction is to conduct a

qualitative study that will include classroom observations and interviews with instructors and

students in order to further our understanding of factors that affect students’ conceptual

understanding of probability. It may also be useful to develop a test instrument to identify other

misconceptions, especially those effecting comprehension of inferential statistics.
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Abstract

Girls attend less education in mathematics than boys when the subject becomes an elective in

upper secondary schools and above. One explanation for this might be gender differences in

mathematical self-concept, which are the focus of the present study. Data from the Adult

Literacy and Life Skills Survey (ALL) were used to examine whether young adults’

mathematical self-concept is dependent on gender. The Norwegian results were compared to

findings in Canada, Italy, Switzerland, and USA. The ALL-data presented indicate that in all of

these countries, females in general are less likely than males to state that they are good with

numbers and calculations. The gender differences in mathematical self-concept were largest

within Switzerland and Norway. Hierarchical regression analyses showed that gender

influenced mathematical self-concept, even when controlled for numeracy skills. To our

knowledge, this is the first time representative cross-country samples are used to explore the

relationships between gender, country and young adult’s mathematical self-concept.

Key words: mathematical self-concept; gender; numeracy; mathematical skills; ALL;

comparative study.

Introduction

Mathematics is considered an important area of skills, which can affect the individual’s

opportunities in education, employment and everyday life. In primary and secondary education,

mathematics is a compulsory core subject in most countries (Mullis, et al., 2008). This applies

to Canada, Italy, Norway, Switzerland and the US (Le Métais, 2002, 2003; Mullis, et al., 2008),

where data for the present study were collected through Adult Literacy and Life Skills Survey

(ALL) in 2003. ALL is a cross-country survey of adults’ literacy-, numeracy- and problem
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solving skills, and were coordinated by Statistics Canada and supported by OECD (Statistics

Canada & OECD, 2005). The participating countries are hereafter referred to as the ALL-

countries.

Mathematics has been considered a masculine subject and a generally accepted view

has been that mathematics is a discipline first and foremost for boys, and that boys perform

better than girls in mathematics (Ernest, 1991; Georgiou, Stavrinides, & Kalavana, 2007; Harris,

2000; Spencer, Steele, & Quinn, 1999; Walkerdine, 1998). In Norway, boys received more

weekly lessons in arithmetic than girls for years and it was not until the curriculum reform in

1974 that all girls and boys in Norway were formally guaranteed equal teaching in mathematics

in primary and lower secondary education (Lundetræ, 2005). The socio-political constructed

differences may have influenced women’s and men’s attitudes and skills in mathematics.

Studies indicate that when mathematics becomes voluntary, gender-differences in

participation in this subject clearly appear but this tendency has in part been counteracted by

increasing gender equalities. As for Norway, after equal status between genders seriously

became a subject of public concern and a part of curricula and textbooks in the 1970s, the

gender differences in the education statistics have diminished. Thus the female students’

participation in mathematical subjects at university level has increased from 5% in 1978, to 24%

in 1989, 29% in 1995 (Hag, 1996, 1998), and reached 32% in 2005 (OECD, 2008). However, in

the ALL-countries, except for Italy, females are in minority in learning advanced mathematics

in higher education (ibid.).

Several factors may account for these gender differences and trust in own capacities for

handling mathematics may be one of them. Research has demonstrated gender differences in

career choice involving mathematics, personal beliefs and attitudes towards mathematics

(Fennema, 1996; Tatre & Fennema, 1995). Attitudes can also affect further participation when

the subject becomes voluntary: “One reason why gender differences in academic self-concept

and self-efficacy are important is that these constructs are strongly related to academic

achievement and a variety of motivational indicators” (Skaalvik & Skaalvik, 2004, p. 241).

Self-concept, broadly defined as a person’s perceptions of him- or herself (Marsh &

Shavelson, 1985), is here regarded as a learned attitude towards the individual’s own capacities

and capabilities. The individual student’s experiences with mathematics will most likely have a

central impact on the self-concept, as might the influence from significant others like his/her

parents. Also numeracy-skills, in ALL defined as “the knowledge and skills required to

effectively manage and respond to the mathematical demands of diverse situations” (Gal,

Groenestijn, Manly, Schmitt, & Tout, 2003, p. 4) may influence mathematical self-concept (and

vice versa). Because of possible cultural differences with regard to e.g. equal status, gender role

socialization and gender-stereotyping, mathematical self-concept might differ within and

between the ALL-countries.

Literature review

During the last decade, cross-country surveys of students’ achievement in mathematics have

provided information about gender differences in mathematics performance and mathematical

self-concept. In Trends in International Mathematics and Science Study (TIMSS) 2003, a

survey of pupils in the 8th grade in 50 countries, no significant gender differences in

mathematics achievement were found regarding the international average. The tasks in TIMSS

were derived from five mathematical areas and gender differences varied between these. TIMSS

displayed significant gender differences in algebra in favour of the girls and in measurement in

favour of the boys. Among the ALL-countries who participated in TIMSS, no gender

differences were found in Norway and Ontario, Canada. Marginally significant gender
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differences in favour of the boys were found in Italy (6 points, SE 2.8), USA (6 points, SE 1.9)

and Quebec, Canada (7 points, SE 3.3) on the 500-scale (Mullis, Martin, Gonzalez, &

Chrostowski, 2004).

In Programme for International Student Assessment (PISA) 2003, where mathematical

skills of 15-years olds were surveyed, significant gender-differences in favour of the boys were

found on the international average and in all the ALL countries, except for Norway. In the US

there were weakly significant gender differences (6 points on the 500 scale, SE 2.9). The

gender-differences varied between the four mathematical areas in PISA, but where gender

differences were found, they were in favour of the boys (OECD, 2004). The observed gender

differences may reflect “true” differences, although they may also mirror effects of how the test

is constructed (Kjærnsli, Lie, Olsen, Roe, & Turmoe, 2004). In PISA 2003, the largest gender

differences were in “Space and shape”. Cognitive gender differences in favour of the boys in

some spatial tasks such as mental rotation, which “involves the ability to look at a picture of an

object and visualize what it might look like when rotated in three-dimensional space”, are

confirmed by Nuttall, Casey and Pezaris (2005, p. 122).

For the adult population (16-65 years), the ALL results displayed significant gender

differences in numeracy skills in favour of males in all participating countries (Statistics Canada

& OECD, 2005). Likewise, the International Adult Literacy Survey (IALS) also demonstrated

significant gender differences in Quantitative Literacy in the same countries, except Canada

(Educational Testing Service, 2008). In a survey of adult students’ experiences with

mathematics, their performance and feelings about mathematics, Evans (2000) found gender

differences in favour of the males in school mathematics performance and practical maths

performance among mature students (aged 21+ years). Data from the Norwegian Directorate

for Education and Training (Utdanningsdirektoratet, 2006) show that in recent years, there have

been no differences in marks of Norwegian girls and boys in the 10th grade school-leaving

examination in mathematics. Lødding (2004) found a tendency for girls in the 10th grade to

obtain higher average marks in mathematics than boys. The girls (n=4744) had 3.49 in final

marks and the boys (n=4942) 3.43.

Still there are far more boys than girls continuing with the subject when it becomes

optional after one year in upper secondary education and training in Norway (Lødding, 2004).

This is also the case for pupils with good marks. Female students performed significantly worse

than male students in the Norwegian Mathematics Council’s investigation of basic skills in

mathematics for students starting mathematics-demanding studies at university level courses

(Rasch-Halvorsen & Johnsbråten, 2006). Men scored 52.8 percent, while women scored 41.3

percent. By then 63.1 percent of male students had mathematics for 3 years in upper secondary

education and training, while this was the case for only 44.7 percent of female students. The

latter can probably explain some of the gender differences in this test (ibid.). If girls were aware

that mathematics will be relevant to their lives and useful in their future careers, they would be

more likely to remain in mathematics courses (Hanna & Nyhof-Young, 1995).

Jones and Smart (1995, p. 223) suggested that “Mathematical ability has long been seen

as a yardstick for “braininess” and as such it is not seen as a socially acceptable ability to

demonstrate in the school culture.” They referred to Jones and Jones’ study (1989), where girls

tell that “clever” was seen as “square” or “boring”, and that they therefore, in contrast to the

boys, had to hide such talents in upper secondary school. Results from PISA 2003 showed that

Norwegian girls were less motivated towards learning mathematics than boys. The boys were

more interested in mathematics, more motivated towards learning through competition, and had

a higher instrumental motivation than the girls, who were more motivated towards learning

through cooperation (Kjærnsli et al., 2004). Mathematics has traditionally been a school subject

with high status and the subject that most strongly influences self-understanding (Linnanmäki,
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2002, 2004). Negative experiences with mathematics are very common and Finnish pupils are

more concerned about their achievement in mathematics than in any other school subject

(Linnanmäki, 2004). In addition, girls in 8th grade had a poorer self-concept in mathematics than

the boys, even though they achieved a little better at assessment tests than the boys

(Linnanmäki, 2002).

Self-concept can broadly be defined as a person’s perceptions of him- or herself (Marsh

& Shavelson, 1985) or “the set of cognitions and feelings that each individual has about himself

or herself” (Gall, Gall, & Borg, 2007, p. 219) and is formed through experience with and

interpretations of the environment. It is particularly influenced by evaluations by significant

others, reinforcements, and attributions for one’s behaviour (Shavelson, Hubner, & Stanton,

1976). The self-concept may be conceived as a hierarchical structure where the general beliefs

about oneself is found on the upper levels, while more detailed and task-specific beliefs are

found on lower levels (ibid.). As a lower-level belief, the individual’s mathematical self-concept

is a part of the academic self-concept and is to be understood as ”the general feeling of doing

well or poorly in mathematics” (Skaalvik & Skaalvik, 2004, p. 244).

In PISA 2003, the cross-country variation in mathematical self-concept was clearly

evident (OECD, 2004). The index used had a range from -2.5 to 2.5, an average score of 0 and

two-thirds scored between 1 and -1. The Norwegians (-.18, SE .02) reported the poorest

mathematical self-concept among the ALL-countries, while the Americans reported the best

(.25, SE .02). The gender differences in mathematical self-concept were significant in favour of

the boys within all the countries, and largest within Switzerland (.72, SE .03) and Norway (.47,

SE .04), and smallest within Italy (.14, SE .03). The average gender difference was .33 (SE .01).

Knowing that the girls and boys performed approximately equally well in mathematics in

Norway, with less than 10 percent of a standard deviation in favour of the boys, the gender

difference in mathematical self-concept in PISA was considerable (Kjærnsli et al., 2004).

Lødding (2004) suggests that Norwegian girls have an incorrect picture of their own

skills in scientific subjects. In a survey, all pupils in 10th grade in seven Norwegian counties

(n=9588) were asked whether they agreed or disagreed to the statement: “I have a good aptitude

for mathematics”. The girls had to achieve about a half mark better in the final assessment in

10th grade than the boys in order to express confidence in their mathematical skills. The

difference was less between girls and boys with the mark A than between girls and boys with

marks B to E. The girls’ belief in their own mathematical skills was therefore generally weaker

than boys with the same marks. Lødding (2004) found opposite results for verbal educational

topics. These different self-concepts may be outcomes of social and cultural attitudes as gender

stereotyping and can not be explained by gender differences in self-confidence.

In a study of gender differences in mathematical and verbal self-concept, Skaalvik and

Skaalvik (2004) found supporting results for the gender stereotype explanation of gender

differences in self-concept in a sample of students in 6th grade, 9th grade, 11th grade and adult

students, stating: “In mathematics, male students had better self-concept in all samples and

higher performance expectations in the two oldest samples.” (p. 249). This could not be

explained by grades. They also found that “Older students had better verbal than mathematical

self-concept regardless of gender” (p. 241). Gender differences in mathematical self-concept

were also found among Norwegian 16-65-years olds (Lundetræ, 2008). The Swedish GeMa-

project (Gender and Mathematics) showed that most of the pupils perceived mathematics as

gender neutral, even though some older pupils (from 11th grade) of both genders stereotyped

mathematics more as a male domain (Brandell, Nyström, & Sundquist, 2004).

Steele and Ambady (2006) performed three experiments containing “gender-priming”.

In the first study, female students saw word-flashes on the PC laptop, and were to identify

whether it appeared on the right or left side of the screen. Half the females were primed with
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female words (aunt, lipstick, etc.), and half with male words (uncle, razor, etc.). They were then

asked how pleasant they and other students would find different mathematical and arts-related

academic activities. In the other studies half the females were reminded of their gender identity

through a page-long set of questions about gender, co-ed or single-gender environment etc. The

other half got comparable gender-neutral questions about their telephone service. Steele and

Ambady found that gender stereotyping might be a result of gender priming on women’s

attitudes: “women who were subtly reminded of the category female (…) or their gender identity

(…) expressed more stereotype consistent attitudes towards the academic domains of

mathematics and arts than participants in control conditions” (p. 428). They also suggest that

“It seems possible that our culture creates a situation of repeated priming of stereotypes and

their related identities, which eventually help to define a person’s long-term attitude towards

specific domains” (p. 435). Gender stereotyping can impact mathematical self-concept, which

together with mathematics anxiety might influence thinking and performance in mathematics in

older students and adults (Evans, 2000).

The research questions motivating this study were threefold: 1a) What is the

relationship between gender and mathematical self-concept? 1b) What is the relationship

between gender and mathematical self-concept when controlled for numeracy skills? 2) To what

extent do these same patterns of relationships appear across nations? The research questions are

illuminated by analysing data of 16-24 years olds’ achievements and self-concepts in

mathematics across the ALL-countries (Canada, Italy, Norway, Switzerland and US). To our

knowledge, this paper is the first that in a systematic way uses representative cross-country

samples to explore the relationship between gender and a measure of mathematical self-concept

between and within different nations.

Methods

To study whether 16-24 years olds’ mathematical self-concept is dependent on gender, data

from the Adult Literacy and Life Skills Survey (ALL) were used. ALL is a cross-sectional

study, where the first part was carried out in 2003. It is a follow-up of IALS, and both studies

were coordinated by Statistics Canada and supported by OECD. Development of the ALL

methodology and definition of levels of difficulty are thoroughly described in the international

reports Learning a Living (Statistics Canada & OECD, 2005) and Measuring Adult Literacy and

Life Skills (Murray, Clermont, & Binkley, 2005).

Representative national samples aged 16 to 65 were assessed in the domains of Prose

and Document Literacy, Problem Solving and Numeracy, and background information was

gathered through an interview. Norway, Canada, Italy, Switzerland, USA and Bermuda

participated, and data from the five first-mentioned countries were used in this study.

Every respondent was given one of 28 task booklets with tasks ranging from easy to

difficult. Thereby, the respondents only worked with a selection of the assessment tasks, but still

within all difficulty levels. The design of the study containing use of Item Response Theory

(IRT) made it possible to range the assessment tasks according to degree of difficulty, securing

correct findings on population level, and made it possible to compare the results between the

participating countries (Murray et al., 2005).

Measurements

To examine what set of cognitions and feelings 16-24-olds have about them doing well or

poorly in mathematics, different approaches could be used. Skaalvik and Skaalvik (2004) used a

six-item scale based on a modified version of Marsh’s (1990) “Self Description questionnaire”,

with items such as I always do well in mathematics. The Cronbach’s alpha was .87, indicating
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that the responses to the six items were quite similar. PISA used a self-concept index that

summarised four items including I’m just not good at mathematics (OECD, 2004). In TIMSS, a

similar index of students’ self-confidence in learning mathematics, including the item I usually

do well in mathematics, was used (Mullis et al., 2004).

In this study, the item I’m good with numbers and calculations, with the response scale

strongly disagree, disagree, agree, strongly agree, was used to provide a picture of

mathematical self-concept. It was assumed that those who agreed with this claim also

considered themselves good with mathematics, and that this item would catch the same

cognitions and feelings about mathematics as the indexes mentioned. Four other items quite

similar to the self-concept items in PISA and TIMSS were excluded, because in the Norwegian

sample, they were answered only by respondents who had finished upper secondary school.

Hence, they were not applicable in this study. The Cronbach alpha coefficient on the five self-

concept items in ALL was .85 for the ALL-countries –including Norwegian respondents who

had finished upper secondary school. This means that the results of the analyses would be very

similar if all five items were used. Even though it would be an advantage to have more than one

item, it was considered better to do the research with one item than using five items and thereby

exclude the Norwegian sample.

Data collection

Respondents in the sample

The participating countries identified a representative sample of the civilian non-

institutionalized population aged 16 to 65. The final sample met the set requirement of no more

than five percent deviation from the target population in each of the participating countries

(Statistics Canada & OECD, 2005).

Table 1. Distribution of the respondents (16-24 years) and gender in ALL.

Norway Canada Italy Switzerland USA Total

N (16-24 years) 996 3574 1147 458 641 6816

% women 49.9 50.9 51.2 45.0 53.0 50.6

Data collection

The data were collected during 2003. The ALL assessment was administered in respondents’

homes, and started with a background questionnaire where the respondents were asked

questions judged to yield information about the respondents’ literacy and life skills. When the

background questionnaire was completed, the participants were presented with a booklet

containing six simple level 1 tasks from everyday life. If they failed, the interview was closed /

terminated, because the tasks over level 1 in all probability would be too difficult. Respondents

who passed the core tasks were given one of 28 task booklets. There were no time limits and the

respondents could use a ruler and a calculator for the numeracy tasks. On the average

approximately 2 hours were spent in each home (Statistics Canada & OECD, 2005).

Data analyses

ALL employed the same 0-500 scale as its predecessor, IALS. The statistical analyses were

based on the Item Response Theory (Murray et al., 2005), which briefly means that the pilot

study data were used to place each task on the 0 – 500 scale according to its difficulty level. The

same scale was also used to rank individuals on the test dimensions. The scale was divided into
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five levels, where level 1 was the lowest. The score denoted the point where a person had 80

percent chance of successfully completing tasks associated with the same level of difficulty. The

80 percent criterion is a fixed point, based on agreement and tradition in the field, and is

comparable to how the .05 significance level is based on agreement.

SPSS 15 for Windows was used for the analyses. Frequency distributions and crosstabs

were analyzed for I’m good with numbers and calculations. Hierarchical multiple regression

analyses were applied to assess the relative importance of gender on the self-concept when

controlling for the possible modifying effects of parents’ level of education, years of schooling

and numeracy skills, as well as the isolated effects of these variables. Finally, the analyses also

included born in the country of interview to control for possible confounding factors due to

poorer mastery of the test language (Statistics Canada & OECD, 2005).

To make use of multiple regression analysis, the dependent variable must be

continuous, while the independent variables may be continuous or dichotomous (Tabachnick &

Fidell, 2007). In this case, multiple regression analysis was applied, even though the dependent

variable was not continuous, but ordinal with the values 1-4. The sample was large (see table 1),

and the dependent variable was approximately normally distributed (skewness = .55; kurtosis =

-.21 and the variance = 0.64). We therefore presumed that the ordinal dependent variable was

nearly metric and continuous and thereby behaved as if it was interval scales. Preliminary

analyses were conducted to ensure that the assumptions of normality, linearity, multicollinearity

and homoscedasticity not were violated. Also, the ANOVA indicated that the models as a whole

were significant.

Missing values in the variables Mother’s highest schooling and Father’s highest

schooling (.8 to 7.3 percent missing) were replaced by medians within each country.

Validity and reliability

The survey was implemented according to the standards provided in “Standards and Guidelines

for the Design and Implementation of the Adult Literacy and Life Skills Survey” to ensure a

minimum survey design (Statistics Canada & OECD, 2005). The proposed sample-design from

each country was reviewed by Statistics Canada to make sure that guidelines and sample design

standards were satisfied (ibid.). Statistics Canada and ETS checked all sections in the survey to

make sure that the study was suited to draw conclusions on population level. The findings in

ALL generally coincide well with the findings in IALS, which indicate that the survey is

reliable. In Norway, the results correspond well with descriptive statistics from Statistics

Norway regarding sample characteristics on background variables. Concerning Italy, the results

diverge distinctly from other countries, and some uncertainty is therefore attached to the Italian

results until they are retested (the Italian results from IALS were not published, and thus

comparison data are lacking).

By using only one item, we cannot assume that the analyses give a complete picture of

the respondents’ mathematical self-concept. Still, the Cronbach’s alpha value of .85 for the five

items used on parts of the sample, suggest a very good internal consistency reliability for the

scale, and indicate that the item used can represent one measure of mathematical self-concept, if

not the measure.

Results

In the USA, Canada and Switzerland more than 80 percent of the population between 16 and 24

agreed or strongly agreed that they were “good with numbers and calculations” (figure 1). In

Norway and Italy, which are the countries where fewest agreed that they were “good with
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numbers and calculations”, barely 70 percent agreed or strongly agreed. It is also clear that far

more males than females found themselves “good with numbers and calculations”. The gender

differences were largest in Norway and Switzerland, where they were twice as big as in Italy.
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Figure 1. “I’m good with numbers and calculations” and gender, age group 16-24.

In Switzerland, Norway and Canada, there were far more females than males that strongly

disagreed that they were good with mathematics. In Norway, the gender differences were

significant at the .01-level within all response categories accept for “agree” (sig. at .05-level).

Also in Canada the gender differences were significant at the .01-level in all response categories

accept of “agree” (not sig.). In Italy there were only significant gender differences within the

category “strongly disagree” (.05-level). In Switzerland and USA there were significant gender

differences within the categories “strongly agree” and “disagree” (.01-level) on the statement

I’m good with numbers and calculations.

Multiple hierarchical regression analysis was applied to identify the direct and the indirect effect

of gender on mathematical self-concept (I’m good with numbers and calculations), see table 2.

The hierarchical regression analysis had the following steps: 1: gender (f=0) ; 2: born in country

of interview, mother’s highest schooling, father’s highest schooling; 3: Canada, Italy,

Switzerland, USA (reference country: Norway); 4: years of schooling; 5: numeracy skills. All

the 16-24 years olds in the current countries was included.

The numeracy scores ranged from 84.0 to 448.6 (M = 269.46, SD = 48.96) and total

years of schooling ranged from 0 to 22 (M = 12.2, SD = 3.53). Mother’s educational level was

distributed with 28 percent on comprehensive school; 40 percent on high school or vocational

training and 29 percent on college or university degree level. Father’s educational level was

distributed with 28 percent on comprehensive school; 37 percent on high school or vocational

training and 29 percent on college or university degree level. A total of 91 percent of the sample

were born in country of interview.
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Table 2. Summary of Hierarchical Regression Analysis for Variables Predicting
Mathematical Self-concept. Dependent variable: “I’m good with numbers and
calculations.” Age group 16-24. Reference country: Norway.

Step 1 Step 2 Step 3 Step 4 Step 5

B (SE) Β B (SE) β B (SE) Β B (SE) β B (SE) β

Gender .21 (.02) .13 *** .20 (.02) .13 *** .20 (.02) .13 *** .21 (.02) .13 *** .16 (.02) .11 ***

Born in co -.04 (.03) -.02 .01 (.03) .01 .02 (.03) .01 -.06 (.03) -.02

M’s edu. -.07 (.02) -.07 *** -.06 (.02) -.06 *** -.05 (.02) -.05 ** .02 (.01) .02 *

F’s edu. -.08 (.02) -.08 *** -.09 (.02) -.09 *** -.08 (.02) -.08 *** .00 (.01) .00

Canada -.39 (.03) -.25 *** -.38 (.03) -.24 *** -.44 (.03) -.27 ***

Italy -.19 (.03) -.09 ** -.17 (.03) -.08 ** -.30 (.03) -.15 ***

Switzerl. -.41 (.04) -.13 *** -.38 (.04) -.12 *** -.29 (.04) -.09 ***

USA -.35 (.04) -.13 *** -.33 (.04) -.12 *** -.43 (.04) -.16 ***

Yrs school -.02 (.00) -.08 *** -.00 (.00) -.00

Numeracy -.01 (.00) -.37 ***

Note R² = .17. ∆R² = .02 for Step 1; ∆R² = .02 for Step 2; ∆R² = .03 for Step 3; ∆R² = .01 for step 4; ∆R² = .10 for

Step 5. (N=6816) *p<.05, **p<.01, ***p<.001.

At the first step of the analysis of mathematical self-concept, gender explained only two

percent of the variance (see table 2). The direct effect of gender was β=.13, meaning that males

had some better mathematical self-concept. At next three steps, the gender effect remained the

same and eight percent of the variance was explained. At the last step, where numeracy skills

entered the model, sixteen percent of the variance was explained. The indirect effect of gender

(β=.11) was also slightly less than the direct effect (β=.13), indicating some lower numeracy

skills in females. Skills were the most decisive variable in this model. Gender meant less, but

still had a clear effect beyond what skills could explain. The analysis also shows that Canadian

and Swiss adolescents had the best mathematical self-concept, while the Norwegians had the

lowest (reference-country). When controlling for skills, the Canadian and Americans had the

relatively best mathematical self-concept.

In the following regression analyses, where the countries were analyzed one by one,

gender had a separate effect after numeracy skills entered the analyses in all the countries. Still,

gender meant far less than numeracy skills for whether one perceived oneself as good with

numbers and calculations. Being a female was not only associated with lower mathematical self-

concept, it was also associated with some lower numeracy skills in all the current countries

except Italy. The steps in the analyses are 1: gender; 2: born in country of interview, mother’s

highest schooling, father’s highest schooling; 3: years of schooling; 4: numeracy skills.

Norway

Gender (β=.20) predicted mathematical self-concept at the first step of the hierarchical

regression and explained four percent of the variance (table 3). At the next step, another four

percent of the variance was explained by born in country of interview and parents’ highest

schooling, while the gender effect remained nearly the same. Total years of schooling at the

third step, was not significant. At the last step, numeracy skills and gender were the only

significant IVs and altogether 25 percent of the variance was explained. The indirect effect of

gender was β=.14, indicating that some of the gender effect went through skills.
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Table 3. Summary of Hierarchical regression analysis for variables predicting
mathematical self-concept. Dependent variable: "I’m good with numbers and
calculations.” Age group 16-24.

*p<.05, **p<.01, ***p<.001

Canada

Gender (β=.13) explained two percent of the variance in mathematical self-concept at the first

step (table 3). The next step, born in country of interview and parents’ highest schooling

explained another two percent, while total years of schooling at the third step explained three

percent of the variance. The gender effect remained nearly the same at these steps. At the last

1
Note R² = .25. ∆R² = .04 for Step 1; ∆R² = .04 for Step 2; ∆R² = .00 for Step 3; ∆R² = .17 for step 4. (N=996).

2 Note R² = .17. ∆R² = .02 for Step 1; ∆R² = .02 for Step 2; ∆R² = .03 for Step 3; ∆R² = .11 for step 4. (N=3574).
3 Note R² = .05. ∆R² = .00 for Step 1; ∆R² = .01 for Step 2; ∆R² = .02 for Step 3; ∆R² = .02 for step 4. (N=1147).
4 Note R² = .13. ∆R² = .05 for Step 1; ∆R² = .00 for Step 2; ∆R² = .00 for Step 3; ∆R² = .08 for step 4. (N=458).
5 Note R² = .14. ∆R² = .02 for Step 1; ∆R² = .01 for Step 2; ∆R² = .01 for Step 3; ∆R² = .10 for step 4. (N=641).

N
o

rw
ay

1

Step 1 Step 2 Step 3 Step 4

B (SE) β B (SE) β B (SE) β B (SE) β

Gender .31 (.05) .20 *** .30 (.05) .19 *** .30 (.05) .19 *** .22 (.04) .14 ***

Born in c of int. .07 (.10) .02 .07 (.10) .02 -.05 (.09) -.02

M’s schooling -.11 (.04) -.10 ** -.11 (.04) -.10 ** -.04 (.03) -.04

F’s schooling -.14 (.04) -.12 *** -.14 (.04) -.12 *** -.02 (.04) -.02

Years in school -.00 (.01) -.00 .01 (.01) .05

Numeracy -.01 (.00) -.45 ***

C
an

ad
a2

Gender .19 (.03) .13 *** .19 (.03) .13 *** .21 (.02) .14 *** .15 (.02) .10 ***

Born in c of int. .01 (.04) .01 .03 (.04) .02 -.06 (.04) -.03

M’s schooling -.06 (.02) -.06 ** -.04 (.02) -.04 * .04 (.02) .04 *

F’s schooling -.08 (.02) -.08 *** -.05 (.02) -.05 ** .01 (.02) .01

Years in school -.05 (.01) -.17 *** -.00 (.01) -.01

Numeracy -.01 (.00) -.40 ***

It
al

y3

Gender .11 (.05) .07 * .11 (.05) .07 * .13 (.05) .08 ** .12 (.05) .07 *

Born in c of int. -.04 (.22) -.01 -.04 (.22) -.01 -.03 (.21) -.00

M’s schooling .03 (.05) .02 .03 (.05) .03 .05 (.05) .04

F’s schooling -.11 (.05) -.09 * -.09 (.05) -.07 -.06 (.05) -.05

Years in school -.04 (.01) -.13 *** -.03 (.01) -.08 **

Numeracy -.00 (.00) -.15 ***

S
w

it
ze

rl
an

d4

Gender .32 (.07) .22 *** .31 (.07) .21 *** .32 (.07) .22 *** .26 (.07) .18 ***

Born in c of int. .08 (.10) .03 .07 (.10) .03 -.02 (.10) -.01

M’s schooling .02 (.06) .02 .02 (.06) .02 .03 (.06) .03

F’s schooling -.03 (.06) -.03 -.03 (.06) -.02 .05 (.06) .04

Years in school -.00 (.00) -.05 -.00 (.00) -.02

Numeracy -.01 (.00) -.30 ***

U
S

A
5

Gender .22 (.06) .15 *** .22 (.06) .14 *** .23 (.06) .15 *** .15 (.06) .10 *

Born in c of int. -.07 (.10) -.03 -.05 (.10) -.02 -.07 (.09) -.03

M’s schooling -.06 (.05) -.06 -.04 (.05) -.03 .02 (.05) .02

F’s schooling -.06 (.05) -.05 -.02 (.05) -.02 .09 (.05) .08

Years in school -.04 (.01) -.12 ** .01 (.01) .03

Numeracy -.01 (.00) -.40 ***
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step, when controlling for numeracy skills, gender (β=.10) was still significant, but the indirect

effect was less than the direct effect. Altogether, the model explained seventeen percent of the

variance.

Italy

Gender (β=.07) was significant on the first step in the analysis, but did explain less than .5

percent of the variance, and hardly predicted mathematical self-concept (table 3). Born in

country of interview and parents’ highest schooling at the second step explained 1 percent of the

variance, while total years of schooling added two percent variance explained in the analysis. At

the last step, where numeracy skills entered, a total of five percent of the variance was

explained, which is not much. The indirect effect of gender was the same as the direct effect,

indicating that there were no gender differences in numeracy skills.

Switzerland

At the first step, gender (β=.22) predicted mathematical self-concept and explained five percent

of the variance (table 3). The second and the third step in the analysis (born in country of

interview; parents’ highest schooling and total years of schooling), did not add any explanation.

At the last step, where numeracy skills was added, total variance explained was thirteen percent.

The indirect effect of gender (β=.18) was less than the direct effect, due to gender differences in

numeracy skills.

USA

Gender (β=.15) predicted mathematical self-concept and explained two percent of the variance

(table 3). Born in country of interview and parents’ highest schooling added at the second step

in the analyses were not significant, while total years of schooling at the third step explained

another one percent of the variance. At the last step in the analysis, where numeracy skills was

added, the indirect effect of gender (β=.10) was less than the direct effect because some of the

gender effect went via skills. Totally fourteen percent of the variance was explained.

Discussion

The results suggest that females rate their mathematical skills lower than males in all

participating countries. This even occurred when controlled for numeracy skills, and

corresponds with Skaalvik and Skaalvik’s findings (2004), where males had better mathematical

self-concept in all samples, when controlled for grades. Gender was moderated by country,

meaning that the gender differences in mathematical self-concept varied between countries. The

gender differences in mathematical self-concept were largest within Norway and Switzerland,

where they were twice as large as in Italy. This corresponds well with the findings in PISA 2003

(OECD, 2004). Mathematical self-concept increased with increasing numeracy skills, and

indicates that the answers were based on a certain degree of self-insight.

The findings indicate that good mathematical skills give self-confidence and it is therefore a

substantial challenge to make sure that as many as possible learn enough basic skills in

mathematics to feel comfortable in common calculation situations. However before proceedings

leading in further discussions of the findings, one should be aware that the effect of gender on

mathamtical self-concept was moderate and was in some of the instances of limited practical

importance. Skills strongly affect mathematical self-concept and it explains between two and

five times as much variability in the dependent variable as does gender.

Compared to hierarchical regression analysis on gender and mathematical self-concept

performed on Norwegian 16-65 years old in ALL (Lundetræ, 2008), gender means even more to
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16-24 years olds’ mathematical self-concept, even though there are smaller gender-differences

in educational level and numeracy achievement in this group. It may look like the gender-

differences in mathematical self-concept prevail even though the gender differences in

numeracy skills in the youngest part of the population are smaller. However, it is encouraging

that gender differences in mathematical self-concept have diminished in primary and secondary

school the last years (Grønmo, Bergem, Kjærnsli, Lie, & Turmoe, 2004). It will be interesting

to see whether this will emerge in the adult population in the future.

Over the last decades, there has been an effort to reach equality between the sexes. In

the Global Gender Gap Index 2007, Norway was ranked as country number 2; Canada 18; USA

31; Switzerland 40 and Italy 84 (Hausmann, Tyson, & Zahidi, 2007). When it came to

educational attainment, Norway was number 17; Canada 26, Italy 32, USA 76 and Switzerland

92 (ibid.). In Norway, where equality seems to have come far, there are still substantial gender

differences in mathematical self-concept and it does not seem like gender stereotyping

concerning mathematics is less in Norway than in the other ALL-countries. This may explain

the fact that even though Norwegian females go to university for at least as many years as the

males, they choose university subjects containing advanced mathematics to a lesser degree

(OECD, 2008). Gender differences in interests could also provide an explanation as to why

differences in mathematics still exist (Jacobs, Davis-Kean, Bleeker, Eccles, & Malanchuk,

2005). Women choose occupations involving working with people (medical doctor, teacher,

nurse) to a greater degree, and seem in general to be less interested in occupations as engineer or

electrician (Anker, 1998). Still, we can not discount that gender stereotypes also influence

interests.

As a learned attitude, mathematical self-concept is also influenced by gender

stereotypes and significant others. Furthermore, mathematical self-concept influences

educational choices and pathways (Skaalvik & Skaalvik, 2004). To diminish the gender

differences in mathematical self-concept, and thereby gender differences in educational choices

and pathways, school should make the students aware of their own capabilities and capacities,

their attitudes towards this, and what influences it. Gender stereotypes should also be discussed

with both boys and girls to improve awareness, and to reduce its influence. For instance,

Swedish analyses of books in mathematics in compulsory school showed that through names

and pictures, books portrayed the world as if it consisted of twice as many men as women. At

the same time, the teachers were not aware of the problem (Grevholm, 1995, 2004). Sweden has

been one of the leading countries when it comes to equality between the sexes (Hausmann et al.,

2007) and there is no reason to believe that the situation has been much different in other

countries.

The fact that some women believe that they perform less well in mathematics than they

actually do might make them avoid these situations, lose training, and as a consequence of that,

obtain lower skills in the future. Mathematical self-concept should be discussed with adult

learners to make them aware that gender stereotypes affect this. Women’s self-concept can

influence their children and make it even harder to close the gender gap. Some women may

need to hear that it is “proved” that they probably perform better than they think. In the same

way, we can tell males that they are probably better at English than they think. Even though the

gender differences are smaller when we control for skills, there is still a pronounced difference

between women’s and men’s mathematical self-concept.

It is arguable whether it is possible to measure mathematical self-concept by using one

item measures, because this will increase the error of measurement. Still it is considered as

better to do the analyses with the available items, accept possible errors of measurement and get

new knowledge in this area, than not to. One item measures have been used by for instance Bay,
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Hellevik and Hellevik (2007) to examine personal faith and economic skepticism, and also by

Beckie and Hayduk (1997).

It can also be debated whether it is possible to get a true picture of the population’s

proficiencies and attitudes towards mathematics in a survey where the respondents are

interviewed and asked to solve pen and paper tasks, instead of acting in a “real life context”. We

must be aware that what a person answers about her/his cognitions and feelings in an interview

may differ from what she/he actually feels in a real situation. The ALL was anonymous with

voluntary respondents and we see no reason to believe that they did not answer to the best of

their ability. The numeracy tasks are derived from real contexts and seem quite realistic within

the limits that task booklets in a big, comparative survey can give. Also, self-reporting of

cognitions and feelings and the use of multiple choices might elicit responses corresponding to

social norms. On the other hand, it is hard to see another and more reliable way of gathering

such an amount of data. When doing cross-country comparisons of mathematical self-concept, it

is important to be aware that two persons in different countries who give the same answers can

be influenced by cultural factors, even though skills are controlled for. Still it can provide

knowledge of how these phenomena are distributed on gender in different countries.

Conclusion

It can be concluded that 16-24 years old males had some better mathematical self-concept in all

the current countries. The gender differences in mathematical self-concept were of some

practical interest in Switzerland and Norway, while the practical implications can be questioned

for the other countries. Numeracy skills was the strongest predictor with accounting between

two and five times as much variability as gender. The pattern of the gender effect corresponds

with the findings in PISA 2003 (OECD, 2004). Also when controlled for numeracy skills, there

were significant gender differences in mathematical self-concept in all the countries. The direct

effect of gender on mathematical self-concept was however larger than the indirect effect due to

gender differences in numeracy skills in all countries except from Italy. The findings in this

study offer a new contribution to the existing knowledge in the theory about mathematical self-

concept and gender.

One study (Grønmo et al., 2004) indicates that gender differences in mathematical self-

concept diminish among fourth and eighth graders, however further research is needed to tell

whether this is a stable tendency and whether it applies also to young adults. Also, more

research is needed to provide knowledge about possible ongoing changes of gender differences

in mathematical self-concept, and to identify possible elements in the educational systems that

can explain varying gender differences in mathematical self-concept across countries.
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Abstract

A lot of people risk money with bets on sport events or other events. Bookkeepers that offer

such bets earn a lot of money. We are making a proposal (more exactly: a concept for a part of a

basic mathematics course) for learning mathematics behind the screen (internet bets are very

popular). Learners should organize a “sports event” (more precisely: some kind of simulation of

such an event), find several different types of bet offices and offer odds. Other participants

(learners) get game money and bet. When the event is over and the results are fixed the learners

calculate wins and losses. So they learn how to calculate odds and why bookkeepers earn so

much money – if the bookkeepers know enough about mathematics and other things they need

to know. By considering discovery-teaching-methods students should recognize the

mathematical facts while thinking about bets and odds. Reflecting the results learners learn

something important about the real world: It is better to avoid bets!

Key words: betting, bookkeeping, gambling, real world mathematics, modelling, propability.

Starting point: Some facts about gambling, money and risks

The German word “Spiel” (= game and play) is a word that covers miscellaneous denotations. It

is possible that this word focuses on children playing as well as activities including sports

games, e.g. tennis, strategic games, e.g. chess, card games, poker or games in which fortune or

destiny as well as professional knowledge could be responsible for winning or losing money,

e.g. gambling. If you are interested in different denotations of that word you should have a look

for http://www.spielforschung.at and click ‘Publikationen’ in the menu.

Our goal in this paper is to concentrate on games where you can win or lose money,

especially when you are in a betting situation of a sports event, like betting on the winner of a

tennis match or a soccer championship. Someone could ask why it is necessary to tell students

such things in classroom. We think that this topic is a very authentic one (see Bewersdorf, 1998

or Büchter & Henn, 2004), so that students have the possibility to discuss a real-life-problem
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which could be found in their near environment (Burkhardt, 1981; Pollak, 1997; Stillman &

Galbraith, 1998). Another important point for us is that students should become critical persons

who are able to use mathematics as decision support. So talking about such a topic in education

gets an ethical aspect (D'Ambrosio, 1985, 1999; Powell & Frankenstein, 1997). When we did

some literature research for this we were very astonished how much money is spent, and in

succession earned through such betting games especially in the World Wide Web a lot of money

can be spent for such games (Weilguny, 2005)! The official website of the German Centre for

Addiction Issues (see http://www.dhs.de/web/datenfakten/gluecksspiel.php) offers interesting

information on that. There you can read that in Germany people spent 28.000.000.000 Euro for

gambling in 2007. The German government earned 4.250.000.000 Euro by taxes because of

those gamblers.

Hence, this might be a hint why a centre for addiction issues is arranged. But looking

through the law codes of that country a general law against gambling cannot be found. However

reasons to think about a general law against gambling, shall be found, particularly if we take a

look at some statistics about gambling. In Germany there are about 220.000 pathologic

gamblers! The word ‘pathologic’ is important in this term because gambling is recognised as an

illness. The World Health Organisation has defined mental and behavioural disorders (WHO,

2006). For example the category habit and impulse disorders – this category includes certain

disorders of behaviour that are not classifiable under other categories. They are characterized by

repeated acts that have no clear rational motivation, cannot be controlled, and generally harm

the patient's own interests and those of other people. The patient reports that the behaviour is

associated with impulses to action. The cause of these disorders is not understood and they are

grouped together because of broad descriptive similarities, not because they are known to share

any other important features. One of these is pathological gambling – “the disorder consists of

frequent, repeated episodes of gambling that dominate the patient's life to the detriment of

social, occupational, material, and family values and commitments.”

News about gambling or stories about the topic can be found in the daily newspapers as

well as in world literature. In the book ‘The Gambler’ (Dostojevsky, 1866) the author has

already described compulsive gaming very accurate and precisely by telling a story about the

burlesque milieu. In announcements of online-news services and even online-newspapers

reports like the following (Chapman, 2006) can be found very often (and easily): “An online

gambler has pleaded guilty to stealing more than £1m from his employer to feed an "out-of-

control" gambling habit...”

Why is gambling a theme for teaching mathematics?

As a first summary you could say that it is a very problematic situation for many adults to be

called a “pathologic gambler”, including high risks for those who gamble and their families and

the society. But why should it be discussed in a classroom while teaching mathematics?

A first background for an answer can be found in the Transformational Learning Theory

originally developed by Mezirow (1991) which is described by the author as being

“constructivist, an orientation which holds that the way learners interpret and reinterpret their

sense experience is, central to making meaning and hence learning” (Mezirow, 1994, 222). This

theory consists of two basic kinds of learning: instrumental and communicative learning. While

it is possible to focus on learning through “task-oriented problem solving and determination of

cause and effect relationships” (Taylor, 1998, 5) within instrumental learning individuals

involve their feelings, needs and desires when they are communicative learning. Perspectives

and schemes, i.e. meaning structures, are major components of the theory.
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The meaning perspectives are defined as “broad sets of predispositions resulting from

psychocultural assumptions which determine the horizons of our expectations” (Mezirow, 1994,

223) and are divided into 3 sets of – sociolinguistic, psychological and epistemic – codes.

Mezirow (1994, 223) states the meaning scheme as “the constellation of concept, belief,

judgment, and feelings which shapes a particular interpretation”. Those structures are

understood and developed through reflection. Mezirow (1994, 223) states that “reflection

involves a critique of assumptions to determine whether the belief, often acquired through

cultural assimilation in childhood, remains functional for us as adults”.

Through reflection we are able to understand ourselves and our learning better,

especially if we take care of four proposed ways of learning, which are “refining or elaborating

our meaning schemes, learning new meaning schemes, transforming meaning schemes, and

transforming meaning perspectives” (Mezirow, 1994, 224).

By taking this theory into account the simple part of the answer is that bets/odds and

quotas and wins or losses can be calculated (see Siller, Maaß, 2009). It is relatively easy to

understand this calculation with basic mathematical knowledge – the four fundamental

operations and easy stochastic needs to be used. If you want to understand the mathematical

background of the daily work of a bookkeeper better discussing this topic opens the view to

various statistical models. The difficult part of the answer is one of the general aims in

education. Maybe the most important aim is going back on Kant (1784) and called

“Enlightenment” which can be found in his essay "Answering the Question: What is

Enlightenment?”. In modern words, including a little shift of meaning, the general aim of

teaching mathematics should enable students to become critical citizens. They should be able to

use their mathematical knowledge for analyzing situations, finding rational solutions for

problems and to see structures and influences of different factors.

By proposing this topic to students we want to show a good example for the usefulness

of real-life-mathematics to understand what happens, when thinking about certain models.

Another approach is that students should learn for their life – especially by discussing betting

games, not to risk their money and happiness by gambling. This more general aim leads us to a

remark a suitable method for lessons or part of a course.

Proposed method of teaching: self exploring and project oriented

Looking at educational activities with the aim that students or other people should avoid risks

(e.g. see http://www.afhjournal.org/) – caused by drugs, smoking, or consuming alcoholic

drinks etc. (bm:ukk, 1997) – we know that changing behaviour in many cases (Margraf, 2000 or

Reinecker, 1999) is not (only) the result of enlightenment or information. Smokers do not stop

smoking because they are told that they risk cancer. Many adults tell all the children that they

should be careful if they cross a road – but every year children die when they cross roads.

Being aware of those facts it is necessary to include requirement that learning should be

based around student's questions. This is the core of inquiry-based learning and inquiry based

science. The antecedents of this learning theory can be found in the work of Vygotsky (1962),

Piaget (1970), Freire (1984) and Dewey (1997) among others.

In Dewey’s learning theory (optimal) learning and human development and growth

occur when people are confronted with substantive, real problems to solve. The curriculum and

instruction should be based on integrated, community-based tasks and activities that engage

learners in forms of pragmatic social action that have real value in the world.

The focus on the teacher as expert is central to the learning theory of Vygotsky. He

proposes cognitive development as the product of social and cultural interaction around the

development and usage of tools of cognitive, linguistic or physical nature. The teachers are
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acting as mentors – they initiate and lead students into the use of technologies, which is called

scaffolding (McKenzie, 1997). The work is structured around projects that demand students’

engagement in the solution of a community-, school-based and/or regional problem of

significance, especially of relevance to the students’ worlds.

In Freires assumption the most authentic and powerful pedagogy focuses on the

identification, analysis and resolution of immediate problems in the learners’ worlds. Therefore,

he refers problem-posing. Within this learning theory we find the importance of the argument

for demonstrable relevance to the students’ world. They should be enabled to analyse, theorise

and intellectually engage in their worlds.

If people find their own way to get information, to analyze situations and structure

them, to draw conclusions for the behaviour the chance that they really change it will be much

better (see Siller, Maaß, 2010). So it seems to be a very good idea to use a self directed method

for this theme. Learners should explore the situation and find out their own way to handle it.

They develop suggestions for solutions of this topic as a project. So they have the chance to

simulate a real betting situation and, by preparing it, they have to think about the mathematical

facts of the situation. The students have to think about two different situations at the same time.

On the one hand they have to think about a critical discussion about the possible betting attitude

of the involved gamblers – which could be all classmates when simulating the situation, on the

other hand they have to think about attitudes and possible situations a betting agency could

think of.

Proposed course concept

The first step of a learning project should be an agreement of teacher(s) and learners about the

theme and the draft of the structure. We think it seems to be a good idea that the teacher (or a

student) starts with a proposal and some motivation. This could be a headline from the

newsletter like the one we cited at the beginning or a little story like this one: “Last week I have

lost some money because I thought that my favourite soccer team will win the cup. I bet for

them but they have lost the match and I have lost all my money!”

In every case the draft for finding a structure for this project should include

 some research (or exploration or collecting information) about betting, bookkeepers and

rules,

 a simulation of a sports event and betting with game money as main content,

 a documentation of the data of the simulation that will be analyzed,

 common project planning, organizing and responsibility for success,

 common reflections about the results/outcomes.

The second step is the common planning and organising of the learning process. This is

the main aim of a group but we do not want to plan the complete project for a group here.

Therefore we give some hints about important aspects which the project should include in every

case. Starting the research about betting means to list (a lot of) questions:

 What do we want to know?

 Where do we find information?

 Who is going to look here and there?

 What is a good time when the first look should be finished and presented to the others?

 etc.
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As a first hint we want to indicate if the group does not really know what they are

looking for at the beginning they will formulate very open questions. Maybe they get a flood of

information which can be found in the WWW. But this is not a worst case scenario. In contrast

– this is desired, because experimental learning can take place. A very good set for inquiry-

based learning is created.

Reflecting their experience the group should learn something. It is a very good idea to

start any type of research with concrete questions and clear aims. This will make it easier to sort

out a lot of information which is maybe very interesting in other situations but not now – for

this project. So the second attempt to find out useful information will be more guided by the

aims of the work and therefore it will be more successful.

Our second hint is a proposal for a simulation of a sports event. This should be a very

simple match for two persons and is realized quick and easy. We made good experience with

kicking something small into a kind of goal, which could be the space between two books on a

table. Hitting this goal is a kind of training – if you are concentrated and a little bit of skill is

trained with your fingers it seems easy to hit it. Therefore, if there are too many hits just narrow

the goal for one or two (deci-)meters until just a few of ten trials are hits.

Maybe some students will ask “Why do we need a simulation?” Why don’t we take a

coin or dices to get something like match results?” This is a very good question that leads to a

very important point in this project:

Bets are based on estimations or expectations about the result. People have different

reasons to estimate or expect that team A or team B will win – and bet following their

estimations and emotions. If the “match” is a random event decided by a coin it is easy and

boring to estimate what will happen. The chance is 50% that one of the sides of the coin will

win. Therefore it is rational that the bets are distributed equal. No favourite and no outsider will

exist.

In our opinion it is necessary that students answer such (a) question(s) on their own.

After some research and some practice with being a bookkeeper in the classroom-experiment

they will be able to answer such questions themselves.

A third hint is about the documentation of the data. Students like to play a game or to do

a simulation but they are not very happy with doing documentation (see Harris, 2004 or Krapp

& Weidenmann, 2001). At this point two possible ways exist: One way is to leave the

documentation-question open. That means that students will make the experience that they have

difficulties to reflect the results of the simulation if they do not remember the results. So they

need a second attempt to make it better. The other way is that teachers argue before the

experiment starts and convinces the students to document what happens. Maybe the use of a

computer with a spread sheet is a good argument to support the documentation and the

analyzing of the results.

Many teachers believe that students are not able to plan their learning process well. The

paradox in this situation is that the teachers are right as long as they believe it and do the

planning without students. If students never have the chance to do the planning or something

similar they will never learn it. But if the teacher is convinced that students will be able to plan

learning process on their own students will be able to do it. Maybe some teachers say “this is

not mathematics” – but this is completely wrong because project planning includes a lot of

mathematics. In our opinion it is even applied mathematics.

Some certain aspects of project planning should be mentioned, so that the organisation

works better. Here is a short list of it, which a teacher should think about:

 Organisation of the simulation of the sports event: Participants, rules, plan for the matches

(like tennis or like soccer?), preparing useful computer support for the documentation.

 Rules for the classroom bookkeepers and also the betting with game money.
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 Ethical aspects: What is allowed?

The third step is preparing the next steps. Here we will concentrate on the point of

mathematical aspects of bets. How can they be calculated? Let us start with a simple example, a

tennis match and a calculation after all bets are done. Let us assume that 60% of the money is

bet on player A and 40 % on B. What is the next calculation? The question is: How much

money gets a winner? To calculate this amount the quota (or dividend) is defined by a simple

division: 100/(Percentage of winning the game), that means in our example:

100/60 = 1.66 is the quota for A and 100/40 = 2.5 is the quota for B.

This means that a winner gets 166 units of money for a 100 unit bet on A and 250 units

of money for a 100 unit bet on B. If you bet on A and B wins you lose your money.

Is this calculation realistic? If students ask this, return a question like the following: Do

you think so? What does the bookkeeper earn? The first answer might be that bookkeepers have

a lot of information about sports events and therefore they win the most of their bets. This is a

good idea but a bookkeeper likes to live more comfortably. There is a better source of income

for him! Let us look in the internet and recalculate some quotas. We start with an example in

Austria which we found (Bet Rapid vs. Sturm, n.d.) but you could also take similar values for

other soccer-clubs: a bookkeeper offered following quotas for the soccer match Rapid Wien vs.

Sturm Graz: 1.47 : 3.95 : 5.95.

What he offered in words is to pay 1.47 units for one paid unit if Rapid Wien wins, 3.95

for one paid unit if the result is draw and 5.95 for one if Sturm Graz wins. Now we go

backwards, that means dividing 1 by the values of the quotas and adding up these three values:

1/1.47 = 0.68

1/3.95 = 0.25

1/5.95 = 0.16

0.68 + 0.25 + 0.16 = 1.09

1.09, what has happened here!? The result should be 1, not 1.09.

We calculate again and divide 1 : 1.09 = 0.9174. How can we interpret this value?

This value, 91.74 %, means that 91.74% of the whole money the bookkeeper got is paid back to

the gambler; 8.36 % is the commission the bookkeeper takes. It is easy to see, that the

bookkeeper earns some percentages of the money as commission! If you recalculate more bets

and offered quotas you will find 5 to 10 percent commission in most of the cases.

This commission can be found if you search for websites that give information for

betting people, e.g. http://www.mr-bet.net. Many websites also compare quotas. In some

countries like Austria there is a law, in particular nine different laws for each state (e.g. LGBl,

1995), that fixes the commission to “not more than 10%”.

Several new questions arise now and some others are still open. Our next step is to

reflect the first simple example. What can happen if we recalculate it including commission?

100% of the money is paid for bets, 60% for A and 40% for B as winner. The bookkeeper takes

his commission – let us say 10%. 90% of the money is left and the bookkeeper’s offer is

calculated as shown now: I will give 90% of all the money to those who bet on the win of A if

A wins, and I will give 90% of all the money to those who bet on the win of B if B wins. My

quotas are: 1.66 · 0.9 = 1.50 (for A) and 2.5 · 0.9 = 2.25 (for B). Is this calculated correctly? Let

us try and control! If A wins 60% · 1.50 = 90% are paid. If B wins 40% · 2.25 = 90% are paid.

All right!

So we can state that the calculation seems to be correct but the method seems to be not

very realistic. A bookkeeper offers bets with quotas some days or weeks before the event

happens. He is not waiting until it is over. Yes! This is what makes the life of a bookkeeper

exciting or thrilling. In reality we have two different types of bookkeepers. One is really
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offering fair bets that are calculated after all bets are ready. This one is the so called

“totalizator”. This type of bookkeeper is very rare – in Austria and Europe – but still exists – in

other countries like Australia it is the only off-course legal form. Although this type of

bookkeeper has not so many (or very few) customers his life is not that thrilling because the

commission is independent from the result of the match. Again: Whoever wins the match and

however the bets are situated the commission is earned. Gamblers do not like such totalizators

because they do not make mistakes with quotas and you cannot really gamble with those quotas.

The type of bookkeeper which can be found in the internet has to start with a certain

offer, which means he has to think about a starting quota. If a bet is accepted this bookkeeper

has to pay the winner the offered quota – even if the first quota is changed after a while. This

opens the door to a lot of statistical calculations: What would happen if...? We will come back

to that point later. The important point here is that students will learn a lot about calculating

quotas if they start to offer them when they play the role of a bookkeeper in the classroom.

Step number four is the first trial of betting – a very small simulation! We think it is a

good idea to start with a simple match within the project group: Two students train for a kicking

simulation, other students play bookkeeper and offer quotas. Let us imagine that A and B train

to hit the goal and A is more successful: A has 6 hits of 10 trials and B 3 of 10. Now the

bookkeeping students (organized in groups of two or three persons) should offer first quotas.

What should they offer?

Different solutions are possible. Is it a good idea to take the training results as if they

would be probabilities? There is a chance of 6 : 3 that A will win? This is not correct from a

mathematical point of view because probability-values have to be 1 or less. Our next trial, is just

a better formulation: 6 : 3 can be translated as A will win 2 of 3 games. This is a probability of

2/3 or 66.67%. The quota is calculated as explained above as reciprocal, 1 : 2/3 = 3/2 = 1.5. This

might be realistic. The quota for B is 1 : 1/3 = 3 in this case. Controlling the quotas we find that

2/3 + 1/3 = 1 – that is right but the commission is not included yet. If the student bookkeeper

likes to get 10% commission they should offer these quotas: 1.5 · 0.9 = 1.35 for A and 3 · 0.9 =

2.7 for B. After that the student-bookkeepers hope that the other students make their bets as

estimated – 2 of 3 bet on A and 1 of 3 bet on B.

Other student bookkeepers might think in other directions – as we are mentioning now:

A is much better than B. Therefore all people will bet on A – of course. What is a good quota

for this situation? If A wins with a probability of 1 the quota for A is 1 : 1 = 1. In this case the

quota for B as winner must be 1 : 0 = ??? (an infinity high quota?). Both quotas (for A and B)

will cause problems: If the quota for A is 1 and the bookkeeper likes to get “his” 10%

commission he will pay a winner 90 percent of his money back. What is the reaction of the

winner? If against all estimations B wins a gambler who has made a bet on B will get an infinity

amount of money – that is impossible.

The bookkeeper cannot promise to pay the winner more than all money on world. So

the bookkeeper has to offer a very high quota, for example 100. If you look into the WWW, you

cannot find such high quotas. Is a bookkeeper thinking in such a direction he has to look for

practical limits and will see that the lowest quota which can be offered is at least 1.1 or

something like that for A. As a consequence the quota offered for B should not be higher than

20 or 30. The student bookkeepers must hope that other students make their bets as estimated –

according to the offered quotas.

Step five is reflecting the results of the first trial and planning the next steps. After the

first experiments it is good to look back and reflect about the situation together (students and

teacher). Students that played the bookkeepers have double expectations. A first question could

be: What do bookkeepers expect that gamblers will expect? A second question is: Is there any
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influence of the offered quotes on the gambler? A third question, which is in reality the most

important point, could be: How much do the bookkeeper like to earn?

A first or later summary might be that a bookkeeper offers good quotas if he gets his

commission without risks (=whoever wins) – that is the role of the totalizator. The offered

quotas should be the same as they would be when they are calculated afterwards. The risk of a

bookkeeper is growing as more as his quotas differ from those of the totalizator!

Maybe the students decide to make more trails with better knowledge to get better experience

and more documented data. Maybe they like to do more mathematics first. Some possible

questions including some mathematical content are:

What happens if the first quota of a bookkeeper is wrong? Wrong means that people bet

not as estimated. Let as calculate an example. A bookkeeper offers 1.35 for A and 2.7 for B with

the idea that the probability for A winning is 2/3 and the bookkeeper likes to earn 10%

commission as explained above. After a while this bookkeeper recognizes that 50% of the

incoming bets go to A and 50% to B. What could happen if he does not react and change

quotas? If A is the winner he has to pay 1.35 units for each unit of the 50% that have bet on A.

In other words: He has to pay 67.5% of the money to those who have bet on A. This will be a

very good situation for him – he will earn 32.5% of the money. But if B is the winner, he has to

pay 2.7 units to each of the winners, together 135 % of the incoming money. In other words: If

B is the winner, the bookkeeper has to pay 35% more then he has earned! He has to give the

people who bet on B some (or a lot) from his own money. This is some kind of worst case

scenario for him!

The calculation needs more mathematical knowledge if we try to understand what will

happen if the bookkeeper changes his quota every day or each time when 1000 units are in. In

fact this is much easier if we take a spread sheet and type in the data and the according formula.

The results of such an experiment are easy to understand. The bookkeeper has the best chances

to earn money by commission if he changes the quota very flexible following the incoming bets.

Using spreadsheets

Now we can think about a simulation which calculates the quotas for a totalizator and a

bookmaker. The bookmaker is taking the starting-value of the first simulation, the totalizator is

calculating his quota by the incoming bets as explained above. A little simulation could look

like the following:

Figure 1. Simulation of a sport event using a spreadsheet: totalizator

It is possible to see, that the quotas of the totalizator are very low compared to the starting quota

of the bookmaker. Let us have a look at it in the simulation:
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Figure 2. Simulation of a sport event using a spreadsheet – comparing quotas and profit

It is possible to recognize that the bookmaker is losing a lot of money because of the fact that

the quotas are that high. Therefore it is necessary that the bookmaker is changing the quotas.

Let us try to find some quotas where the bookmaker is winning. After a good deal of

thought the bookmaker will recognize that starting quotas should be met around 1.2 to 2. The

bookmaker will make some account, as it is shown in the picture:
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Figure 3. Simulation of a sport event using a spreadsheet – comparing quotas and profit

After these first considerations about getting quotas, we are able to recognize that betting in the

office of a bookmaker is very risky. This betting agency has to bet too, especially for

minimizing the risk to lose a lot of money. In contrast operating a betting agency of a totalizator

is very relaxing, because you always will win money, depending to the percentage you get.

Another fact which is relevant for a totalizator is in which time the quota should be

changed or is it the same the whole game long. This question is very difficult and cannot be

answered by us. But if you have a look at gambling sites in the WWW you can see that offered

quotas change sometimes. But why is that so? We do not have background information about

that, but we think that such bookkeepers want to earn a lot of money and know insider

information about the offered game, so they can change the quotas because a certain event could

happen. So it is exciting for students to think about such a possibility in the simulation, because

they can compare what happens if the quota changes after a single bet which was taken or what

changes if the quota changes after a certain amount of bets.

Conclusion

From our point of view it is absolutly necessary that students discuss real life problems in

classroom. We know that adults are also more motivated for learning if they find examples from

their life in the mathematics course. Looking at our example “Betting in sports” it is obvious



Juergen Maasz & Hans-Stefan Siller: Adults Learning Mathematics:

What We Should Know About Betting and Bookkeeping?

62 Adults Learning Mathematics – An International Journal

that students know more about the calculation of bets. They should have learned why and how a

bookkeeper earns money and who gives them money – the gamblers. They learn to organize

themselves as learners and last but not least they learn to use mathematics meaningful and

expedient mathematics.

Thinking about new ideas for and in mathematics education, it is obvious that existing

theories in terms of learning mathematics can be very useful. Real real-life-problems can be

discussed with students and even can be taken as interesting classroom problems so that

students are able to learn mathematics on their own (see Siller, 2009) and the (suggested)

methods are appropriate to acquire mathematical skills for life.

References

Bet Rapid vs. Sturm (n.d.). Retrieved from https://www.bwin.com/de/fußball

Bewersdorf, J. (1998). Glück, Logik und Bluff – Mathematik im Spiel – Methoden, Ergebnisse und

Grenzen. Braunschweig: Vieweg.

bm:ukk (1997, March 4). Grundsatzerlaß zum Unterrichtsprinzip Gesundheitserziehung,

RUNDSCHREIBEN Nr. 7/1997. Retrieved from

http://www.bmukk.gv.at/schulen/unterricht/prinz/ GZ_27.909115-V396_Grunds1786.xml

Büchter, A.; Henn, H.-W. (2004). Stochastische Modellbildung aus unterschiedlichen Perspektiven - Von

der Genueser Lotterie über Urnenaufgaben zur Keno Lotterie. In Borovcnik, M. (Ed.). Stochastik

in der Schule. Heft 3, 2004, 28–41.

Burkhardt, H. (1981). The Real World and Mathematics. Glasgow: Blackie and Son.
Chapman, M. (2006, July 11). Online gambler guilty of £1m theft. Betting spree included poker, sports

betting and online casinos. Retrieved from http://www.v3.co.uk/vnunet/news/2160083/online-

gambler-guilty-theft

Freire, P. (1984). Pedagogy of the Oppressed. New York: Continuum Publishing Company.
D'Ambrosio, U. (1985). Ethnomathematics and its place in the history and pedagogy of mathematics. In

For the Learning of Mathematics. Vol. 5, 44–48.
D'Ambrosio, U. (1999). Literacy, Matheracy, and Technoracy: A Trivium for Today. In Mathematical

Thinking and Learning. Vol. 1(2), 131–153.
Dewey, J. (1997). How We Think. New York: Dover Publications.

Dostojevsky, F. J. (1866): Der Spieler. München: dtv

Harris, R. A. (2002). Creative Problem Solving: A Step-by-Step Approach. Los Angeles: Pyrczak

Publishing.

Kant, I. (1784): Was ist Aufklärung?. In Berlinische Monatsschrift. Dezember-Heft. 481–494.

Krapp, A. & Weidenmann, B. (Eds.) (2001). Pädagogische Psychologie. Ein Lehrbuch. Weinheim: Beltz.

LBGl (1995, April 1). Gesetz vom 15. Dezember 1994 über die Tätigkeit der Buchmacher und

Totalisateure. StF: LGBl Nr 17/1995. Retrieved from http://www.ris.bka.gv.at/GeltendeFassung.

wxe?Abfrage=LrSbg&Gesetzesnummer=10000879

Margraf, J. (Ed.) (2000). Lehrbuch der Verhaltenstherapie. 2. Auflage; 2 Bd., Berlin: Springer.

McKenzie, J. (1997). Comparing & Evaluating Web Information Sources. The Educational Technology

Journal, 6, 9. Retrieved from http://www.fno.org/jun97/eval.html

Mezirow, J. (1991). Transformative Dimensions of Adult Learning. San Francisco, CA: Jossey-Bass.

Mezirow, J. (1994). Understanding transformation theory. In Adult Education Quarterly. 44(4), 222-232.

Piaget, J. (1967). “The genetic approach to the psychology of thought”. In Dececco, J.R. (Ed.). The
psychology of language, thought, and instruction. New York: Holt Rinehart, 271–276.

Pollak, H. O. (1997). Solving Problems in the Real World. In Steen, L.A. (Ed.). Why Nymbers Count:
Quantitative Literacy for Tomorrow's America. New York: The College Board, 91–105.

Powell, A. B., Frankenstein, M. (Eds.) (1997). Ethnomathematics: Challenging Eurocentrism in

Mathematics Education. Albany, NY: State University of New York Press.

Reinecker, H. (1999). Lehrbuch der Verhaltenstherapie. Tübingen: DGVT.

Siller, H.-St., Maaß, J. (2009). Fußball EM mit Sportwetten. In Brinkmann, A., Oldenburg, R. (Eds.).

ISTRON – Materialien für einen realitätsbezogenen Mathematikunterricht. Band 14,

Hildesheim: Franzbecker, 95 – 113.



ALM International Journal, Volume 5(1), pp. 52-63

Volume 5(1) – June 2010 63

Siller, H.-St. (2009). Modellierungstage mit dem Thema Sportwetten. In: M. Neubrand (Ed.) Beiträge

zum Mathematikunterricht 2009. Münster: WTM-Verlag, 155–159.

Siller, H.-St., Maaß, J. (2010). Wetten im Mathematikunterricht – Förderung prozessbezogener

Kompetenzen. In R. Bruder, A. Eichler (Eds.): ISTRON – Materialien für einen

realitätsbezogenen Mathematikunterricht, Hildesheim: Franzbecker.

Stillman, G., Galbraith, P. (1998). Applying Mathematics With Real World Connections: Metacognitive
Characteristic of Secondary Students, Educ. Studies in Math., 36 (2), 157–195.

Taylor, E. W. (1998). The theory and practice of transformative learning: A critical review. (Contract No.
RR93002001). Columbus, OH: Center on Education and Training for Employment. (ERIC
Document Reproduction Service No. ED423422).

Vygotsky, L.S. (1962). Thought and Language, Cambridge, MA: MIT Press.
Weilguny, M. (2005). Sportwetten – Der Zock um Milliarden. In Sponsors, 12/05. Retrieved from

http://www.sponsors.de
WHO (2006, December 11). Mental and behavioural disorders. Retrieved from

http://apps.who.int/classifications/ apps/icd/icd10online/



Vilma Mesa: Student Participation in Mathematics Lessons Taught by Seven Successful Community College Instructors

64 Adults Learning Mathematics – An International Journal

Student Participation in Mathematics Lessons Taught by

Seven Successful Community College Instructors

Vilma Mesa

University of Michigan, Ann Arbor,

Michigan, USA

<vmesa@umich.edu>

Abstract

This paper presents results of a qualitative study describing classroom participation in pre-college

mathematics classes taught by seven successful community college faculty members. The analysis

reveals high levels of student participation coupled with low complexity, which can result in

detrimental opportunities for students to learn mathematics. The multiple and competing functions

and the diversity of the community college setting makes delivering high quality mathematical

instruction more difficult. This paper discusses implications for further research and for practice.
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Introduction

A higher education degree benefits the society at large in terms of income, health, and civic behavior

(Baum & Ma, 2007). The changing nature of the global economy has resulted in the need for many

adults to improve their academic preparation (McCabe, 2000; Roberts, 1986). The rising costs of

higher education in the United States have made the community college a natural, and in many cases

only, option available to adults for completing postsecondary studies (Dowd, et al., 2006). Indeed,

nearly half of the undergraduate population in the United States is enrolled in a two-year college

(Baum & Ma, 2007). At the same time, national completion and transfer rates for students in these

colleges are low (22 percent and 18 percent, respectively, Dowd, et al., 2006; Knapp, Kelly-Reid, &

Whitmore, 2006), thereby creating pressures on administration and faculty to increase the number of

students who complete their studies. Because mathematics is an almost universal requirement in

community colleges and the needs for remediation are high (Boylan & Saxon, 1999; Parsad, Lewis, &

Greene, 2003) math departments spend considerable resources making sure students are ready to take

on college work (Lutzer, Rodi, Kirkman, & Maxwell, 2007) yet the effectiveness of math remediation

remains unclear (Bahr, 2008; Bailey, 2009; Ignash, 1997; Mazzeo, 2002).

One area that can play a significant role in understanding the opportunities that community

college adult students have to earn a higher education degree is instruction itself. Yet, there is little

empirical information about the quality of mathematics instruction in two year colleges (Grubb &

Associates, 1999; Mesa, 2008). In this exploratory study, I describe the teaching practices of seven

successful mathematics instructors at a community college in terms of the level and complexity of

student participation. In particular I answer the question “What are the characteristics of classroom

participation in community college mathematics?” by describing patterns of student participation,

types of questions asked by instructors, and the level of complexity of the participation. In spite of

high student involvement in the lessons, the analyses revealed that the complexity of that involvement

was low, which might limit all students’, and in particular adults, opportunities for completing a

college degree.
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I start by describing the community colleges in the United States and by reviewing literature

about classroom participation in undergraduate settings that oriented the study, then I present the

methods used to collect and analyze the data and the findings. I conclude with implications for further

research.

Background

Junior colleges, currently known as community colleges, emerged in the United States in the early

20th century to fulfill three educational functions: transfer to a four-year college, vocational education

for workers, and general education to complement a vocational terminal degree (A. M. Cohen &

Brawer, 2003; Labaree, 1997). With time, these institutions have added two other functions,

enrichment of the adult community and retraining workers displaced by disappearing industries

(Labaree, 1997; Mesa, 2008). A transfer student can obtain a terminal associate’s degree, which

roughly corresponds to the first two years of a university program. Currently there are about 1,150

two-year colleges in the nation, enrolling near 10 million students, with about 66 percent of them

taking classes for credit (Blair, 2006; Dowd, et al., 2006). In the school year 2001-2002, 53 percent of

all undergraduate students in the U.S. were enrolled in two-year colleges. The average age of a

community college student is 29 years with over 15 percent being 40 years or older. More women (58

percent) than men are enrolled and 33 percent are ethnic minorities. In 2001-2002, 61 percent of the

students took a part-time course load, 80 percent were employed, and 41 percent were employed full

time. Last, but not least, community colleges have an open-door admission policy with mandatory

placement testing in reading, writing, and mathematics for first-time students. All these features

combined make of the community college a very distinct setting from four-year institutions in the

United States.

Literature Review

The current body of literature on adults learning mathematics point to curriculum and instruction as

important pieces that can have a significant impact on their motivation to learn mathematics (Benn,

1997, 2001; Duffin & Simpson, 2000; Gal, 2000; Miller, 1999; Miller-Reilly, 1997; Safford, 2000).

The literature documents the need for realistic mathematics curriculum and for instructional

approaches that honor what students bring into the classroom: their academic, personal, and work

experiences. These all inform what they can do and instructors who capitalize on them can see

important changes on students’ motivation towards the subject. These approaches are justified

theoretically by a social constructivist theory of learning, which establishes that individuals learn by

becoming participants of a community of practice in which knowledge is created and shared among

its members (Wenger, 1998). Empirical studies comparing learning in classrooms and discipline

requirements can be credited with the push for suggesting that classrooms resemble more the practices

of those who generate knowledge in those disciplines. Examples of what students need to be do as

they learn content include scientific method in the sciences and conjecturing, proving, and justifying

in mathematics (Cobb, Wood, Yackel, & McNeal, 1992; Cochran, 1997; Minstrell, 2001; Schoenfeld,

1989; Stephan & Rasmussen, 2002). Such approaches appear promising with adults as well

(FitzSimons & Godden, 2000).

A main implication of these studies is that classrooms must create opportunities for students

to participate actively in the learning process (Bransford, Brown, & Cocking, 1999; Miller-Reilly,

1997). Some empirical evidence from analysis of large longitudinal and cross sectional data sets (e.g.,

National Study of Student Learning) support the notion that “good teaching practices” (such as

increased student-faculty interactions, peer-to-peer interactions, and assigning challenging work) as

reported by students have a significant positive, albeit small, effect on outcomes such as mathematical

knowledge and critical thinking (Cruce, Wolniak, Seifert, & Pascarella, 2006; Kinzie, Gonyea, Shoup,
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& Kuh, 2008; Pascarella, Cruce, Wolniak, & Blaich, 2004; Pascarella, Wolniak, Pierson, & Terenzini,

2003; Seifert, Drummond, & Pascarella, 2006; Seifert, Pascarella, Colangelo, & Assouline, 2007).

This study complements findings from those studies, as it provides evidence from classroom activity

that shows the necessity of promoting instructional practices that can foster substantial student

learning. Differently from studies conducted in the higher education and in the adult learning

mathematics community, in this study I do not focus on a specially designed course nor on what

students say is important but on the observed practices in mathematics classes that might have a

sizable proportion of adults, and analyze the opportunities that all students have for learning

mathematics, in particular attending to students’ participation. For this purpose I reviewed pertinent

literature, and I organized it under three different, yet complementary, perspectives: who participates,

what opportunities instructors give their students to participate, and the complexity of such

participation.

Who Participates?

Studies in higher education have uncovered patterns of participation that suggest that some groups,

women and minorities in particular, are excluded from it and highlight the role that instructional

practices have on students’ participation. The “chilly climate” hypothesis, for example, refers to

patterns of interaction that occur in college classrooms that prevent females or minorities from

participating actively (by asking questions or offering answers) and that lead them to leave or change

degrees for which they are highly qualified (Hall & Sandler, 1982; Williams, 1990). Fassinger (1995,

2000) reports evidence that females in general participate at lower rates than males (independently of

the discipline) but there is mixed support for how much such behavior depends on the instructors’

gender. Some evidence suggests that both male and female students participate more with female

instructors.

Aspects such as student confidence, class size, and level of student-to-student interaction are

more critical than gender or participation grade in determining how much students participate.

Fassinger also found that no instructor factors could be associated with different student participation.

Likewise, classes in which participation was high (measured as students offering an average of twelve

or more interventions in a given class) had “more cooperative, supportive, and respectful classroom

dynamics; [patterns of interaction were] more inclusive, less teacher-centered, more tolerant of

student input, their members [were] more confident, and their professors seen as more approachable

and supportive” (Fassinger, 2000, p. 45). These studies relied on students’ self-reports of

participation, which might over or under-estimate the actual participation occurring in the classroom.

Studies in K-12 mathematics education highlight the fundamental role that the teacher plays in

establishing an environment in which all students can actively participate in the construction of

mathematical knowledge (Cobb, et al., 1992; Hiebert & Wearne, 1993; Lampert, 2001). Substantial

work has been conducted with the participation of children who are not proficient in the English

language (Moschkovich, 1998). In all of these studies, the emphasis is on making sure that all students

are included in the learning process.

What Opportunities Are There for Participating?

Instructors have at hand several options for increasing student participation. One way is to ask

questions for which teachers expect students to provide a response or to assign class time for students

to work individually or with others in specially crafted activities. Associated with asking questions is

providing ample time for students to think about the question and to supply an answer. The literature

reports that instructors of undergraduate classrooms tend to ask questions for which little wait time is

given (Duell, Lynch, Ellsworth, & Moore, 1992; Tobin, 1987). On average, instructors wait less than

three seconds when they ask a question that requires an answer, such as “Are there any questions?”
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With such little wait time it is argued, students are not encouraged to voice an answer or contribution

and therefore opportunities for participation are shut down. In addition, increased wait time (three

seconds or more) has been systematically associated with higher student participation and increased

complexity of the students’ responses (Duell, et al., 1992).

Providing time during class in which students solve problems or share their thinking with peers has

shown to have an impact on students’ learning measured as increases in correct responses to difficult

items (Caldwell, 2007; Crossgrove & Curran, 2008; Martyn, 2007); thus, instructors are advised to

provide such opportunities in their daily plans (Angelo, 1991; Angelo & Cross, 1993). As this paper

demonstrates, asking questions and giving students adequate opportunities to answer them might be

necessary but certainly not sufficient for ensuring high student participation or participation that is

conducive to learning by involving students with challenging content.

What is the Complexity of Student’s Participation?

The mathematics education community agrees that high participation is useful when it is accompanied

by interesting and challenging mathematics (Blair, 2006; D. K. Cohen, 1990; Doyle, 1988;

Schoenfeld, 1988; Silver, Mesa, Morris, Star, & Benken, 2009; Stein, Grover, & Henningsen, 1996).

Efforts to improve mathematics instruction have attended to the central role that mathematics

instructional tasks play in daily lessons in providing opportunities for students to learn mathematics.

For example, the Professional Standards for Teaching Mathematics (NCTM, 1991) claims that

students’ learning of worthwhile mathematics depends to a great extent on their teachers using

“mathematical tasks that engage students’ interests and intellect” (p. 1). Such tasks, when

implemented well in the classroom, help develop students’ understanding, maintain their curiosity,

and invite them to communicate with others about mathematical ideas. Research on instructional

practices in K-12 mathematics classrooms has found that daily mathematics instruction usually

involves teachers and students engaging in cognitively undemanding activities, such as recalling facts

and applying well-rehearsed procedures to answer simple questions (Porter, 1989; Stake & Easley,

1978; Stigler & Hiebert, 1999; Stodolsky, 1988). Although research shows that although it is not easy

for teachers to use cognitively demanding tasks well in mathematics classrooms (Stein, Grover, &

Henningsen, 1996), the regular use of cognitively demanding tasks in ways that maintain high levels

of cognitive demand can lead to increased student understanding, development of problem solving

and reasoning skills (Stein & Lane, 1997), and greater overall student achievement (Hiebert et al.,

2005).

The three questions, who participates, what opportunities are there for participation, and what

is the complexity of the participation, provide entry points to describe classroom participation in

community college mathematics classrooms and focus on specific aspects of that participation that

can be modified to expect a change in instruction that involves students more actively with the

content. I investigate the main research question of this study—What are the characteristics of

classroom participation in community college mathematics?—by studying patterns of student

participation, types of questions asked by instructors, and the level of complexity of mathematical

activities conducted in the classroom.

Methods

This study is part of a larger research agenda investigating the impact of changing classroom

participation on college mathematics instructors’ practice and students’ learning. The setting for the

study is a large suburban community college in Michigan with an approximate enrollment of 12,000

students and an average retention rate of 50%. The college has two satellite campuses. The

mathematics department has 16 full time and 75 part time instructors and offers an average of 22

different courses per term, including developmental math (e.g., fundamental math, beginning and
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intermediate algebra), courses for professional degrees (e.g., business, health, and education), and pre-

college and college level courses for the science, technology, engineering, and mathematics track

(e.g., college algebra, college trigonometry, and pre-calculus calculus, linear algebra, and differential

equations). Like other community colleges across the U.S., it offers students the opportunity to

complete a general education diploma (GED, the equivalent to a high-school diploma).

This particular college was chosen because the students’ rating of teaching in the mathematics

department was high (above 4.2 on a scale from 1 to 5) which suggests high student satisfaction with

the teaching. In addition, the department had recently appointed a very dynamic department chair who

was committed to improve teaching in the department. Moreover, like other colleges in the state, the

faculty felt pressure to increase passing rates in their courses. These three reasons made this college

special, but representative of other colleges that have good conditions for experimenting with

alternatives to teaching that can increase passing rates.

The focus of attention for the study was the instructional practices of seven instructors who

volunteered to participate in this exploratory study, four part-time and three full-time. According to

their chair, they were ‘successful’ because their sections filled up first, their end-of-term student

evaluations were consistently high with scores at or above 4.7 on a 1 to 5 scale, and their passing rates

were above average in the department. Because this study was exploratory and because observing

classes could be stressful to faculty, I chose to work only with faculty who volunteered. I assumed

that willingness to participate also reflected interest in improving practice and genuine concern for

students’ learning, attitudes that were confirmed with the interviews. Selecting ‘good’ instructors aids

in showing how good practice is conceived and gives hints for the need and possibilities for change.

One complication of selecting volunteers is that it is difficult to control for the content they teach.

Because content might play a role in how instruction was enacted, the possibility of having different

courses represented in the sample was welcome.

Finally, I chose to focus on instructional practices of faculty, rather than on students’ learning

because instructors have the greatest responsibility for shaping students’ opportunities to learn. Even

in environments in which students can have a say on what needs to be learned, the instructor’s role in

deciding how to orchestrate that learning is crucial (Ball & Bass, 2003; Cobb, et al., 1992; D. K.

Cohen, 1990; Davis, 1996).

Data Collection

The two sources of data for this study were interviews with the instructors and classroom

observations. One- to two-hour long interviews were conducted both before the observation (to gather

instructors’ views of instruction and learning, awareness of context, and institutional support for their

work) and after the observation (with findings of the analysis to obtain each instructor’s input

regarding the accuracy of the representation and their explanations for why certain patterns emerged

in the data).

Each instructor was observed at least three times in order to obtain a characterization of

students’ classroom participation patterns and of the nature of questions asked. After each class,

instructors commented on events that happened during the class or told the observer if the lesson

observed was representative of other lessons in the term. In subsequent observations, the observer also

asked for comments on events that had departed from the previous observation (e.g., calling students

by name to answer questions or sending students to the board) to determine what counted as ‘normal’

or ‘standard’ practice and what as extraordinary. The classes were audiotaped and extensive field

notes were taken about what the students and the instructors were doing, who was saying what, and

what was written on the board. I assumed the role of non-participant observer. Because of the wider

range of students who take classes in the college, I was usually mistaken for another student.

Institutional Review Board regulations did not require consent from students to participate, because

there were minimal risks for them and my main focus was on the instructors.
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The interviews were transcribed noting pauses in speech with their length in seconds. After

each observation, a summary noting important events that could be revisited later was written. After

three observations were conducted, the audiotape of the class thought to be most representative of

each instructor’s style was transcribed, noting pauses in speech and time at which instructors and

students intervened.

Data Analysis

I strived to generate a realistic account of what was happening in the classroom (Creswell, 2005)

regarding participation. Because of my interest in describing such participation with mathematical

activity, I limited my analytical approaches to applying frameworks that could describe salient

characteristics of the mathematics classes observed; thus other methods such as grounded theory or

relational coding were not applied in this study. The interview transcripts were analyzed thematically

(Bazerman, 2006) to create a profile of each instructor that summarized their perceptions of the

students, the college, and of teaching and to corroborate practices observed during instruction. The

main sources for classroom participation analysis were the transcript of each class, the corresponding

field notes, and the summary of each lesson. I focused on four aspects: students’ turns, teachers’

questions, lexical complexity, and cognitive complexity of mathematical activities.

‘Turns’ are segments in the transcript when the instructor and the students, male or female,

speak. A turn corresponded to the full speech given by a speaker before being interrupted by another

speaker. The turns were tallied to get a sense of the amount of participation in each class. Pauses after

questions were also counted and their average length calculated. Field notes provided information

about which students participated, allowing me to obtain a measure of how widespread the

participation was and how it was distributed by gender (see Appendix 1).

Each instructor turn was parsed to identify questions asked. First, I searched for all question

marks (?) in the transcript and located the full sentence that ended with it. Then I looked for instances

in which the instructors did not finish a sentence but for which there was an expectation for students

to complete it. Those sentences were also marked as questions. Next, I read the transcript searching

for all instances in which students intervened and read instructor’s preceding turn to determine

whether a question had been asked. Those instances were marked as questions as well.

The coding system for the questions was developed for this particular study. The questions were

classified into the following categories:

 Question Answered in which the instructor asked a question for which students immediately

provided a response.

 Question Wait in which the instructor asked a question and waited three seconds or more until a

response was given.

 Questions No-Wait in which the instructor asked a question and waited two seconds or less for a

response.

 Rhetorical Question for which no answer was expected from students.

 Sentence-Right? in which the instructor made a statement and immediately followed it by “right?”

or “OK?”

The first two categories of questions allowed for determining the proportion of questions that were

actually answered by the students. The next three categories identified questions for which instructors

were not expecting an answer.

Figure 1 below provides examples of each of these categorizations.

Question Answer

EH: Everybody’s good with that answer?
M: No.
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F: No because I’d lost you back here. Where did you get that, that extra 3?
EH: Which extra 3?
F: I don’t know, you seem to have cancelled...
M: You have to multiply everything by the 3.

EH: Everybody gets multiplied by the lowest common factor. (Lines 674-680)

Question Wait

EY: What is it, what are questions in 2.1? (pause 5 seconds) Yeah so that was page 116-117… Any
questions on that? Anything you want to see? (Lines 74-76)

Question No-Wait

ET: $2. So it’d be $2 plus... and then you add to it $1.50/mile. Now if you traveled m miles, if the total
number of miles you traveled, how much would the initial cost be? 1.50 times m, 1.50 multiplied by the
number of miles, that’s what they want, the total cost. So if you use this formula, this formula will give you
the total number of miles, I’m sorry, the total cost if you traveled m miles in New York in that particular
situation. (pause 4 seconds) Any questions? Next they’re asking you how much do we have to pay for a 30
mile ride. (Lines 84-91)

Rhetorical Question

EA: Now notice how if I was mean I could have not asked you about number three and I could have just said
probability of a matched pair, then you would have had to think yourself about ok what does a matched pair
mean? Well that means either I get blue, blue or I get black, black. And you would have to set up the
problem yourself and I think that’s why probability comes difficult because the wording, you have to dig
deep into the wording to find out what’s really being asked. So let’s spend a little bit more time on this
conditional probability because I don’t think we’ve done enough with this. (Lines 436-444)

Sentence-Right?

EK: For instance, we would like to see our income rise 300%, but we certainly wouldn’t want to see
inflation rise 300%, right? (Lines 109-111)

Figure 1: Examples of questions instructors asked. Numbers in parenthesis correspond to lines in the transcript.

To determine complexity, I performed three analyses. First, I computed a measure of lexical

complexity by dividing the number of words that instructors and students spoke by the number of

turns they took. This measure gave an estimate of the average length in words of individual

contributions. Second, because in the lessons observed students usually provided answers that were

short (one or two words long) or not very elaborated, I created a second measure of lexical complexity

of students’ participation by tallying students’ turns that were one, two or three words long.

Third, I characterized mathematical activities by their cognitive complexity. Anderson and

colleagues (Anderson, et al., 2001), proposed a revision of Bloom’s taxonomy (Bloom, 1994) that

provides a framework for analyzing the type of knowledge (factual, conceptual, procedural, and

metacognitive) that can be elicited in an activity as well as the different cognitive processes that

students might engage when working on the activity (remembering, understanding, applying,

analyzing, evaluating, and creating). Whereas the different types of knowledge are complementary—

that is, one needs all of them in order to ensure an adequate knowledge of a subject—the cognitive

processes differ in terms of the demand they impose on students and the amount of resources required.

There is a hierarchy between the processes with remembering, understanding, and applying being less

demanding and therefore less complex than analyzing, evaluating, and creating.

In order to determine cognitive complexity using this framework, each transcript was parsed

into mathematical activities; that is, the different examples and problems that the class worked on.

Four criteria were used to reliably parse the transcript into mathematical activities (see

Figure 2).
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One activity deals with one topic: The same topic usually means the same concept (e.g., mutually
exclusive or direct proportion).

One activity deals with one situation/problem: If the problem is of the same topic but the form is
different (e.g., asking to fill a table vs. asking to draw a graph), then we parse it into another
activity.

One activity has one goal: If the problem is the same but the goal/perspective to deal with the
problem is different (e.g., find the slope vs. interpret the slope), then we parse it into another
activity.

One activity deals with one set of numbers: If the problem is of the same kind but numbers of the
problem change, we parse it into another activity.

Figure 2: Criteria used to parse the transcripts into mathematical activities for coding cognitive complexity.

Text not related to mathematical content (e.g., questions about tests or due dates) was not coded for

cognitive complexity. Next, each mathematical activity was located on a 4x6 grid that combined the

four different types of knowledge elicited (factual, conceptual, procedural, and metacognitive) and the

six different types of cognitive processes (remember, understand, apply, analyze, evaluate, and

create), as shown in table 1 below. Note that an activity could be placed into more than one cell. In

Appendix 2, I provide excerpts exemplifying how activities were classified.

Table 1: Definitions of the categories of the cognitive complexity coding scheme (Source,
Anderson, et al., 2001)

Knowledge Dimension Cognitive Processes Dimension

Factual Knowledge—Basic elements students must
know to be acquainted with a discipline or solve
problems in it, including knowledge of terminology and
of specific details.

Conceptual Knowledge—Interrelationships among the
basic elements within a larger structure that enable them
to function together. It involves knowledge of
classifications and categories, of principles and
generalizations, and of theories, models, and structures.

Procedural Knowledge—How to do something, method
of inquiry, and criteria for using skills, algorithms,
techniques, and methods. It includes knowledge of
subject-specific skills and algorithms, of specific
techniques and methods, and of criteria for determining
when to use appropriate procedures.

Metacognitive Knowledge—Knowledge of cognition in
general as well as awareness of one’s own cognition. It
includes strategic knowledge, knowledge about
cognitive tasks (including appropriate contextual and
conditional knowledge), and self-knowledge.

Remember: Retrieve relevant knowledge from long-
term memory, including recognizing and recalling.

Understand: Construct meaning from instructional
messages, including oral, written, and graphic
communication. It involves interpreting,
exemplifying, classifying, summarizing, inferring,
comparing, and explaining.

Apply: Use a procedure in a given situation. It
involves executing and implementing.

Analyze: Break material into its constituent parts and
determine how the parts relate to one another and to
an overall structure or purpose. It involves
differentiating, organizing, and attributing.

Evaluate: Make judgments based on criteria and
standards. It involves checking and critiquing.

Create: Put elements together to form a coherent or
functional whole and reorganize elements into a new
pattern or structure. It involves hypothesizing,
designing, and producing.

Reliability and Validity

Inter-rater agreement for the coding process was established using two transcripts. One random

transcript was given to an undergraduate research assistant to determine the reliability of turn,

question, and mathematical activity parsing. The assistant received training for parsing and coding the

transcript. Identifying turns in these transcripts was relatively simple because there were no overlaps



Vilma Mesa: Student Participation in Mathematics Lessons Taught by Seven Successful Community College Instructors

72 Adults Learning Mathematics – An International Journal

or interruptions in the dialog. The agreement was above 90% for turns and questions and near 80% for

activity parsing.

Then, a new random transcript was parsed and coded for cognitive complexity. The inter-rater

reliability in the coding was also high (Cohen’s  > .75); most difficulties occurred when

distinguishing between understanding and applying; the coding system was specified better to make

explicit the classification. In some cases we used a ‘generous’ coding, assigning an activity to more

than one cell when in doubt. Member-checking was used with all participants to establish the validity

of the coding and of the interpretations. In all cases, except one, the participants agreed with the

coding. The disagreement corresponded to the assignment of three activities (out of 25) to different

cells in the cognitive complexity grid. All instructors agreed with the interpretations of the data and

provided reasons for some of the findings of the study. These reasons are included as needed, in this

manuscript.

Results

Table 2 below shows characteristics of instructors who participated in this study. The seven

instructors (three females and four males) in the sample were teaching a variety of courses, mostly

developmental mathematics. The non-developmental courses included statistics and a general college

math course intended for non-science, technology, engineering or mathematics majors. The

participants represent a range of experiences and academic background. The classes analyzed ranged

in length from one hour to about an hour and a half, and averaged 22 students.

Table 2: Characteristics of instructors in the sample and of the classes observed

Instructor
# Years of
Experience

Academic Background Level of Math
Class Observed

Length
(minutes)

Class Size
(Female – Male)

EA 20 Math Educ., BA, MA College 59 10 – 5

EH 7 Engineering, BS Developmental 84 14 – 11

ED 2 Ed. Psychology, PhD College 92 13 – 14

EY 2 Math, BS, German, BA, Developmental 100 8 – 12

ET 16 Physics, PhD Developmental 85 8 – 8

EK 2 Math Educ, BA Developmental 99 10 – 4

EN 19 Math Educ., BA, MA Developmental 100 4 – 10

Note: Shaded entries correspond to part-time instructors. Names are pseudonyms.

Who Participates?

One interesting feature observed in these classes was the high number of turns students took. As seen

in table 3 below, students in these classes contributed more frequently than those reported in other

studies in higher education, which could be expected given that this was not an average sample of

faculty selected. Comparing class size with the number of students who spoke, we see that the

majority of the students, male and female, participated in these classes. Also, we see that more women

than men participated, both in absolute and in relative terms. The sample is too small for making

claims about the relationship between instructors’ gender and student participation, but it appears that

in this sample instructors’ gender did not play a role in how many or how much students (female and

male) participated in the classes.
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The ratio of female turns to the number of speaking women was similar to the ratio of male

turns to the number of speaking men, except in two classes (EK’s and EN’s), which suggests that in

these two classes the males who spoke tended to contribute more individually than the women who

spoke. Thus, even though more females than males participated in these two classes, males tended to

be more vocal than females, corroborating the perception that males tend to be more active than

females (Fassinger, 1995, 2000; Hall & Sandler, 1982).

Table 3: Frequency of Turns by Instructor and Student Gender

Instructor
#

Instructor
Turns

# of Student Turns Class Size # Speaking Student
# Turns per

Speaking Student

Female Male Female Male Female Male Female Male

EA 209 140 78 10 5 8 4 18 20

EH 225 153 48 14 11 10 3 15 16

ED 205 91 22 13 14 4 6 23 20

EY 197 104 53 8 12 6 3 14 20

ET 183 111 61 8 8 6 4 19 15

EK 186 68 77 10 4 9 3 7 26

EN 156 29 124 4 10 4 5 7 25

Note: Shaded entries correspond to part-time instructors.

What Opportunities Are There for Participating?

The total number of questions that each instructor asked, together with the frequency by each category

is given in table 4 below. As shown, these instructors asked a large number of questions in their

classes, with the minimum being over 100 questions and the maximum 228. In an analysis of 550

lectures in 10 different courses, Pollio (1989 as cited in Menges & Austin, 2001, p. 1140) found that

the number of questions ranged from 0 to 50, with an average of 21; more than one third were yes/no

questions, and near 70% were not answered by the students. The figures in this study differ

substantially from Fassinger’s (2000) and Pollio’s (1989) reports on college students’ participation.

Also, instructors waited at least three seconds in a considerable percent of those questions (from 16%

in EA’s class to 29% in EN’s class) and in almost all the cases in which no wait time was given,

students answered over 40% percent of the questions posed, the exception being in EY’s class, in

which only 22% of the questions without wait time were answered by the students. She provided wait

time for almost one fourth of the questions she asked.

Table 4: Number and percent of each form of questioning observed in each class

N
Question

Wait
Question
Answer

Question
No-Wait

Rhetorical
Question

Sentence-
Right?

EA 148 16% 80% 0% 3% 1%

EH 105 19% 43% 4% 15% 18%

ED 135 20% 67% 0% 8% 4%

EY 210 23% 22% 15% 12% 30%

ET 115 23% 46% 10% 17% 3%
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EK 179 28% 57% 0% 9% 6%

EN 228 29% 50% 3% 7% 11%

Average 160 23% 51% 5% 10% 12%

Note: Shaded entries indicate part-time instructors.

On average, instances of questions that required an answer, namely Question Wait and Question

Answer, constitute nearly 75% of the questions that these instructors asked with the lowest percent

being in EY’s class (45%) and the highest in EA’s (96%). The high percentage of questions in which

instructors paused for more than three seconds waiting for an answer is markedly higher than what

reports in higher education suggest (Ellsworth, Duell, & Velotta, 1991). In fact, in these classes

questions in which instructors did not wait for an answer were the exception rather than the norm.

Post-interviews with instructors indicated that they tend to rely on visual inspection of students’ faces

and body signals to determine whether to wait for an answer or not. For example, ET said,

I told them on the first day, ask any questions you want, the only stupid questions are the
ones you take home with you without asking… with this class they were, the day you
came, I mean they were already used to, I was used to their face. So usually if I asked,
“are there any questions,” right away they raised their hands. If I don’t see the hand like
within four seconds or something... That means there’s no question. (…) But once I get
used to the students’ face and I know that if I don’t say anything they’ll just be quiet,
they don’t have any questions, I move on. In fact Wednesday, (…) that was only our
third meeting, when I asked them “are there any questions?” I would stop and I would
scan the entire room, back and forth, maybe for ten seconds, twelve seconds, something
like that before I move on. But once I get used to their responses, like if they have a
question and they’ll respond within two or three seconds, then I make it like four or five.
I’m not counting the seconds, but it’s automatic, once you get used to that face. (Lines
291-301)

In addition to giving wait time after asking a question, the instructors also paused to locate problems

or examples in the textbooks, to redirect the class to a new section, or to allow students to work

independently on an example or a problem. Table below presents descriptive information about wait

time in seconds. As can be seen, instructors’ wait time after a question was above three seconds on

average. These relatively long pauses contribute to explaining the high participation rates observed.

When instructors ask many questions and provide sufficient wait time for students to think and

answer, it is more likely that students will respond or make a contribution to maintain the flow of the

conversation. Also, pausing for making transitions is a useful tool to help students redirect their

attention to the new section. Giving time also allows the instructors to know if students are ready to

move on. Giving time for students to work on their own also gives instructors the opportunity to see

how their students are working and for students to make sure they know what they are supposed to do

on their own. In general, the classes had a steady but calm rhythm and these pauses served

pedagogical purposes that contributed to that rhythm.

Table 5: Descriptive Information about Wait Time in Seconds in the Sample

Instructor
All Instances # Question Wait

Other
Instances

Min wait Max wait Mode n Mean wait n Mean wait
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time time wait time (SD) (SD)

EA 2 113 5 28 5.79 (2.85) 2 79.00 (48.08)

EH 3 20 3 21 3.76 (1.00) 22 9.95 (3.94)

ED 2 23 4 22 3.64 (0.49) 54 5.56 (4.52)

EY 2 11 3 48 3.42 (5.24) 39 9.77 (6.47)

ET 3 23 3 33 4.64 (1.62) 13 14.00 (4.78)

EK 2 106 3 50 3.12 (0.63) 48 17.34 (23.35)

EN 3 70 4 52 7.29 (3.99) 13 28.86 (14.33)

Note: Shaded entries indicate part-time instructors.

Rhetorical questions or statements in the form Sentence-Right were less prominent in these classes

but all instructors formulated them during teaching.

Figure below illustrates Rhetorical and Sentence-Right statements. Rhetorical questions (

Figure a) show train of thought or ways of thinking about problems. Sentence-Right statements (

Figure b), on the other hand, seem to align the students with what instructors wanted to say.

ET: Now to find the slope we can line them up like this,
this point, or we can put 102, 124 on top and 100 and
128 under it. Does it make any difference which way we
calculate it? It shouldn’t. It should get the exact same
slope. (lines 154-157)

EN: What do you think about this process? He went
through and looked for completely filled-in pies and
there were three of them and then he went through an
looked at the parts and identified that they were cut in
the same size pieces, so he could just say ah ha I’ve got
two parts out of pies cut in thirds, does that make sense?
So if you use that strategy [for] number two… How
many whole parts do you have? (lines 128-138)

EK: 1/3. So I can write this as 33 1/3% (pause 2
seconds) Isn’t that weird? It is kind of weird. So using
the same idea, let’s take (writes on board 3 seconds) 2.3
and write 2/3 as (pause 4 seconds) (lines 378-381)

(a)

ED: What exactly as you think about it, how
much can you get into debt? (M: Infinite.) Not
really because eventually people will stop
lending you money, right? (lines 151-154)

EY: And they [fraction bars] work really well on
an overhead, not so well here, but I will pull them
out anyway. This is considered a whole, right?
Whole. This would be a half. And I have two of
them. You can see that 2 halves make one whole,
right? So that would be 1 is the same as 2
halves, right? (lines 299-303)

EH: 3 and x – 2 are like two factors, right? So
you just multiply those two together. (writes on
board 5 seconds) (lines 656-657)

(b)

Figure 3: Examples of (a) Rhetorical Questions and (b) Sentence-Right? statements in the corpus.

What is the Complexity of Students’ Participation?

Table 6 shows the number of turns and words instructors and students said, the average number of

words per speaker turn, and the percent of students’ turns that were one to three words long. As

reported in other studies of instruction (e.g., Hiebert & Wearne, 1993), teachers speak more than their

students. The ratio of number of students’ words to the number of turns provides a measure of the

length in number of words of the turns. In these classes, this ratio ranged from three to seven words,

which indicates that contributions offered by students tended to be of low lexical complexity.

Although the average sentence length was about four words, in five classes more than 50% of the

students’ responses were sentences one to three words long.
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Table 6: Number of Turns, Words Uttered, Average Length of Turns, and Percent of Turns
that were One to Three Words Long

Number of Turns Number of Words Stated
Average # of Words per

Turn
Percent of

Students’ Turns
1 to 3 Words LongInstructor Students Instructor Students Instructor Students

EA 209 218 6,011 867 29 3 63%

EH 225 201 6,169 1,078 27 5 41%

ED 205 113 8,096 1,499 39 7 50%

EY 197 157 9,688 665 49 4 50%

ET 183 172 8,906 704 49 4 46%

EK 186 145 8,766 650 47 4 55%

EN 156 153 9,350 750 60 5 55%

These numbers suggest that when instructors ask questions, their students respond with short answers,

which in turn suggests that the questions might be focusing on recalling factual knowledge or filling

in steps in procedures done on the board.

Figure 44 below presents an example of such questioning.

ET: Mark?

M: -10 over (5 – 3).

ET: Over (5 – 3). Ok. So 18 - 10 (writes on board 3 seconds) And then you still,
in the numerator you have 5 - 10. Ok, we need y in the numerator and the x is in
the denominator and you subtract. 18 – 10, 5 – 10. 18 – 10 is?

M: 8.

ET: 5 – 3 is?

F: 2

ET: Then you divide 8 by 2 you get 4 and that’s the slope. This is how you
calculate slope. This is part of what you did last time. What we’re going to do
today is applications of this, of slope, real life applications of slope and slope
calculations. (Lines 15-32)

Figure 4: Example of questions that required short answers from students.

The instructors worked on an average of 30 activities in their classes (from 15 in EH’s class to 37 in

EA’s). The codification of the types of knowledge and cognitive processes that these activities elicited

(shown in Table below) revealed that instructors placed more emphasis on basic cognitive processes

(such as remembering, understanding, and applying factual and procedural knowledge) than on the

more advanced processes with all types of knowledge. Few activities required metacognitive

knowledge or expected students to analyze, evaluate, or create. Lessons strongly emphasized the

application of procedures. This result is consistent with the K-12 mathematics education literature,

which characterizes mathematics classrooms as places in which the cognitive demands of tasks

students perform is not high (Silver, et al., 2009; Stein & Lane, 1996; Weiss, Pasley, Smith,

Banilower, & Heck, 2003). In the observed classes, instructors made an effort to assist students in

remembering, understanding, and applying facts, concepts, and procedures more frequently than

engaging them in higher order cognitive activities.
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Table 7: Frequency (and Percent) of Activities Classified by Type of Knowledge Elicited and by
Cognitive Process Required.

Remember Understand Apply Analyze Evaluate Create Total

Factual
knowledge

41 (10%) 46 (11%) 18 (4%) 1 (0%) 3 (1%) 1 (0%) 110 (27%)

Conceptual
knowledge

8 (2%) 43 (11%) 5 (1%) - - - 56 (14%)

Procedural
knowledge

38 (9%) 59 (15%) 109 (27%) 1 (0%) 3 (1%) - 210 (52%)

Metacognitive
knowledge

7 (2%) 7 (2%) 11 (3%) - - - 25 (6%)

Total 94 (23%) 155 (39%) 143 (36%) 2 (0%) 6 (1%) 1 (0%) 401 (100%)

Note: An activity could be classified as belonging to more than one cell.

Instructors’ Perceptions

Participant interviews suggest that the kind of students who take these classes together with the

instructor’s previous teaching experiences with these students can explain these findings.

First, instructors tended to speak sympathetically about the students, in particular the adults in

developmental classes, highlighting their high anxiety levels and their low confidence in their ability

to do mathematics. All instructors, when interviewed, expressed that one of their goals was to infuse

confidence and reduce these students’ anxiety towards mathematics and talked about different

strategies used to accomplish these goals. Involving students with the material during class was one

such strategy. It consisted of either assigning homework during the session so students could practice

or connecting the material to what they were doing outside of college, as stated below:

These are students that (…) I don't know if they've really talked about math much, ever,
other than to say I hate it. So my goal is to get them talking about math and to get them
comfortable talking about math in a situation that's not threatening. So they, I think they
respond well in that it, some of them it helps them just to see that they're not the only
ones struggling with a concept. Sometimes it really helps them to teach another student,
if I have them explain to your neighbor how you got this problem, you know that's very
educational. And I've been doing that, I've done that a little more in my, I haven't done
that so much in [math class] yet, I've done that a little more in algebra two, but we've
done some of it. So it's, it's the communication about math that they just, I think that
helps a lot and I've seen them, just builds their confidence more than anything, which
they really need (EY, initial interview, lines 61-68)

Instructors reacted negatively towards lecturing, because they believed that one reason their students

were taking classes at the community college was that they had unsuccessfully experienced such

teaching in their K-12 education. Thus, the instructors felt compelled to try something new. Getting

students talking in class was very important and consequently, they strived for creating environments

in which participation was part of their daily work, as stated below:

I launch the day's lesson, which usually involves as short of a lecture as I can get away
with (EA, initial interview, lines 61-62)

I'm a big believer in experiential learning; I'm doing those small discoveries together.
Like I put a question up on the board, let them think for a few seconds and they are
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coming up with the answer. And of course they don't have the right answer for the first
time, but we think through as a group (ED, initial interview, lines 288-291)

I don't do any, very little just straight lecture where I'm just giving them information
because [I’m] often [saying] "tell me what you think, tell me what you know" … or "if I
put these problems up what are you noticing?" (EN, initial interview, lines 146-149)

Instructors did not appear surprised by the emphasis on factual and procedural knowledge or by the

little emphasis on higher order thinking of classroom activities. They felt that mathematics was

mainly “a procedural activity” (EH, data interview, line 600) that required a vast amount of factual

knowledge and suggested that course level was an important factor in explaining findings on

knowledge and cognitive processes, as stated below:

I think in calculus they have more experience, they have more, with equations, with
solving, with moving terms and manipulating, so in calculus they can take any form and
work with it. But in algebra they don’t, in introductory algebra especially, … which is
this class, they’re just beginning, so we give them forms that are ready or take as few
steps as possible, as little effort as possible. (ET, data interview, lines 265-270)

All participants shared ET’s sentiment. Instructors indicated that unevenness in the mathematical

preparation that their students bring to initial classes combined with the little time students have to

study deter faculty from proposing more demanding activities:

They need a lot of opportunity for practice from me. Depending on the level, most
students will only do what is assigned (…). They have the kids to get to bed, they have
the dinner to make, they have the work to go from midnight to 8:00 am, so if I assign
twelve problems by goodness they’re going to do twelve problems whether they
understood any of them or not. So I need to make sure my assignments are pretty well
crafted and tweaked so that they’re given opportunities, things like practice tests, review
sheets for tests, lists of exactly what type of problem is going to be on the test. They
really crave that. They’re not able to write their own note cards from scratch for a test. I
won’t do note cards obviously but I will give them a list of exactly the types of problems,
you will solve a system in two variables, you will, you know, for elementary math it
might be you will add and subtract in base three and base five, you will be able to explain
the place value in base twelve and what the digits are. So they can make their own note
cards from that but they need structure and as I said before, they need pretty much every
class period there to be a task that they know if they’re not there they’ll miss and they’ll
miss points because there’s too many competing pressures, yeah. (EA, Initial
Interview, 445-462)

Because the content was seen as basic and elementary, faculty believed that their students needed to

learn and practice facts and procedures before being able to pursue more advanced processes. And

because the courses are lock-step, faculty felt pressured to ensure proficiency with such basic content.

In this scenario, faculty saw their primary obligation as assisting students in advancing through the

requirements in their department and saw the reinforcement of basic skills as necessary. The lock-step

nature of these courses allowed them to assume that in higher courses they could expect students to

know the basic material and therefore have a different pace, as stated below:

I just change the pace… If I’m teaching calculus, yes I teach them differently, differential
equations I teach them differently because there are a lot of things that we expect them to
know so I don’t have to go over them. (ET, Data Interview, lines 317-319)
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At the same time instructors felt that their students needed to be acquainted with more conceptual and

metacognitive knowledge and to be exposed to activities that demanded more advanced cognitive

processes, they felt constrained in accomplishing that goal, in terms of their own limited knowledge in

handling such activities with these particular group of students, as stated below:

That’s what I talk to my colleague at the end of class. Because I learned conceptually,
that is how I learned math. And I’ve tried a lot of conceptual [activities] with this kind of
students, but then they just give me this look, like ‘what are you talking about?’ but [my
colleague] uses it in his introductory algebra class; that makes sense, … but [in this
developmental course], conceptually explaining things, that is an area that I know I need
to work on, if they can get the conceptual, then they will be much happier with it. (EY,
Data Interview, lines 600-604)

In my [lower level class] I need for them to learn all this rules and apply them. But if I
try to use the more abstract, create kind of thing, their anxiety level shoots up, so to me it
is very difficult to get them to do these more advanced work (EK, Data Interview, lines
700-705)

I am thinking about these—analyze, create, evaluate—maybe I do these more in my
assessments… I know the two hours go by so quickly, I wish I could give them, you
know, tell them create a problem, invent the numbers, come up with the story, but you
know a lot of times—you just can see their faces, it takes so much time… and… This is
the tip of the iceberg, isn’t it? (EN, Data Interview, lines 723-730)

Not only did instructors indicate limited student knowledge, they also indicated that using information

or activities shown to be useful in other settings to deepen understanding actually created dilemmas in

their own practice, as stated below:

I try to do work with manipulatives but that’s also a hard balance with adults. You know
it works OK with students but to hand them little toys or little contraptions you sort of
feel like, you know? This is a thirty-year-old person, I don’t want to seem demeaning, I
don’t want to seem… you know? I had fraction strips yesterday and I was like am I going
to give them these or can we just draw these models out and so I decided not to use them
because I wasn’t convinced enough that it was worth it versus… what are we doing with
these little things? So that is a little bit tricky. (EN, Initial Interview, 162-167)

Thus, instructors indicated that the emphasis of low-cognitive processes that emphasize factual and

procedural knowledge was necessary for the mathematics teaching they have to do, and at the same

time recognized that this type of learning can be limiting. However, when asked about using other

forms of knowledge and higher cognitive processes, they felt that they had neither the right students,

tools, context, nor sufficient knowledge to be successful with them.

Discussion

The purpose of this study was to characterize participation in a select group of community college

mathematics classrooms in order to understand the opportunities to learn mathematics that are

available to the students; because of the high proportion of adults in these classes, the analyses can

speak also about opportunities for the adults who share these classes.

It is important to highlight a main limitation of the study that influences the results and limits

their application to different settings. The study had a small number of participants who volunteered

for the study and who were invited because they were seen as successful in their department. It is

possible that what is reported here is more idiosyncratic of the sample selected rather than
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representative of the department at large. Volunteering to participate in a study of instruction makes

the sample very special. The faculty who participated wanted to know more about their teaching and

to learn ways to reach their students better; such attitudes make them more receptive and open than

what could be expected with a random sample. At the same time, findings from this select sample of

faculty who are considered successful raises important questions about the learning opportunities that

students might have in classes of less successful instructors.

In the seven classes observed the instructors rarely delivered content for long periods of time

and the students made frequent contributions during class. The classes were mostly devoted to solve

examples and problems on the board, with substantial input from the students. The students took

notes, worked on their own or with other students, trying procedures, and asking and responding to

the many questions that emerged. The wait time, the high number of questions these instructors asked,

and the high proportion of questions for which an answer was expected, help to explain the high

participation rate observed. Instructors indicated that it was very important for students to ask

questions and they encouraged students to do so. In these community college classes, women and men

participated actively with more women than men speaking in a given class. But, in general in this

sample, females and males made comparable contributions. The findings of this preliminary

exploration also indicate that a considerable number of students’ answers were of a low lexical

complexity. Students in general provided short unelaborated sentences that required low cognitive

activity as corroborated by the analysis of the knowledge and cognitive demands of the activities,

which showed a prominence of factual and procedural knowledge with basic cognitive demand

processes. In sum, although quite interactive, these classrooms do not seem to be challenging

students.

Two potential explanations for these findings—instructors’ perceptions of their students and

the level of the classes observed appear to play a role in these results. Instructors are aware of the

sacrifices and efforts adult students make to attend community college classes and perceive these

students as unprepared and therefore in need of substantial assistance. Thus, they are more willing to

give them more opportunities to use the material during class because instructors have little hope that

students will be able to devote time outside to do homework. Instructors therefore feel more

compelled to reach out to students in class to make sure that each one succeeds. Because these

students are perceived as unprepared or with high levels of anxiety, asking questions that students will

be able to answer is very important to the instructors. This would justify using questions that activate

knowledge that is easy to retrieve, giving both students and teachers a sense of “efficacy” (Herbst,

2003). If this is indeed the case, then we could hypothesize that with a different group of students—

for example, students who had just successfully finished high-school or who do not need

remediation—the classroom dynamics would change towards less interaction (because the students

are better prepared) and more complex questions (because they can handle them).

The content of the courses observed corresponds to mathematics taught in grades 3 to 9. Such

content is perceived as basic (students need to be proficient with the four arithmetic operations with

different types of numbers, they need to recognize equations and formulas and be able to solve and

use them as needed) and necessary to handle more advanced mathematics courses. Because the

amount of time available to cover all this material is limited to about three 15-week long courses, it

appears to be certainly more efficient to emphasize basic notions and procedural proficiency over

applying, evaluating, or creating conceptual or metacognitive knowledge. Activities involving these

more complex processes take time (in planning and deploying) and it is unclear that such investment

pays off in the end, especially because the amount of content is quite large. As before, the possibility

of seeing immediate rewards for the effort makes the emphasis on procedures more enticing both for

the students and the faculty. I am not suggesting that this is an intentional decision, rather the

conditions in which this type of teaching happens help to determine these outcomes.

There are at least two ways to investigate whether this perception of the content and the

complexity of using more cognitive demanding activities with this content is a factor at play. Similar
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to work by Stein and colleagues (Stein, et al., 1996; Stein, Smith, Henningsen, & Silver, 2000), one

possibility is to encourage faculty in developmental courses to infuse higher-order activities in

instruction and then study their deployment in classrooms. Do faculty maintain or increase the

cognitive level of the activity or do they tend to reduce it in order to maintain a sense of efficacy in

the classrooms? What types of obstacles are there for implementing these activities? And what do

students perceive and learn when using such activities? Given that students are considered important

players in the learning situation, listening to how they understand the activities is very important.

Because there are both adult and non-adult students in these courses, it would be important to

determine the differences that deploying these tasks make. We can anticipate that implementing these

activities might be at odds with students’ perceptions of what mathematics is (Benn, 1995). Some

action research projects were started with this model by a number of community colleges in California

(Rose Asera, personal communication, February, 23, 2009, see also Asera, 2008) and they provide

evidence of change in instructors’ practices.

A second possibility is to apply these analyses to non-developmental courses to determine

whether indeed there is less student participation and more challenging activities—which would

corroborate that instructors perceive the non-developmental student as more capable of handling the

content. Following instructors who teach both types of courses could provide evidence that instructors

change their teaching practice depending on the level of the content that they teach. Because adults

take college level courses in community colleges, it would be important to determine whether in more

advanced classes they have more opportunities to learn the mathematics that will ensure their success

once they transfer to a four-year institution.

Conclusion

Involving all students, specially adults, with the material of the mathematics classroom is an

important practice that might help them overcome their mathematics anxiety and develop a sense of

self-efficacy that will help their chances of success. However, as we have seen the students in these

classes were engaged at low levels of lexical and cognitive complexity, emphasizing limited aspects

of mathematical knowledge which might be detrimental as they attempt to succeed in more advanced

work. At the same time, instructors’ perceptions of their students and the content they teach works

against the possibility of having classrooms in which students can be engaged at higher level of

cognitive activity. The findings from this study suggest important avenues for future work, both in

terms of faculty development and in terms of research.

First, faculty’s willingness to participate and learn more about their own teaching—they

volunteered and they teach at a teaching institution—are promising signs that instruction can become

less instructor-centered in college settings. The faculty felt responsible for their students’ success in

the lock-step math courses the college offered and felt that involving students was crucial, given the

students and material they were teaching. At the same time their perception that higher-level cognitive

processes might not work with adults and the basic math content could be addressed by preparing

faculty workshops in which activities that use higher-level processes (such as analysis, creation, and

evaluation) with this basic content are modeled and tried out. Simultaneously, attention to the need for

developing metacognitive and conceptual knowledge is crucial.

But before being able to do this work, it is fundamental to investigate which activities could

be used for such purposes. The participants in this study, who were aware of K-12 reform-oriented

practices, were reasonably skeptical about the appropriateness of those methods for the adults they

were teaching in their higher-education institution. It is not clear that the methods will work as

transparently in community colleges. In addition, most of the faculty felt concerned with passing

rates. Their instructional approach was successful as their students were moving on as they were

supposed to do; therefore attempts to change such instruction would not be welcome unless the new

approaches demonstrate improvement over what they already know how to do well.
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Other research includes determining the extent to which the patterns of participation observed

in this study with faculty who are considered successful are representative of what could be observed

in classes taught by other instructors. Norton Grubb’s work (Grubb & Associates, 1999) suggests that

the variation of instruction within colleges is quite substantial, and it might be possible that the

findings reported here are outliers in the landscape of participation in community college math

classrooms. Thus, systematic analyses of mathematics instruction within and across colleges are

needed. Such work is important as we create faculty development that is tailored to the needs of the

faculty that we serve.

Finally, a closer look at the type of knowledge potentially activated during the interaction is

fundamental because what matters most is what the students learn and the quality and permanence of

that learning. Because community college classrooms have a wide range of students in each class—

they can be adult, college-age, full-time employed, with families, or low-income—what instructors do

in each classroom is of paramount importance, all of the time. It is fundamental to determine how

feasible is it to sustain classrooms that encourages students to participate at high levels of cognitive

demands and with richer types of knowledge given the time constraints for teaching a vast amount of

content, the limited amount of time that faculty have for planning such activities, and the limited

amount of time that students have for learning the material.
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Abstract

The labour market requirements play a central role in the answer from politicians and educational

planners to the question “Why teach mathematics to adults?” Mathematics is interwoven with

technology in the workplace - in technique, work organisation and people’s competences. Still “No”

is the most common answer to the question “Do you use mathematics in your work?” This leads to

one relevance paradox. – Mathematics as a visible tool disappears in many workplace routines.

However, this kind of invisibility is not the only reason for the negative answer. People simply do not

recognize the mathematics in their daily practice – as mathematics. They do not connect the everyday

activity and their own competence with mathematics. Most of them only associate mathematics with

the school subject. Hence the two main answers to the question “Why do adults study mathematics?”

are proving to yourself that you can learn the mathematics that you did not learn in school and being

able to help your children with their homework. This leads to a second relevance paradox.

Key words: adult education, justification, lifelong learning, mathematics in work, special needs

education.

Lifelong education

In the European countries, the right and the obligation concerning education does not stop with

childhood and youth but also includes adult life. The idea of lifelong learning has left its mark and

adult education programmes are prioritised in educational and labour market policies. In adult and

continuing education there seems to be two parallel and combined processes going on: an

institutionalizing process adding schools for adults to the schools for children and adolescents, and a

de-institutionalizing process with a focus on adults’ learning processes outside schools (Wedege,

2004b). In various policy reports, the so-called “key competencies” and “basic skills” are identified

and appropriate educational responses to societal demands for qualifications are postulated. As one of

the basic skills, “mathematics”, “mathematical literacy” or “numeracy” is among top 5 on the subject

list in the educational programmes. Among the reasons for offering lifelong mathematics education,

we recognize the economy to be decisive at the political level; technological development in the

labour market is the main reason for demanding mathematics education for all. However, in this

context, people’s everyday competences do not count as mathematics (FitzSimons, 2002).

Mathematics is to a large extent invisible in people’s everyday life and they do not feel it relevant to

study mathematics. One of the reasons is that people experience themselves as competent in their jobs

without being aware of how mathematics plays a role in their activity (Wedege, 1999; Wedege &

Evans, 2006). Thus, mathematics education is experienced by the learners as a field of tension

between felt needs concerning what one wants to learn – or has to learn – and various constraints from

society and the labour market (Wedege & Evans, 2006).

In the article, I discuss why people’s mathematics in work is invisible and present two

relevance paradoxes connected to this phenomenon. The first paradox is related to reasons for
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teaching mathematics to adults. It is about the objective relevance of mathematics in society versus

the subjectively experienced irrelevance. The second paradox is related to adults’ reasons for studying

mathematics. It is about the discrepancy between societal reasons for offering mathematics education

to adults and individual motives for learning mathematics. In this context, the term adults refer to

people with workplace experiences and short formal educational stories.

Why teach mathematics to adults?

As mentioned mathematics is among top 5 on the subject list in adult educational programmes.

According to Niss (1996), there are three overall reasons for providing mathematics education in

general:

 Contributing to the technological and socio-economic development of society at large, either as
such or in competition with other societies/countries;

 Contributing to society’s political, ideological and cultural maintenance and development, again
either as such or in competition with other societies/countries;

 Providing individuals with prerequisites which may help them to cope with life in the various
spheres in which they live: education, occupation; private life; social life, life as a citizen. (Niss
1996, p. 13)

The first two reasons (technology/economy and culture) are formulated from a societal point of view

and the third reason from an individual’s point of view. If you look at the rationale of the ideas of

lifelong education over a period of time you may find the same kind of reasons: technology, economy,

culture and democracy. According to Rubenson (2001), UNESCO introduced lifelong learning as a

utopian-humanistic guiding principle for restructuring education, in the late 1960s. “Education for all”

and democracy were on the agenda. The concept disappeared from the policy debate but reappeared in

the late 1980s where the debate was driven by an interest based on an economistic worldview

emphasising the importance of highly developed human capital, science and technology. From the

first to the second generation, lifelong learning had changed from a utopian idea to an economic

imperative. However, in the late 1990s, it seemed that a third generation (economistic-social

cohesion) with active citizenship and employability as two equally important aims for lifelong

learning – at least on the rhetorical level – were taking over. Here, the market still has a central role

but the responsibilities of the individual and the state are also visible (Rubenson, 2001). The concept

of lifelong learning is not formed on a national level but on an international level (UNESCO, OECD

and EU). It is a globalised idea being reinterpreted on the national level. In the official Nordic

documents concerning lifelong learning we recover the discourses of the second and third generations.

Here are examples from Norway and Sweden (from Wedege, 2004b):

Lifelong learning and educational opportunities for adults are important principles of Norwegian
educational policy. The aim is to provide suitable conditions in order to strengthen the competence of the
adult population. Updated and new competence is necessary to improve competitiveness and increase
flexibility in a changing working life. New competence can give individuals greater freedom of choice
and possibilities to realise their wishes and needs. (Norway)

Lifelong learning is a holistic view of education and recognises learning from a number of different
environments. The concept consists of two dimensions. The lifelong dimension indicating that the
individual learns throughout a life-span. The lifewide dimension recognises formal, non formal and
informal learning. (…) Lifelong learning and lifewide learning is an issue for educational policy, labour
market policy and workplace as well as civil society. (Sweden)

As the other Nordic countries, Denmark has a long-standing tradition of adult and lifelong education

ranging from liberal adult education activities to qualifying general as well as vocationally oriented

adult education. In 2001, a new programme Preparatory Adult Education (PAE) in Mathematics was
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introduced as an entrance level to formal adult education. During the political debate and the

educational planning process of this programme, “active citizenship”, “employability” and “personal

needs” were used as equivalent arguments for establishing this programme (Johansen, 2006, p.275).

The aim of PAE in Mathematics is to develop the adults’ numeracy, which – in this context – is

understood as the functional mathematical skills and understanding that are needed in principle by all

people in society. At the first of two educational levels, it is expected that the participants clarify,

improve and supplement their number sense and functional arithmetic skills for everyday practical use

and personal organisation. The education is to ensure participants the possibility of developing their

mathematical awareness and the ability to deal with, process, evaluate, and produce mathematics-

containing information and materials, as well as being able to communicate about these things (see

Lindenskov & Wedege, 2001). In her doctoral study, Johansen (2006) followed the political debate

and the developmental work in Denmark leading to the programme of Preparatory Adult Education in

Mathematics. Her focus was on the arguments given by the politicians and by the researchers

developing the programme, who agreed in general that adults without basic skills in mathematics

should be offered mathematics education. From Johansen’s analysis we learn that politicians and

educational planners – in their discourses – constructed a common picture of the world with:

 a labour market with demands on adults’ [mathematical] knowledge and skills
 an educational system with demands on adults’ [mathematical] knowledge and skills
 an everyday life with demands on adults’ [mathematical] knowledge and skills
 a societal life with demands on adults’ [mathematical] knowledge and skills

(Johansen 2006, p.275 [my insertion])

But “No” is the most common reply from adults when asked: “Do you need mathematics in your

work?” The place and function of mathematics in the workplace are largely invisible and

unrecognised by people (Wedege, 2004). Hence, the answer to the first question, “Why teach

mathematics to adults?”, leads me to the relevance paradox (1) which was formulated by Niss (1994):

There is a contradiction between the objective relevance of mathematics in society and the

subjectively experienced irrelevance. This paradox is caused by the “discrepancy between the

objective social significance of mathematics and its subjective invisibility” (p. 371). In general,

people find that mathematics is important in society and as a school subject but not for themselves. In

other words, someone has to learn mathematics but not me. Possible reasons for this paradox may be

found in the difference between mathematics in school and mathematics in the workplace.

Visible and invisible mathematics in technology

In educational research, the overall interest in studying adults’ mathematics in the workplace is

mathematics education for the workplace (see Wedege, 2004). At the same time learning mathematics

for the workplace is the most common argument for mathematics in adult educational programmes

and in lifelong mathematics education, across the different generations mentioned above. “Using

mathematical ideas and techniques” is usually pointed to as a key competence in international policy

reports concerning the requirements of the technological change in society. The general categories of

competences are here described in isolation from the technological contexts of workplaces. Hence, the

complexity of mathematics in the workplace is reduced and mathematical knowledge as such,

referring to the formal disciplines, for example algebra and geometry, is seen as a key competence;

(FitzSimons, 2002; Wedege, 2004a). Consequently, use of mathematical knowledge in workplace

situations is seen as a simple question of knowledge transfer (Kanes, 1997). Or in other words that

school mathematics can easily be transferred and used by the worker as a tool to the workplace

situation.
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Contrasting with this view of mathematics, research from the beginning of the 1980s until

now has shown that mathematics in people’s everyday life in many ways is different from

mathematics learned in school. In an early study, Lave, Murtaugh and de la Rocha (1984) concluded

that people going to the supermarket are not doing arithmetic but grocery shopping. Workplace

studies have shown that mathematical knowledge is integrated with and dependent on other kinds of

professional knowledge and experiences in the worker’s competence (see Hoyles et al., 2002;

FitzSimons, 2002; Wedege, 2004). For example, Hoyles, Noss and Pozzi (2001) did a study on

proportional reasoning in nursing practice, where they found that the formulas used by the nurses for

calculating medicine in the workplace context were different from the algorithm taught in the training

programme.

This exemplifies two problems that many researchers agree upon (cf. Bessot & Ridgway, 2000;

Sträßer & Zevenbergen, 1996; Wedege, 2004):

 Mathematics is integrated in the workplace activities and often hidden in technology.

 The so-called “transfer” of mathematics between school and workplace – and vice versa – is not a

straightforward affair.

The focus of the article is on the first issue. However, the problem complex related to the second issue

on differences and relationships between mathematics in school and mathematics in work underlies

any debate on the visibility of mathematics, as we shall see.

When talking about mathematics being hidden in technology, I mean technology in the labour

market consisting of three elements and their dynamic interrelations: technique/ machinery, human

competences/qualifications, and work organization (Wedege, 2004a, 2006). Mathematics-containing

technology is technology where mathematics is an integrated but potentially identifiable part; for

example in pin and bar codes. With the optic of a mathematics teacher, one might recognize

mathematics in the three dimensions of workplace technology: integrated in technique and machinery,

embedded in work organization, and incorporated in human qualifications and competences. But one

cannot make the deduction from mathematics in work to mathematics education for work. The

translation from mathematics in the workplace into mathematics in school and vice versa is not

straightforward. From written material collected in the workplace (work sheets/instructions,

description of machinery etc.), it is possible to generate a long series of mathematical tasks, with the

workplace as task-context. But without observations of mathematics in the workplace context (how is

the work organized – how does a competent worker handle this situation) the use of authentic material

might be just a pretext for teaching mathematics. I suggest calling these tasks, which are construed

for the sole purpose of practising mathematics, school mathematical tasks.

By a school mathematical task I mean a task primarily used to practice skills (use of

algorithms and concepts) and to test skills and understandings. Thus, the task is often solved by the

individual student. The task is formulated by the teacher, the textbook or the program. The task has

one correct solution. (Accuracy in the school and tolerance at the workplace are two different things.)

Solving tasks has no practical meaning: the results are not used for anything except, maybe, solving

more tasks. Contrary to this, in a workplace task the numbers are to be found or constructed with the

relevant units of measurement (hours; kg; mm). It is the working tasks and functions in the

technological context which controls and structures the process, not the task. Tasks are solved in

different ways and different procedures and solutions might be OK. At the workplace solving tasks is

a joint matter: you have to collaborate, not compete. Solving tasks has always practical consequences:

a product, a working plan, distribution of products, a price etc. (Wedege, 2002b).
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1. Packing

(The four basic arithmetical operations)

600 covers are to be checked and packed in

boxes. There are to be 5 layers in each box.

Each layer is to consist of 3 rows of 5.

 How many boxes are needed?

2. Basis time

(The four basic arithmetical operations,

percentages)

The basis time for this work operation is 4.63.
9

 How many pieces per hour does this

correspond to?

The working time for checking and packing of

248 covers is 1 hour.

 What percentage of basis time is the

working time?

Figure 1. Two school mathematical tasks

constructed on the basis of a work instruction

(Wedege, 2006, p. 32)

Let us look at an example. Numbers and time are important factors in industrial production and any

teacher of mathematics is able to generate a series of tasks on the basis of them, for example written

instructions (Danish: Arbejdsinstruktion) for the work function of "packing and control of covers”,

which I collected in a large electronics company. See two examples of school mathematical tasks for

practising the four basic arithmetical operations and percentages in figure 1. But the operative who is

to perform this work function does not experience the need to carry out these calculations. The work

instructions state that each box should include 75 pieces. When the operative fetches packaging

material for the 600 pieces, she has to calculate the number of boxes to be used. When new objects

appear, she must read, do a little calculation and count, but this quickly becomes routine. The

computer carries out all calculations concerning working and basis time.

9
When the basis time for the work operation (check and pack one cover) is calculated to 4.63 it means that

you have to do the operation 1000/4.63 times per hour to keep the standard.
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When the teacher constructs this kind of task, he/she might have the impression of translating

from the workplace to the mathematics classroom, but is actually doing the opposite: translation from

the mathematics classroom to the workplace. In this case, mathematics integrated in technique and

work organisation is used as a pretext for practising the four arithmetical operations and percentages.

In the definition above of mathematics-containing technology, I talk about identifying

integrated mathematics and it might be asked: identified or recognized by whom? When you ask an

adult who doesn’t have an explicit mathematics-containing profession, if he or she uses mathematics

in the daily work, the answer is most likely to be “no”. The mathematics integrated in technology is

invisible. In a study of competent workers’ mathematics containing activities, at a large electronics

factory, I observed a semi-skilled worker with many years of experience in production. She is now

working in the quality control. When I interviewed her after the observation, asking questions about

the mathematics that I located in her work, she said: “ … that’s just the logic of battery hens”

(Wedege 2002a, 2006).

The meaning of invisible mathematics is “subjectively invisible mathematics” (people do not

recognise the mathematics that they do as mathematics) which is contrary to “objectively invisible

mathematics” (the mathematics is hidden in technology) (see Wedege, 2002a). The latter is, for

example, the way Richard Noss uses the term “invisible mathematics” when he discusses how

technology has transformed work (Noss, 1998). Traditional survey and interview studies do not reveal

mathematics at work because mathematics is hidden from the perception of the worker by artefacts

(material tools, workplace procedures or organisational features) (Strässer, 2003) or hidden from the

consciousness of the adults due to their self perception and/or conception of mathematics –

unrecognised mathematics (Wedege, 1999, 2002a). This is also why the approach and the research

question are crucial, in the workplace studies. In my research, the basis has been a subjective

approach starting with people's subjective needs for investigating competent workers’ mathematics

(Wedege, 2004, 2006) and not an objective – or general – approach starting either with societal and

labour market demands or with the academic discipline (transformed into "school mathematics") for

asking what mathematics is needed to become competent workers (OECD, 1995, 2005).

Locating the problem

But why is it a problem when adults with short formal educational stories find mathematics irrelevant

in their working life; and what is the problem about? In the context of special needs education, an

operational definition of low achievement in mathematics is given by Magne (2006, p. 23). According

to him special educational needs in mathematics (SEM) means low achievement in mathematics. A

SEM student has got marks in mathematics below the pass standard according to the valid marking

system. Following this definition the students at programmes like Preparatory Adult Education (PAE)

in Mathematics per se have special educational needs in mathematics. They have been weighed and

found too light in the school assessment and, later after school, in international surveys like the

International Adult Literacy Survey (OECD, 1995) and the Adult Literacy and Life Skills Survey

(OECD, 2005).

In Denmark, the politicians and the educational researchers agreed on the reasons for teaching

mathematics to adults when referring to demands of the labour market, in the educational system, in

the individual’s everyday life and societal life. But they did not agree on the definition of the target

group of Preparatory Adult Education. In their discourses, politicians and educational planners

constructed conflicting pictures of the adults, according to Johansen (2006). The politicians

constructed a picture of adults not being able to take part of societal life, a group excluded from

society or in danger of being excluded. Furthermore, the target group is described as people who are

unaware of their missing skills. The educational planners constructed a picture of adults being

competent and handling the mathematics-containing situations in their daily and working life. But
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people in the target group are not aware of their own skills and they do not see what they can do as

mathematics (Johansen, 2006).

In the two discourses, we find different ways of locating the problem: the politicians place the

problem in the adult learner talking about the adults having problems with mathematics, and the

educational planners locate the problem in mathematics education talking about mathematics

education having problems with the adults.

Why do adults study mathematics?

When adults pursue education or training intending to become a baker or a truck driver, for example,

not to learn mathematics, and they are often astonished when they meet mathematics in the vocational

schools (Sträßer & Zevenbergen, 1996; Wedege, 1999). But how about adults who voluntarily attend

numeracy or mathematics classes? Do they want to learn mathematics in order to acquire

“prerequisites which may help them to cope with life in the various spheres in which they live:

education, occupation; private life; social life, life as a citizen” (cf. Niss 1994 quoted above)? In the

English project Making numeracy teaching meaningful to adult learners, a central research questions

was about students’ motives for attending – and continuing in – adult numeracy classes. The

researchers conducted 81 qualitative interviews with students from numeracy classes in four schools

to answer the question, and it was concluded that students’ reasons for joining, and continuing to

attend, numeracy classes are varied and complex (Swain et al., 2005). However, few of these reasons

are related to perceived needs within their current employment, or to students feeling that they have a

skills deficit in their everyday life – for example not being able to deal with financial problems. In the

summary of the key findings from the research project, it is stated that:

The main triggers are: to prove that they can succeed in a subject where they have
previously experienced failure; to help their children; for understanding, engagement and
enjoyment; and to get a qualification for further study (Swain et al., 2005, p. 86).

In a survey with 828 respondents among students at Preparatory Adult Education in Mathematics, in

2004, one of the questions concerned the reason for beginning to study (DMA/Research, 2004).

Below are the two items with the highest scores among students who found the item relevant:

 To become more self-confident: 89%

 To help my children with their homework: 83%

In both surveys, a main reason for adults who study mathematics/numeracy on a voluntary basis is

that they want to prove for themselves that they can manage mathematics, which they failed to do in

school, and to help their children with the homework. In these statements, I see the possibility of a

closed and vicious circle from school mathematics to school mathematics and I find this to be a

challenge for mathematics education as such and for adult mathematics in particular.

The answer to the second question, “Why do adults study mathematics?”, leads me to

relevance paradox (2) which is specific to lifelong mathematics education: There is a contradiction

between the adult students’ motives for learning mathematics and the societal reasons for providing

mathematics to adults. The paradox is caused by the discrepancy between the argued relevance of

mathematics (utility in the labour market and in everyday life) and the subjectively experienced

relevance (to prove that I have the ability to succeed in a subject which is a signifier of intelligence

and to help my children at home). The main reasons for these people to engage with mathematics as

adults are not to be found in their working lives or societal lives but in school mathematics. They had

special educational needs in mathematics in lower secondary school mathematics and now they want
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to prove for themselves that they can succeed in the school subject, and to help their children to cope

with school mathematics.

These adults have a conception of mathematics restricted to school mathematics. As students they

have experienced that the purpose of learning mathematics was to solve school mathematical tasks. In

their adult lives, school mathematics is again the reason for studying mathematics and not a felt need

in everyday life. There is a vicious circle from school mathematics to school mathematics.

Conclusion

Despite democracy and citizenship being an overall reason, the justification of mathematics in adult

education – general education as well as vocational training programmes – is primarily found in the

labour market requirements and in the needs of the individual to handle mathematical situations in

her/his daily work. But the adults who had special educational needs in mathematics in school do not

find mathematics relevant in their working lives where they experience themselves as competent

workers without it. Failure in school and a restricted conception of mathematics as algorithms and

formulas might lead to people not recognising the mathematics that they do as mathematics and as a

consequence result in the belief “Mathematics – that’s what I cannot do” (Coben, 2000; Wedege,

1999, 2002a). In other words when adults who struggled in school mathematics handle a

mathematical situation in work they see their competence as common sense and not as mathematical

knowledge. Mathematics is hidden in technology but this is not the only reason for mathematics being

invisible in work.
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