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ABSTRACT 

Generally, outreach efforts provide some type of service targeting a population 

that otherwise might not have access to such services. University mathematics 

outreach programs often target K-12 students or teachers and have one, or a 

combination, of the following goals: enhancement of mathematical content 

knowledge, development of mathematical skills, increased interest in the study of 

mathematics, and promotion of career choices in mathematically intensive fields. In 

this study, we are interested in three questions:  

What are the different types of mathematics outreach programs?  

What are the structural components of mathematics outreach programs?  

What questions must be addressed in the development and implementation of a 

 mathematics outreach program? 

To answer these questions, we consult the literature in general and collect data from 

one hundred existing university/college mathematics outreach programs in the US, 

with particular interest on project target audiences, project goals, project design, and 

project assessment methods. Based on project outcome expectations we are able to 

identify three distinct categories of mathematics outreach programs: motivational, 

preparational, and motivational plus preparational. A descriptive research analysis is 

used to identify and compare the components and variables of the 100 outreach 

programs.  This data is then used to provide a prototypical model of a mathematics 

outreach program in each of the three categories.  

 In summary, this work presents a detailed description of many of the 

prominent math outreach programs in the United States. Programs are generally 

classified as either motivational, preparational, or a combination of both. Analysis of 

these descriptions reveals a consistent set of attributes that can be associated with the 

different types of outreach programs. It is the hope of the author that these attributes 

can serve as guidelines to mathematics practitioners and researchers as they develop 

their own new outreach programs  
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CHAPTER 1  
INTRODUCTION 

1.1 Origin of Outreach 

When looking over the etymology, outreach is the combination of two separate 

English words:  out and reach. “Out” means away from the usual, or out of bounds 

(www.freedictionary.com). “Reach” means to extend as to touch, to meet, or to 

establish communication with (www.dictionary.com). Thus, outreach means reaching 

out of a usual boundary to meet some goal and/or impact some specified community.  

1.2 General Background 

According to Ferry (2006), factors affecting career choices of high school students 

and young adults are: family, schools, community, social and economic factors, ideal 

job perceptions, barriers related to finance and college acceptance, and migration. 

Perna and Tintus (2005) assert that parental involvement in college preparational 

programs advances college enrollment of groups of students from races and ethnicities 

that are underrepresented in higher education. In general, when observing a 

community closely, if parents or family members of a household are in the field of 

business, higher education, or some other fields, other family members often go into 

that field. This is reinforced by the following quotation from Ferry’s work: 

 My dad works on big Caterpillar transmission, and some my uncles do that 

kind of work. We would work together, and, you know, I learned a lot from 

him, how to do anything. This is why I am Diesel-Teck major (Ferry, 2006, 

“Findings” para.3).  

This statement indicates that students and adults choose their career based on their 

existing experiences and observations in their context.  For this kind of experience, 

students and adults depend upon their family, school, and community. But not all 

families, schools, and communities have the knowledge and/or experiences needed to 

inform children of the many possible career options and provide the knowledge base 

needed to pursue those career opportunities.  There exists a gap between students and 

essential knowledge needed for their future. Such knowledge can be a turning point in 

their lives.  To fill this gap many governmental organizations, nongovernmental 

organizations, and universities have implemented outreach programs.  

http://www.freedictionary.com/
http://www.dictionary.com/
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1.3 Definitions 

There are several formal definitions of outreach available from different books and 

dictionaries: 

- Outreach is an activity providing some kind of service to an underserved 

person or group of people. Underserved person or group of people means those 

who otherwise might not have access to those services (Whowell, 2010; Alex, 

2009). In the context of providing health services, Whowell (2010) states:  

Although, the definitions of ‘outreach’ will vary from project to project 

(both in practice and context), the basic premise remains the same; 

outreach teams offer mobile service provisions to communities who 

feel they are socially and/or physically unable to access what could 

broadly be described as mainstream health and wellbeing services (p. 

77). 

- “Outreach is a program designed to help and encourage disadvantaged 

members of a community” (www.collindictionary.com).  

- “Outreach is an organization’s involvement with or activity in the community, 

especially in the context of social welfare” (www.oxforddictionary.com). 

- “The practice of the extending of services or assistance beyond current or usual 

limit” (www.merriam-webster.com). 

- “Outreach is an effort to bring services or information to the people where they 

live or spend their life” (www.cambridgedictionary.com). 

Looking at the above definitions, some key components of outreach practice are: 

- Services that are targeted to the population that is not getting services from 

regular sources. Here, regular sources represent sources that provide services 

to all populations without discrimination such as government health and 

education services.  

- Outreach services are provided to the people in the area where they are living; 

outreach programs are not stationary (Whowell, 2010; Alex & Balmer, 2009)  

- Outreach programs fill the gap of regular services provided by mainstream 

(government) services, and are often carried out by non-governmental and non-

profit organizations (Whowell, 2010) 

http://www.collindictionary.com/
http://www.oxforddictionary.com/
http://www.merriam-webster.com/
http://www.cambridgedictionary.com/
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Based on the service location and targeted audience Rhodes (1996) categorizes 

outreach as:  

- Domiciliary outreach: The outreach service that is carried out by regular home 

visits, targeting the needy population at their own home or the provider’s 

home, is called domiciliary outreach.  

- Detached outreach: Services that are undertaken in public environments like a 

club, street, bar, and so on to improve the knowledge and change the behavior 

of individuals.  

- Peripatetic outreach: Services undertaken at public places such as schools, 

hostels, housing projects, and prisons specially targeting organizations, rather 

than individuals. Peripatetic outreach emphasizes extending the range of 

people who are reached with educational messages, and produce trained 

manpower to provide services for the population. Most educational outreach 

programs fall into this category. 

On the practical application of outreach services Rhodes (1996) states, “In 

practice, outreach teams will often use a mix of Detached, Domiciliary, and Peripatetic 

strategies. The appropriate balance will depend on local situations.” (p. 26). In 

addition to these three categories, there is one more way to deliver outreach services to 

the targeted population through electronic media; this is called the “satellite method” 

(Dewson, Davis, & Casebourne, 2006).  

1.4 General Educational Outreach 

In addition to providing services, outreach has an educational role to improve 

existing knowledge and raise awareness about available services to the uninformed 

population (Dewson et.al, 2006). This section will discuss the different perspectives of 

educational outreach.  

1.4.1 Definition 

“Educational outreach refers to activities that support formal or classroom-

based education as well as informal education that occurs outside of classroom.” 

(http://enhancinged.wgbh.org/kids/started/what/, para. 1) 

http://enhancinged.wgbh.org/kids/started/what/
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Formal education is classroom based education that is provided in a regular 

classroom by trained teachers. In formal education, the classrooms have the same 

teachers and the same students every day, activities last for several days, appointments 

of teachers and training for teachers follow a formal process, and there are specific 

items to be covered in a class.  

Informal education is often not conducted in a classroom and informal 

education experts’ knowledge varies as well as their technique. Every day a different 

group of students could be attending the program; so, attendance can be inconsistent 

with few if any restrictions on curriculum.  

Educational outreach programs can be both formal and informal. Since 

educational outreach programs support to fill the gaps in regular service, it is 

sometimes questionable how an outreach program can have a formal setting. However, 

there are some outreach programs in our study where the experts and professionals 

develop an outreach curriculum in a targeted area of study and train teachers in that 

curriculum. Teachers can then implement the curriculum in the regular classroom 

throughout the year; creating student interest and enriching their knowledge in that 

field. Engineering is Elementary (EiE) is one such program. The EiE-program is a 

curriculum developed by Dr. Christine Cunningham of the Boston Museum of Science 

to foster engineering literacy among elementary school students. Elementary school 

teachers were trained in this curriculum and then they taught throughout the school 

year in the Jefferson County public school system in Kentucky (Rivoli, & Ralston, 

2009). 

Educational outreach programs are often designed to share educational 

experiences with young students and professionals. They can be run in various places 

like libraries, school or college classrooms, labs, cafes, and community based 

organizations. Educational outreach programs are also conducted in different forms: 

summer school, summer camp, students’ clubs, students’ circles, teachers’ circles, 

Saturday academy, after school and so on. Dewson et.al (2006) has suggested the 

satellite method as an effective service delivery method in some outreach programs. 

For example, E-matching is an educational outreach program aimed to improve 
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students’ knowledge in science, technology, engineering and mathematics (STEM) 

and to increase their interest towards these fields. This program implements a website 

platform to share knowledge among students, teachers, and professionals (Rumala, 

Hidary, Ewool, Emdin and Scovell, 2011). Thus, the education outreach program can 

exist in either peripatetic or satellite form. 

1.4.2 Developing a general educational outreach program 

In our search of the literature we found three works focusing on how to develop 

and implement educational outreach programs in general. We begin with the work of 

Harrison, Cohen, Hinchey, Moerke, and Dasson (2009) which lists the following as 

important steps: 

- Determine an important issue  

- Identify and target a particular audience 

- Decide the party or personnel with whom you are collaborating 

- Identify measurable outcomes to evaluate the program 

Identifying and evaluating outcomes naturally follows identifying issues, target 

audiences, and suitable project personnel.   The first two steps likely occur in tandem 

in that the issue will point to a potential target audience.   For example, if the issue is 

the lack of motivation on the part of girls for pursuing STEM related majors in college 

then the target audience might be either high-school girls or high-school math and 

science teachers, or possibly both.   

Educational outreach programs should address an important need of a community. 

To select relatively important issues, different methods like surveys or series of 

workshops can be conducted. Sometimes the input of leaders, social workers, or 

teachers in the community can be used. For example, in our experience teaching a 

mathematics course for future teachers, we observe that many pre-service early 

childhood teachers can solve a simple subtraction problem like 21-19 = 2 but are not 

able to explain the mathematics behind the procedure of borrowing and do not process 

the skills to use borrowing in more complicated situations. This is just one of many 

examples of the types of issues that might be identified via surveys or personal 
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experiences.  Identifying and addressing such issues plays an important role in 

students’ mastering of the mathematics needed to support their success in future 

mathematics studies or in STEM areas in general.  

After determining the issue or issues, the second step is identifying a particular 

target audience. As in our previous example, the target audience is likely determined 

by the issue(s). In our example, the issue is future elementary teachers’ lack of 

understanding the mathematical concept of borrowing. Outreach program developers 

should identify the grade levels at which students encounter these concepts and then 

target those students and/or teachers.  

To run a program effectively and get a positive output, the organization and 

personnel play an important role. Selection of project personnel also depends on the 

issue(s) and targeted audience(s). It is important to identify appropriate partners 

depending on the target audience (Harrison et.al, 2009).  If the target audience is a 

group of elementary school students, then math professors, education experts, school 

teachers, and some administrative staff might work together to address the issue(s). 

Lastly, the identification of desired measurable outcomes and products is an 

important step in the outreach program. Without the measurement of output, it is 

impossible to document the impact of an outreach program whether it met the 

expected outcome or not. When developing an educational outreach program, some 

output benchmarks or goals should be identified and be included in the program’s 

design or description. For example, test results can be used to evaluate the success of a 

program targeting elementary school students.   

The second work is from the Corporation for Public Broadcasting 

(http://enhancinged.wgbh.org/process/index.html ) which suggests seven steps for 

development and implementation of an educational outreach program:  

- Defining audience and goal: To develop an educational outreach program, as a 

developer you should know what audience you would like to reach and what 

message, experience, and content you want them to have with. 

http://enhancinged.wgbh.org/process/index.html
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- Collaborating with partners: The choice of partners will depend on your 

audience. On selecting a partner, you should be clear about the role your 

partners can play. 

- Defining educational content: After identifying your audience, you should 

select topics that you want to present to your audience.  Be mindful of the level 

of education, standards, and learning practices of your audience. 

- Choosing appropriate media:  Technology and different techniques play an 

important role in learning and motivation. Depending upon your educational 

content, decide what would be the best delivery methods (web, video, face to 

face, print) to deliver your program.  

- Budgeting and scheduling: Funding plays a key role in the development and 

implementation of an outreach program. In the case of the Corporation for 

Public Broadcasting, there was a dedicated budget for outreach activities, but 

for the development of educational outreach programs in colleges and 

universities, program developers must find sources of funding which typically 

involves submission of proposals with detailed budget plans.  

- Determining detailed time lines: Maintain your schedule and make sure your 

networks are running normally. For example, how much time is needed to 

produce the different elements in your program and how much time will you 

need to implement and support participants of the program?  

- Establishing evaluation protocols: Evaluation supports programs by identifying 

strengths, weaknesses, and effectiveness of program efforts and promotes 

program improvement. Set program minimum outcome expectations and 

regularly assess the extent to which expectations are met or exceeded. When 

you set up your goals, make sure that your activities and assessments are 

compatible with your goals.  

The third work is provided by New York Association on Independent Living 

(NYAIL); a statewide nonprofit membership association created by and composed of 

independent living centers across New York State 
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(http://www.ilny.org/programs/ssan/where-to-begin/ten-steps-program-development). 

The ten suggested steps for creating an effective educational outreach program are: 

- Write a situation statement: Write a problem statement that explores the 

situation of community or persons. For example, “Our village county has to 

repair existing road systems and construct a new road system for the 

development of county. In our community, very few people are working in the 

field of transportation engineering. Because of construction work, the available 

manpower is not sufficient to address this need.” 

- Define Goals: After identification of a problem, you should identify and 

articulate the project goals.  For the above-mentioned situation, the goal is to 

increase engineering manpower in that community. Creating collaboration 

between the college of engineering faculty, parents of high school students, 

community leaders, decision makers, and stake holders will encourage more 

students to pursue degrees in engineering and ultimately address the increased 

demand for manpower in that field. 

- Identify the audience: To implement a program the target audience should be 

identified. In the above example, the target audience is the students. You need 

to identify the level and grade of these students to design an effective program. 

This will depend on the existing practices and demeanor of collaborative 

members. 

- Craft a clear message: A clear message should address the need of the program 

to help motivate and engage your audiences.  Coalition partners and funding 

agencies need a clear and concise message to be effective ambassadors and 

supporters for the program. In the above example, supportive data on the role 

of local manpower can give a clear message.  

- Identify incentives for engaging the targeted audience and organizations: 

Incentives help people get involved in the program. For students, sometimes 

we can use food items or some monetary incentives. Role models and hands-on 

activities in particular field can sometimes provide incentives. 

http://www.ilny.org/programs/ssan/where-to-begin/ten-steps-program-development


Texas Tech University, Gangadhar Acharya, December 2017 

9 

- Identify outreach methods: This step determines how to implement the 

program so as to achieve the targeted goal. Methods depend on the goals and 

audience of the program. For example, if the goal of program is to create 

students’ interest in studying mathematics and choosing careers in the field in 

mathematics, outreach methods and activities should focus on providing real 

life experiences with the application of mathematics, role models from fields 

of mathematics, and hands-on activities. On the other hand, if program aims to 

enrich students’ mathematical content knowledge then the methods and 

activities should be focused on content.  

- Identify spokespersons: Spokespersons are personnel who disseminate 

program’s information to the target communities, audiences, partners and 

funding agencies. They should be capable of promoting the project and 

engaging audiences at all levels. 

- Develop tools or measures to assess progress: The evaluation of the program is 

important because it shows the impact of the program. Thus, development of 

tools to assess progress is an important step. Measures may vary according to 

objective of program, but for this we need to define the baseline for the 

program outcome. For example, the number of students from our community 

enrolling in engineering programs increased by 20% compared to last year. 

- Develop a timeline: Timeline is the schedule for development and 

implementation of program. This also depends on the nature of the program. 

- Implement your plan: Implementation of plan requires an understanding of 

each audience based on their needs and the use of appropriate methods and 

tools to inform them. The most effective community education programs take 

the time to make these determinations during the planning phase. 

Implementation is then keenly focused on building and nurturing relationships, 

effectively communicating the program’s objectives, and evaluating and 

reevaluating programs. 

Observing the above three examples, we note several commonalities for the 

development of an education outreach program in general: selection of the issues, 
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target audience, collaborating partners, setting goals for program, and evaluation of 

program are common suggested steps. The first example does not set steps for 

implementation of the program, but the second and third examples do provide steps 

for development and implementation of educational outreach programs. In summary, 

the following development and implementation steps should be considered: 

- Selection of issue 

-  Identification of audience 

- Decision for collaborating partners 

- Identification of goals 

- Implementation of programs: 

o Timeline 

o  Methods and media  

o Content and incentives  

o Budget 

- Evaluation of outcome (applying different tools) 

1.5 STEM Education Outreach 

1.5.1 Definitions and Introduction 

STEM is an acronym representing the academic programs in Science, 

Technology, Engineering and Mathematics. This acronym was suggested by then-

director of NSF Rita Colwell, PhD, in the 1980’s and then was initiated by the 

National Science Foundation (Marshall, 2015). For the purpose of our study, the 

definitions of four STEM areas are similar to definitions provided by the National 

Research Council (as cited in “An overview of STEM”, 2012)  

Science is the study of the natural world, including the laws of nature 

associated with physics, chemistry, and biology and the treatment or 

application of facts, principles, concepts, or conventions associated with 

these disciplines.  

Technology comprises the entire system of people and organizations, 

knowledge, processes, and devices that go into creating and operating 

technological artifacts, as well as the artifacts themselves.  
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Engineering is a body of knowledge about the design and creation of 

products and a process for solving problems. Engineering utilizes 

concepts in science and mathematics and technological tools.  

Mathematics is the study of patterns and relationships among quantities, 

numbers, and shapes. Mathematics includes theoretical mathematics and 

applied mathematics.   (“STEM definitions”, para. 3) 

 

In the USA, STEM is a highly used acronym in the fields of education, industry, and 

human resources. It even occurs in discussions related to immigration policies. Such 

discussions often occur regarding the perceived shortage of skilled manpower for jobs 

in the fields of science and technology.  Producing qualified persons to address the 

lack of STEM manpower is a main topic in the educational discourse of the USA 

(Morella, 2012). The immigration debate, regarding the access of skilled manpower by 

the USA, is still a hot topic in current politics. The latest evidence of this hot debate is 

a 24-month extension of the Optional Practical Training (OPT) period for international 

STEM graduates from US colleges and universities (Sukumar, 2016). 

This is evidence of a nation’s willingness to retain STEM manpower to address 

the shortage. The US department of education, National Science Foundation (NSF), 

National Council for Teachers of Mathematics (NCTM), and other governmental and 

nongovernmental organizations and institutions including college and universities are 

working to develop a strong and sustainable STEM pipeline by investigating the 

problems behind the lack of STEM graduates and manpower. This was the motivation 

for a research project called “The role of developmental mathematics in the STEM 

degree pathways” that we conducted in spring of 2016 (Ryan et al., 2016).  The 

practice of educational outreach, especially targeting the STEM field subjects, is 

termed as STEM outreach in our study. 

1.5.2 STEM graduates and job scenario 

In this study, STEM graduates are defined as students who have graduated in a 

STEM related subject with minimum of a bachelor’s degree. STEM jobs are jobs 

requiring specialized knowledge in STEM subjects. STEM manpower is defined as 

people who have a bachelor’s degree in a STEM subject, and are considered to have 

specialized knowledge in that area.  
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Historically the world recognized the United States as one of the leaders in 

STEM innovation. However, the US is behind the other nations in STEM education in 

terms of academic level and student performance. The enthusiasm displayed by the 

common US student is not satisfactory to maintain the historical levels of prosperity in 

STEM education (President’s Council of Advisors on Science and Technology, 2010). 

The US has lower numbers of graduates with STEM degrees in comparison to the 

other countries, but the number of STEM related jobs in US is growing significantly 

(Perna, Gasman, Gary, Lundy-Wanger, & Drenter, 2010).  

According to Fayer, Lacy and Watson (2017) employment in STEM 

occupations grew by 10.5 percent between 2009 and 2015 and nearly 8.6 million 

STEM jobs were available in May 2015. Employment in mathematical science 

occupations (statisticians, and mathematicians) is projected to grow at 28.2 percent 

compared with the projected growth for all STEM occupations of 6.5 percent from 

2014 to 2024. There are different types of jobs available in STEM fields, some of 

them require considerable specialized STEM knowledge, and others only require basic 

knowledge of STEM subjects. According to Rothwell (2013), 50% of the STEM jobs 

require considerable STEM knowledge and need to have a bachelor degree in that 

area. Of all the US jobs, 20% are STEM jobs. These jobs require at least a four-year 

college degree in any one STEM field. The percentage of the jobs requiring STEM 

knowledge has been doubled from 1850 (less than 10%) to 2010 (20%). Therefore, 

STEM professionals and workers play a crucial role in our national economic growth 

(Rothwell, 2013). Olson & Riordan (2012) report that less than 40% of the students 

who enter higher education as STEM majors actually earn a STEM degree. If we can 

increase this by just 10%, an additional 750,000 individuals would enter the STEM 

workforce. STEM degree earners who enter into higher education as STEM majors are 

shown below by the STEM leaking pipeline provided by Dubois (2014, para. 1).  
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Figure 1.1 STEM Leaky Pipeline 

Observing the diagram above, a large population of students that started high 

school is lost along the way to graduation with bachelor’s degrees in STEM areas. To 

address this problem the US federal government, local governments, colleges, 

universities, and some nonprofit organizations are working on developing programs 

and providing outreach opportunities for students. A large amount of the governmental 

budget going toward education is invested in improving STEM education and 

reducing the shortage of STEM manpower. For the year of 2010, federal agencies 

obligated 3.1 billion dollars on STEM education (Congress, 2011). However, these 

efforts are not sufficient; the US still lacks a strong pipeline for future STEM 

graduates, workers, and students as they continue to lag behind students from other 

countries.  

In order to address the problems associated with STEM education, the US 

universities and colleges have to work together with local communities and schools, 

and higher education professionals to better understand the barriers behind these 

problems.  

Mathematics is an important subject in STEM represented by letter M. 

However, in comparison to mathematics, areas involving the natural sciences, 

engineering, and technology are perceived to be connected to daily life. To make a 

building or road we need a civil engineer, to produce a motor vehicle we need a 
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mechanical engineer, to use a power point presentation we rely on technological ideas, 

to use email or the internet we need to have support from engineering and technology, 

and so on. So, one big question is “how do we apply mathematics in our everyday 

life?’’ When students enter a mathematics classroom in high school or at 

undergraduate level, they often ask questions like following: 

 Why do we need to take this mathematics course to be an engineer? 

 Are mathematics courses here just to earn credit? 

 Are engineering and technological jobs suitable for women? 

It is easy to see that perceptions towards mathematics courses are different 

from perceptions towards science, engineering, and technology courses. Also, some 

people have stereotypical beliefs towards STEM jobs like STEM jobs are not suitable 

for females. They can’t see mathematics as a general language of daily life, and also as 

a basis for all engineering and technology courses. Veenstra (2008) attributes the 

shortage of STEM manpower to increased demand, retirement of baby boomers 

(person born in the years following World War II 1946-64), and a decreased interest 

among students in pursuing college degrees in STEM related areas. In this era of 

technology, we cannot control the increased demand for STEM manpower. The 

demand for STEM expertise is going to continue to increase at the same time the baby 

boomers are retiring. The only way we can make an impact in the STEM field is to 

increase student interest and prepare them.  Professors and instructors at 

universities/colleges can accomplish this by implementing different teaching strategies 

including motivational activities while providing knowledge in STEM related subject 

areas for their students, or by providing outreach services to school students and/or 

teachers.  

According to Krapp (1999) interest is strongly associated with intrinsic motivation 

and children’s interest in science and mathematics starts decreasing around the age of 

11. That means students’ motivation to study science and math decreases with the start 

of middle school. Thus, many educators working in the field of outreach target this 

age group when implementing activities and programs. At the same time Schiefele (as 

cited in Krapp, 1999) indicates that interest-based motivation has a favorable outcome 
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on learning. On the other hand, students begin to lose their interest in STEM areas 

because they don’t know or even understand the basic ideas in those fields. Knowing 

basic ideas in a field of interest increases students’ interest and motivates them to enter 

into a STEM fields.  It also equips them with the necessary content knowledge which 

is a priority of many STEM outreach programs. These programs aim to address the 

shortage in knowledge of STEM fields. Most of the outreach programs in this study 

are trying to increase students’ motivation and/or preparation. Supporting this finding, 

Veenstra (2008) suggested two necessary components for K-12 students to be 

successful in a STEM field: 

- An interest in the STEM education, 

- Significant preparation in math and science courses at the middle and high 

school levels. 

The National Mathematics Advisory Panel (2008) emphasizes content knowledge 

of algebra for students’ success in STEM careers. Therefore, mathematics content 

knowledge has an important role for students’ success in STEM areas. Considering the 

role of mathematics in K-12 students’ success in United States universities and 

colleges, professors and instructors want to motivate students to study mathematics 

and provide them the necessary content knowledge. They do this by developing 

outreach activities in addition to regular class activities. Some universities have 

developed outreach activities using support from grants; some have developed 

programs in their local communities through departmental support; some are running 

short duration programs, including only the motivational activities; and others are 

running long term programs to develop students’ content knowledge and motivation 

for studying mathematics. Therefore, there is a wide variety of outreach programs in 

the field of mathematics. The purpose of this study is: 

- To study mathematics outreach programs associated with universities/colleges 

- To investigate and analyze the components and characteristics of mathematics 

outreach programs 

- To provide prototypical models for mathematics outreach programs 
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1.6 Mathematics Education Outreach 

1.6.1 Definitions and Introduction 

For the purpose of this study, Mathematics Education Outreach 

(Mathematical/Math Outreach) is an educational outreach practice intended to provide 

educational services relevant to mathematics with the involvement of 

university/college faculty and experts. An outreach mathematician is a mathematician 

who works to improve math education by involving him or herself in mathematical 

outreach activities (Conway, Davis, and Dwyer, 2003). 

There are several mathematical outreach programs in different forms acting upon 

different groups of the population. The eventual goal of all mathematics outreach 

programs is the improvement of mathematics education and reducing the shortage of 

math-skilled people.  This study will seek to analyze the characteristics of 

mathematics outreach programs which are working to improve K-12 mathematics 

education, and to develop models for such programs.  

Looking back on the history of math outreach programs in the USA, outreach 

practices have been ongoing for more than five decades. The Ross Mathematics 

Program at Ohio State University was formally initiated at Notre Dame University in 

1957, and is the oldest mathematics outreach program in our collection. In 

colleges/universities mathematics outreach programs take different forms such as 

summer camps, regular summer class meetings, after school hour programs, math 

circles, Saturday academies, and so on. Some mathematics outreach programs are 

housed solely in the colleges or universities’ mathematics/statistics departments, some 

are housed at colleges or universities’ engineering or other general science 

departments with the involvement of mathematics faculty/instructors, and others are 

housed at colleges or universities’ education departments (college of education) with 

the involvement of math faculty/instructors. The later sections of this study will seek 

to answer the following questions: 

- Why do we need mathematics outreach programs? 

- What are the general characteristics of a mathematics outreach program? 

- What are the different types of mathematics outreach programs? 
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- What are the structural components of mathematics outreach programs? 

1.6.2 Necessity of Outreach in Mathematics 

The STEM pipeline discussed in previous section demonstrates the graduation 

rates of students from the US colleges and universities. Since mathematics is one of 

the STEM subjects, and is applicable in other science subjects such as engineering and 

technological subjects, lack of mathematical knowledge affects STEM graduation 

rates, which will affect the US economy (Rothwell, 2013). On the other hand, 

mathematics is the general language of all sciences and is a part of the language of 

public discourse in real world situations. It takes time for students and the public to 

understand this reality. So, students in math classes often asked questions: 

- When will I ever use this math after the test? 

- What do I need to know this for? 

- Is this the right answer for this problem?  

And make statements like:  

- I have done this problem already but I don’t remember (Gross, Morton, & 

Poliner, 1993) 

These questions and statements indicate:  

- Students are unknown about applications of mathematics in the real world 

- Students are not interested in taking mathematics courses 

- Students are used to solving math problems without understanding them 

- Students think of mathematics as abstract subject and all about algorithms to 

memorization  

To provide appropriate answers to these questions, it is necessary to: 

- Create an environment in which students will experience the real-world 

applications of math 

- Develop hands-on activities to generate students’ interest in math 
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- Solve math problems in such a way that the solution process makes sense and 

students will be able to analyze their answers by reviewing the context of the 

problem 

- Expose students to more and more mathematics in order to enrich their 

knowledge 

Each student has a different learning style; some need more explanation while 

others need none, you can joke with some students and not with others (Goldstein, 

2012). If students’ attitude towards mathematics is more positive, achievement in math 

is increased (cited on Kulubya & Glencross, 1997). Because of students’ different 

learning styles and their attitudes towards mathematics, a teacher in a regular 

classroom cannot address all of above questions through the inclusion of basic math 

activities. Outreach activities in mathematics create opportunities to address some of 

these deficiencies. Being consistent with definitions and goals of general outreach and 

educational outreach practices, mathematics outreach programs are needed to: 

- Inform students about future application and the need for mathematics in daily 

life 

- Motivate students to pursue degrees in mathematics and choose careers in a 

field that requires mathematics 

- Prepare them for future study and careers by enriching mathematical 

knowledge 

- Enhance mathematical knowledge that is globally attainted  

Outreach efforts in mathematics are also being conducted by researchers in other 

departments and colleges (engineering departments and colleges of education for 

example) besides departments of mathematics and statistics. But Conway (2001), as 

head of the department of mathematics at the University of Tennessee, advocated for 

the involvement of mathematicians in mathematics outreach activities to improve K-

12 math education. In the context of necessity of involvement of mathematics 

department in outreach he mentioned:  

In our calculus classes, we all see unprepared students, and K–12 

mathematics instruction and curriculum seems a ready focus for blame. In my 
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view, I have met the enemy and he is us. Research mathematicians have for 

many years divorced themselves from what happens in K–12 mathematics. 

This means that we cede the entirety of the preparation of future college 

students to people with limited mathematical expertise and experience. If we 

want to pluck ripe fruit from the tree, we really should spend some time 

watering the roots (p. 1170). 

 

This means that mathematics outreach programs are meant to build a strong 

mathematical base for students, which will support them as they proceed to higher 

levels. 

Dwyer (2001) emphasizes the importance of involvement of university and 

college mathematics departments and faculty in mathematics outreach activities. The 

involvement of departments of colleges/universities can attract more new students into 

the field of mathematics encouraging them to pursue degrees in mathematics and to 

choose careers in fields that requires mathematics. He also mentions the benefit 

graduate students receive from their teaching experience through the involvement in 

K-12 outreach programs. As evidence to Dwyer’s claim, Rachel Cline, a graduate 

student at Texas Tech University, together with her research group, shares her 

experiences of teaching in an outreach project,  “middle school girls’ mathematics 

club” (Cline, Dwyer, & Salinas, 2006). These experiences are fruitful for the 

development of other outreach projects in a community. According to their 

experiences, knowledge about their communities’ level and interest of students, 

incentive for participants, plan for outreach, group activities, and effective 

(impressive) role models are all key components for the development of an outreach 

program in mathematics. The activities suggested are focused to stimulate students’ 

interest and have them work in different areas of mathematics. In another outreach 

effort “Complex variables in junior high school: the role and potential impact of an 

outreach mathematician” curriculum and class lessons were developed by an outreach 

mathematician and were taught by a graduate student (Duke, Dwyer, Wilhelm, & 

Moskal, 2008). The purpose of this outreach effort was to stimulate students’ interest 

in mathematics and improve their knowledge and understanding of mathematics and 

geometry.  
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From our study of departmental mathematics outreach programs, the general 

expected outcome of most mathematics outreach programs is increase in students’ 

interest in studying mathematics, and/or enriching their mathematical knowledge; 

hence increasing the number of graduates and workers in the field of mathematics 

and/or related fields. As an example, the mission of mathematics outreach program at 

Purdue University (https://www.math.purdue.edu/outreach/) is stated as: 

Promote involvement in mathematics and science among Indiana high school 

students; collaborate with Indiana teachers to improve the teaching and 

learning of K-12 mathematics and science; increase the recruitment and 

retention rates of all students in department of mathematics and college of 

science in Purdue. 

 

 We conclude that mathematics outreach programs are necessary: 

- To strengthen the mathematical base of students and enrich their mathematical 

knowledge 

- To provide hands on experience of mathematical activities and real-world 

application to motivate students to study mathematics and work in the field of 

mathematics 

- To provide service learning opportunities for college/university graduates and 

undergraduates 

- To provide opportunities for students talk with their role models, 

college/university faculty, communities, and countries leaders through 

collaboration at different levels 

- To increase the number of mathematically knowledgeable students and fulfill 

the national demand in order to support our national economy.  

1.6.3 Characteristics of Mathematics outreach programs 

Mathematics outreach programs are conducted with the involvement of 

college/university faculty for the improvement of mathematics education. The 

following is a list of characteristics of math outreach programs based on existing 

literature, supported by our study of 100 mathematics outreach programs conducted in 

the US universities/colleges or communities. In each characteristic description, certain 

https://www.math.purdue.edu/outreach/
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outreach programs’ names are included as examples, but the summary of these 

programs is given later.  

1. Enhance the students’ math content knowledge: Mathematics is the basic 

foundation course for all sciences and is the general language of public 

speaking (Gross, Morton & Poliner, 1993). Thus, mathematical content 

knowledge is necessary for all people, including students and teachers. For 

example, a mom says, “my boy was 42 inches tall when he was 5, according to 

doctor for the age of 6 to 14 years his height will increase at the rate of 2 

inches per year, now he is 12, I don’t know how tall he is”.  To understand this 

language, students should have basic mathematical knowledge of growth rate 

so that they can interpret this explanation as he was 42 inches in 5 years, and 

he was 44 inches in 6 years, 46 inches in 7 years and so on until 12 years. To 

study mathematics at higher levels, basic as well as advance content 

knowledge is needed.  

For mathematics teachers, mathematical content knowledge plays a key 

role in conveying mathematical ideas. According to Cai (2005) a teacher’s 

content knowledge influences how that teacher will deliver the subject matter 

and engage students. Teachers’ content knowledge and students’ learning are 

directly correlated (Hill, Rowan, & Ball, 2005). Considering the importance of 

mathematical content knowledge to students and teachers, several math 

outreach programs have been developed to address the problem. One of the 

programs designed to enhance students’ mathematical content knowledge is 

Tex-Prep in Lubbock, which has been providing regular service since 1986. 

Also, to enhance the teachers’ math content knowledge, many outreach 

programs are working quite well; one of them is Mathematically Connected 

Community-Leadership Institute for Teachers - MC
2
-LIFT (P. Morandi, 

personal communication via survey form, December 19, 2016). A summary of 

these programs is provided later.  

2. Motivate students to pursue higher degree in mathematics: Multiple 

researchers in education and social psychology have concluded that students’ 
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motivation is essential for learning and if their motivation is undermined it 

affects their success (Lazowski, & Hulleman, 2015). According to Spitzer 

(1996), motivation plays a key role in learning, and learning achieved through 

motivation is greater than learning achieved from any other excellent 

instructional program. So, learning and motivation are positively correlated; 

that means when motivation is low, learning will be decreased. Usefulness of a 

topic creates students’ interest in learning that topic, so in motivating students 

to learn mathematics, one should indicate the usefulness of topics 

(Posamentier, 2013).  Hands-on activities in conjunction with theoretical 

concepts have positive effects on students’ understanding and motivation 

(Vogt, 2006). To provide real world application of mathematics, various 

hands-on activities can be used. For example, the usefulness of mathematics 

exemplified in groceries, in measurement of daily use items, in mixtures of 

food, and in games is used to provide hands on experience for students. 

Mathematics outreach programs use these practices. In this study most of the 

programs, including Got Math and Building Leaders for Advancing Science 

and Technology (BLAST) work to motivate students in the field of 

mathematics by providing hands on experiences for students. 

3. Support students and urge them to choose future career in math: The 

National Foundation for Educational Research (NFER), which looked into the 

role of career education in 2009, states the importance of support and guidance 

to young people making decisions about their future career. Supports of senior 

leadership teams, career coordinator guidance, and input from the advisors 

have a crucial role in the career choices of students (IMPACT NFER’s 

Research News for Schools, n.d). Here senior leader team means those who are 

in a leading position in careers in a particular field. Mathematics outreach 

programs fulfill these student requirements by providing information regarding 

different career options available in the field of mathematics. Generally, 

mathematics professors, STEM business and industry representatives, and 

personnel working in mathematics related fields (engineers, architects…) serve 
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as role models in mathematics outreach programs to provide career 

information. Also, mentors in outreach programs, who act as personal advisers 

to students provide required information for students about future career 

options available in the field of mathematics. Arizona Science of Baseball at 

University of Arizona is one of the programs where university professors play 

roles of mentors to support students.  

4. Bridge gaps, and provide balanced academic and social support: When 

describing the roles and challenges associated with outreach mathematicians, 

Conway, Davis and Dwyer (2003) mentioned that outreach mathematicians 

have different roles than those of regular mathematics faculty because outreach 

mathematicians need to interact with many different cultures outside the 

department. Since an outreach mathematician is a mathematician working to 

improve math education, he/she is typically quite involved in mathematics 

outreach efforts. This indicates that mathematics outreach programs should 

connect the local community and university faculty.  

Nearly one third of the students who enter college drop out after 1 year and 

only 50% graduate in long term (Blackboard Institute, n.d.).  Many students 

who gradate high school are not ready to go to college, and most of them take 

English and mathematics remedial courses (Supiano, 2006). This means 

students are not ready to go to college because of their knowledge gaps in 

mathematics and English achieved in high school and college level 

expectation.   

Moreover, according to diploma count (2010), high school graduation 

rates for Latino’s was 55.5%, African American’s was 53.7%, and Native 

American’s was 50.7% out of the average graduation rate for the general 

population of 68.8% (cited on Blackboard Institute, n.d.). This means that 

these groups: Latinos, African Americans, and Native Americans, are in the 

minority when they come to higher education. Lee & Burkam (2002) reported 

differences in children’s achievement gap in mathematics by race, ethnicity, 

and socioeconomic status as they start school education. Also, they concluded 
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that ethnicity and race are directly related to socioeconomic status and 

socioeconomic status is directly related to math achievement. This implies that 

low socioeconomic status students start their schooling with a lower 

knowledge level at lower quality elementary schools; therefore, they end up 

with lower math achievement at the end of school year in comparison to their 

peers of higher socioeconomic status. 

According to Cabera and La Nasa (cited on Schultz & Mueller, 2006), 

strong social networks supports students’ academic development and their 

enrollment in higher education process. Levine and Jennifer (1996) identified a 

mentor as the most necessary, positive, and simple influence for the academic 

success of low income students (cited on Scarbrough Kimberly, 1998). 

Identification of the target audience and collaborating partners are two 

essential steps for the development of educational outreach programs. Most 

mathematics outreach programs in our study have targeted some particular 

audiences and are collaborating with partners to provide service for these target 

groups. These outreach programs work to balance the above mentioned 

differentiated racial, ethnic or socioeconomic math achievements gaps by 

creating bridges of collaboration between these groups and some other form of 

personal or social academic math enrichment component. Inspires by Math at 

Emporia State University and Girls Excel in Math at University of Minnesota, 

are two programs having these efforts. 

5.  Develop the circle of math educators and learners: Researchers have found 

that learning through peer interaction is more effective than self-study. Fuchs 

et.al (1997) found that achievement through peer mediated instructions for 

providing conceptual mathematical explanation is higher than that of 

contrasting groups. This means that creating a community of mathematics 

learners and creating an environment for these learners to meet supports 

mathematics learning and achievement. In addition to a group of learners only, 

the inclusion of guides or experts in a particular field in learner groups 

definitely supports the advancement of knowledge. With this realization, math 
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outreach program developers have generated the concepts of mathematics 

circles and math camps.  

A math circle is a social structure in which participants engage and 

interact to solve mathematical problems by thinking mathematically and 

grasping mathematical concepts. To fulfill their mathematical learning desires, 

participants take part in problem solving and mathematical modeling, 

sometimes in the form of a math competition. Not all math circles include 

competition, but all of them promote mutual trust and friendship among people 

who spend their time together. Math circles are a form of educational outreach 

and enrichment through which mathematicians share their knowledge with K-

12 teachers & students (www.mathcircles.org/wiki_whatisamathcircle). There 

are two types of math circles: Math students’ circles and math teachers’ circles. 

In math students’ circles K-12 students, teacher facilitators (sometimes), and 

mathematics experts (university professors) come together in meetings (after 

school hours, weekends, monthly) to work on interesting and challenging 

problems in some mathematics topics. In math teachers’ circles K-12 teachers 

and mathematics experts gather in certain places and certain times to work on 

mathematics problems. Math circle at University of Utah is a students’ math 

circle included in our data. 

6. Involve and encourage parents: In comparison to first generation college 

students, students whose parents are knowledgeable about college and 

university are likely to have more ideas about the importance of mathematics 

and mathematical knowledge. They will most likely encourage their child to 

learn more mathematics and pursue a higher degree in mathematics. Thus, it is 

good to involve parents and family members in outreach programs to provide 

them information about mathematics, its application, and career options 

available in the field of mathematics. Effective math outreach programs 

involve parents and family members as a big component to provide 

information about mathematics degrees and to teach them how to support their 

children’s education (Perna, 2002). There are some outreach programs in this 

http://www.mathcircles.org/wiki_whatisamathcircle
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study, including Family Science Program, which involve parents or family 

members. 

7.  Help to navigate through the higher education systems: According to Horn 

and Chen, helping students with the college enrollment process by supporting 

them for entrance exam preparation is an important forecaster of college 

enrollment (cited on Schultz & Mueller, 2006). There are several outreach 

programs that teach college readiness and help students to go to college and 

study at a higher learning institute. In this study, Bridge to Enter Advanced 

Mathematics (BEAM) is an effective outreach effort to navigate students for 

higher study. 

8. Provide assistance and facilities, depending on availability of funding and 

objective of the program: Generally, funded outreach programs provide 

financial assistance to students in the form of scholarships, tuition, travel costs, 

and/or food. PRISM (http://www.math.ttu.edu/outreach/prism/) at Texas Tech 

University is one of the NSF funded program aimed to attract high quality, 

diverse students to study math and biology, motivate them to choose careers in 

the field of mathematics and science, and increase the number of bachelor’s 

degree graduates in these fields. In this program student-participants were 

involved in summer research activities, semester-long course work, field trips, 

social activities, and other types of training and those participants were paid 

throughout the year.  

According to St. John, Chung, Musoba, Simmons, Wooden, and Mendez, 

students’ financial assistance is positively associated with college enrollment 

(cited on Schultz & Mueller). Again, according to Hu and St. John, students 

who received financial assistance persist in college better than students who do 

not receive assistance (cited on Schultz & Mueller, 2006). Therefore, most of 

the outreach programs provide free services and incentives (if they have 

sufficient funding). If they don’t have sufficient funding to bear all costs of 

participants, they provide service at minimal costs.  

http://www.math.ttu.edu/outreach/prism/
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9. Provide service learning opportunities to graduate and undergraduate 

students: Dwyer (2001) mentions how the teaching experience benefits 

graduate students through their involvement in K-12 outreach programs. As 

evidence to Dwyer’s claim, Summer Illinois Mathematics Camp - SIM Camp 

is one of the mathematics outreach program organized by mathematics 

graduate students under faculty mentorship in which graduate students teach 

math topics as an instructor, and undergraduate students support as teaching 

assistant. Similarly, undergraduate students have opportunities to visit 

communities, work with school students, and work with other project 

personnel of outreach programs. FEMME is one of the programs in this study 

where undergraduate students are involved and work together with female 

engineers and graduate students. 
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CHAPTER 2  
METHODOLOGY 

2.1 Organization of Study 

The study is motivated by the following three questions: 

o What are the different types of mathematics outreach programs?  

o What are the structural components of mathematics outreach programs?  

o What questions must be addressed in the development and 

implementation of a mathematics outreach program? 

These questions are addressed through a comprehensive review of the literature 

followed by an analysis of the trends that are observed. We look at the literature 

regarding outreach programs in general and then focus our attention on 100 university 

mathematics outreach programs in the US to analyze their structural components.  

This study started with our look at the literature on the origin and general background 

of outreach, followed by the definition and development of educational outreach, then 

the demand of STEM education outreach, next the necessity of mathematics education 

outreach, and finally the characteristics and structures of university level mathematics 

outreach programs.  

Using ideas from the literature on developing and implementing outreach 

programs, characteristics of university level mathematics outreach programs, and 

observation of all collected mathematics outreach programs, a framework for the 

summary of mathematics outreach programs (summary model) is developed. In this 

summary model, structural components of outreach programs: target areas, target 

audiences, expected outcomes, designs, and assessment processes are included. 

Content delivery and methods, involvement of project personnel, and time-duration of 

programs are studied as design components. Every outreach program’s information is 

summarized according to the developed summary model. Collected programs are 

classified in three categories based on their expected outcomes: motivational, 

preparational, and motivational plus preparational.  
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2.2 Data Collection 

The data in this study represents mathematics outreach programs conduced at 

the university/college level with the involvement of university faculty and/or 

university mathematics departments with the focus on improving K-12 mathematics 

education. Primary data were collected via google search using key words: 

mathematics outreach programs. Some of these inquiries were directed to the 

published articles, and others were directed to university mathematics departmental 

websites. Then information found on published articles and departmental website 

regarding mathematics outreach programs are summarized according to the summary 

model. To get complete information about programs’ components (if something was 

missing), personnel and/or departments associated with outreach programs were 

contacted via email with addresses provided on their websites or articles.  

Information of the assessment processes used to assess the impact of programs 

was not available on some program websites.  Emails requesting such information 

were sent to those programs and departments. Very few responses were received in 

this process. Programs having complete information and those with known reasons for 

incomplete information (some programs paid by participants or their parents don’t 

require assessment processes) are included in this study.   The format of this email 

request is included in appendix A.  

Additionally, data was sought from all the programs funded by the NSF 

Mathematics and Science Partnership (MSP) with websites available on “The Math 

and Science Partnership” network (http://hub.mspnet.org/index.cfm). Some programs 

at this site provide detailed information about their projects, and others gave only 

investigators’ contact information and program abstracts. Information from the 

program websites providing adequate data was included in this study. To get data from 

programs not having sufficient information on their websites, we created an active 

PDF survey that was sent to the projects’ principal investigators. The Institution 

Review Board (IRB) at the Texas Tech University Human Resource Protection 

Program approved this survey and the process by which it was sent to the investigator. 

http://hub.mspnet.org/index.cfm
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The IRB approval and developed active PDF survey are attached to the appendix B 

and C respectively.    

Finally, some programs’ information was received in person from program 

personnel attending the Joint Math Meeting, 2017 at Atlanta, as well as from 

presentations presented at that meeting.  

2.3 Data Classification 

To organize the data, the expected outcomes of all collected data are observed 

and three categories of expected outcomes of mathematics outreach programs: to 

motivate, to prepare, and to motivate plus prepare, are identified. Based on these three 

categories mathematics outreach programs are classified as motivational, 

preparational, and motivational plus preparational mathematics outreach programs.  

Motivational mathematics outreach program. Outreach programs which are intended 

to generate students’ interest in pursuing a degree in mathematics (or mathematics 

associated field) and to choose a career in the field of mathematics (or field that 

requires mathematical knowledge) through dissemination of primary information, 

advising/mentoring, short academic informational interventions designed around a 

students’ career aspiration, and linking these aspirations to mathematics degree 

achievement, are categorized as motivational mathematics outreach program. Such 

programs provide the application of mathematics in real world situations; information 

about work, responsibility, and the role of professional in mathematics; hands-on 

experience through working in short projects of engineering and architecture, and 

mentoring/advising for an extended period of time.  

Preparational mathematics outreach program. Outreach programs designed to 

increase the target audiences’ mathematics content knowledge and their performances 

on future mathematics related activities are categorized as preparational outreach 

program. These programs intend to enrich target audiences’ mathematical content 

knowledge and prepare them for pursuing degrees in mathematics and ready them for 

careers in a field that requires mathematics. Generally, in preparational outreach 

programs content courses, trainings, workshops, and other similar content and skill 

development activities are included targeting to either students and/or their teachers.  
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Motivational plus preparational mathematics outreach program. Some outreach 

programs include a mixture of both motivational and preparational components and 

intend to motivate and prepare target audiences; such programs are named as 

motivational plus preparational outreach programs. 

2.4 Data Analysis 

This study aims to provide prototypes of university/college level mathematics 

outreach programs by collecting ideas through observations of structural components 

of existing and implemented mathematics outreach programs in several universities 

and colleges. For this purpose, a descriptive research design is used. Descriptive 

research design involves obtaining information concerning the existing practices and 

describing possible varieties with respect to variables or conditions. This research 

involves collection of data to answer questions concerning the existing status of 

subject of the study.  This research design presents descriptive rather than predictive 

findings (Laces, 2011).  Our study looks at 100 different university mathematics 

outreach programs. Structural components of these programs were observed, and 

common variables of these components were identified and entered into different 

columns of an excel sheet.   

For example, for the component target area variables are mathematics, math 

and science, and STEM in general, for the component expected outcome variables are 

motivational, preparational, and motivational plus preparational. Then the total counts 

of each variable in the 100 programs are recorded and are used to describe the 

commonality between the different programs. These counts are also used to see the 

relationships of the variables of one component with other components of the 

programs and to see the commonality between different types of programs 

(motivational, preparational, and motivational plus preparational). 

2.5 Data Summary Model  

In general, mathematics outreach programs intend to fill gaps of regular school 

services or community influences (lack of effective curriculum, teaching manpower, 

role models, advice) by providing missing factors that motivate and prepare students 
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to pursue degrees in mathematics and choose careers in field of mathematics. For this 

purpose, mathematics outreach programs provide a series of activities that support the 

development of students’ knowledge, attitude, and beliefs towards mathematics and 

careers in mathematics intensive areas. Each mathematics outreach program is 

established to address certain educational issues by providing supplemental curriculum 

and activities in different time frames like: after school hours, weekend, and summer. 

As discussed in a previous section, the structural components of mathematics outreach 

programs are target area, target audience, expected outcome, design and assessment 

processes.  The program information is summarized according to following summary 

model.  
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Figure 2.1 Summary Model 

 

 

Target area: By “target area” in mathematics outreach program we mean the 

particular content area for which program’s activities are focused to achieve the 
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expected outcome of that program. For example, if program aim to develop algebra 

content knowledge then target area of that program would be mathematics with special 

focus on algebra. 

Target Audience: Target audience represents the population for whom programs’ 

activities are applied. Selection of target audience is a main step in the development of 

mathematics outreach programs. Since mathematics outreach programs aim to 

improve K-12 math education, the target audiences of those programs may be the 

personnel allied with K-12 education system such as K-12 students, K-12 school 

teachers and so on.  

Expected Outcome: Every mathematics outreach program is conducted to achieve 

certain goals. These expected goals of programs are named as Expected Outcomes of 

programs in this study. As mentioned previously, mathematics outreach programs are 

categorized in three types: motivational, preparational and motivational plus 

preparational based on expected outcomes of programs. Activities in motivational 

outreach programs develop awareness and interest of target audiences. On the other 

hand, preparational outreach programs emphasize the improvement of mathematical 

content and skills.  

Design: Design comprises content delivery and methods, involvement of project 

personnel, and time duration of programs. In our summary model project personnel 

represents people involved in the project to accomplish certain duties or to play certain 

roles to achieve the expected outcomes of programs. They can have long term or 

temporary roles in the project. Project personnel work to arrange the project, to run the 

project, to serve as role model, and to mentor/advice/counsel audiences of programs.  

In most of the mathematics outreach programs college/universities’ faculty, graduate 

and undergraduate students, business persons, and industry managers serve as project 

personnel. 

The “duration” of an outreach program is the time periods during which 

program’s activities are spread over focusing to a particular cohort. For example, a 

program which brings in four STEM professionals, each of which is to make a one-

hour presentation to a class of sixth graders during the course of one academic year, 



Texas Tech University, Gangadhar Acharya, December 2017 

35 

would be deemed to have duration of 1 academic year (one hour per day for 4 days), 

even though the program might continue for multiple years with different cohorts of 

students each year.  

Content delivery represents activities included in mathematics outreach 

programs and delivery method is the process of presenting those activities to the target 

audiences. To deliver project activities several techniques, media, and personnel are 

used. This depends on the target audience, expected outcomes and target area of 

programs.  

Assessment Process: Evaluation is a main and final step in the development and 

implementation of outreach programs. Evaluation is necessary to know whether a 

program is effective in meeting expected goals. The assessment process highly 

impacts the evaluation of programs. This process depends on the objectives of 

programs and bench marks set up for the expected goals, and can have different forms 

like surveys, interviews, observations, and so on. 

Budget is an essential component for the development of mathematics outreach 

programs. The US federal government and state governments are highly aware of the 

US students’ performance levels in the fields of mathematics and STEM in general, 

and shortage of qualified manpower in those fields (evidenced by previous literature). 

To overcome this situation the US federal government and state governments provide 

funding for different organizations, programs and institutions. The National Science 

Foundation (NSF) is one of them which provide funding for most of the STEM and 

mathematics outreach programs. According to Pearson Grant Help Center 

(https://www.pearsonhighered.com/granthelp/finding-funding/stem/index.html) the 

US government provides funding through the US Department of Education (DOE) and 

National Science Foundation (NSF) to the mathematics outreach programs. One of the 

math outreach programs funded by DOE is Upward Bound Math-Science, a TRIO 

program.  NSF provides funding for math and science related outreach programs. 

Some NSF funded programs are; Math science partnership (MSP) programs, Robert 

Noyce Teacher Scholarship Program, and Advanced Technological Education - 

Articulation partnerships (Pearson Grant Help Center).    

https://www.pearsonhighered.com/granthelp/finding-funding/stem/index.html
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2.6 Summary of Data 

2.6.1 Motivational Mathematics Outreach Programs 

Berkshire STEM career fair - B STEM CF (UMass Donahue Institute, 2011) 

Target Area: STEM 

Target Population: High school students 

Expected Outcome: To increase students’ interest to study STEM subjects and choose 

career in STEM fields  

Project Personnel: STEM professionals from partners’ higher education institutions, 

and employers and representatives from business area 

Duration: Four hours of a day in summer (2 consecutive two hours’ sessions) 

Delivery: Exhibitors (professionals and employers) showed up in career fair and 

interact with students, explained about their work, their companies and potential future 

careers in their relevant fields 

Assessment process:  

- Post survey of students, chaperones (organizing leaders), and exhibitors  

- Students were asked about their interest towards STEM subjects (agree or 

disagree with a given statement) 

- Chaperones were asked about students’ engagement, presenter’s preparation, 

appropriateness of program for specific age group using agree or disagree 

clause 

- Exhibitors were asked about the usefulness of program for their companies, 

and about their future participation the program using open end questionnaires 

Building Leaders for Advancing Science and Technology – BLAST 

(https://blast.spacegrant.org/)  

Target Area: STEM 

https://blast.spacegrant.org/
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Target Audience:  9
th

 and 10
th

 grade students with at least C+ grade average in science 

and mathematics with expressed interest in STEM fields 

Expected Outcome: To increase students’ interest and curiosity in STEM fields 

Project Personnel:  University faculty and administrative staff 

Duration: One summer- total of 12 days, 3 days’ residential camp in each place.  [This 

program had partnership between 4 different institutions on 4 separate dates].  

Delivery:  

- Faculty members led the hands-on activities and demonstrations that seek to 

motivate students to study STEM subjects and choose career in STEM fields. 

- Hands-on activities were distributed in different sessions: 

o STEM Sessions:  Session 1- Mechatronics: Engine Dissection; Session 

2- Shake It Up! Earthquake Resistant Structures; Session 3- Computing 

as a Material for Designing and Making; Session 4- To Infinity and 

Beyond: Space Science Activities  

o STEM Tours: Tour 1: WARE Lab; Tour 2: Wind Tunnel; Tour 3: 

DREAMS Lab; Tour 4: TREC Lab 

o STEM Challenge:  

 Marshmallow Challenge  

 WIND/E: Design and build wind turbines in response to the need 

for alternative sources of energy.  

 Trash Sliders: Design and build a vehicle made from trash to run an 

obstacle course.  

 Mars Rover: Design and build a remotely operated robot to explore 

a faraway location.  

 Poisoned Kool-Aid Challenge: Conduct experiments to discover 

what’s in a mysterious liquid  

- Guest lectures  
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- Careers self-assessment with Mary Jo Leber  

- Tour to Aerospace Research Lab and Ice Cream Social  

Assessment Process: Pre-evaluation survey to evaluate the students’ perceptions on 

STEM careers and courses, and post evaluation survey to assess the change in 

perception (Brenda Neil, personal communication, March 10, 2016) 

Bio-Tech Career Path ways – BTCPW (UMass Donahue Institute, 2011) 

Target Area:  STEM  

Target audience:  High school juniors and seniors  

Expected Outcomes:  To increase students' interest in, and awareness of, STEM 

related subjects and career opportunities  

Project personnel:  STEM professionals from Massachusetts general hospital, Mass 

Bay Community College, Cummings veterinary school, and Tufts University 

Duration:  Six-week long internship for juniors and 5 days long intensive workshop 

for seniors in summer 

Delivery:  

- 2 credit college course of Lab biotechnology skills as a preparation for 

internship 

- Three-day orientation in bio-security and biohazard control before internship 

- Observation of research methods, project designs and biotechnological skills at 

5 different stations 

- Activities including observation of surgeries, advanced radiography, 

demonstration of necropsies and tissues sampling 

- Subjects for seniors: agro-terrorism, hematology, laboratory bio-safety, and 

public health 

- Visit to industries  
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Assessment Process: Pre-and post-survey for interest in and awareness of, STEM 

subjects. Participants were asked to rate their level of awareness about job market, 

employment opportunities in research, biotechnology and animal management. 

DIGITS (UMass Donahue Institute, 2011) 

Target Area: STEM 

Target Audience:  Sixth grade students 

Expected Outcome:  To increase interest in, and understanding of, STEM careers 

Project Personnel:  STEM ambassadors (STEM professionals), staff 

Duration: One day, for a period of 40-50 minutes  

Delivery: 

- STEM ambassadors visit classroom in their assigned schools where at least 

two hands-on activities were included to generate discussion between students 

and ambassadors about the benefits of working in STEM fields. For example, 

in one station students were asked to use stickers of letters embedded with 

STEM related icons to spell their name and one icon that might represent their 

future career.  Another activity was about the card sorting where students sort 

out card to choose one of the four STEM sectors. 

- Trained STEM ambassadors (who were provided with a STEM ambassador 

guide) lead discussions about the importance of mathematics, science and 

sharing of their work experiences. 

Assessment Process:  

- Pre-and post-survey for assessing students' perceptions on STEM fields  

- Students were asked whether they strongly agree or not on 4-point scale basis 

(1, 2, 3, 4) with statements expressing interest and fun on STEM subjects 

- Teachers and STEM ambassadors were observed in classroom, and were 

interviewed outside the classroom 
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- Questions included for students’ survey were about their interest to take 

algebra course and to participate in STEM related activities and careers. 

Emmy Noether High School Math Day- ENHD 

(http://www.math.ttu.edu/~enoether/)  

Target Area: Mathematics  

Target Audience: High school girl students from community schools at Lubbock area  

Expected outcome: To motivate students in order to pursue higher education and 

careers in mathematics intensive fields  

Project personnel: University mathematics faculty members, graduate/undergraduate 

students, and administrative staff 

Duration: One day (generally 9 am to 3 pm)  

Delivery:  

- Mathematics problems competition doable by high school students; 2 different 

sets for freshmen (recently graduated from 8
th

 grade) and others  

- Problems asked are like  

A person intends to withdraw X dollars and Y cents from an account. 

By mistake Y dollars and X cents are drawn. The mistake is realized 

only when after spending exactly $ 10.00. The person observes that the 

remaining money was exactly twice the amount of originally intended 

to be withdrawn. How much did the person intend to withdraw from the 

account and how much was withdrawn instead?” (Neusel, 2004, p.4) 

- Workshops are conducted by mathematics faculty in some mathematics related 

topics 

- In career panel, women math professors share their experiences and talk about 

career opportunities in their relevant fields  

- Young successful women mathematics undergraduate/graduate students from 

the Texas Tech University share their experiences with participants 

- Invited teachers attain workshops on mathematical content and/or skills 

conducted by mathematics faculty 

Assessment process: Exit survey; in which participants are asked about their 

perspectives towards the program, their experiences and suggestions.  

http://www.math.ttu.edu/~enoether/
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Response from a participant: 

This program rocked! – A lot of fun! Thanks a bunch! – Test was hard! 

Workshop was very, very interesting and fun. – The career panel was 

awesome. – The competition was challenging. I enjoy a challenge! – It 

was very good and I might even pursue a career in math thanks in big 

part to ya’ll. - Today was cool. (Neusel, 2004, p.4) 

ESU- Summer Scholars - ESU-SS 

(https://www.emporia.edu/mathecon/outreach/summerscholars/) 

Target Area: STEM 

Target Audience: 6-8
th

 grade Hispanic students 

Expected Outcome:   

- To evoke interest to study science and mathematics   

- To increase awareness of career opportunities in STEM fields  

Project Personnel: Hispanic STEM professionals from all over the state of Kansas, and 

faculty from Emporia State University, and administrative staff 

Duration: Three-day in summer (annually) 

Delivery:  

- Hands-on workshops, calculator exploration, campus activities and group 

projects  

(How energy from the sun can power a toy with a small solar cell, how 

current from ball runs through all of them when they simply touch each 

other’s hands) 

- Meeting with faculty, and campus tours 

- Career information and opening session 

- Field trips  

Assessment Process: Participants complete evaluation surveys of the program. The 

information is used to assist organizers in improving the program as it progresses 

throughout the school year (Betsy Yanik, personal communication, January 23, 2017) 

ESU-Sonia Kovalevsky Mathematics Day - ESU-SKMD 

(https://www.emporia.edu/mathecon/outreach/soniak/ ) 

https://www.emporia.edu/mathecon/outreach/summerscholars/
https://www.emporia.edu/mathecon/outreach/soniak/
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Target Area: Mathematics 

Target Audience: Junior high school girl students 

Expected Outcome: To evoke interest to pursue degrees careers in mathematics 

intensive fields 

Project personnel: Women professionals in the field of mathematics, University 

students, administrative staff, and career speakers 

Duration: One day 

Delivery:  

- Narrative on Sonia Kovalevsky about her contribution in the field of 

mathematics  

- Career speakers’ presentations 

- Workshops lead by women mathematicians 

- Certificates of recognition 

Assessment Process:  Participants complete evaluation survey of the program. The 

information is used to assist organizers in improving the program as it progresses 

throughout the school year (Betsy Yanik, personal communication, January 23, 2017). 

Expanding Your Horizons – EYH (http://www.eyhn.org/) 

Target Area: STEM 

Target Audience: Middle School Girls including their parents, teachers and counselors  

Expected outcome: To nurture young women's interest in mathematics, science, and 

technology careers and expand their visions in these areas 

Duration: One day (conference)  

Project personnel: Women professionals from STEM fields, and administrative staff  

Delivery:  

- Women professionals share their educational and work experiences 

- Ideas are provided to promote gender equity in classroom 

- Workshops on different topics from STEM subjects where high school 

students can assist presenters  

Assessment process: Students comments are collected at the end of conference. Some 

comments were: "It got me really interested in being this when I grow up". "It showed 

http://www.eyhn.org/
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me many things I didn’t know and inspired me to think about my future". "Cool! 

Awesome! Amazing! Fun! Exciting! I loved it! I will be back!" 

Female Excelling More in Math, Engineering, and Science – FEMMES (Weston, 

Bonhivert, Elia, Hsu-Kim, & Ybarra, 2008) 

Target Area:  Mathematics, engineering and science 

Target Population: 4
th

 to 6
th

 grade girls 

Expected outcome: To evoke students’ interest to pursue degrees in mathematics, 

science and engineering  

Project personnel: Duke University’s female faculty, female undergraduate and 

graduate student volunteers 

Duration:  Four interactive activity sessions; each of 45 minutes in a day, annually 

Delivery:  

- Over 150 students were divided in small groups of 15, and these groups were 

led by undergraduates and graduate female students 

- Activities of the program were designed and led by female STEM faculty 

members in order to demonstrate that women can do and excel in STEM fields 

and activities were held on science and engineering facilities of Duke 

University 

- Subjects included were: computer programming, chemistry, genetics, 

neuroscience, biomedical, environmental and mechanical engineering 

Assessment process: 

- Pre-and post survey for students' interest, knowledge and confidence in math, 

science and engineering where each participant was assessed in the scale of 1 

to 10 (1 weakest, 10 strongest) 

- All responses were confidential, data were aggregated and the difference 

between pre-and post-mean was determined. 

- The significance level and 95% confidence intervals of the difference were 

calculated for each category by using JMP6.0 software 

Family Science Program-FSP (UMass Donahue Institute, 2011) 

Target Area:  STEM 
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Target Audience:  Middle school students and their parents especially from low 

income family (parents were asked whether their children participated in the reduced 

or free school lunch program) 

Expected outcome: To increase students' interest in STEM subjects and awareness of 

careers in STEM fields  

Project personnel:  STEM professionals from business, industry, museum, and higher 

education institutions  

Duration: Generally, it takes three hours for a workshop however the duration may 

vary. Some workshops were offered once while others were offered in series (twice, 

thrice…). 

Delivery:  

- Hands-on STEM projects for students and parents 

- Interaction of students and parents with STEM professionals  

- Programs were offered on after school hours, on weekend or on vacation 

- Workshops on varying topics; the first topic was from biology, chemistry or 

robotics. The second was designing a green community where students and 

parents worked together in four different math workshops each of three-hour 

duration using math to build, design and display a green community. In 

robotics, biology and chemistry professors offered workshops in their topics of 

interest. 

Assessment Process: 

- Post survey questionnaires for students:  

o Would you take STEM course in high school? 

o Do you enjoy science class? 

o Would you choose career in field of STEM? 

o Would you join the next family science program? 

- Pre-post survey questionnaires for parents: 
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o How many years of math and science classes they expect their children 

to take in high school? 

o How is your children’s aptitude in science and mathematics (to know 

how likely they would participate in next family science program)? 

Girls Excel in Math - GEMUM (S. E. Gilbert, personal communication, February 

26, 2016)  

Target Area: Mathematics 

Target Audience: Fourth through seventh grade girl students and their teachers 

Expected outcome: To motivate girl students to study mathematics by forming lasting 

friendship, and a strong student-mentor bonding 

Project personnel: School teachers, University faculty, math graduate students, and 

MathCEP (Math Center for Educational Programs) staff 

Duration: Some Saturdays of an academic year (In 2015-16 there were 4 events on 4 

Saturdays of the year) 

Delivery:  

- In enrollment process, dedicated teachers from different schools are recruited, 

then those teachers recruited girl students from their classes 

- Students and teacher work together in different and interesting topics of 

mathematics, where university faculty members select topics and develop 

syllabus, and graduate students together with faculty facilitate group works 

- In the year 2015-16 selected topics were-  Tessellating pattern (examine 

tessellating pattern and create your own tessellation print); Origami: Touchable 

Geometry (Study geometry by folding paper, challenge your problem solving 

skills by connecting basic geometric shapes); celebration of pi (learn about 

number pi, and its evocation); seeing the connection with the recognition 

ceremony (learn to play connect-the-dots like professional, explore ways in 

which dots and lines can model our world and help to solve problems). 

Assessment Process: Being a program sponsored by nonprofit organization, more 

demographic data of participants were used for evaluation purpose. Teacher 
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participants (who were involved in the program) provided detail of demographic and 

anecdotal records of students.    

Math Day -UNL (http://www.math.unl.edu/math-day-university-nebraska-lincoln) 

Target Area: Mathematics 

Target Audience: 8-12 grade students 

Expected Outcome: To stimulate interest in mathematics among Nebraska high school 

students, and encourage them to pursue careers in mathematics or mathematically 

intense areas  

Project personnel:  University faculty, graduate students, and staff from the 

department of mathematics, University of Nebraska Lincoln (UNL) 

Duration: One day 

Delivery:  

- Mathematics competitions among individual participants, and groups 

- Preliminary exam with multiple choice questions called PROBE I 

- Essay Exam called PROBE II for top 40 students 

- Opening ceremony where experts in field of mathematics interact with 

students and explain about their work with possible opportunities in their 

relevant fields 

- Multiple-choice (machine graded) and essay exams (graded by UNL 

faculty) 

- Top 3 female students and top 3 male students were awarded from PROBE 

I and scholarships are provided for top 10 students from PROBE II 

- Team Competition: Math Bowl 

Assessment:  

- Participants’ reflections 

- Schools and students’ retention rates (each year on Math Day) 

Mathematics Competitions Bootcamp (MCB)- Morehouse College (MCBMC) 

(T. Lamar, personal communication, January 19, 2017) 

Target Area: Mathematics 

Target Audience: Motivated 5-12 grade mathematics students 

http://www.math.unl.edu/math-day-university-nebraska-lincoln
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Expected Outcome:  

- To increase participation in math competitions from members of 

underrepresented groups 

- To introduce to participants about local, state, regional and national math 

competitions 

- To facilitate and encourage to participants throughout the school year as 

they progress through all level of math competitions and provide them 

opportunity to compete in Mini-Math competitions 

Project personnel: College mathematics faculty, volunteers (Math Majors, Math Club 

and Math Honor Society and other college students) 

Duration: Four hours a day, annually 

Delivery: 

-  Fun and mental activities 

- Mini-math contest of one hundred multiple choice problems 

- Interactions with college faculty and students 

- Panel discussion which consists of Alumni Mathletes, a current top 

Mathlete, a Math Competitions Coach, parents and college students who 

participated in other academic competitions 

- Each panelist shares their experiences, insight and wisdom in training and 

competing in Math Competitions while members of the audience share 

their experiences 

- Mathletes are provided a short presentation with information about 

upcoming Math Competitions of that academic year 

Assessment Process: Recurring participants.  If schools and community 

organizations come back each year with returning and new students, then the program 

is considered effective 

Middle School Girls’ Math Club – MSGMC (Cline, Dwyer, & Salinas, 2006) 

Target Area: Mathematics 

Target Audience: Middle school girl students 
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Expected outcome: To enhance students’ knowledge in mathematics, confidence in 

mathematical abilities, and interest in the field of mathematical works  

Project personnel: University mathematics faculty, graduate and undergraduate math 

major students, middle school mathematics teachers, and administrative staff 

Duration: After school hour, 1 hour weekly, throughout an academic year 

Delivery:  Graduate and undergraduate students as role a model led the club activities 

using resources provided by the university faculty mentors. Various hands-on 

activities for students were provided. For instance, in one club students worked to plan 

and create Rube Goldberg Machine. To enhance students’ interaction light foods and 

snacks were provided as incentive. 

Assessment Process: Targeted students’ feedbacks and comments regarding their 

ability and interest are collected at the end of program.  

Saturday STEM Academy Middle School Project - S STEM AMSP (UMass 

Donahue Institute, 2011) 

Target Area:  STEM 

Target audience:  Eighth grade students from minority and underserved groups 

Expected Outcome: 

- To evoke students' interest in STEM careers 

- To increase awareness of STEM careers and the importance of STEM 

subjects as a preparation for these careers  

Project personnel: Professionals employed in STEM fields, and administrative staff 

Duration: Each session of 6 hours, on four Saturdays of the Spring 2010 (one 

semester) 

Delivery:  

- Students and parents participated in STEM related activities 
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- Parents attended 2 orientation programs to be familiar with the program, of 

which one was held on church and the other was conducted by METCO (a 

grant funded program) 

- Field trips on each Saturday where participants had opportunity to learn 

hands-on activities and meet professionals 

- Four sites experiences:  

o The Christa McAuliffe center: After a short pre-mission briefing, 

participants took their position in either mission control or Space 

Station, so they had experience of space exploration 

o Olin College of Engineering: Students were exposed to engineering 

environment where they took part in hands-on design-and-build 

activities led by engineering students 

o Students observed various laboratories and listened to presenters 

focusing on the importance of STEM to army, society, and U.S. 

economy while visiting to U.S army research development and 

engineering center 

o Participants worked together in building, programming, and testing 

Lego robotic vehicle for the remote-controlled exploration of a 

stimulated Mars terrain. 

Assessment Process:  

- Post-program survey consisting of 7 questions for each student 

- Questions were meant to measure students' awareness, interest in STEM 

topics and careers, perceived self-efficacy and interest in pursuing STEM 

career, and plans to continue to study math and science 

-  Some questions were asking how strongly they agree or disagree with 

statements about engineering like "Engineering is very important 

profession", "Engineers do lots of different and interesting things" (P.36).  

Sí Se Puede Hacer Ciencias y Matemáticas - SPHCM, Yes You Can Do Science 

and Mathematics (https://www.emporia.edu/mathecon/outreach/sisepuede/) 

https://www.emporia.edu/mathecon/outreach/sisepuede/
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Target Area: STEM 

Target Audience: Hispanic Students in grade 6 - 8 

Expected Outcome:  

- To generate Hispanic students’ interest in science and math regardless of 

their language  

- To foster awareness of career opportunities in mathematics and science 

related fields  

Project Personnel: Hispanic STEM professionals from all over the state of Kansas, and 

STEM faculty from Emporia State University 

Duration: One day (9 am to 4 pm), annually 

  

Delivery:  

- Welcome and opening session followed by experts sharing their 

experiences 

- Four hands- on workshops each of an hour duration conducted by Hispanic 

professionals where students are allowed to explore STEM topics on 

engineering, physics, medicine, chemistry, and veterinary medicine 

- Luncheon speech where students are encouraged from Hispanic 

professionals  

- Halo presentation by college undergraduate Hispanic students’ 

organization that encourages Hispanic students to study STEM subjects 

with advice on how to succeed in college 

- Hispanic youths meet and form personal contacts with professionals 

working in mathematics and science related fields 

- Closing session 

Assessment Process: Target students are asked to complete evaluation sheet of the 

program. This information is used in improving the program as it progresses 

throughout the school year (Betsy Yanik, personal communication, January 23, 2017).  

STEM Career Awareness Conference - STEM CAC (UMass Donahue Institute, 

2011)  
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Target Area: STEM 

Target Audience: Middle school students  

Expected outcome: To increase students’ interest in STEM careers 

Project personnel: STEM professionals, volunteers from STEM business, and 

administrative staff 

Duration: 6 hours of a day 

Delivery: 

- Several conferences: two conferences specially for girls entitled “Women 

in Science” and for boys entitled "Men in STEM"  

- Most of the conferences start with a brief large group session, followed by 

smaller workshops, lunch, final large group session and closing. 

- Keynote speech and panel discussion delivered by STEM professionals 

where they discuss challenges, rewards and successes in their careers 

- Volunteers who moderate small workshops to inform about their careers 

and to interact with students in topics of engineering, meteorology, 

robotics, computers, marine life, veterinary science, biotechnology, and 

renewable energy 

Assessment Process:  

- Students’, teachers’ and volunteers' post conference evaluation survey 

about their experiences of conference 

- Open-ended questions for students about what they learned, whether their 

career goal had changed after participating conference responding in a way 

"I have participated in this conference, now my career goals have 

changed/not changed because…" (p. 38) 

- Teachers, staffs and local evaluators assess the level of students' 

engagement using observation protocols 



Texas Tech University, Gangadhar Acharya, December 2017 

52 

- Focus group assessment was conducted by evaluators to get feedback from 

organizers 

- Students were asked what they learned from the conference 

STEM Research Academy for Young Scientists- STEM RAYS (UMass Donahue 

Institute, 2011) 

Target Area: STEM 

Target Audience: 4-8 grade students  

Expected outcome: To increase students' interest in STEM fields  

Project Personnel: Certified teachers who had completed the professional development 

training at the beginning, faculty from local colleges, and administrative staff 

Duration: Weekly 2 hours, during after school hours, for entire school years  

Delivery:  

- Trained teachers and students work together in after school hour science 

club and conduct research  

- Teachers consult with their professors on regular basis 

- Students present their outcome in annual symposium 

- No specific curriculum, teachers and students work together to determine 

the research thread 

Assessment Process: 

- Pre-and post-survey to assess students' knowledge and general 

understanding of science  

- Assessment of understanding of science includes true and false questions. 

For instance, "scientific theories are just explanations not facts", "scientists 

often try to disprove their own idea". (p.26) 



Texas Tech University, Gangadhar Acharya, December 2017 

53 

- Questions about their future careers such as "when I am 25 years old I 

would like to work as …." True or false (UMass Donahue Institute, 2011, 

p.26) 

- Teachers, parents and administrators are asked about their perceptions on 

effectiveness of the program 

STEM Summer Camp - STEM SC (UMass Donahue Institute, 2011) 

Target Area: STEM 

Target Audience: Middle School students 

Expected outcome: To motivate students to study STEM related subjects and choose 

career in STEM fields  

Project personnel: Licensed teachers, their assistants, university faculty, and 

administrative staff 

Duration: Two summer camps each of five-days 

Delivery:  

- Two summer camps entitled “Sustainability and the Environment” and 

“Biotechnology and Forensics” were offered during year 2008-2009 

- In Forensic camp, students developed their skills with crime investigation 

by solving a mock crime scene where they participated in blood analysis, 

fingerprinting, DNA sequencing, and hair sample analysis in lab 

- In sustainability camp, each student act as an environmental specialist 

where they designed a model community using environmentally friendly 

technologies and approaches. They analyzed soil samples, pond water and 

presented their models for green community 

- Each camp was led by licensed teachers and their assistants who were 

supported by higher education experts 

Assessment Process:  
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- Pre-and post-surveys of all attendees to assess their perceptions in 

“scientific knowledge, level of experiences, and interest in science”. 

Sample questionnaires: rate your knowledge about sustainability and 

environment with four possible choices “very high”, “high”, “some high” 

and “a little”. “During camp, how much did you learn about cells, blood, 

finger print, carbon cycle, and renewable energy?” (p.20) 

- Pre-and post- survey to rate science skills such as working in team, 

collecting and analyzing data, and conducting experiment 

- Students were asked about their feeling over the study of science with four 

possible choices: fun, challenging, hard and boring 

Summer Enrichment Program - SuEPUM (S. E. Gilbert, personal communication, 

February 26, 2016)  

Target Area: Mathematics 

Target Audience: 3-12 grade students 

Expected outcome: To keep young students interested in Mathematics 

Duration: One-week (8:00 am – 5 Pm each day) 

Project Personnel: MathCEP (Math Center for Educational Programs) staff, graduate 

students from university, role models from mathematics related fields, university 

mathematics faculty  

Delivery:  

- Mathematics course work  

- Interaction with role models 

- Networking via working and living together  

- Hands-on experiences and observational opportunities to develop analytical 

concepts on science, engineering and mathematics 

Assessment Process: Data were collected from students on what they enjoyed or not 

and what made them surprised. Then these feedbacks were used to develop stronger 

curriculum for next year.    
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2.6.2 Preparational Mathematics Outreach Programs 

Science and Math Education in ACTION – ACTION (Brahier, & Bostic, 2015) 

Target Area: Mathematics 

Target Audience: High school graduates expressing interest to be mathematics/science 

teacher, and/or teacher candidates (Total of 4 cohorts each enrolled every year until 

the 4th year of the project) 

Expected outcome:   To prepare mathematics/science teachers with sound 

mathematics content knowledge and pedagogical skills. Outcome expectations of 

every project year are given below.   

Design: For both ACTION and non-ACTION groups same university level courses 

were offered but students of ACTION program had opportunities to involve in 

different action research, internships and other activities throughout the four years.  

Duration: 4 years, time allocated for each year’s activities are given below  

Project personnel: University faculty, lab instructors, business and community leaders 

were involved in each year’s activities; the detail is given below.  

Year Zero: Summer Bridge program  

Target Audience: 25 fresh high school graduates expressing interest to be a teacher  

Expected outcome: To introduce students with college/university environment in order 

to fully prepare themselves for upcoming college life  

Duration: 4-week in a summer (each year for each new cohort) 

Delivery:  

- Workshops, mini-courses (introductory courses), and laboratory experiences  

- Students explored bioinformatics problems involving connection between 

mathematics and biological science in which they investigated environmental 

issues by collecting data relevant to air and water quality, examine several 

methods of fingerprinting in a forensics lab, and covered selected chapters 

from books. 

Year One: Small Group Bench Research Projects  

Expected outcome: To provide action research experiences 

Duration: One academic year (during the freshmen year at university) 
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Delivery:  

- Group works with math or science faculty on a research topic selected by 

faculty 

- Topics selected were: to explore meaning of “randomness”, and to investigate 

linear algebra by examining the popular game “Angry Birds”  

- Experience of bench research: students hypothesize, collect and analyze the 

data, and draw conclusion based on results. 

- Research presentation in research symposium held on-campus at the end of the 

academic year 

Year Two: Community Based Internships  

Expected outcome: To identify the connection between mathematics and science in 

real life situations 

Duration: One academic year (for second year students’ cohort) 

Delivery:  

- Internships on local businesses, and agencies where mathematics and science is 

used. 

For example, some students worked with statisticians whose job was to test the 

length and weight of products coming off the line, some worked in a factory 

that produces Slim Jim beef snacks, and others worked at local city planning 

office to determine the feasibility of placing kiosks in parking lots for parking 

payment system 

- Final report in written form about internships’ learning experiences  

Year 3: Writing Research Proposal 

Expected outcome: To make them able to generate ideas to conduct action 

research for their own purpose 

Duration: One year-long course (meeting once a month) 

Delivery:  

- Students are taught about action research and how to conduct it 

- Students find a research topic and write a proposal  
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- Course instruction focuses on how teacher might act as a researcher in his/her 

own classroom 

- Students analyze research publication, learn to criticize the content and 

conclusion drawn by authors 

- Students work on their topics of interest individually under the faculty 

mentorship  

- Develop full-fledged research proposal they intent to conduct 

- Faculty mentors assess students’ proposal and give feedback  

Year 4: Conducting Action Research 

Expected outcome: To enable students to conduct action research on their own 

Duration: One academic year (monthly qualitative and quantitative data analysis 

class sessions in Fall) 

Delivery: 

- Students finalize their own proposal and conduct their action research in their 

real-life scenario, analyze the data and write up the results. 

- Faculty advisors evaluate their final paper and give feedback 

- Students present their research to peers, faculty, and parents 

Assessment Process of ACTION:  

- Exit survey at the end of the program 

- Sample question and response:  

Question: Which experience that you had you considered most 

crucial during 4 years period? Response: “I think the research 

project will really help me a lot because I can actually show to my 

future employers that I have done research, that I can do this, and 

if something is going wrong in my classroom, I can relate back to 

the action research and say, ‘what should I do? How am I going to 

solve this problem? Then hopefully I can come up with a solution.     

(Brahier, & Bostic 2015, p. 30) 

 

All Girls Math Academy – AGMA (https://www.newhaven.edu/about/conference-

services/summer-youth/all-girls-math.php) 

Target Area: Mathematics 

https://www.newhaven.edu/about/conference-services/summer-youth/all-girls-math.php
https://www.newhaven.edu/about/conference-services/summer-youth/all-girls-math.php
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Target Audience: 7-10 grade girl students 

Expected Outcome: To prepare students having interest in mathematics for their 

college and professional careers 

Project personnel: Faculty of mathematics from University of New Haven and 

administrative staff 

Duration: Six-day in a summer 

Delivery:  

- Seminars by faculty on special topic related to mathematics and computer 

science 

- Specific topics in mathematics were cryptography, and Mandelbrot set 

- Additional topics area were technology and sports physics 

- Problem solving sessions in collaboration with group members and faculty 

- Career panel discussions 

Assessment process: 

- Pre-camp survey: How did you hear about summer camp? Have you ever 

participated in similar camps in the past? What was your primary objective 

of this camp? How enthusiastic are you about mathematics and computer 

science? (Using Likert scale 1 to 5), What connection do you note between 

mathematics and computer science? 

-  Post-camp survey: How would you rate your overall experience? What 

part of camp did you enjoy? How enthusiastic are you about mathematics 

and computer science (Likert scale 1 to 5)? 

- Camper phone follow-up interview: How is school going? Are you still 

struggling with anything? have you begun your college research? are you 

willing to come present to the campers next years? (Y. Rivers, personal 

communication, January 5, 2017) 

Alliance for improvement of mathematics skills PreK-16 (AIMS) 

 Professional development for Math Teachers (Lamm & Sloan, 2006) 

Target Area: Mathematics 
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Target Audience: In general AIMS targets PreK – 16 students and teachers, preK-16 

administrators, faculty, counselors but in professional development (PD) of the 

teachers target audience are PreK-12 teachers  

Expected outcome: AIMS project expects 

- To provide opportunities of professional development for administrators, 

teachers, faculty, counselors 

- To enhance content knowledge of students  

- To augment technological knowledge, research ideas, and networking 

skills of students  

Project Personnel: Mathematics specialist, personnel from Educational Service Center 

(ESC), Math faculty from the partner higher educational institutions, and 

administrative staff 

Duration: 4 years 

Delivery:  

- AIMS activities were based on the framework of Texas Curriculum and 

assessment requirement completed by Charles A. Danna Center in the Fall 

of 2000 (http://www.utdanacenter.org and 

http://www.tenet.edu/teks/math/) 

- Professional development (PD) provided to the teachers was based on 

Texas Teachers Empowerment for Achievement in Mathematics and 

Science (TEXTEAMS) 

(http://www.utdanacenter.org/downloads/research/tsse_spring04.pdf) and 

Texas Essential Knowledge and Skills (TEKS) model.  

- PD was provided in the form of workshops in institute of higher education 

(IHE) or in facilities within school districts by mathematicians and/or 

Educational Service Center (ESC) professionals or some other 

professionals.   

http://www.tenet.edu/teks/math/
http://www.utdanacenter.org/downloads/research/tsse_spring04.pdf


Texas Tech University, Gangadhar Acharya, December 2017 

60 

- In addition to workshops, AIMS mathematicians provided coaching, 

mentoring, lesson modeling, curriculum alignment, lesson planning, 

teaching strategies, and learning strategies.  

- In PD workshop content covered were technology, curriculum, mentoring 

and mathematics   

Assessment Process:  

- Teachers’ classroom observations were conducted using Mathematics and 

Science Classroom Observation Profile System (MASCOPS) developed by 

Dr. Carol Stuessy (TAMU), which is meant for measuring pedagogical as 

well as content knowledge.  

- The data was examined to determine whether the teachers changed the way 

they were teaching as their content knowledge and pedagogical knowledge 

were increased 

- To measure the achievement of 3-11 grade students, standardized tool 

called Texas Assessment of Knowledge and Skills (TAKS) was 

administered  

- Available SAT and ACT scores were observed 

- The enrollment records of 8
th

 grade algebra I, regular and honors classes in 

algebra I, geometry, algebra II, pre-calculus and other upper level courses, 

and advance placement courses were observed   

Arizona Teacher Institute- Master's Degree in Middle School Mathematics 

Leadership - ATI-MP (Madden, 2011) 

Target Area: Mathematics 

Target Audience: Middle school teachers from Tucson Unified School District 

Expected outcome:  To prepare professionally skillful leaders of teachers in local 

school district such that these leaders might be able to run professional development 

programs with teachers at their schools. 

Project personnel:  University faculty, postdoctoral fellows, high school teachers, and 

administrative staff 
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Duration: 3-years, regular in summers and part-time during academic years 

Delivery: -  

- Course works for 2 years in mathematics and education taught by faculty, 

and high school teachers 

- Field works for one year- six unit credited either to practicum or thesis 

- Four 4-credit mathematics courses, three 3-credit education courses, 3 to 4 

credits for mentoring 

Assessment process:  

- Evaluation of participants' content knowledge using Middle School 

Content Knowledge Survey  

- A questionnaire to determine implementation progress made, on teachers 

- Self-reporting by participants 

- Teachers’ performance rating by principals 

- Record of achievement in teachers' classes through comparison of 

standardized Arizona Instrument to Measure Standards (AIMS) and 

Terranova standardized achievement test 

- Observation of teachers’ teaching activities using the Reformed Teaching 

Observation Protocol (RTOP) and Effective Instrument Rubric (EIR) 

Arizona Teacher Institute- Math Specialist in Mathematics Teacher Mentoring - 

ATI-MS (Madden, 2011) 

Target Area: Mathematics 

Target Audience: High school mathematics teachers with secondary teaching license 

Expected outcome: To prepare well trained and certified leaders of teachers to run 

professional development training in their schools and districts 

Project Personnel: University faculty, and administrative staff 

Duration: One-year, full-time residential program  

Delivery:  

- Seminars in mathematics content and teaching skills 

- Content courses in mathematics 
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- Involvement in masters of middle school mathematics teaching leadership 

program as assistant 

- Work experience in the Center for Recruitment and Retention's Mentoring 

Program 

Assessment process: Similar to ATI-MP 

Arizona Teacher Institute-Postdoctoral Fellowship in Teacher Preparation - 

ATI-PFTP (Madden, 2011) 

Target Area: Mathematics 

Target Audience: Fresh PhD graduates of mathematics 

Expected outcome:  To increase the number of faculty at the University of Arizona 

with knowledge and understanding on how to support effective teacher preparation 

and in-service professional development 

Project Personnel: University faculty, and administrative staff 

 Duration: three-year 

Delivery:  

- Seminars in mathematics and teaching 

- Assist students in Master's Degree in Middle School Mathematics 

Leadership Program 

- Teaching opportunities on mathematics courses 

- Participation in departmental outreach activities 

Assessment Process: Similar to ATI-MP 

Bridge to Calculus – B to C 

(http://www.northeastern.edu/cos/mathematics/outreach/)  

Target Area: Mathematics 

Target Audience: High school students who wish to take high school/college calculus 

course 

Expected outcome: To prepare students to take regular calculus, Advanced Placement 

(AP) calculus, or pre-calculus during high school students’ senior year 

http://www.northeastern.edu/cos/mathematics/outreach/
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Project personnel: Experienced and renowned Boston high school teachers, university 

faculty, and university students  

Duration: 2 hours daily, Monday through Thursday, 6 weeks of a summer 

Delivery:  

- Curriculum is developed and is co-taught by Boston high school teachers and 

university faculty 

- College students mentors to high school students 

- This program collaborates with college preparatory counseling program “The 

Bottom Line” that focus for low income students to prepare them for college 

and runs several workshops on campus in which the bridge students have 

opportunity to participate in these workshops.  

- Students who take bridge to calculus in summer program and enroll in the AP-

calculus course at their high school, has to take the AP calculus exam in 

upcoming year.  

Assessment process: In Calculus field day, different teams of participants compete in 

open ended problem-solving session. The team works are graded by a group of 

instructors and winners are awarded at the end of the day.  

Center for Recruitment and Retention of Mathematics Teachers - Teacher 

Induction Program - CRR-TIP (http://math.arizona.edu/~crr/newteachers.php) 

Target Area: Mathematics 

Target Audience: New middle and high school teachers (First or second year teachers) 

Expected Outcome: To support mathematics teachers who are at their early careers   

Project Personnel: University faculty, experienced school teachers, educators, school 

administrators (coaches, principals) and administrative staff 

Duration: One academic year (Seminars and several meetings with coaches on 

Saturdays) 

Delivery:  

- Monthly Saturday seminars where participants share ideas, materials and 

concerns with professionals, and colleagues. In addition, it helps to deepen 

http://math.arizona.edu/~crr/newteachers.php
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mathematical knowledge with good teaching models that are provided in these 

seminars 

- Each participant is assigned to a coach (former middle or high school teachers) 

from University of Arizona 

- Coaches help teachers for lesson planning, classroom management, best 

practices, motivation, maximizing classroom participation, assessment 

techniques and other activities 

Assessment Process:  

- Program evaluation survey 

- Participants’ reflections 

- Student work analysis by teachers to identify teachers’ progress in the 

assessment of mathematical thinking 

- Comprehensive outreach survey that is conducted every 2-3 years 

- Pre-and post-observation 

- Running notes observation records: A detailed narrative account of behavior 

recorded in a sequential manner as it happens; not limited to a particular 

incident like an anecdotal record; the observer records everything seen 

(M. Hosten, personal communication, February 3, 2017) 

CRR- Mathematics Educator Appreciation Day Conference - CRR-MEAD 

(http://math.arizona.edu/~crr/appreciate.php) 

Target Area: Mathematics 

Target Audience: K-16 mathematics teachers 

Expected Outcome: To enhance teachers’ content and pedagogical knowledge that 

allow them to grow mathematically  

Project Personnel: University faculty, experienced school teachers, educators (from 

college of education, schools, school districts, education development center, Texas 

Instruments), school administrators (coaches, principals), graduate students, and 

administrative staff 

Duration: One day, annually 

http://math.arizona.edu/~crr/appreciate.php
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Delivery: Multiple sessions on 3 different time slots in the same day where faculty, 

educators and graduate students present on a topic relevant to professional 

development of different grade level teachers from schools and community colleges. 

Some topics and presenters from previous conferences were:  

i) Session: Math Chess, A game of math Strategy 

  Audience/level: General interest 

  Presenter: Laurie Burrell, Amphi Unified School District 

ii) Session: Centering around statistical probability 

Audience/level: Grade 4 – 8 

Presenter: Donna Rishor, University of Arizona 

Assessment Process:  

- Event evaluation survey 

- Evaluation of students work analysis by teachers  

- Comprehensive outreach survey conducted every 2-3 years (M. Hosten, 

personal communication, February 3, 2017) 

CRR- Do the Math - CRR-DM (http://math.arizona.edu/~crr/dtm.php) 

Target Area: Mathematics 

Target Audience: High school students  

Expected Outcome: To prepare High school students for AIMS standardized test (now 

AzMERIT test) and increase their interest in the field of mathematics  

Project Personnel: Mathematics faculty, school mathematics teachers, professionals, 

educators, and administrative staff 

Duration: An hour, weekly, throughout the year 

Delivery:  

- Weekly cable television show aired on University of Arizona Channel  

- Teachers explain concepts on certain topics of mathematics that students must 

master to pass AIMS test 

- Faculty challenge students with some mathematical problems 

http://math.arizona.edu/~crr/dtm.php
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- Professionals and educators explicate applications of topics of mathematics in 

real life and in their professions 

Assessment Process:  

- Event evaluation survey 

- Comprehensive outreach survey (M. Hosten, personal communication, 

February 3, 2017) 

CRR- Mathematics Teacher Workshops - CRR-MTW 

(http://math.arizona.edu/~crr/Tworkshop.html) 

Target Area: Mathematics 

Target Audience: Elementary and middle school teachers 

Expected Outcome: To prepare professionally outstanding mathematics teachers  

Project Personnel: University faculty, school teachers, professionals in mathematics 

and mathematics education, educators, and administrative staff 

Duration: Series of 4-hour workshops throughout the academic year 

Delivery:  

- Support in using graphing calculator 

- Workshops on algebra for elementary school teachers 

- Workshops on geometry for middle school teachers 

- Workshops on advance placement topics 

- Professional development workshops 

- Workshops are conducted in partner districts schools and participants are 

encouraged from all area schools 

- Sample topics of workshops: Geometry in elementary grades, problem solving 

and representation using Tape diagrams, Desmos: Using an Appropriate tool 

strategically 

Assessment Process:  

- Workshop evaluation surveys 

- Comprehensive outreach survey 

http://math.arizona.edu/~crr/Tworkshop.html
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- Students work analysis by teachers to identify teacher progress in the 

assessment of mathematical thinking (M. Hosten, personal communication, 

February 3, 2017) 

Engineering the future by design -EFD (UMass Donahue Institute, 2011) 

Target Area: STEM 

Target Audience: Middle school teachers, so that middle school students were directly 

benefited 

Expected Outcome: To improve teachers’ skills and knowledge in STEM subjects that 

they can apply to motivate students to pursue degree in STEM area  

Project personnel: Two engineering faculty, public-school teachers, and local 

evaluators 

Duration: Two-day summer workshop (for middle-school teachers, multiple weeks of 

instruction aligned with state curriculum frameworks, estimated to be 7 to 18 hours 

long instruction in school for students) 

Delivery: 

- Teachers were trained for implementation of hands-on activities on 

engineering module where wind turbine, bottle rockets, supports and structure, 

and sustainable food engineering were topics of interest 

- Teachers’ follow their project idea in their classroom teaching 

Assessment Process:  

- Pre-post survey to assess students interest in engineering and other subjects, 

and their content knowledge in those subjects 

- “Comparison evaluation” to assess students’ attitude: which one do you like 

better? “Building computers or painting”, “Multiplication or foreign 

language”, “designing things or playing music” …out of 26 word pairs. That 
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assessment was expected to help to understand students’ intent towards STEM 

subjects. ` 

- Post survey for teachers to assess their perception over the usefulness of 

professional development training 

- Interview of teachers, classroom observations by local evaluators 

ESU-Inspired by Math - ESU-IM 

(https://www.emporia.edu/mathecon/outreach/inspiredbymath/) 

Target Area: Mathematics 

Target Audience: 6-8
th

 grade students 

Expected Outcome: To broaden students’ mathematical content knowledge and inspire 

them to study mathematics 

Project Personnel: Mathematics faculty form Emporia State University (ESU), and 

administrative staff 

Duration: One year (four-day summer camp, after school hour meetings once-a-week 

during the academic year) 

Delivery:  

- During summer camp students are introduced to Geometry, Number Sense, 

Probability and Statistics, and Logic and reasoning. They visit to ESU 

campus and learn how to crack codes using cryptography 

- During academic year meetings, students take part in activities like 

building dome structures and bridges, attain invited talks on math topics, 

work together on project of their own choice, and go to field visits 

Assessment: Pre-and post-attitudinal surveys plus overall surveys for the program in 

its early stage but later on (after developmental phase) just program evaluation surveys 

are conducted. (B. Yanik, personal communication, January 23, 2017) 

Focus on Mathematics - FoM (http://www.focusonmath.org/programs) 

Target Area: Mathematics 

Target Audience: 5-12 grade mathematics teachers 

Expected Outcome: To prepare professionally developed mathematics teachers with 

profound Knowledge of Mathematics for Teaching (KMT) and Mathematical Habit of 

https://www.emporia.edu/mathecon/outreach/inspiredbymath/
http://www.focusonmath.org/programs
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Mind (MHM) Project Personnel: University and college faculty, educators and 

research scientists form Education Development Center, project staff, and experienced 

school teachers, Program Evaluation and Research Group (PERG) from Lesley 

University  

Delivery: Different programs were delivered during the project period: 

School- Based Study Groups - FOM-SBSG 

Expected Outcome: To enhance teachers’ knowledge for teaching mathematics 

Project Personnel: University and college mathematics faculty and mathematics 

educators from Education Development Center 

Duration: 2-3 hours biweekly, a year 

Delivery: Teachers and mathematicians meet in their school district and solve 

mathematics related problems to help teachers to experience mathematics as a 

mathematician through long-term study 

Assessment: Targeted audiences’ reflections 

Academic Year Seminar - FOM-AYS 

Expected outcome: To provide opportunities to explore mathematics problems and 

increase depth of understanding 

Duration: 5 times a year in partner districts  

Delivery: Teachers are engaged in mathematical activities where they discuss about 

classroom practices moderated by mathematics faculty and educators 

Assessment: Targeted audiences’ reflections 

Colloquia - FOM-Colloquia 

Expected Outcome: To build a community of mathematics teachers, mathematicians 

and educators that helps teachers to explore the world of mathematics  

Duration: A day, annually at Boston University 

Delivery: Presenting important issues of mathematics and mathematics education  

Assessment: Targeted audiences’ reflections 

PROMYS for Teachers – PfT (http://www.promys.org/pft)  

Target Area: Mathematics 

Target Audience: Middle and High school teachers 

http://www.promys.org/pft
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Expected Outcome: To prepare professionally developed mathematics teachers with 

profound Knowledge of Mathematics for Teaching (KMT) and Mathematical Habit of 

Mind (MHM) 

Project Personnel: University and college faculty, educators and research scientists 

from Education Development Center (EDC), project staff, and experienced school 

teachers, Program Evaluation and Research Group (PERG) from Lesley University, 

graduate mathematics students, and alumni of PROMYS program 

Duration: One-year (six-week long intensive summer program and workshops in rest 

of the year) Delivery:  

-  Content-based professional development 

o In summer teacher participants (new group) attend mathematical 

course work focused in certain topics of mathematics (mostly 

number theory) to explore deep rooted mathematical ideas. In a 

typical day session begins with lecture followed by group works on 

a daily problem set. Counselors (graduate students, PROMYS 

alumni and research mathematicians) support them to solve the 

problem. Their solutions and practices are discussed in weekly 

problem-solving session conducted by PROMYS staff 

o Returning participants attend advanced mathematics seminar and 

engage in research projects where they meet their small research 

group twice a week and in fifth week they submit their research 

report and present that report in seminar. 

- In second summer participants involve in more advanced mathematical 

activities  

- Academic year workshops: 

o Three to 5 full-day workshops offered jointly by EDC and Boston 

University’s Department of Mathematics designed to help teachers 

to assemble the pedagogical approaches used in PROMYS that 

enrich the school curricula and establish ongoing network of 

teachers, educators, and mathematicians 
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o Teachers share their experiences, activities and students’ work, 

work together on some mathematics topics, and plan lessons 

collaboratively using their PROMYS research experience   

Assessment Process: Participants’ reflections, PERG group evaluation 

FoM Math Expo 

Target Area: Mathematics 

Target Audience: Middle and high school students 

Expected Outcome: To generate students’ interest and augment competence in 

mathematics 

Project Personnel: University faculty, administrative staff, and experienced school 

teachers  

Duration: One day, annually 

Delivery:  

-  FoM partner districts’ students design and carry out their own 

mathematical research in their classroom and present it in Math Expo 

- Students work on mathematics problems related to real-world scenario and 

explore it in greater depth 

Assessment: Participants’ reflections 

Master of Mathematics for Teaching - FOM-MMT 

Target Area: Mathematics 

Target Audience: Middle and high school teachers 

Expected outcome: To prepare future teacher leaders for the development of 

curriculum, training other teachers, and supporting mathematics-focused initiative in 

schools 

Project personnel: University and college faculty, educators and research scientists 

form Education Development Center, project staff, Program Evaluation and Research 

Group (PERG) from Lesley University  

Duration: Part-time study for two academic years where three summers were allocated 

for immersion work in mathematics  

Delivery: (Core of this program is PfT) 
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- Department of Mathematics and Statistics, and College of Education offer 

courses relevant to mathematics content and educational skills 

- Experience in advanced mathematics  

- Research experience in mathematics  

- Field study in mathematics education 

- 20 credit mathematics course work, 18 credit education course work 

- Explore the relationship between mathematics and the school curriculum 

through coursework in content and pedagogy  

- Professional development and leadership activities 

Assessment Process: Participants’ reflections and PERG evaluation 

Math for America (MfA) Boston - FOM-MfA 

Target Area: Mathematics 

Target Audience: Middle and high school teachers 

Expected Outcome: To prepare professionally developed mathematics teachers with 

profound Knowledge of Mathematics for Teaching (KMT) and Mathematical Habit of 

Mind (MHM) Project Personnel: University and college faculty, educators and 

research scientists form Education Development Center, project administrative staff, 

Program Evaluation and Research Group (PERG) from Lesley University  

Duration: Begins with six-week intensive course work of PfT and then begin to build 

ongoing communities of mathematically experts master teachers that is ongoing 

process 

Delivery:  

- Has two components: Teaching Fellowship (to prepare new teachers) and 

Master Teaching Fellowship (increase depth of knowledge and share skills 

with expert teachers) programs  

- Both groups attend six-week PfT and begin to build communities of 

mathematically expert master teachers 

- Fellows are supported by Boston College NSF Noyce grant 
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- Fellows work together with a strong mathematical community of teachers, 

educators, and mathematicians to develop projects, activities and lessons to 

explore mathematics 

- They meet regularly to work on group projects, share materials, and discuss 

ideas related to their classroom teaching 

- They attain monthly meetings, variety of seminars and colloquiums 

organized by mathematical community 

Assessment Process:  

- Participants’ reflections 

- PERG evaluation 

Program Evaluation and Research Group Assessment – PERG 

(http://www.focusonmath.org/sites/focusonmath.org/files/assets/PERG%20-

%20FoM%20Year%202_0.pdf)  

The Program Evaluation and Research Group (PERG) at Lesley University is a group 

of evaluators that serves as a partner within FoM and evaluates FoM MSP programs. 

PERG evaluates project activities each year and provides reports for each year and a 

summative evaluation report at the end of project. Evaluators employ a combination of 

quantitative and qualitative data collection methods to address each area of study, 

collecting data through surveys, observations and meetings, interviews, and reviews of 

artifacts. They conduct baseline survey on the first year of project and year – 5 surveys 

of mathematics teachers at the end of first phase of FoM project. Surveys are based on 

Horizon Research survey for mathematics teachers and observation protocol are based 

on Reformed Teaching Observation Protocol (RTOP).  

Greater Birmingham Mathematics Partnership – GBMP (Mayer, Cochran, 

Mullins, Dominick, Clark, Fulmore, Parker, & Lofgren, 2011) 

Target Area: Mathematics and Engineering 

Target Audience: Middle School in-service and pre-service teachers 

Expected Outcome: To prepare effective middle school mathematics teachers in 

Greater Birmingham school system  

http://www.focusonmath.org/sites/focusonmath.org/files/assets/PERG%20-%20FoM%20Year%202_0.pdf
http://www.focusonmath.org/sites/focusonmath.org/files/assets/PERG%20-%20FoM%20Year%202_0.pdf
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Project Personnel:  University faculty (Mathematicians, engineers, and educators), 

professional development experts, researchers, community and business leaders, and 

mathematics teacher leaders 

Duration:  Two-week (9 days in a summer and 2 days follow-up meetings in academic 

year)  

Delivery:  GBMP activities are guided by Mathematics Education Collaborative 

(MEC). Activities: 

- Total of 7 mathematics content courses were offered during summer 

including Foundations for Algebraic Reasoning which was mandatory to 

choose other courses of their interest 

- Professional development trainings for leadership development 

- Sessions designed to inform administrators to make them support their 

teachers improving their classroom practices 

- Revised Institute of Higher Education courses for pre-service teachers in 

order to introduce new track of mathematics majors and new middle school 

teaching certification program in University of Alabama (UAB)  

Assessment Process:  

- Participants' survey and comments 

- Teachers’ pre-post-performance assessment 

- Content Knowledge for Teaching Mathematics Patterns (CKTM-Patterns) 

test 

- Analysis of portfolios generated during summer courses 

- Observational behavioral checklist to evaluate changes observed in 

teachers' behavior throughout 2 weeks period by external evaluators 

Hampshire College Summer Studies in Mathematics – HCSSiM (www.hcssim.org)  

 Target Area: Mathematics 

Target Audience: Highly motivated and talented high School students 

Expected outcome: To identify, and prepare motivated students to pursue careers in 

mathematics related fields  

http://www.hcssim.org/
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Project personnel:  College/university faculty, graduate and undergraduate students, 

and guest lecturers 

Duration:  Monday through Saturday, Six-week of a summer 

Delivery:  

- Initial phase students including graduate and undergraduate students are 

partitioned in two workshops led by math faculty where they work to 

investigate mathematics problems from different areas. Those problems were 

selected by instructors. 

- Half-way of six-week session, students and staff are regrouped in maxi-courses 

(meets 2.5 hours daily) and mini-courses (meet 1.5 hours daily) for in-depth 

study of problems where students cover undergraduate mathematics topics like 

combinatorics, number theory, complex numbers, probability, four-

dimensional geometry, fractals and chaos, graph theory, and topology  

- Guest lectures are offered to cover competition problems from different areas 

of mathematics  

- Class meetings were held in the morning, theoretical works in afternoon, and 

problem-solving session in evening  

- Faculty and students for summer study live together in college dorm to 

familiarize themselves 

- Recreational activities were scheduled on Sunday  

Assessment Process: Each of the students was asked to evaluate his/her improvement 

and their instructors those comments were gathered to make student’s progress report. 

Those reports were provided to the home school, college admission office, and other 

places upon student’s request. 

Indiana University-Indiana Mathematics Initiative Partnership – IMI (Essex, 

2011) 

Target Area: Mathematics 

Target Audience: K-12 Teachers 

Expected Outcome: To prepare teacher leaders in mathematics via professional 

development trainings in mathematical content and pedagogy 
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Elementary school professional development - IMI-EPD (Essex, 2011) 

Target Area: Mathematics 

Target Audience: Elementary school teachers (K-5) 

Expected Outcome: To prepare groups of elementary school teachers for the 

successful implementation of standard Everyday Mathematics (EM) curriculum 

developed by University of Chicago 

Project Personnel: University faculty, teacher leaders from senior cohorts, EM 

consultants, project operation directors and administrative coordinators  

Duration: 7 years; 3-day summer workshops followed by 2-day academic year 

workshops (first cohort attended summer workshops for 3 years, second cohort 

attended for 2 years and 3rd cohort attended for 1 year), annual conferences in later 2 

years and all together 3-4 workshops in each academic year. 

Delivery:  

- Workshops  

- First cohort mentored 2nd cohort, and 1st and 2nd cohorts mentored to 3rd 

cohort  

- Online professional development (PD) via weekly learning logs for the first 

year and monthly assessment logs for the 2nd year (In weekly/monthly logs 

teachers were asked to comment about their mathematics learning and their 

reflection) 

- Taught EM for all cohorts 

- Participants facilitated professional development trainings within their 

districts 

- All cohorts attended conferences that were specially focused on leadership 

and mentoring, and district activities and promoting sustainability within 

their districts 

- Experience while mentoring teachers who were new to EM in their school 

and districts  

Assessment Process:  
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- Participants were given pre-and post-test version of Learning Mathematics 

for Teaching Assessment  

- Evaluation survey of project parts where respondents were unidentified 

- Self-reflections of participants  

- Observation of sustainability of program in different districts including 

individual districts’ plans and ongoing works designed to continue 

implementation of professional development in mathematical content 

knowledge 

- Students’ performance record on state ISTEP assessment examinations 

Secondary School Professional Development - IMI-SSPD (Essex, 2011) 

Target Area: Mathematics 

Target Audience: Secondary school teachers (Middle and High) 

Expected Outcome: To develop best implementation capacity among participating 

teachers for mathematics education meeting the state and federal standards  

Project personnel: School administrators, curriculum specialists, mathematics 

teachers, university administrators, mathematics faculty, and mathematics-education 

faculty 

Duration:  Five year; two-week intensive summer residential institute for the first year 

and follow up weekend workshops for remaining four-academic years 

Delivery:   

- The institute provided sessions on best practices; engaged teachers to learn 

mathematical modeling in a way that they would be expected to engage 

their students, and provide many examples of mathematical modeling in 

which units and lessons could be developed 

- Mathematical modeling was presented as a mathematical technique worthy 

of instruction on its own, and as an engaging tool with which successful 

teaching of wide variety of typical mathematics is possible. 

- During four academic year follow-up weekend workshops, teachers 

explored new mathematical modeling contexts and presented results of 

modeling lessons that they developed in the previous summer. 
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Assessment Process:  

- Student performance record on state ISTEP assessment examinations 

- Participants’ self-reflections 

Pre-service mathematics teacher education - IMI- PMTE (Essex, 2011) 

Target Area: Mathematics 

Target Audience: Pre-service secondary-school mathematics students having teaching 

license with undergraduate mathematics majors intending to teach school level  

Expected Outcome: To prepare future teachers with understanding of mathematics and 

pedagogy with NCTM standards and other articulations of best practices for 

mathematics teaching and learning  

Project Personnel: School administrators, curriculum specialists, mathematics 

teachers, university administrators, mathematics faculty, and mathematics-education 

faculty 

Duration: Each linked course was of 1-credit, one or two linked courses were offered 

in each semester for 7 years project period, for pre-service teachers to be eligible for 

teaching at secondary school level required to take at least 3-credit linked courses.  

Delivery:  

- 3 linked courses 

- Weekend workshops together with participating in-service teachers 

- Works on modeling problems, discussion about the nature of teaching in 

urban schools, and discussion about general issues of secondary school 

mathematics content and pedagogy 

Assessment Process:  

- Student performance record on the state ISTEP assessment examinations 

- Participants' self-reflections 

Intel Math Program – IMP (“Intel Math Program”, n.d.)  

Target Area: Mathematics 

Target Audience: K-8 teachers 
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Expected Outcome: To enhance teachers’ content knowledge and understanding of 

mathematics required for K-8 level students 

Project Personnel: University mathematicians and educators, and administrative staff 

Duration: Total of eighty hours in one year (professional development training to be 

completed within one year that begins with five or more consecutive days depending 

on local needs and remaining days may or may not be consecutive) 

Delivery: This program was adapted from the Vermont Math Initiative developed by 

Dr. Ken Gross.  

- Eight units course co-taught by a mathematician and an educator 

- Course was based on problem-solving approach to topics like integer 

arithmetic, decimal number system, place value, rational number arithmetic, 

rates, linear equations, and functions. This pedagogy comprises of 

approximately 10% of the course 

- Participants are provided with teacher manual in which mathematics content is 

explored using varieties of activities, answer manual containing multiple 

solutions of each problem, and reference manual offering supplemental reading 

Assessment:  

- University of Arizona in association with WestEd conduct independent 

evaluation of national implementation of Intel Math by using instruments like 

Teacher Attitude survey, Mathematical Knowledge for Teaching (MKT) 

instrument, and Intel Math Content Survey (IMC) developed  

Improving Mathematical Problem-solving Acumen, and Confidence for K-5 

Teachers and Students – IMPACTS (“Improving mathematical problem”, n.d) 

Target Area: Mathematics 

Target Audience: K-5 teachers 

Expected Outcome: To improve teachers’ competence and leadership followed by 

improvement of students’ competence in mathematics 

Project Personnel: Mathematics faculty, school mathematics teachers, professionals, 

educators, and administrative staff 
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Duration: One year 

Delivery: Program components were delivered in coordination with CRR 

- Site Facilitator Teams: 20 teams consisting of two teachers, one from grades 

K-2 and the other from grades 3-5 from the same site school were selected out 

of 127 elementary schools, were assigned to work with their site administrators 

to develop plans for their schools 

- Professional Development Workshops: Teams participated in two out of four 

workshops offered for teachers during the academic years  

- Summer K-5 Mathematics Institute: one-week intensive summer institute was 

provided to teachers’ teams, the institute focused on content and pedagogy 

development with specially to number sense, algebra and fractions 

- Teacher Leadership Retreat:  Selected participants in each team attain the 

retreat that serves to continue professional development in content and 

facilitation skills beyond their individual schools  

- Mathematics Educator Appreciation Day: Teams and leaders’ presentations in 

CRR’s MEAD conference 

Assessment Process:  

- Evaluation surveys of sessions and events 

- Comprehensive outreach survey (M. Hosten, personal communication, 

February 2, 2017) 

Louisiana Math and Science Teacher Institute – LaMSTI - Professional master’s 

degree (“Louisiana Math and Science”, n.d) 

Target Area: Mathematics and Science 

Target Audience: Middle and high school mathematics and science teachers 

Expected Outcome: To prepare professional STEM teachers  

Project Personnel: University faculty from STEM and education fields, college 

instructors, school leaders and teachers, and administrative staff 

Duration: 26 months (Three summers in which 40 hours per week for 6 weeks in each 

summer and 2 academic years for additional works) 

Delivery:   
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-  Academic program of 30 semester-hours of graduate credit including 

master's thesis 

- Research based curriculum prepared and taught by mathematics and 

science partnership members (Primarily STEM faculty in LSU college of 

science) 

- Graduate level leadership seminar offered during academic year focusing 

on school improvement, data management, and student mentoring 

- Encouragement activities to develop genuine professional community of 

STEM teachers 

- Thesis or action research based on secondary mathematics and/or science 

education 

- Trainings to improve instructional practices 

Assessment Process:  

- Class/course performance evaluated using board instruments  

- Participants' self-reflections about leadership development 

- Written test record of Michigan's Learning Mathematics for Teaching for 

the evaluation of pedagogical content knowledge 

- Evaluation of action research project results  

- Classroom observation to identify changes in pedagogy 

- Teaching videos analysis recorded in-class  

- Assessment by external evaluators 

Math in the Middle Institute Partnership - M
2
 Institute (Heaton, Lewis, & Smith, 

2011) 

Target Area: Mathematics 

Target Audience: Middle level mathematics teachers teaching in grades 5-8 

Expected Outcome:  To prepare intellectual teacher leaders in middle-level 

mathematics in order to improve students' achievement and enhance the achievement 

Project Personnel:  Mathematics and mathematics education faculty at the University 

of Nebraska-Lincoln (UNL), teachers and administrators in Lincoln Public School 

(LPS) and Nebraska's Educational Service Units (ESU) 
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Duration: 25 months for one cohort 

Delivery:  Project has three components 

- M
2 

Institute: a multi-year coherent program designed to deepen 

participants' mathematical knowledge for teaching with leadership skills  

- Development of mathematics learning team: a team lead by M
2
 institute 

participants and supported by school administrators and university faculty 

to develop collegiality, help teachers for teaching that meets the state 

standards, and assist them in examining their instructional and assessment 

practices 

- Laboratory experiences having research initiatives for participants  

- M
2 

Institute having 12 courses, 7 in the department of mathematics, 1 in the 

department of statistics and 3 in the education department 

- This program leads to either Master of Arts for Teachers (MAT) or Master 

of Art (MA)  

Assessment Process:  

- Participants reflections 

- Pre-post Participants' survey 

- Individual and focus group interviews 

- Videotapes observations 

- Students’ achievement data analysis 

- Artifact collection and lesson plans analysis 

- Instructional materials, student works and other documents analysis 

- Instructors’ perceptions 

Mathematics Teacher Leadership Center (Math TLC)- Master's Program - Math 

TLC-MP (“Institute Partnership: Math TLC”, n.d.) 

Target Area: Mathematics 

Target Audience: Secondary school mathematics teachers 

Expected Outcome:  

- To develop culturally competent master teacher cadres 
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- To establish a research body that documents effective practices in 

developing master teachers 

- To develop sustainable model for virtual master's program  

Project Personnel: Mathematics faculty and mathematics education faculty from 

University of Colorado (UNCO) and University of Wyoming, mathematics leaders 

from both state, master teachers, and graduates with masters' in mathematics for 

secondary and middle school level teachers program 

Duration: 2 years (Total of 32 credit hours course work in which 225 hours was face 

to face and 150 hours was online) 

Delivery:  

- Mathematics courses of eighteen credits taught by mathematics faculty 

- Math-education courses of twelve credits taught by mathematics education 

faculty 

-  Jointly developed courses by mathematicians and mathematics educators 

- Three action research projects each of one-credit hour (small scale action 

research which was incorporated with lesson experiment)  

- Exploration of historical and cultural nature of modern mathematics 

Assessment Process: 

- Evaluation of content projects 

- Assessment of participants performance for math courses  

- Evaluation of pedagogy projects and lesson experiments  

- Evaluation of action research report 

Math TLC – Teacher Leadership Program - Math TLC –TLP (“Institute 

Partnership: Math TLC”, n.d.) 

Target Area: Mathematics 

Target Audience: 4-12 grade mathematics teachers  

Expected Outcome:  

- To develop culturally competent master teacher cadres 
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- To establish a research body that documents effective practices in 

developing master teachers 

- To develop sustainable model for virtual master's program  

Project Personnel: Mathematics faculty and mathematics education faculty from the 

University of Colorado (UNCO) and the University of Wyoming, state mathematics 

leaders from both state, master teachers and graduates with masters' in mathematics 

for secondary and middle school level teachers program 

Duration: 2 years (total of 24 credit hours coursework and professional development 

where 168 hours was face-to face and 150 hours was online) 

Delivery: 

- Graduate level course work of 24 credit hours  

- Two seminars of 1-week duration, each equivalent to 2-credit course 

- Online courses in association with practicum component  

- Weekend retreats in order to bring positive disposition for teacher leaders 

and their fellow teachers that supports the development of teacher leaders’ 

community  

Assessment Process: 

- Observations based on validated real-time classroom teaching protocols 

- Participants' surveys 

- Evaluation of lesson experiments 

- Evaluation of teacher-leaders’ portfolio 

- Cognitive interviews 

MathPath (www.mathpath.org)  

Target Area: Mathematics 

Target Audience: Students of 11– 14 years showing higher level of enthusiasm in 

mathematics throughout the world are selected via qualifying test 

Expected outcome: To enhance students’ mathematical content knowledge and skills 

immersing them in mathematical culture 

http://www.mathpath.org/
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Project personnel: University mathematics faculty, middle school mathematics 

teachers teaching gifted and talented students, undergraduate math major students, and 

administrative staff 

Duration: 4-weeks in a summer (residential camp) 

Delivery: This program focuses on how to write in mathematics; construction of 

mathematical proofs; how to ask questions related to studied topics and presented 

results; and give them a sense of history of mathematics. To attain those ends a typical 

summer program is organized in following manner: 

- Program is held in different institutes of higher education  

- There is no fixed curriculum to cover however many common elements for 

year to year  

- Academic program has 3 parts: plenary (interactive lectures for all), breakouts 

(hands-on smaller classes), and informal activities 

- Everyday 3 plenary sessions in which 50 minutes on history of math, 50 

minutes on topics of math, and 20 minutes on solutions of qualifying test 

problems 

- Breakout courses are taught twice daily that last for one week. Six different 

optional breakout courses are offered in which students are allowed to take two 

courses of their choice  

- Breakout course topics such as number theory, mathematical induction, 

combinatory, and geometry are offered every year while others are changed as 

per the wish of instructors. Courses are rated 1-star through 4-star to based on 

their difficulty level where students can select courses according to their level 

and interest. 

- Informal sessions include problem of the day, other problems and homework 

- Physical activities, tour, and hiking during weekends 

Assessment process:  

- Post-camp survey of parents whose identity is kept secret are asked for 

numerical ratings and written answer.  
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Sample question: On a scale of 1 to 10 (1 for very dissatisfied, 10 for very 

satisfied), indicate how satisfied you are with the following? a) your child’s 

mathematical experience at the camp, b) your child’s overall summer camp 

experience c) your own experience 

- Post-camp survey of students is conducted and responses are analyzed. Sample 

response “MathPath is a really fun place where I learned tons of cool math 

and had lots of fun with new friends” 

- Teachers comment sharing hands-on experiences are collected and evaluated 

University of Chicago Young Scholar Program Math circle - UChicago YSP 

Math Circle (http://math.uchicago.edu/ysp/) 

Target Area: Mathematics 

Target Audience: 5 -12 grade students  

Expected outcome: To enrich students’ mathematical content knowledge and problem-

solving skills  

Project personnel: University mathematics faculty, graduate students, undergraduate 

student mentors, and administrative staff 

Duration: One academic year (2 hours on every alternate Saturday) 

Delivery: Students register in different grade level sections named after prominent 

mathematicians:  

- Haynes: for 5 and 6 graders; Brahmagupta: for 7
th

 and 8
th

 graders who are not 

currently in a high school algebra I; Cantor: 8-10
th

 graders who are currently in 

a high school level algebra I or geometry course; Kovalevsky: 10 – 12
th

 

graders who have completed geometry course; Euler: students who have 

completed two years in Kovalevsky session 

- Students are engaged and challenged by novel math problems. Each later 

session is continuation of former session and is made more challenging than 

former. Euler level is the highest level in which students need to apply 

previous sessions’ experiences  

- Problems are selected from different topics of mathematics including algebra, 

graph theory, combinatory, and number theory. Sample problems are like: “In 

http://math.uchicago.edu/ysp/
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how many ways can you color the sides of an equilateral triangle given two 

colors? Three colors? More?  

- Students involve in math research activities and present their research outcome 

in math symposium   

Assessment process: Students and parents’ perspectives towards program are collected 

and evaluated 

Mathematically connected community-Leadership Institute for Teachers - MC
2
-

LIFT (P. Morandi, personal communication via survey form, December 19, 2016) 

Target Area: Mathematics 

Target Audience: K-12 teachers and administrative staff 

Expected outcome: To prepare teacher leaders by enhancing their mathematical 

content knowledge and teaching skills 

Project Personnel: University faculty, graduate students, mathematics educators and 

administrative staff  

Duration: 2 years (3 weeks’ intensive class work in summer and biweekly follow-up 

meetings in the academic year. In follow-up meetings teachers’ classes are observed 

and feedback are provided) 

Delivery: Courses designed by a team of mathematics and education faculty that 

incorporate feedbacks of school district leaders and teachers are taught by 

mathematicians and educators. Workshops, research ideas, field visits, professional 

development activities, and group activities are also included. 

Assessment process:  

- Pre-post participants’ surveys 

- Exit surveys 

- Interviews  

- Self-reflections 

- External evaluators 

- Focus groups 

Math for Teachers – M for T (http://www.math.rutgers.edu/Math-for-Teachers/)  

Target Area: Mathematics 

http://www.math.rutgers.edu/Math-for-Teachers/
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Targeted Audience: Middle school mathematics teachers (sometime teachers from 

upper elementary to junior high school level) from highly demanded school districts 

Expected outcome: To prepare mathematics teachers with deep understanding of 

mathematical content knowledge and pedagogical skills  

Project personnel: University mathematics faculty, math educators, professional 

developers, and administrative staff 

Duration: Two weeks (intensive activities Monday through Thursday) 

Delivery:  

- Mathematics for Teachers listed in Rutgers University graduate school catalog 

with code 16.644 are taught by math faculty. These courses are counted for 

both master’s level content course requirement in mathematics for New Jersey 

Mathematics Specialization Endorsement and masters’ degree in math 

education.  

- Interaction with faculty 

- Motivational strategies and ideas for mathematical reasoning are also provided 

- Workshops on special education and skills to teach students with English as 

second language  

- Seminars delivering Mathematical ideas 

- Course included: Numbers, Operations & Algebraic Thinking; Algebraic 

Thinking for Upper Primary Grades; Algebra for Teachers of Grades 7 – 10; 

Geometry and Measurement for Middle School Teachers; Data and 

Probability; and Problem Solving and Reasoning in Discrete Mathematics 

Assessment Process: This program is funded by NSF-MSP grant and ED-MSP grant 

(Grant provided by NJ Department of Education) which require standard evaluation 

methods with pre-and posttest to measure teachers’ improvement. Here University of 

Michigan instrument Learning Math for Teaching (LMT) appropriate to grade level 

was used. Independent external evaluators were used to analyze the data and 

administer assessment instruments.  (Amy Cohen, personal communication, 

September 7, 2016) 
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Milwaukee Mathematics Partnership-Mathematics Teacher Leaders Project - 

MMP-MTLs (Huinker, 2011a) 

Target Area: Mathematics 

Target Audience: Elementary and Middle School teachers who wish to serve as 

mathematics leaders to their school and district. These teachers are selected by 

respective school principal in consent of school's learning team (a team comprising 

school's principal, literacy coach, mathematics teacher leader, and other personnel) 

Expected outcome:   

- To develop teachers to take leadership roles on mathematics  

- To enhance teachers’ expertise in shared decision-making and administrative 

roles 

Project Personnel: University mathematics faculty, mathematics education faculty, 

educators, trained teachers, and school and district administrators 

Duration: Five years (once monthly professional development sessions) 

Delivery:  

- Mathematical content and skill delivery based on comprehensive MMP 

Mathematics Framework (see figure 2.1) 

 

Figure 2.1 MMP Mathematics Framework  

(Huinker, 2011a, p.5) 
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- Monthly seminars, comprised of three major criteria: deepening mathematics 

content knowledge, studying formative assessment principle and practice, and 

building up leadership skills via collaboration with colleagues  

Year I: Mathematical processes 

Year 2: Rational numbers and operations with fractions 

Year 3: Algebraic Relationships 

Year 4: Measurement and Geometric Reasoning 

Year 5: Probability and statistical reasoning 

- Top to bottom approach training in which MMP trained the MLTs, MLTs 

inform the school-based learning team, and learning team engages the entire 

school staff on issues of mathematics teaching and learning. 

Assessment Process:  

- Participants' comments and reflections 

-  MMP Annual Online Survey 

- MTL Annual Survey 

- Mathematical Knowledge for Teaching (MKT) Content Assessments 

- Mathematical Knowledge for Teaching (MKT) Beliefs Instrument 

- Social Network Analysis (SNA) 

- Observation Protocol for Mathematics Focused Meetings 

- Teacher leaders’ retention  

MMP-Mathematics Fellowships for Middle School Teachers - MMP-MFMST 

(Huinker, 2011a) 

Target Area: Mathematics 

Target Audience: Middle School teachers 

Expected Outcome:  To increase mathematics content knowledge of 5-8 grade 

teachers in the City of Milwaukee 

Project Personnel: University faculty from mathematics and education departments, 

school teachers selected for MMP, staff, and school administrators 

Duration: Total of 15 months (summer 2005 to summer 2006) 
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Delivery:  

- Total of four (12 credits) university mathematics courses sequence (courses 

addressed mathematical problem solving, geometry, discrete probability 

and statistics, and algebraic structures) 

- Contents covered in those four courses were mathematical knowledge for 

teaching that meets Wisconsin school standards 

Assessment Process: MMP evaluation instruments 

MMP- Geometry Knowledge for Teaching - MMP-GKT 

(http://www4.uwm.edu/Org/mmp/_activities/gkt.html) 

Target Area: Mathematics 

Target Audience: Elementary and Middle School Teachers 

Expected Outcome:  

- To enhance teachers' content knowledge of geometry aligned with the Van 

Hiele Model of Geometric Thought 

- To improve teaching and formative assessment strategies to impact 

classroom practice in geometry 

- To develop collaborations with a school-based math team to examine and 

analyze student work samples 

Project Personnel: University faculty, and administrative staff  

Duration: One year (2 weeks summer institute and one-day project sessions for 14 

days throughout academic year) 

Delivery:  

- Courses on mathematics taught at University of Milwaukee (Courses 

offered:  "Improving Mathematics Teaching and Learning: Teaching 

Geometry and Spatial Reasoning Part I and Part 2") 

- Project sessions (14 projects during an academic year) 

- Group works with collaborative partners to build a learning community for 

geometry at their schools 

Assessment Process: MMP evaluation instruments 

http://www4.uwm.edu/Org/mmp/_activities/gkt.html


Texas Tech University, Gangadhar Acharya, December 2017 

92 

MMP- Mathematics Alliance Project - MMP-MAP 

(http://www4.uwm.edu/Org/mmp/_activities/alliance.html) 

Target Area:   Mathematics 

Target Audience: General education and special education teachers teaching in grades 

4 to 9 

Expected Outcome:  

- To strengthen mathematics content knowledge of teachers 

- To enhance mathematics instructional and assessment practices focused on 

appropriate accommodations and modifications required for special 

education and struggling learners in mathematics. 

-  To develop collaboration between general and special education teachers 

Project Personnel: University faculty from mathematics, special education, and 

curriculum and instruction departments, experienced teachers, and administrative staff 

Duration: 3-year project (meeting 3 hours 2-3 times each month for 3 academic years 

and 2 summers) 

Delivery:  

- Series of courses on mathematics and special education offered at 

Exceptional Education and Curriculum and Instruction department 

- Seminars, and projects  

- Leadership workshops 

 

 

 

 

 

 

 

http://www4.uwm.edu/Org/mmp/_activities/alliance.html
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Table 2.1 Content delivery format in mathematics alliance project 

Year Fall Spring Summer 

2009-2010 Recruitment 

Math Course: Number, Operations, Algebraic Reasoning 

Ex.Ed/Curr. Ins Seminar: Development of Mathematical 

Knowledge with Differentiation for Students with Special 

Needs 

Leadership: Conversations with other school-based 

collaborators 

2010-2011 

Math Course: Geometry and Measurement 

Ex. Ed/Curr. Ins Seminar: Teaching Mathematics to 

All Learners, Part 1 

Leadership: Facilitate session(s) with staff or a group 

of teachers on implementation of project work 

Ex. Ed/Curr. Ins 

Seminar: 

Curriculum Planning for  

Differentiation in 

Mathematics 

2011-2012 

Math Course: Statistics & Probability 

Ex. Ed/Curr. Ins Seminar: Teaching Mathematics to 

All Learners, Part 2 

Leadership: Conduct a school-based project 

 

 

Assessment Project:  

- Participants’ self-reflections 

- Class performance evaluated by using midterms, final exam, project 

evaluation 

- Observation of classroom of teachers  

- Students’ performance records 

- Text book analysis of participants 

- MMP project evaluation instruments 

MMP- Leadership for the common core in Mathematics - MMP-CCLM^2 

(http://www4.uwm.edu/cclm/) 

Target Area: Mathematics 

Target Audience: K-12 school teachers 

http://www4.uwm.edu/cclm/
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Expected outcome: 

-  To deepen content knowledge of priority standards and domain 

progressions that meets Common Core State Standards for Mathematics 

(CCSSM) 

- To align mathematics instruction and students’ learning assessment with 

the CCSSM  

- To develop leadership and facilitation skills  

Project Personnel: University faculty from mathematics and education departments, 

educators from Center for Mathematics and Science Education Research, school 

teachers and administrators, and staff 

Duration: Two-year (2 academic years including summers) 

Delivery:  

- Courses on mathematics, statistics, and curriculum and instructions taught 

at UWM   

(Courses based on MMP mathematics framework were developed by group 

of faculty, educators, teachers and administrators) 

- Project works 

- Teaching trainings based on CCSSM teaching and assessment practices 

- Team works to implement CCSSM at school districts  

Assessment Process:  

- Classroom assessments on each offered course  

- MMP evaluation instruments  

MMP-Common Core High School Mathematics Project - MMP-CCHSM 

(http://www4.uwm.edu/cclm/cchsm-home.html) 

Target Area: Mathematics 

Target Audience: High School (8-12 grades) mathematics teachers 

Expected Outcome:  

http://www4.uwm.edu/cclm/cchsm-home.html
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- To deepen content knowledge required for high school level mathematics 

meeting CCSSM 

- To transform teachers’ mode of instruction following the Standards for 

Mathematical Practice 

- To establish professional community of grades 8-12 teachers within and 

across the partner districts 

Project Personnel: University faculty, school teachers, school/district administrators, 

and educators 

Duration: 1 year (academic year including summer) 

Delivery:  

- Courses based on MMP framework taught by faculty at UWM (Courses 

offered were Topics in Modern Mathematics: Common Core High School 

Mathematics; Mathematics Education: Common Core State Standards) 

- Individual and group projects 

- Teaching practices based on the CCSSM with their team leader and other 

project participants where feedbacks are provided  

- Counseling to encourage to build up professional capacity to implement 

CCSSM effectively 

Assessment Process:  

- Classroom assessments on each offered course  

- MMP evaluation instruments  

MMP Evaluation Instruments (Huinker, 2011b, P. 71) 

MMP Annual Online Survey This survey was designed to assess the 

overall impact of the Milwaukee Mathematics Partnership. It was 

administered to all teachers of mathematics in the district and to all 

learning team members towards the end of the school year. The online 

self–report survey assessed differences in the quantity and quality of 

school level participation in MMP related activities. The responses 
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were utilized to create variables for use in statistical models linking 

MMP involvement to student achievement.  

MTL Annual Survey This survey was revised annually to collect data 

on specific activities for a specific school year. It was administered to 

the Math Teacher Leaders (MTL) at the end of each school year. The 

MTLs reported on the math related work in their schools, identified the 

MMP Continuum stage that best represented their school, and wrote a 

few paragraphs sharing a nugget of information about a critical element 

of their work that year.  

Mathematical Knowledge for Teaching (MKT) Content 

Assessments MKT assessments were administered to Math Teacher 

Leaders, classroom teachers, and preservice teachers each year. The 

assessments utilized items from the Learning Mathematics for 

Teaching project at The University of Michigan. Items were selected to 

construct scales specific to the MMP. The results were converted to 

ability estimates using a two-parameter item-response-theory (IRT) 

model. 

 Mathematical Knowledge for Teaching (MKT) Beliefs Instrument 
This instrument, developed by the MMP, was a survey instrument on 

beliefs and efficacy about mathematical knowledge needed for 

teaching. It was comprised of three scales on a six-point Likert scale. 

The instrument was administered to undergraduate students, education 

majors, and classroom teachers.  

Social Network Analysis (SNA) Survey The SNA survey was 

administered to all teachers and administrators within a school. The 

respondents were asked to list up to 15 individuals with whom they had 

communicated with about mathematics education in the past several 

months, along with indicating the frequency and extent of 

collaboration.  

Observation Protocol for Mathematics Focused Meetings The 

purpose of this protocol was to facilitate observations of MPS school-

based meetings that focused on mathematics. These meetings included 

professional development sessions, learning team meetings, math 

department or committee meetings, and grade-level team meetings. 

 

Michigan Math and Science Scholars Summer Program - MMSSSP 

(www.math.lsa.umich.edu/mmss) 

Target Area: Math and Science 

Target Audience: High school students 

Expected outcome: To prepare high-school students for university level mathematics 

and science courses 

http://www.math.lsa.umich.edu/mmss
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Project Personnel: University faculty, graduate students, advanced undergraduate 

students, and administrative staff 

Duration: 6 weeks (3 sessions, each for 2 weeks) 

Delivery:  

- Mathematics and science topics by faculty (Topics were selected from 

mathematics, chemistry, biology, astronomy, physics, art, anthropology, 

psychology and physics) 

- Mathematics and science research projects for students 

- Field trips on relevant fields 

Assessment: Not Available 

Mathematics Teacher Transformation Institute – MTTI 

(http://comet.lehman.cuny.edu/mtti/)  

Target Area: Mathematics 

Target Audience: Middle and high school mathematics teachers from Bronx middle 

and high school with at least 3 years of teaching experience 

Expected Outcome: To prepare teacher leaders with strong mathematical content 

knowledge, and pedagogical and leadership skills  

Project personnel: Lehman college faculty from mathematics and mathematics 

education, educators and administrators from New York City Department of 

Education, leaders and consultants form Lehman college education center, and 

graduate students 

Duration: 3 years (Summer 2011- Spring 2014)  

Delivery:  

- Mathematics course works (Geometry, fundamentals of mathematics, 

discrete mathematics, and statistics) prepared and taught by faculty 

- Leadership development trainings focused on common core state standards 

and pedagogy  

- Regular on-site and on-line support by mathematics consultants 

- Action research based on prospective classroom teaching practices 

- Annual conferences 

http://comet.lehman.cuny.edu/mtti/
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Assessment Process: To observe demonstrated teacher knowledge, pedagogical 

methods, student performance, and leadership capacity using following tools 

- Teacher- knowledge measures 

- Classroom observations 

- Lesson plans, and worksheets evaluation 

- Teacher surveys 

- Teachers interviews 

- Student standardized test score 

- Classroom-base inquiry projects 

- Staff-development specialist log   

- Pre-and post-measurement of leadership development  

Following methods were employed to assess influence of project curriculum in diverse 

institutions 

- Interviews with mathematics and education faculty 

- Interviews with teachers and school leaders 

- Survey of mathematics and mathematics education faculty 

- Mathematics faculty observations 

- Review of course materials 

- Staff-development logs 

NebraskaMATH -Primarily Math - NeMath-PM (NebraskaMath Final Report, 

2015)  

Target Area: Mathematics 

Target Audience: K- 3 school teachers 

Expected Outcome: To strengthen kindergarten to 3rd grade teachers' mathematical 

content knowledge and pedagogical knowledge  

Project Personnel: Faculty from departments of mathematics, statistics, and college of 

education at University of Nebraska-Lincoln and Montana State University, educators 

working for teacher education, graduate students, school teachers and administrators, 

and project staff 
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Duration: 15-27 months (This program is carried out in different locations of 

Nebraska, in some locations it is conducted for 3 consecutive summers whereas in 

other locations it is conducted for 2 summers and one academic year) 

Delivery:  

- Graduate course work of 18 credit hours emphasizing mathematics and 

pedagogy for early grade school students teaching (Courses offered: 

number operation, helping young children to become mathematical 

thinkers, teaching math K-3: planning lessons for diverse learners, 

geometry and algebraic thinking, communities of practice and 

mathematics) 

- An optional course is offered for teachers who wish to take over the 

responsibility of leadership positions on mathematics teaching 

- Summer institute courses are offered for 2 weeks during weekdays (8 am -

5pm) and online and/or face-to-face courses are offered during academic 

years  

Assessment Process:  

- Participants’ reflections 

- Three annual survey of treatment and control groups: Survey of teaching 

practices, mathematics attitude inventory, mathematical knowledge for 

teaching (MKT) 

- Evaluation of children’s achievement across three school districts using 

Test of Early Mathematical Abilities 3rd Edition (TEMA-3), and Survey of 

Child Beliefs and Competence Values 

- Interviews of children subsets surveyed for further exploration of 

children’s beliefs and competence values 

- Observations and interviews utilizing a paired case study design (each 

“pair” is a teacher and several of her/his students) to further examine 

teaching practices  

-  
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NeMATH -New Teacher Network - NeMath-NTN (NebraskaMath Final Report, 

2015)  

Target Area: Mathematics 

Target Audience: New Secondary level mathematics teachers (teachers having fewer 

than three years of teaching experience) 

Expected Outcome: To prepare master teachers by supporting secondary level math 

teachers who are new to the profession  

Project Personnel: Faculty from departments of mathematics, statistics, and college of 

education at University of Nebraska-Lincoln and Montana State University, educators 

working for teacher education, graduate students, school teachers and administrators, 

and project staff 

Duration: Three years (6 courses for 3 summers, 2 courses on each summer and two 

courses during subsequent academic years) 

Delivery: Three components 

- Graduate coursework comprising of 24 credit hours (6 courses selected for 

3 summers from UNL’s Nebraska Math & Science Summer Institute 

(NMSSI), for subsequent academic years a pedagogy course focused on 

mentoring component, and a course designed for distance education and 

offered by department of mathematics) 

- Mentoring (teachers are supported by experienced class instructors and a 

“teacher liaison” for mentoring)  

- Networking (Participant teachers and their liaisons; a university faculty 

member and a master teacher work together, share resources, and 

collaborate for long run by making a community of math teachers) 

Assessment Process:  

- Participants’ reflections  

- Teachers’ network survey  
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- Evaluation of children’s achievement across three school districts using 

Test of Early Mathematical Abilities 3rd Edition (TEMA-3), and Survey of 

Child Beliefs and Competence Values 

- Interviews of children subsets surveyed for further exploration of 

children’s beliefs and competence values 

- Observations and interviews utilizing a paired case study design (each 

“pair” is a teacher and several of her/his students) to further examine 

teaching practices  

NeMath - Nebraska Algebra - NeMATH-NA (NebraskaMath Final Report, 2015)  

Target Area: Mathematics 

Target Audience: Algebra I teachers in Nebraska school districts and having 

secondary (7-12 grade) mathematics endorsement 

Expected Outcome: To prepare algebra I teachers by providing content knowledge and 

pedagogical skills on algebra teaching 

Project Personnel: Faculty from departments of mathematics, statistics, and college of 

education at University of Nebraska-Lincoln and Montana State University, educators 

working for teacher education, graduate students, school teachers and administrators, 

and project staff 

Duration: One-year (9 credit hours graduate courses during academic year and 

summer) 

Delivery 

- Algebra course developed by UNL math professors, Algebra connections, 

and the other educational psychology course, Cognition and Motivation, 

are offered during summer taught by faculty 

- Yearlong pedagogy course, Field Study in Education to help teachers to 

enhance their own teaching, taught by experienced school teachers and 

UNL instructors  

- Lesson planning work supported by instructors and mentors from UNL  

- Peer teaching, group debriefing, and discussion on students understanding 

- Focused sessions on student engagement and learning 
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Assessment Process: Nebraska Algebra was one component of NebraskaMATH 

project sponsored by NSF grant, to see the project impact on students and teachers a 

major component “Primarily Math” was assessed by a group of researchers by using 

standard measures like MKT for teachers’ knowledge and TEMA-3 for students. For 

the Nebraska Algebra Component only participants’ reflections were collected and 

evaluated.  

Oregon Mathematics Leadership Institute – OMLI (T. Dick, personal 

communication, December 19, 2016) 

Target Area: Mathematics 

Target Audience: K-12 teachers and administrators 

Expected outcome:  

- To prepare mathematically proficient teachers  

- To prepare teacher leaders and administrators for effective mathematics 

teaching 

Project Personnel: University faculty, lead teachers, community college 

faculty/instructors, administrative staff, and educators 

Duration: 

- Three 3-week summer institutes for teachers 

- Three 1-week summer institute for administrators 

- Professional learning seminars annually for 3 days 

- Professional learning communities meeting- monthly for 6 years 

Delivery:  

- Six mathematics content courses were offered which were designed and 

taught by a team composed of university/college faculty, K-12 teachers, 

curriculum specialist, and administrators.  

- Leadership courses were offered for teachers and administrators  

- Seminars presenting recent research activities in mathematics  

- Discussions on issues like recent teaching activities, modern technology 

and studio math class room (2-day event, 5-times annually, where only lead 
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teachers, couches and administrators are involved) on professional learning 

communities’ meetings  

- Training, workshops, mentoring, field visits, research, conferences, 

professional developmental activities  

Assessment process:  

- Pre-post survey 

- Interview 

- Experience shared 

- Educational measurement scales 

- External evaluators 

- Observations 

PROMYS - Program in Mathematics for Young Scientists 

(http://www.promys.org/)  

Target Area: Mathematics 

Target audience: Talented and highly motivated high school students selected based 

on competition, recommendation from mathematics teachers, grade point average 

(GPA), and a short essay 

Expected Outcome:  To enhance mathematical content knowledge and problem-

solving skills of targeted students 

Project Personnel: Mathematics faculty, highly competent undergraduate students, 

Alumni mentors, research mentors (professional mathematicians), visiting guests 

(mathematicians/scientists from academia or industry), and project staff 

Duration: Six-week summer residential program (during this period students stay in 

college dorm under mentorship of counselors)  

Delivery:  

For freshmen students 

- Daily lectures in topics of mathematics taught by university math faculty  

- Group and individual work on mathematics problems provided by instructors 

http://www.promys.org/
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- Open-ended exploratory labs and write up session works that they share with 

PROMYS community  

For advanced students 

- Advanced seminars and research projects mentored by professional 

mathematicians that allows them to write papers on outcomes, and share 

results with PROMYS community 

- Workshops, seminars, lectures, and mini-courses offered by guest lecturers, 

and invited visitors 

- Various physical and fun activities during weekends  

Assessment Process: Participants' feedbacks of the program are collected and analyzed 

Sample feedback: 

"PROMYS is an environment for learning at the deepest level possible. Plowing 

through concepts yourself and looking to others only for the polishing of ideas you 

develop in your own allows for the level of understanding and a joy in one's 

accomplishment incomparable to any alternate method of instruction"- Paco Poler, 

student 2016. For detail: (http://promys.org/home).  

Ross Mathematics Program (www.u.osu.edu/rossmath)  

Ross mathematics program is the oldest program in this study, was founded by 

Mathematician Dr. Arnold Ross in Notre Dame University in 1957. This program was 

moved to Ohio State University in 1964 and now is offered in summer of each year. It 

is currently funded by The Ohio State University, AMS epsilon fund, Jane street, and 

Elsevier.  

Target Area: Mathematics 

Targeted Audience: Talented and motivated high school mathematics students  

Expected Outcome: To enhance students’ mathematical way of thinking and inspire 

them to explore themselves in mathematical world 

Project personnel:  Mathematics undergraduate and graduate students, mathematics 

faculty from Ohio State University, and administrative staff 

Duration: Six-week summer residential program (8 hours per day; 5 hours’ lecture, 3 

hours problem solving session) 

http://promys.org/home
http://www.u.osu.edu/rossmath


Texas Tech University, Gangadhar Acharya, December 2017 

105 

Delivery:   

- Concentrated lectures on thematic areas to enhance students thinking capacity 

in mathematics topics included were from number theory and advanced 

mathematics courses 

- Guest lectures  

- Seminars and mathematics problems work  

- Group works with peers supported graduate and undergraduate student 

counselors 

- Sample of problems that were given to students are available here: Problem Set 

#16 , Problem Set #19 

Assessment Process:   

- Evaluation of essays reflecting students’ experiences, and attitudes towards 

mathematics at the end of the program 

- Formative assessment: Daily problem sets and two exam works that is returned 

to students with comments and corrections, no grades and no scores are given 

(D. Shapiro, personal communication, September 27, 2016) 

Rice University School Mathematics Project – RUSMP (http://rusmp.rice.edu/) 

RUSMP has several programs under one umbrella. Annual summer campus, courses 

and seminars for mathematics teachers and leaders, STEAM integration, networking 

conferences, personalized school and district support, and collaborations are main 

programs run under RUSMP.  

Target Area: Mathematics 

Target Audience: PreK – 12 STEM teachers 

Expected Outcome: To prepare expert teachers by increasing their pedagogical and 

content knowledge  

RUSMP-Annual Summer Campus Program – RUSMP - ASCP 

(http://rusmp.rice.edu/Content.aspx?id=135)  

Target audience: K-12 teachers from Houston area 

Duration: 3 weeks in summer, annually 

http://u.osu.edu/rossmath/files/2014/12/set16-2m862zr.pdf
http://u.osu.edu/rossmath/files/2014/12/set16-2m862zr.pdf
http://u.osu.edu/rossmath/files/2014/12/set19-1m7hiil.pdf
http://rusmp.rice.edu/
http://rusmp.rice.edu/Content.aspx?id=135
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Project Personnel: Master teachers who are familiar with RUSMP curriculum, 

mathematics faculty from Rice University, Undergraduate students, and administrative 

staff 

Delivery: Professional development program in mathematical content and pedagogy 

for K-12 teachers that includes following subtopics: 

- A rigorous mathematics instruction program for K-12 teachers 

- Active approach to learning mathematics 

- Concept-based learning activities 

- Curriculum development using RUSMP's Learning Plan 

- Mathematics topics which enhance and transcend traditional classroom 

mathematics 

- Emphasis on motivation, applications, and solutions of mathematical problems 

- Classroom technology and its manipulations 

- Instruction by Master Teachers and Rice faculty 

- Lectures and symposium by distinguished visiting mathematics educators 

- Visual Arts Integration, led by Robin Ward 

Students are awarded with Rice University graduate credit, gifted and talented credit at 

the end of the program. 

RUSMP-Courses and Seminars for Mathematics Teachers and Leaders – 

RUSMP – CSMTL (http://rusmp.rice.edu/Content.aspx?id=136)  

Target audience: K-12 general mathematics teachers and lead teachers 

Duration: An academic year  

Project Personnel: University faculty, mathematics educators, and administrative staff 

Delivery:  

- Professional development courses; topics in algebra, visual arts and children's 

literature for mathematics exploration, and calculus for high school 

mathematics teachers  

- Research based models for mathematics instruction 

- Workshops and short courses for mathematics content, use of appropriate 

technology in classrooms, and leadership development 

http://rusmp.rice.edu/Content.aspx?id=136
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RUSMP-Code.Org Program for Middle and High School Teachers - RUSMP-

Code (http://rusmp.rice.edu/coding/)  

Target Audience: Middle and high school teachers 

Expected outcome:  

- To prepare teachers to use advanced computer programs that allows access to 

computer science 

- To increase number of women and underrepresented groups of students in 

STEM fields 

Duration: Four Saturdays in an academic year 

Delivery: Workshops on Advanced Placement (AP) computer science principles, 

exploration computer science, computer science in middle school, and computer 

science in algebra   

RUSMP- Networking conferences - RUSMP-NC 

(http://rusmp.rice.edu/Content.aspx?id=139)  

Target Area:  Mathematics 

Target Audience: Houston area K-12 teachers, administrators and educators  

Expected Outcome: To prepare updated teachers about recent research and 

development in the field of mathematics 

Duration: 2 days in an academic year (one in Fall and the other in Spring) 

Project Personnel: University faculty, staff, lead teachers, educators and researchers 

Delivery:  

- Sharing of current research works and interests by distinguished educators and 

scientists  

-  Exemplary mathematics lessons, instructional team demonstrations, additional 

resources, and successful teaching strategies by RUSMP alumina members  

Assessment Process for RUSMP: 

- Annual participation records analysis (enrollment and retention) 

- Research to determine teachers’ knowledge for mathematics teaching, self-

efficacy, belief on teaching, classroom practices and mathematics learning 

behavior 

http://rusmp.rice.edu/coding/
http://rusmp.rice.edu/Content.aspx?id=139
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- Classroom observations during academic year 

- Teachers’ performances on school level and district level events 

- Students performance taught by participant teachers 

Rutgers Young Scholars Program in Discrete Mathematics – RYSPDM 

(www.dimacs.rutgers.edu/ysp/)  

Target Area: Mathematics 

Target Audience: Talented High School Students throughout USA selected via 

competition 

Expected outcome: To encourage students consider career in mathematics intensive 

fields 

Project personnel: Faculty and professionals from the field of discrete mathematics, 

teaching assistants, and administrative staff 

Duration: Four-week residential program in summer, annually  

Delivery:  

- Intensive and challenging introductory discrete mathematics course works: 

instructional sessions, field trips, research projects, and workshops on careers 

in mathematical sciences for selected students (30 per year)  

- Group works on mathematics problems assisted by professionals and teaching 

assistants 

- Presenting distinguished professionals, mentors in the field of discrete 

mathematics as role models to help students making decision about their career 

Assessment process: Not available  

 

Site-based professional development program – SBPDP (Jeffery, Mccollough, & 

Moore, 2015) 

Target Area: Science and Mathematics 

Target Audience: Elementary level preservice teachers who are enrolled in 

undergraduate teacher preparation program, and taken three math and two science 

foundation courses  

http://www.dimacs.rutgers.edu/ysp/
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Expected Outcome: To enhance mathematics and science content knowledge by 

improving understanding of nature of science and scientific reasoning 

Project personnel: University faculty from mathematics, natural science, and education 

departments, mathematics and science middle school in-service teachers, and 

administrative staff 

Duration: One academic year  

Delivery:  

- Field based course focused on the pedagogy and professional competencies 

of teachers (hosted on-site at K-12 partner schools and taught by university 

site professor, 2 days per week for 14 weeks in the first semester) 

- Teaching practice in partner schools (five days per week for 14 weeks in 

the second semester) 

- Activities for professional development: 

o Common planning: Six planning sessions in 3 different partner 

schools together with in-service teachers, and university faculty 

o STEM Thursday: Three times per semester, participants receive 

hands-on and minds-on science and mathematics lessons planned 

during common planning session, those lessons are implemented in 

grades 4-8 classrooms at all partner schools 

o Certification workshops: Six mathematics and six science 

certification workshops on the university campus led by university 

faculty and master teachers 

o Authentic research experiences: 10 hours of authentic research 

experience with university researchers 

Assessment Process: The impact of program was evaluated by comparing treatment 

and control groups with the help of following three instruments: 

- Mathematics content exam 

- Science content test 

- Modified version of the Views of Nature of Science (version C) 

questionnaire (Lederman, Abd-El Khalick, Bell, & Schwartz, 2002) 
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Stanford Math Circle - SMC (http://mathcircle.stanford.edu/)   

Target Area: Mathematics 

Target Audience: Elementary through high school students (there are 4 levels of 

audiences; Elementary math circle1-4 graders, middle school math circle 5-6 graders, 

middle school math circle 7-8 graders, and high school math circle 9-12 graders) 

Expected outcome: To enhance students’ mathematical way of thinking, logical 

reasoning, and mathematical skills that is not included in Stanford mathematics 

curriculum 

Project personnel: Faculty and graduate students from Stanford university, 

mathematics professional from industry, and mathematicians and educators from that 

area 

Duration: Once a week for 20 weeks of an academic year (10 weeks in Fall and 10 

weeks in Spring, 50 minutes’ session for elementary circle, 75 minutes’ session for 5-6 

grade circle, 100 minutes’ session for 7-8 grade circle, 2 hours’ session for high school 

circle) 

Delivery:  

-  Introduction to the elements of mathematical culture and ideas using age-

appropriate activities where students are engaged using demonstration of 

experiment, storytelling, guided discussion, independent work, team work, 

hands-on activities and handouts, depending on mathematical content for 

elementary math circle 

- Students are taught and engaged to explore topics in mathematics out of their 

school curriculum by using age appropriate methods of teaching for middle 

school 5-6 math circle 

- Students are involved in sessions led by mathematicians and educators to 

explore problem-solving, and abstract-reasoning ideas in mathematical topics 

out of school curriculum for middle school 7-8 math circle 

- Students are involved in sessions lead by guest mathematicians to solve 

mathematical problems for high school math circle (Advanced Math Circle) 

http://mathcircle.stanford.edu/
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Assessment process: The program was paid by participants (Tuition $275 per student 

that covers expense for session leaders, web maintenance, administrative costs and use 

of university facilities). Formal assessment process was not available.    

Summer Mathematics Institute - SMI 

(http://wwwp.oakland.edu/math/outreach/summer-mathematics-institute/)   

Target Area: Mathematics 

Target Audience: High School Students 

Expected Outcome: To enrich students’ mathematical content knowledge 

Duration: Six weeks in summer, annually 

Project personnel: Faculty from department of mathematics and administrative staff 

Delivery:  

- Two courses each of 4-credit in mathematics or statistics taught by university 

faculty 

- Group works under the supervision of faculty counselors that includes 

homework, and challenging problems solution  

- Computer instructions, and practices 

- Session is concluded with a banquet where parents, school teachers and all 

students are invited 

Assessment: Not Available 

Summer Mathematics Program for High School Students at University of Utah – 

SMPHSSUtah (https://www.math.utah.edu/hsp/)   

Target Area: Mathematics 

Target Audience: Outstanding high school students throughout state schools 

Expected Outcome: To increase students content knowledge in mathematics hence 

develop their talents to the fullest 

Duration: 7.5 hours daily (8:30-4:00 pm), Monday through Friday, 3 weeks 

Project Personnel: University mathematics faculty, graduate students and 

administrative staff 

Delivery:  

http://wwwp.oakland.edu/math/outreach/summer-mathematics-institute/
https://www.math.utah.edu/hsp/
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- Lectures by university faculty on different topics; number theory, modular 

arithmetic, properties of prime numbers, continued fractions, and Diophantine 

equations 

- Symposium moderated by faculty members on variety of topics; Sea Ice, 

Fractals, Cicadas, Hotel infinity, the mathematics of google, inverse problems 

- Talks by graduate students on topics of mathematics 

- Computer lab work for 90 minutes every day to learn program in python, work 

on experimental number theory, and learn to encode and decode messages 

- Mathematical game and documentary show relevant to mathematics  

Assessment Process: All dimensions of projects and participants of the program are 

evaluated at the end of program via evaluation survey. Participants are asked their 

perspective towards the program and are involved in competition on math test.  

STEM Fellows and Leader Project - STEM FLP (UMass Donahue Institute, 2011) 

Target Area: STEM 

Target Audience: Middle and high school teachers  

Expected outcome:  To increase teachers’ content knowledge and pedagogical skills in 

STEM area  

Project personnel:  Professional development trainers, and representatives from 7 

stakeholder organizations (including schools, university, business, and industry) 

Duration 

- 30 hours of professional development training, 20 hours for team work and 

four full-day projects, over the period of 18 months 

Delivery: 

- Teachers’ training provided by professional developers 

- Professional development training for STEM Fellows (33 teachers from 8 

school districts-first cohort) 

- Group work (4-6 teachers) to develop cap stone plan for their school districts  
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- Training for New STEM fellows selected from 7 new districts- second cohorts 

- 15 STEM fellows (selected as STEM leaders) are assigned to lead and develop 

capstone plans for new districts in team. Those capstone plans were 

implemented in their school districts. 

Assessment Process:  

- Formative and summative evaluation including pre-and post survey for STEM 

fellows and leaders  

- Pre-and post-online survey for students to assess attitude and interest towards 

STEM subjects and careers  

- STEM fellows and leaders were asked about the effectiveness of project 

SummerMath Program – SUMP (“About SummerMath”, n.d.) 

Target Area: Mathematics 

Target Audience: High-school girl students  

Expected outcome:  

- To strengthen students’ mathematical way of thinking and communication 

skills,  

- To develop students’ problem-solving and computer skills 

- To inform students about real-world applications of mathematics  

Project personnel: University faculty and teaching assistants (graduate and 

undergraduate students), and administrative staff 

Duration: Four-week summer residential camp 

Delivery: Program has 3 parts; Fundamental Math Concepts (FMC), Computer 

Programming, and Workshops 

- FMC: Students work on extensive math problems in pair using different 

college facilities, those problems were selected from Algebra, Geometry, 

Trigonometry, Pre-Calculus, and Calculus. They focus on understanding of 

problems and solutions rather than memorizing. Instructors and teaching 

assistants helped students when they needed. Each class was of 12-15 students 
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staffed by an instructor and 2 teaching assistants where students also learned to 

use calculator.  

- Computer Programing: Students use computer facilities to work on Imagine 

logo, other computer programs, web access, and email/internet. 

- Workshop: Students were involved in different hands-on projects; Build Your 

Dream House, Architecture and Math, Origami, Digital Photography, and 

Robotics. 

Assessment Process: Students’ post-program comments on different parts are collected 

and analyzed. Sample comments: “I like the way we met all kinds of people from 

everywhere and how we became a community and family in the end." "I don't think 

I've ever been so happy in math class before." (About SummerMath, n.d., Para 1)  

Texas State University Honors Summer Math Camp – THSMC (“Summer Math 

Program”, n.d.)  

Target Area: Mathematics 

Target Audience: Talented high school students 

Expected outcome: To enrich students’ content knowledge through immersive and in-

depth mathematical experiences in a unique learning environment  

Duration: 6-week, intensive residential program 

Project personnel: Mathematics faculty, guest speakers, and administrative staff 

Delivery:   

- Courses in elementary number theory, mathematical computer programming, 

and career opportunities for new students of this program 

- Seminar courses where group works and leadership development are discussed  

- Combinatory, abstract algebra, analysis and topology courses are offered for 

returning students by faculty 

- Group and individual research works for advanced students under faculty 

mentorship 

- Seminars and other fun activities (picnics, recreational activities, volleyball, 

and basketball) 

- Mathematical works visualization using technology 
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Assessment process: Students’ perspectives about the program were collected and 

analyzed. Sample perspective: 

"The HSMC has impacted me in a positive way because it has molded me into 

a better educator.  Having the opportunity to participate in the HSMC has 

allowed me to keep my math skills sharp and gather new ideas on how to 

engage students in the classroom.  It is important for Texas State to have this 

program for young students because it nurtures their math abilities and sets 

them up for future success in the math classes." – Nancy (Testimonials para. 2) 

Teachers’ Professional Development Program – TPDPUM (S.E. Gilbert, personal 

communication, February 26, 2016) 

Target Area: Mathematics 

Target Audience: Elementary and middle schools’ mathematics teachers  

Expected outcome: To improve professional quality of mathematics  

Project personnel: Mathematics faculty, postdoctoral fellows, and staff from The 

School of Mathematics Center for Educational Programs (MathCEP) 

Duration: Seven days (intensive program during a summer) 

Delivery:  

- Discussion on topics of mathematics enrichment appropriate to grade level 

teachers was done. For example, in 2013-14 the program was named 

Expanding Your Mathematical Horizon, consisting of following topics: 

o What does Origami teach us about three-dimensional geometry?  

o Why do mathematicians think that there are only 17 different types of 

wallpaper?  

o What mathematical defect is there in our standard method of running 

elections?  

o How does Google Map determine a route from Point A to Point B? 

In 2004-05, similar program was named “Mathematics Within” and lessons 

provided were on following topics: 

o 2-digit by 2-digit multiplication 

o Addition of fractions 
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o Fractions and decimal/percentage equivalency 

o Fractions and decimal places 

o Fractions vocabulary 

o Bar and pie graphs 

o Conceptualization of fraction 

o Connection of algebraic reasoning to models 

o Graph & location 

o Mathematical language 

o Multiplication, area, perimeter, and proportion  

o Number sense: fractions 

-  Special facilities were provided to participants to earn graduate credits from 

University of Minnesota such as reduction of tuition fee, earning credit within 

limited hours etc.  

Assessment Process: Assessment process depends on requirements of funding 

agencies. If they require extensive research, pre-post tests are conducted for teachers. 

To determine effectiveness of the program on students, treatment group and control 

group of students are tested.  

Texas Tech University Summer Math Academy - TTU-SuMAc (Ellingson, Dwyer, 

Johnson, & Spott, 2013) 

Target Area: Mathematics 

Target Audience: High School students and their teachers (who recruit students for the 

program) 

Expected Outcome: To increase students’ level of understandings on mathematics and 

mathematical research  

Project Personnel: Faculty and graduate students from the Department of Mathematics 

and Statistics, Texas Tech University, and administrative staff 

Duration: Two-week in a summer 

Delivery:  

- Lectures on mathematical and statistical concepts that are useful in image 

processing and analysis including representation, color schemes, 
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differences, denoising, edge detection, scene identification, matrices and 

arrays, changes of coordinates, notions of distance, averaging, rates of 

changes, and classification of images.  

- Application of computer software “MATLAB” for coding and graphical 

interfaces  

- Practical application of mathematical concepts in visual media image 

analysis 

- Group projects of students and teachers 

- Project outcome presentation and closing banquet 

Assessment Process:  

- Pre-and post-surveys for both teachers and students 

- Students’ perspectives survey on mathematics and its application 

containing 7 Likert scale 

- Survey having three open ended questions for teachers’ regarding their 

camp expectations 

University of Minnesota Talented Youth Mathematics Program – UMTYMP 

(http://mathcep.umn.edu/umtymp/)  

Target Area: Mathematics 

Target Audience: Middle and High school (6-12 grades) highly talented students in 

mathematics selected through qualifying exams   

Expected outcome: To enhance students’ mathematical interest and abilities  

Project personnel: MathCEP staff, secondary school teachers, and University faculty 

Duration: UMTYMP is of 5-year program for one cohort starting from 6
th

 grade. This 

program has two components; high school component that runs for 2 years called 2-

year high school component, and calculus component that runs for 3 years called 3-

year calculus component. Courses are taught once or twice per week throughout the 

academic year (38 weeks). 

Delivery:  

http://mathcep.umn.edu/umtymp/
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-  Four years high school math courses (Algebra I/II, Geometry, and 

mathematical analysis) concise to 2-year high school component for 6-8 grade 

students taught by excellent secondary school teachers throughout the region 

- Twelve credit hours’ university calculus courses (Calculus I/II/III, linear 

algebra, differential equations, and multivariable calculus) taught by university 

math faculty developing and monitoring UMTYMP calculus curricula, syllabi, 

assignments, and examinations in 3-year calculus component  

- Students active classroom participation and presentation of their findings to 

peers 

Assessment Process: The courses of UMTYMP are from high school and college level 

for which credits are awarded to students. Therefore, teaching assessments are 

conducted to assess students’ achievement for the fulfillment of institutional 

requirement. (S.E. Gilbert, personal communication, February 26, 2016) 

West Texas Middle School Math Partnership – WTMSMP (Harris, Stevens, 

Higgins, Aguirre-Munoz, & Liu, 2014) 

Target Area: Mathematics 

Target Audience: Middle school mathematics teachers 

Expected outcome: To enhance teachers’ mathematics content knowledge, 

mathematics knowledge for teaching and mathematics teaching self-efficacy  

Project Personnel: Faculty from department of mathematics and department/college of 

education of higher education institutions of West Texas region, and project staff 

Duration: 3 years (each course is of 48 hours for two weeks in a summer, 3 courses for 

one cohort in 3 summers) 

Delivery:  

- Three rigorous mathematics courses developed by university mathematics 

faculty for 2 cohorts of middle school teachers. First two courses were 

developed by the principal investigator (PI) of the project solely and the third 

one was developed by PI in collaboration with other mathematics and statistics 

faculty. Those courses were taught in west Texas region institute of higher 
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education by college/universities faculty (All instructors of records were PhDs 

in mathematics). 

- In each course, critical mathematics for middle school teachers was included. 

Course I consisted of concepts on algebra, course II consisted of concepts on 

geometry and course III consisted of probability and statistics concept. Half 

day workshops on ancillary topics like math self-efficacy in course I, English 

language in course II and cultural diversity in course III were included. 

Assessment Process: Educational measurement scale MKT was used to measure 

teachers’ mathematics knowledge for teaching (MKT), locally created instrument (but 

well validated) was used to assess teachers’ mathematics content knowledge (MCK) 

specially, for geometry, and a well-established measure was used to assess self-

efficacy of teachers. 

Young Scholar Program University of Chicago - YSP 

(http://www.math.uchicago.edu/ysp/)  

Target Area: Mathematics 

Target Audience: Seven to twelve grade students selected from competition  

Expected outcome: To strengthen mathematical powers of 7-12 students  

Project Personnel: University faculty and instructors, graduate and undergraduate 

students from University of Chicago and other higher educational institutions  

Duration: 4 weeks of summer (5 hours a day during weekdays) 

Delivery:  

- Advanced course in mathematics taught by university math faculty and 

instructors to those students who had already been exposed to college level 

mathematics  

- Students were divided in different groups based on their grade levels and 

different components of mathematics. For example, in summer of 2016 for 7-

8
th

 grade students’ math component was from number theory and 

supplemented by computer programing, in previous year for 9–10
th

 grade 

students’ math component was from number theory, cryptography and 

advanced problem-solving course in algebra, geometry, number theory and 

http://www.math.uchicago.edu/ysp/
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combinatory, for 11-12
th

 grade students’ math component was from advanced 

number theory and finite fields including some topics from 9-10
th

 grade group. 

- Problem solving activities supported by undergraduate students  

- Group work, interaction and collaboration with peers from different 

backgrounds 

- Research activities in computer lab relevant to their course works  

Assessment Process: Participants’ perspectives are collected and analyzed. 

Sample perspective: “One of the things I found most exhilarating was the chance to 

experience conditions like those of graduate school research” (Pieretti, 2015, para. 

10). 

2.6.3 Motivational plus Preparational Mathematics Outreach Programs 

 

All Girls/All Math Summer Camp for High school girls University of Nebraska-

Lincoln - AGAM (www.math.unl.edu/programs/agam) 

Target Area: Mathematics 

Target Audience: High school girl students (10-12 graders) across the country  

Expected outcome: To enhance students’ mathematical interest and ability to pursue 

degrees in mathematics  

Project personnel: Female mathematics professors, undergraduate and graduate 

students from UNL, and female guest speakers from STEM fields 

Duration: One week (total of two camps are conducted within a year in two summer 

weeks for separate groups) 

Delivery:  

- Coding classes focused on basic number theory and applications in 

cryptography taught by university female faculty  

- Mini-courses of bioinformatics, knot theory, and aerodynamics 

- Guest lecturers by mathematicians/scientists from National Security Agency 

(NSA) about life at NSA 

- Group works with female mathematicians, graduate students, as well as peers 

who share a common interest in mathematics  

http://www.math.unl.edu/programs/agam


Texas Tech University, Gangadhar Acharya, December 2017 

121 

- Common residence for all participants, graduate, and undergraduate students 

where they can interact and build up relationship 

Assessment Process: Participants’ experiences and perspectives are collected and 

analyzed. Some representatives’ comments are:   

“Math has always been my favorite subject, but I've realized all the 

possibilities and I'm even more excited about it” 

“I just wanted to write and say how wonderful this camp was for my growth 

in mathematics and for my confidence in expressing myself in the fields of 

math and science. I took AP Calculus BC my senior year and was one of the 

only people who knew how to work the calculators (partly due to this camp). 

I will be attending Cornell University this fall and majoring in Biological 

Engineering, a field that I might not have considered if I had not attended 

your camp. Thank you so much for your encouragement and for the great 

memories.”- Gwen Owens (“All girls/All Math”, n.d., p.1) 

Arizona Science of Base Ball – ASB (Valerdi, Monreal, Valenzuela, Hernandez, 

2013) 

Target Area: STEM 

Target Audience: Middle school students (7th and 8th graders) 

Expected outcome:  

- To increase students’ awareness level on STEM areas  

- To motivate students to excel in mathematics  

- To increase experience based mathematical opportunities for individual 

transformation 

- To establish a framework for sustainable change in STEM area 

Duration:  Three stages of program with different time periods 

- A month-long students’ camp  

- An introductory weekend training for their teacher  

- On-going mentorship program for several years 

Project personnel:  STEM faculty and staff from university of Arizona 

Delivery: 
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- Student engagement activities comprised of classroom activities 

(demonstrations, films, clinics), athletics activities (drills, scrimmages, 

coaching), and take-home activities (baseball to go)  

-  Students’ camp where batting average, muscle fatigue, reaction time, team 

building, base running, hitting were explored using fundamental math science 

principles  

- Teachers’ camp where university faculty and staff introduced ASB curriculum  

- Students mentoring program by faculty and school teachers for several years  

Assessment Process: 

- Short term and midterm tests:  Short math tests (pre-post quizzes), attendance 

and discipline test (pre-post), and standardized math test (in each quarter) 

- Pre-post result comparison with previous program participants and same grade 

students of their respective school 

- Arizona's Instrument to Measure Standards (AIMS) was used as a standard test 

- Long term outcome measurement:  Mentorship program was evaluated using 

interview and survey after 6, 9 and 12 months of completion of the program.  

Additionally, high school graduation rates and university enrollment rates were 

also observed. Results of interview and surveys were compared with other 

STEM programs.   

- Graduation rates, STEM degrees selection rates, and tertiary education 

matriculation rates were compared with other schools in Mansfield. 

Bridge to Enter Advanced Mathematics – BEAM (http://www.beammath.org/)   

Target Area: Mathematics 

Target Audience: Middle and high school students from low-income family of New 

York City 

Expected outcome: To motivate and prepare underserved students for mathematical 

and science careers 

Duration: BEAM is a five-year program 

- Three weeks’ summer residential program for students who have completed 7
th

 

grade (7 hours daily) 

http://www.beammath.org/
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- Career counseling and tutoring while they are in 8
th

 grade 

- Mentoring throughout the high school years 

Project personnel:  BEAM staff, college/university student volunteers, high school 

teachers, university faculty, and mathematics professionals  

Delivery:  

- Summer camp where students learn to solve challenging math problems 

- Group work in advance topics of mathematics which are often taught on 

college level such as number theory, combinatorics, astrophysics, and 

programming. Faculty and teachers support students to work on these topics  

- Student counseling by college/university students being together and 

encouraging them to participate in a variety of activities like from sports to 

arts, baking, Rubik’s cubes, board games, and field trips. 

- Eighth grade focus: Here students take algebra I, an online course to pave the 

pathway for advanced math courses in high school (this course in middle 

school is considered as the prerequisite for calculus in the high school), where 

they are supported by in-person tutoring. Advice is also provided to students to 

enter into other advanced study programs such as Center for Talented Youth, 

and highly selective high schools. 

- High school mentoring program: Students are paired with an individual staff 

mentor to help them navigate their high school life and study practices, explore 

additional enrichment opportunities, college application process, and succeed 

in test (SAT, ACT). 

Assessment Process:  

- Overall BEAM program success is measured by the numbers of students 

entering in STEM careers. However, to measure interim success, students are 

observed whether they are in STEM career pathways or not.  

- American Mathematics Competition 8 (AMC 8) is used to measure students’ 

success during summer program.  

- High school admission records are tracked to see in what type of school 

(highly selective, selective or non-selective) are the students getting enrolled 
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(for example Andy attended BEAM in 2013 and went on to Bronx High 

School of Science).  

- Students’ perspectives about the program are collected and analyzed (Yarely: 

“Math is like a friend that was also there in the good and bad times. My 

favorite part of BEAM is when we have math circles”) 

Engineering is Elementary – EiE (Increasing student interest, 2011) 

Target Area: STEM 

Target Audience: Elementary school students (3-5 grades) 

Expected Outcome: To increase students' interest and proficiency in STEM fields 

Duration: Three years (Three days’ workshop for elementary school teachers, and 

implementation of developed curriculum throughout the academic year) 

Project Personnel: STEM Faculty, teachers and administrators from four elementary 

schools Delivery: Training for elementary school teachers where they were trained for 

15 units of EiE curriculum. Those trained lead teachers continued their training to 

train other teachers for three years. All trained teachers implemented their ideas while 

teaching elementary school students.  

Assessment Process:  

- Online pre-and post survey for students' attitudes toward engineering subject 

and career with distinct categories of choice: "strongly agree", "agree", 

"disagree", or "strongly disagree" to the statements like: "when I grow up I 

want to be an engineer", "I am good at solving problems in mathematics", "I 

am good at solving problems in science". 

- Online post training survey for teachers to determine teachers ’attitudes and 

confidence towards STEM subjects 

- Pre-post survey of teachers’ content knowledge and their perspectives on 

professional development 
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E-matching - Electronic Web based matchmaking (Rumala, Hidary, Ewool, 

Emdin, & Scovell, 2011) 

Target Area: STEM  

Target Audience: Underserved High School students 

Expected outcome: To engage students in STEM fields via an E-matching  

Duration: Not applicable 

Project personnel: School teachers, University engagement specialist, STEM 

professionals 

Delivery:  

- Discussion moderated via E-matching platform operated by National Lab 

Network (NLN, http://nationallabnetwork.org). The university engagement 

specialists and experts share their ideas and experiences to school students and 

formulate a win-win agenda for all stakeholders.  For example, a teacher from 

Bronx school uploaded topics of discussion related to gender scientists of 

racial/ethnic group origin, diverse careers in sciences and technology, and real-

life science opportunities. Then university community engagement specialist 

accessed the NLN website and made decision to provide service to the school’s 

students based on their objective of outreach effort. All participants’ (teachers, 

students, and university engagement specialist) comments and experts’ 

opinions were included on the discussion and a tailored agenda was formulated 

to address students’ and community interest. 

Assessment Process: Participant students’ data was observed to determine the 

effectiveness of the program. Especially, enrollment records of those students who had 

no other means of exposure other than the E-matching platform were observed. Also, 

teachers’ and students’ perceptions towards E-matching program were collected and 

analyzed. A teacher’s perception: 

The chances of my urban high school students interacting with science 

professionals increased dramatically with E-matching. The ability to 

propose a project on the internet, which entailed the interaction of 

science professionals with urban youth, allowed for the publication of 

the needs of my chemistry and ecology class. In addition, the logistics 

of physical location, grade level appropriateness and diversity which 

http://nationallabnetwork.org/
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were apparent within the proposal allowed for feasible responses. 

Communication is a key component in education and the ability to 

electronically connect with professionals actively engaged within the 

content area of study has important ramifications. (Rumala, & et.al, 

2011, p. 3) 

 

Got Math? (UMass Donahue Institute, 2011) 

Target Area: Mathematics 

Target Audience: Elementary and middle school students (3-6 grades) 

Expected outcome: 

- To improve students’ skills and attitude towards mathematics 

- To prepare instructor to apply mathematics in class-room 

Duration: Six week (after school hour program, with 1-1.5 hours meeting once or 

twice a week) 

Project Personnel: Local businessmen, architects, physicians, faculty from higher 

education institutions, and school teachers 

Delivery: 

- Series of mathematical activities that are used in real life situations to support 

students' skill development were provided in four different schools  

- 1st school: Students were taught to track scores and determine standing at 

basketball game under the topics of sports 

- 2nd school: Students are taught to build a foam model applying measurement 

and problem-solving skills in a local architecture firm 

- 3rd school: Students applied their mathematics skills to estimate quantities, 

unit conversion and solve problems related to ratio and proportion in the 

grocery shopping and baking 

- 4th school: students were taught to set the fitness goal, training plan and speed 

determination by tracking distance and time under the topics of fitness with the 

support of physician. 

Assessment Process: 
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- Pre-and post-survey for students on attitudes towards mathematics. Questions 

asked were: Are you good at math? Do you like math puzzle and would you 

participate in math club? There were two additional questions for post survey; 

how did you enjoy the program? what do you think program participation 

improved your math ability? 

- Mathematics content test to assess the students' abilities  

- Instructors’ interviews to assess how the program participation influenced the 

regular class room instruction 

Math and Parent Partners – MAPPS ( https://mappsua.wordpress.com/) 

Target Area:  Mathematics 

Target Audience: K-12 students’ parents 

Expected Outcome: To increase parents’ awareness level on importance of 

mathematics to their children future and familiarize them with new methods of 

teaching that supports students to learn and succeed in mathematics  

Project Personnel: University mathematics faculty, teachers, trained parents, and 

administrative staff 

Duration: One year (2- hour workshop for both parents and students, 16 hours for 

mini-courses in which total of eight 2-hour sessions in one semester, three 6-hour 

leadership training sessions) 

Delivery: Three components 

- Leadership developments training:  Parents and teachers are trained to become 

workshops facilitators in which participants are given guidelines and strategies 

for leading and managing workshop activities in total of three 6-hour training 

sessions 

- Mathematics awareness workshop: Two hours workshop on specific topic of 

mathematics of certain grade level  

-  Math for parents mini-courses: Total of eight (2-hour) sessions on mini-

courses focused on mathematics theme (algebra, whole numbers, Fractions, 

geometry and organizing data) 

Assessment Process:  

https://mappsua.wordpress.com/
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- Reflective comments of participants, facilitators, school administrators 

(principals) and the program team based on their observations and experiences 

- Parents and facilitators interview 

Math Projects with Linfield Undergraduate Students - Math PLUS (J. Nordstrom, 

personal communication, January 12, 2017) 

Target Area: Mathematics 

Target Audience: Middle school students 

Expected Outcome: To increase students’ interest and prepare them in the fields of 

mathematics Project Personnel: College faculty, undergraduate students, school 

teachers, and program administrative staff 

Duration: One academic year (organizer decides days and time for training, 

workshops, mentor/mentee meeting, and science fair)  

Delivery:  

- Training for mentors (undergraduate students) 

- Workshops for all participants, where variety of ideas for projects on 

number theory, graph theory, knot theory, games, mathematical modeling, 

and statistics are introduced 

- Total of six project meetings for school and college students 

Sample projects: Determine if there exists a correlation between certain 

proportions in human faces and golden ratio; Try to find and prove Julia 

sets 

- Regular participant-students and mentors’ communication  

- Science fair at Yamhill-Carlton Intermediate School (YCIS)  

- Reunion at Linfield College research science fair 

- Middle school students paired with undergraduate students 

Assessment Process:  

- Pre-program survey:  

o What are you most excited about with participating in Math PLUS? 

o What would your science fair project have been if you were not 

participating in Math PLUS? 
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o Would your project have involved any math? If so, what math 

would you have used? 

o What role do you expect the mentors to take in helping you with 

your project? 

o What do you hope to learn about college and /or the college 

students? 

o Have you ever learned about a math topic or idea on your own (not 

as part of a math class)?  If so, what topics or ideas?  

 

- Post- Program Survey:  

o What was the best part about participating in Math PLUS? 

o Do you feel your project has a significant amount of mathematics in 

it? Explain. 

o Do you feel more confident about including more math in future 

projects? 

o Describe the ways in which your mentor was helpful. 

o What was something you learned about college in general? 

o Do you feel more comfortable on a college campus than you did 

before Math PLUS? 

o Please include any suggestions for future Math PLUS programs or 

comments about your experience with Math PLUS. 

 

Math Circle at University of Utah – MCUtah 

(https://www.math.utah.edu/mathcircle/)  

Target Area: Mathematics 

Target Audience: High school students (sometime middle school students) 

Expected outcome: To generate and cultivate interest in mathematics in young 

students  

Project personnel: Graduate students, postdoctoral fellows and math faculty from 

university of Utah. 

https://www.math.utah.edu/mathcircle/
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Duration: One academic year (Weekly 2 hours) 

Delivery:  

- Learning by doing (exploration, discussion, practice), no lectures 

- Session conducted by graduate students and postdoctoral fellows under the 

direction of faculty members 

- Initially program was designed to solve international contest problems, but 

after one year they changed their focus from international contest problems to 

new areas such as topology by solving self-designed problems  

- A program coordinated and attended by at least one math faculty from 

department who used to attend every math circle sessions   

- For one academic year math faculty coordinator plans and develops program 

for math circle. A typical one-year math circle was planned as: 

o Week 1 -  summing polynomial sequences, tiling problems (coordinated 

by Peter) 

o Week 2 – Induction (Renzo) 

o Week 3, 4 – Magic Squares, modular arithmetic 

o Week 5, 6 – Inclusion and exclusion principle (Fletcher) 

o Week 7, 8 – Catalan number, bijective proofs (Malden) 

o Week 9, 10, 11 – the game of the 16, length and sign of permutation, 

Robinson-Schested-Knuth algorithm (Peter) 

o Week 12 -  inversion in the plane (guest lecture by Zvezda) 

o Week 13, 14 – Euler characteristic of polyhedra 

o Week 15, 16: Hyperbolic geometry 

o 5 weeks devoted to contest 

o A presentation on the mathematics of sea ice as part of the last meeting 

- Coordinator explores the topics and other assistants (project personnel) assist 

students as they work individually or in group 

Assessment process:  

- In- class contest (about every fifth session) covering topics up to that point of 

time 
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- After contest; one project personnel present solutions, others decide the winner 

of the contest examining their solutions and the best contestant is awarded  

- Students’ perspectives about the program are taken through year-end survey. 

Massachusetts Region I middle and High school science fair -MMHSSF (UMass 

Donahue Institute, 2011) 

Target Area: STEM 

Target Audience: Middle and High School Students 

Expected Outcome: 

- To increase students’ interest to pursue degrees and choose careers in STEM 

fields  

- To increase students’ content knowledge in STEM subjects 

Project Personnel: Faculty and teachers, recruiting committee members (to accept 

students in fair), adults from STEM business and teaching communities (as judges and 

chaperones) 

Duration: One academic year (one day fair and several months for project and research 

development) 

Delivery:  

- Group work for research projects of science, mathematics or engineering  

- Project results presentation in fair  

- Two separate one day fairs for high school and middle school students 

Assessment Process:  

- Post program online survey for students (total of 3 questions were asked in 

which two questions were about if students are planning to major or career in 

STEM and 3
rd

 question about students’ reflection about the fair) 

- Sample question “how important the fair was to build confidence in science 

abilities?” 
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- Students were asked if they got support from their teachers, about their 

working time, about local business consultation, about their participation in 

past science fair, and advantages of fair including hands-on activities  

Saturday Enrichment Programs – SaEPUM ( http://mathcep.umn.edu/satenrich/)  

Target Area: Mathematics 

Target audience:  Middle school students (5-7 grade students) 

Expected outcome: To enhance learning skills and interest in mathematics  

Project Personnel: University students, faculty, instructors, and administrative staff 

Duration: One academic year (Activities are offered 2-3 hours on Saturdays 

throughout academic year).  Based on grade level and seasonal needs programs are 

included as: PRIME (Professions and Recreations: Intermediate Mathematics 

Enrichment) is conducted for 5-6 graders on four Saturdays; YES (Young emerging 

Scholars) is conducted for 6-7 graders simultaneously with PRIME; UMTYM test 

preparation and Early Test session is conducted for 5-7 graders on Saturdays other 

than PRIME and YES program. 

Delivery:  

- PRIME: Workshops on different topics of mathematics supported by faculty 

and student mentors. For example, in 2015/16 different topics of mathematics 

were:  

o Origami: Touchable Geometry (November 14, 9: 30 am – Noon) 

o Symbolic number: System and Pattern (December 12, 9: 30 am – noon)  

o See the connection? (January 30, 9: 30 am – noon) 

o Fractals & Chaos (March 5, 9:30 am – noon) 

-  YES: Interactive workshops delivering information on different topics of 

mathematics.  

For example, in the year of 2015/16 topics included were cryptology, taxi cab 

geometry, space direction, prisoners’ dilemma and game theory  

- UMTYM: Test preparation sessions on 2 Saturdays 

o UMTYMP test preparation (February 13, 9:30 am – noon) 

http://mathcep.umn.edu/satenrich/
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o Early UMTYMP algebra entrance exam preparation (February 20, 9:30 

am – 1: 30 pm) 

Assessment Process: Students’ responses are collected on what they enjoyed/didn’t 

enjoy and what made them surprised. After analysis, loopholes are corrected and 

stronger curriculum for upcoming year is developed (S.E. Gilbert, personal 

communication, February 26, 2016).  

Summer Illinois Mathematics Camp - SIM Camp (M. Claire, personal 

communication, January 23, 2017) 

Target Area: Mathematics 

Target Audience: Middle and High School students (8-12
th

 grade students in the 

Champaign-Urbana area) 

Expected Outcome:  

- To develop mathematics understanding ability that encourage them to 

continue math beyond high school level  

- To provide service learning opportunities for underrepresented 

undergraduate students hiring them as teaching assistants for counseling, 

teaching and mentoring 

Project Personnel: Four graduate students as instructors, four undergraduates as 

teaching assistants, 3 graduate students as administrative staff, mathematics 

department chair and two faculty members  

Duration: One week (Monday through Friday, 9 am to 5 pm) 

Delivery: Two courses designed and taught by graduate student instructors with 

assistance of undergraduates where they deliver 3-hour class daily. Additionally, 

students get opportunity to learn how to use mathematics in their research from talk 

program by professor or graduate student. 

Assessment: For participant student pre- and post-camp survey, and for school 

teachers pre- post and 6-month follow up survey  

Stanford University Mathematics Camp - SUMAC (https://sumac.stanford.edu/ )     

Target Area: Mathematics 

https://sumac.stanford.edu/
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Target Audience: Talented High School Students throughout the world who are 

selected based on their grades, performance in standardized test, teachers’ 

recommendations, statement of interest, and performance in admission exam (Tuition 

fee is applicable, $6500 per student). 

Expected Outcome: To develop students’ mathematics understanding ability and 

motivate them to pursue advance degrees in mathematics or related fields.  

Project personnel:  University mathematics faculty, undergraduate and graduate 

students, and administrative staff  

Duration: Four-week residential summer program 

Delivery:  

- Advanced topics in mathematics courses (Program I and Program II) are 

offered. These courses are taught by experienced university faculty from 

department of mathematics and Stanford’s education program. (In program I, 

students are taught about number theory, abstract algebra, and group theory 

emphasizing symmetric groups, and superficial information on geometry, 

coding theory and cryptography. Program II only deals with algebraic 

topology). 

- Teaching assistants (graduate and undergraduate students majoring 

mathematics) support for both one to one and group sessions together with 

supervision in residential setting (as a residential counselor) 

- Guest lectures on relevant mathematics topics  

- Research projects on advanced topics of mathematics lead by teaching 

assistants 

Assessment Process: Not Available 

TexPREP-Lubbock (http://www.math.ttu.edu/texprep/)  

Target area:  STEM 

Target Audience: Middle and High school students (6-12
th

 graders) 

Expected Outcome: To motivate and prepare students for advance degrees and careers 

in STEM fields 

http://www.math.ttu.edu/texprep/
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Project Personnel: University STEM faculty and instructors, STEM professionals, 

graduate students, and administrative staff 

Duration:  Four years (6 weeks in each summer for 4 summers) 

Delivery:  

- Lectures introducing STEM topics and relevant problems  

- Research and study sessions 

- Hands-on activities 

- Seminars on career awareness by guest speakers  

- Field trips 

- Activities for 4 summers 

o I-summer: Introduction to engineering, topics and activities relevant 

to logic applied in mathematics  

o II- summer: Introduction to physics, and algebraic structures 

o III-summer: Introduction to technical writing, and probability and 

statistics 

o IV- summer: Introduction to water 

science/nanotechnology/computer designing/cyber security, 

computer science 

Assessment Process: Program evaluation survey at the end of the program in which 21 

questions asking students’ opinions whether they agree or disagree with statements 

about the impact of the program on their skills and confidence development, and 27 

questions relevant to their interest in particular component of the program (J. Brown, 

personal communication, February 2016). 
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CHAPTER 3  

RESULTS 

The purpose of this study was to study university/college level mathematics 

outreach programs and provide prototypical models of mathematics outreach programs 

intending to improve K-12 mathematics education in the USA. For this purpose, 100 

different university/college level mathematics outreach programs were collected and 

studied. The observation and analysis of structural components of these outreach 

programs (data) is described below.   

3.1 Target Area 

The targeted areas of mathematics outreach programs are mathematics only, 

STEM in general, and mathematics plus science. In this collection of 100 

university/college level mathematics outreach programs 78 programs target 

mathematics only, 19 target STEM in general, and 3 target mathematics plus science 

(Figure 3.1).  

                                    

Figure 3.1 Target area in mathematics outreach programs 

 

The data shows that out of the 19 programs targeting STEM in general 12 have 

motivational outcome expectations only, while out of the 78 programs targeting only 
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mathematics 61 have preparational outcome expectations only.  With regard to 41 

teachers preparational programs, 36 housed in departments of mathematics tend to 

focus on mathematics, while 5 housed in other STEM departments focus on STEM or 

mathematics and science.   

3.2 Target Audience 

The data reveals target audiences of the outreach programs are students, 

teachers, pre-service teachers, school administrators, students’ parents, and/or some 

combination of these. In this collection of 100 programs 50 programs target students 

only, 41 target teachers only, and 9 target others (Figure 3. 2). The focus of these 9 

programs vary with pre-service teachers (3), teachers and administrators (2), students 

and parents (1), students and teachers (1), postdoctoral fellows (1), and parents only 

(1).  

The outreach programs which target students only restrict their attention to 

students in particular grade levels. 20 of the programs in this collection focus their 

activities to high school (H) students followed by 12 with focus on middle school (M) 

students, then 8 on middle plus high school (M+ H) students, 5 on elementary plus 

middle school (E+ M) students, 4 on K-12 students, and the remaining 1 program 

targets elementary school (E) students only.  Of those 20 high-school students-targeted 

programs, 11 have preparational outcome expectations, 5 have motivational outcome 

expectations and 4 have preparational plus motivational outcome expectations. Out of 

30 middle, middle plus high and middle plus elementary schools’ student targeted 

programs 15 have motivational outcome expectations, 8 have motivational plus 

preparational and 7 have preparational outcome expectations.  
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Figure 3.2 Target Audience in mathematics outreach programs 

Besides these school levels, some outreach programs target students with 

certain characteristics like talented, motivated, outstanding, female, Hispanic, 

underserved etc. In this collection, out of the 50 programs targeting students 9 

programs target talented, motivated and outstanding students, 8 programs target girl 

students, two programs target Hispanic students only, two programs target 

underserved students, and others target students in general. 

On the other hand, programs targeting teachers only select teachers teaching in 

certain grade levels and implement outreach activities for those teachers. In general, 

targeted teachers are selected from the schools or districts in which students have low 

performance in mathematics or STEM subjects. Also, teachers are targeted form 

schools where most of the students are from underrepresented communities in 

mathematics or STEM in general, and having larger population of students from 

families with low socioeconomic status. In this collection, out of the 41 teacher-

targeted programs, 19 target middle plus high school teachers followed by 8 targeting 

K-12 teachers, then 5 targeting middle school teachers, 5 targeting elementary plus 

middle school teachers, and the remaining 4 programs targeting elementary school 

teachers only.  
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In addition to grade level teaching criteria, some teacher-targeted programs 

select teachers based on their years of experience, their teaching assignment for certain 

topics of mathematics or science, and/or their certification for teaching at certain grade 

levels. In this collection 2 programs target new teachers having teaching experience 

less than three years, 1 program targets algebra teachers, and 2 programs target 

prospective teachers with teaching certificate. The programs targeting pre-service 

teachers have focused on recent high school graduates (1) or people having teaching 

license in other fields but are interested in teaching mathematics or STEM subjects 

(1). 

3.3 Expected Outcome  

Outcome expectations for all mathematics outreach programs can be put into 

three categories. These programs have motivational outcome expectations only, 

preparational outcome expectations only, and motivational plus preparational outcome 

expectations. In this study, 66 programs have preparational outcome expectations 

only, followed by 20 with motivational expectations only, and 14 with motivational 

plus preparational outcome expectations.  

 

Figure 3.3 Expected outcomes in mathematics outreach programs 
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Data shows out of the 66 programs having preparational outcome expectations 

only, 41 target teachers only.  There is no program with motivational or motivational 

plus preparational outcome expectations targeting teachers only. One exceptional 

program is MAPPS which targets parents only and has both motivational and 

preparational outcome expectations. Outreach programs having preparational outcome 

expectations only focus on preparing students for their advance study in mathematics 

and/or enhancing teachers teaching skills and/or content knowledge with the 

expectation of enhancing their mathematics teaching effectiveness and leadership 

capabilities. The motivation plus preparation programs also focus on increasing 

administrators’ and parents’ awareness in mathematics and STEM fields. 

3.4 Project Personnel  

Mathematics outreach programs are developed and run by the collaborative 

efforts of college/university faculty members, professionals, educators, scientists, 

college and/or university students, school teachers, school administrators, and other 

administrative staff.  In some programs representatives from business (especially 

STEM related business), program alumni, specialist and professionals from particular 

gender and/or ethnic group, and professional developers serve as role models. In this 

collection, all programs’ personnel include university faculty with mathematics faculty 

(74), followed by education faculty (42), and general STEM faculty (26) (see Table 

3.1).  
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Table 3.1 Number of programs with specific project personnel 

Project personnel Number of programs 

Mathematics Faculty (MF) 74 

Education Faculty (EF) 42 

STEM Faculty (SF) 26 

STEM Professional (SP) 40 

Scientists/Educators (SC/ED) 10 

Graduate Students (GS) 30 

Undergraduate Students (US) 22 

Post-Doctoral Fellows (PDF) 2 

School Teachers (ST) 40 

School Administrators (SA) 16 

Project Administrative Staff (PA) 59 

Alumni (Al) 7 

Business and Industry Representative 6 

Professional Development Trainers (PDT) 4 

Female/Hispanic professional 9 

Curriculum specialist 2 

External Evaluators (EE) 34 

  

In some programs mathematics faculty and faculty from other departments 

collaborate. Out of 74 mathematics and 42 education faculty involved programs 34 

programs have both mathematics and education faculty. Similarly, out of 26 STEM 

and 42 education faculty involved programs 8 programs have both education and 

STEM faculty involvement (Figure 3.4).  
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Figure 3.4 Count of math outreach programs representing faculty involvement 

Observation of the data shows a relationship between project personnel and 

outcome expectations of programs. Out of the 20 programs with motivational only 

outcome expectations, 14 have STEM faculty project personnel of which 10 have both 

STEM faculty and professionals project personnel.    In addition to these faculty and 

professionals, such programs are also served by STEM business and industry 

representatives, and alumna of the programs. On the other hand, 62 of the 66 

preparational only programs have mathematics faculty personnel, and 42 programs 

have education faculty personnel.  

Observation of outcome expectations, target audience, target area, and project 

personnel shows relationships between these components. Thirty-four programs 

targeting teachers and expecting to prepare qualified mathematics teachers have both 

mathematics and education faculty project personnel. Out of 30 programs having 

graduate student personnel, 7 have motivational outcome expectations, 18 have 

preparational outcome expectations, and 5 have motivational plus preparational 

expectations. Out of these 30 programs 24 target students and most of these (27) focus 

on mathematics only. All 22 programs having undergraduate student personnel have 

students as the target audiences and most of them (19) focus on mathematics only. Out 

MF 

EF 

             SF  
8 

26 

42 

34 

74 



Texas Tech University, Gangadhar Acharya, December 2017 

143 

of these 22 programs 10 have preparational, 6 have motivational, and 6 have 

motivational plus preparational outcome expectations.  

Involvement of personnel from business, professional development sectors, 

alumni, and gender and/or ethnic groups are related to the outcome expectations of 

programs. The majority of programs with motivational, and motivational plus 

preparational outcome expectations have personnel including professional developers 

(6), business and industry representatives (6), programs alumni (7), and gender and/or 

ethnic professionals (2). Out of 34 such programs, 17 have STEM in general as the 

target area and students as the target audience.  

Having school teachers as project personnel is most common in teacher 

preparational programs. The data shows 40 programs having teacher project 

personnel.  Out of these 40 programs, 31 have preparational, 6 have motivational plus 

preparational and the remaining 3 have motivational outcome expectations. Out of 

these 31 preparational programs, 27 target teachers and 4 target students.  One of the 

programs targeting teachers also targets administrators. Only, 16 programs have 

school administrators as project personnel. Of these 16 programs, 15 have 

preparational outcome expectations and target teachers. In total 34 programs have 

external evaluators. 

3.5 Duration of Programs  

Duration of the program represents the time period during which program’s 

activities are spread over focusing to a particular cohort. In this collection, 

mathematics outreach program duration varies from 1 day (an hour period) to multiple 

hours spread over 7 years. The data reveals 20 programs have duration between 1 day 

to 1 week, 22 have more than 1 week and less than one academic year (AY), 30 have 

between one academic year and up to 1 year, 23 have more than 1 year and less than 5 

years, and the remaining 5 have duration of 5 years or more (see Table 3.2). 
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Table 3.2 Mathematics outreach programs’ duration and their count 

 
Duration 

(spread over) 

 

1 day   

              wk 

1 wk <  

              1 AY 

 1 AY     

         < 5 years 

5 years   

Number of 

programs 

20 22 53 5 

 

Observation of duration of programs and their outcome expectations shows 

that duration of motivational outreach programs varies from 1 day (an hour period) to 

an academic year (Saturdays of an academic year or weekly after school for an 

academic year), duration of preparational outreach programs varies from one day up to 

7 years, and that of motivational plus preparational outreach programs varies from 1 

week up to 5 years.    

  Among the 20 programs with 1 day to 1-week duration, 12 have motivational 

(M) outcome expectations, 6 have preparational (P) outcome expectations, and 2 have 

motivational plus preparational (M+P) outcome expectations. Among the 22 programs 

having duration greater than 1 week and less than one academic year, 4 are 

motivational, 15 are preparational, and 3 are motivational plus preparational.   Among 

the 58 programs with duration more than one academic year, 4 are motivational, 45 

are preparational, and 9 are motivational plus preparational (Figure 3.5).  
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Figure 3.5 Relation between duration and expected outcome of programs 

The data reveals shorter duration for motivational outreach programs than for 

preparational and motivational plus preparational outreach programs. Among the 20 

motivational programs, 12 programs have duration between 1 day to 1 week, 1 

program has 2 weeks duration, another one has 1 semester, and rest (6) have one 

academic year duration. Of the programs having duration between 1 day to 1 week, 9 

programs have only one-day duration, 2 programs have 3 days duration, and another 

has 1 week duration. Six programs which have 1 academic year duration met weekly 

after school hours or on Saturdays or certain holidays through out the year. 
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duration. Out of 66 preparational programs, 6 programs have duration from 1 day to 1 

week, 16 programs have duration more than 1 week to 6 weeks, 20 programs have 
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outreach programs, only 3 have 1-week duration, 1 has 4 weeks’ duration, 2 have 6-

week duration, and the rest have 1 academic year or longer duration.  

3.6 Delivery of Programs 

Content delivery and methods are observed closely in all mathematics outreach 

programs of this collection. The major content offerings (activities) and methods are 

described below:  

Content courses: Content courses relevant to mathematics are offered to enrich 

participants’ mathematical knowledge.  In students-targeted programs certain topics of 

mathematics were offered, while in most of the teachers-targeted programs 

mathematics topics are offered along with topics from education and pedagogy. In this 

collection, 57 programs offer content courses, among them 20 are student targeted, 

one is teacher plus student targeted, one is parents targeted, and the rest (35) are 

teachers-targeted. Of the programs with content courses, 3 have motivational outcome 

expectations, 46 have preparational, and 8 have motivational plus preparational 

outcome expectations. In total of the 80 programs with preparational, and motivational 

plus preparational outcome expectations the majority (54) of them offer content 

courses.  

Orientation and professional development training: In some programs projects 

personnel and participants are informed and oriented about the planned activities. For 

example, in the Bio-Tech Career Pathways program participants are trained about bio-

security, various observational ideas, and techniques to use in the laboratory. In Math 

PLUS undergraduate students are trained for mentoring ideas, and so on. In some 

programs participants are trained by implementing various professional development 

activities. In most of the teacher-targeted preparational outreach programs teachers are 

trained to develop their leadership capacity and to be teacher leader in their schools 

and districts. In this collection 14 programs have orientation trainings and 27 programs 

have professional development trainings (PDT). Among 27 programs having PDT, 25 

have preparational and 2 have motivational plus preparational outcome expectations, 

23 are teacher-targeted and 4 are other targeted. Among the 14 programs with 

orientation training, 3 have motivational, 9 have preparational and 2 have motivational 
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plus preparational outcome expectation, and 10 of them target teachers. Orientation 

and professional development trainings are offered to prepare professionally qualified 

teachers in mathematics and/or STEM fields in general. Four programs have offered 

both orientation and professional development training. 

Workshop:  In some outreach programs workshops are conducted to deliver outreach 

activities. Topics for workshops are decided by project personnel based on their 

program’s outcome expectations. In this collection 30 programs conduct workshops, 

among them 6 have motivational, 20 have preparational and 4 have motivational plus 

preparational outcome expectations. This shows about one third of all programs have 

workshop component. And these are symmetrically distributed among all three 

categories of outcome expectations of programs.  

Counseling/Mentoring: Counseling and mentoring help to motivate people to 

persevere and accomplish tasks. The data shows 22 of the total programs offer 

mentoring and counseling. In programs with motivational plus preparational outcome 

expectations, counseling and mentoring is commonly used. Among 14 such programs, 

eight have mentoring and counseling. After implementation of certain content focused 

activities, some programs provide long term mentorship via online sources or regular 

meetings.  

Field Visits: Field visits help to get hands-on experiences and visualize ideas of some 

thoughtfully abstract concepts. Such experiences generate interest of participants and 

mentally prepare them to work in that area. The data shows 15 mathematics outreach 

programs have field visits in their delivered activities of which 5 have motivational, 9 

have preparational and 1 have preparational plus motivational outcome expectations.  

Research Activity: Research and laboratory experiments in particular field support to 

enrich knowledge in that field. In this collection, 24 programs have included research 

and laboratory activities. Twenty of such programs have preparational outcome 

expectations.  

Seminars, colloquia and conferences: In mathematics outreach programs seminars, 

colloquia, and conferences are organized to disseminate current information and 

achievement in mathematics, to present research works, to provide career awareness, 
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and/or to share ideas on teaching strategies associated with mathematics and STEM 

fields. In this collection 21 programs have seminars or colloquia, and 5 programs have 

either conferences or mini-conferences. All 21 programs having seminars or colloquia 

variable, have preparational or motivational plus preparational outcome expectations 

and most of them (17) are teacher-targeted.  

Role models: A person or group of people working in a certain field can provide 

better knowledge of that field. If people are succeeding in their field, other people 

want to follow their career path. Such successful person or groups of people are 

involved as role models in mathematics outreach programs. In this collection 16 

outreach programs have involvement of role models. Among these 16 programs 

twelve programs are student-targeted with motivational outreach expectations.  

Hands-on Activities and Experiences: Hands-on activities in specific area help for 

better understanding and better performance in that area. In mathematics outreach 

programs, hands-on activities are used to see the application of mathematics or STEM 

subjects in real life, to understand abstract mathematical concepts and/or to provide 

hands-on experiences for teachers or potential teachers for teaching mathematics or 

STEM subjects in general. For example, in the program “Got Math?” students work in 

grocery store and see the application of mathematics over there, in BLAST students 

work on marshmallow challenge, in ATI-MS teachers get involve in teaching 

leadership programs as assistant. In this collection 38 outreach programs have hands-

on activities component. Among these programs about half of them (18) have 

motivational or motivational plus preparational outcome expectation and students 

target audience.  

Discussing and problem-solving session: In discussion and problem-solving session 

participants work in group and are often facilitated by project personnel. In this 

collection 22 programs have discussion and problem-solving sessions. 

Guest Lectures: Experts or professionals working in mathematics relative fields or 

STEM businesses are invited in mathematics outreach programs for their lectures. 

Guest lectures support participants to get information about new area, and build a 

network with professionals of their field of interest.  Sometimes it can support to open 
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their eyes to job prospects they never saw possible before. In this collection 13 

programs have guest lectures, among these programs 10 programs are students-

targeted and 8 of them have motivational and motivational plus preparational outcome 

expectations.  

Besides these major components some outreach programs are incorporating career fair 

activities (14), fun activities (13), competitions (3), panel discussions (3), narrative of 

renowned mathematicians or scientists, report writings, exploring historical and 

cultural expects of modern math, action research, and network developments in their 

programs.  

Group activities, lectures, problem solving approach and demonstrations are the most 

commonly used methods to deliver above content activities. The data shows group 

activities are used in more than seventy programs (71), lectures are used in almost all 

programs with content course (58) and demonstration is used in 24 programs. About 

90 percent of programs use technology in this collection for different purposes, but 

two of these programs are satellite outreach programs, in which outreach service is 

provided via online web platform and TV channel. In CRR-DM project personnel 

broadcast TV show using the University of Arizona TV channel, and in E-Matching a 

common web-platform is used where targeted participants and project personnel share 

their information and ideas. 

The summary of major activities and methods applied in delivery of mathematics 

outreach programs is given in the following table (see Table 3.3).  
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Table 3.3 Delivered activities and methods in mathematics outreach programs 

Delivered activities and methods Number of programs 

Content courses 58 

Training (Orientation + Professional 

development) 

41 

Workshop 30 

Counseling/Mentoring 22 

Field visit/observation 15 

Research/Lab work 24 

Seminar/colloquium 21 

Conference/mini conference 5 

Career fair/career information activity 14 

Interaction with role models 16 

Real life and hands-on activity 38 

Discussing and problem-solving session 22 

Guest lecture 13 

Fun activity 13 

Lecturing 58 

Demonstration 24 

Use of technology and website 90 

Group activity 71 

3.7 Assessment Process 

Mathematics outreach programs are observed to get the information on how 

these programs are evaluated to assess their impacts on participants, and see whether 

their expected outcomes are being met. For this purpose, programs conduct several 

formative and summative assessments and use results to develop new insights and 

improve programs in upcoming years. The major evaluation tools used for assessment 

are discussed below. 

Survey: Survey is a major tool used for the assessment of mathematics outreach 

programs in this study. Survey format are developed based upon programs outcome 

expectations, developers’ interests, and programs’ requirements. The data shows 

different formats of survey are used in different names. Some programs have pre-post 
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survey, some have post-program survey, some have exit survey, and some have 

program evaluation survey. These surveys are conducted on variety of personnel; 

target audiences, target audiences and program conductors, and target audiences and 

their parents, and so on.  Some surveys have multiple choice questions, some have 

multiple choice with Likert scale, some have open ended questions, and others have 

mixed type questions asked for program-associated personnel. In this collection 23 

programs have pre-post survey, 16 have only post survey, and 19 programs have exit 

or evaluation survey. Out of these 23 programs with pre-post survey 15 have students 

target and 12 of them have motivational, and motivational plus preparational outcome 

expectations. Out of 16 programs with post only survey, 8 targets students and 8 

targets teachers, 10 of them have preparational outcome expectations, 5 have 

motivational and 1 has motivational plus preparational outcome expectations. Out of 

19 programs with exit survey, 11 targets students and 8 targets teachers, 12 of them 

have preparational outcome expectations, 5 have motivational and 2 have motivational 

plus preparational outcome expectations.   

Interview: Interview is used to assess the impact of programs on participants and on 

the targeted community. Interviews are conducted in 14 outreach programs of this 

collection. Among these programs 8 programs have preparational outcome 

expectations, 4 have motivational plus preparational and only 2 have motivational 

outcome expectations. 7 are teacher targeted, 6 are student targeted, and 1 is parents 

targeted. Target audiences, programs conductors, instructors, parents, observers and/or 

other project personnel are interviewed in this process. Parents are interviewed to 

know about their children’s interest towards implemented programs and their working 

interest on mathematics and/or STEM subjects. Instructors are interviewed to know 

about class participation of students and their class progress in mathematics and 

STEM related subjects. Observers, programs conductors and other project personnel 

are interviewed to know about students’ participation in programs and their progress 

in conducted activities.  

Observations: To see the change in participants’ skills and behavior on targeted area, 

some programs use observation as their assessment tool. Participants are observed in 
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different time and situations. In motivational outreach programs student-participants 

are observed to see their approach of participation during project period (whether they 

are enjoying and interacting project activities or not), and to follow up participants’ 

career pathways in long run after program. In preparational outreach programs 

teacher-participants are observed to see the difference on prior and post program 

teaching approach and content knowledge in targeted area. The data shows 25 

programs use observation assessment tool, of which 22 programs are teachers targeted 

with preparational outreach expectations. Twenty-three NSF funded programs with 

external evaluators have used observation tools.  

In 13 programs observations are based on standard and well-known 

observation protocols like Reform Teaching Observation Protocol (RTOP in ATI-

MP), in 12 programs observation protocols are locally developed. In 7 programs 

teachers are observed in teaching classrooms, and in 3 programs teachers running 

notes are observed.  

Statement Analysis: Impact of mathematics outreach programs is assessed based on 

the analysis of statements provided by participants, alumni, and/or program-associated 

personnel in the form of self-reflection, experience, and/or attitude and perspective 

towards a particular program. Such statements are sometime found on social media, 

blog and/or in some published articles and are provided voluntarily or upon request of 

programs organizers. Sometime attitudes and perspectives are provided to interviewer. 

In this collection 31 programs have self-reflection of participants, 4 programs have 

experience shared, and 20 programs have attitudes and perspective shared about 

mathematics outreach programs. Self-reflections are commonly used in preparational 

and teacher-targeted outreach programs, out of 31 programs having self-reflections, 28 

have preparational outreach expectations of which 25 are teacher-targeted. Attitude 

and perspective collection is common in programs having motivational and 

motivational plus preparational outcome expectations. Out of 20 programs with 

attitude and perspective statements 12 have motivational and motivational plus 

preparational outcome expectation.  
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Test Results: To assess the impact of programs on target audiences and targeted 

community, mathematics outreach programs use certain testing tools. Standardized 

tests like SAT, and locally developed but well-known test like AIMS-Arizona, are 

used to assess student participants’ learning and achievement in targeted area of 

programs.  To assess teachers’ skill and content development in targeted area of 

programs, standardized educational measurement scale instruments like Mathematical 

Content Knowledge (MCK), Mathematics Knowledge for Teaching (MKT), and 

Learning Mathematics for Teaching (LMT) and their local modifications are used. If 

programs offer content courses for the knowledge enhancement of target audiences’ in 

targeted courses and their skills in their profession, content and skill tests are 

conducted in those courses to see impact of program on participants. In our collection 

14 programs have content and skill tests (CST), 13 programs have standardized tests 

(ST) and 25 programs have Educational Measurement Scales (EMS) tests. These tests 

are not mutually exclusive, that means some programs which implement ST also 

implement EMS and so on. 7 programs have ST and EMS, and 8 programs have CST 

and EMS (Figure 3.6)  

 

 

Figure 3.6 Tests implemented in mathematics outreach programs 

Retention and enrollment Rates: Retention rates of students in the programs in the 

succeeding years, and enrollment records of students in mathematics and/or STEM 

subjects are observed to assess the implemented program impact. In this data set 10 

programs have retention rate observations and 8 programs have enrollment rate 

observations. 
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Besides these major assessment tools longitudinal observations of students until their 

career settlement, degree completion rate of students in target subject area, 

participation in contest and their results, and demography of participants are also used 

to assess student’s targeted programs. Moreover, social network analysis, teaching 

artifact and portfolios analysis, project and proposal analysis, class evaluation, and 

students’ work analysis by teacher, are other tools observed in teacher targeted 

programs. Focus groups are used in some teachers and student targeted programs.  

External evaluators are involved in most of the NSF grant funded programs, in this 

collection 34 programs have external evaluators. In some self-paid programs (paid by 

target audiences) or voluntarily conducted programs (by college/university 

departments) assessment process is not available. In this collection, there are 5 such 

programs. Some programs which target certain gender, social status, ethnic, and/or 

racial groups and conduct outreach activities voluntarily, are just keeping demographic 

data records of participants for evaluation purpose. In some teacher preparational 

programs teachers’ teaching artifacts, and analysis of students’ work are observed and 

analyzed. To measure the effectiveness of programs, control and treatment groups are 

also assessed in some programs but very few programs have this practice in this 

collection.  The summary of assessment tools and methods used in mathematics 

outreach programs is given in the following table (see Table 3.4). 
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Table 3.4 Assessment tools and methods used in mathematics outreach programs 

Assessment tools and methods Number of programs 

 

Surveys 

Pre-post surveys 23 

Post surveys 16 

Exit/Evaluation surveys 19 

Interviews 14 

 

Statement 

Analysis 

Self-reflections 32 

Experiences 4 

Attitudes and perspectives 20 

 

Tests 

Content and skill 14 

Standard (SAT, AIMS…) 13 

Educational measurement scales (MCK, 

MKT…) 

25 

Observations 25 

Retention rates 10 

Enrollment records 8 

External evaluators 34 

Focus Groups 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Gangadhar Acharya, December 2017 

156 

CHAPTER 4  

SUMMARY OF THE RESEARCH 

The purpose of this study was to study university level mathematics outreach 

programs, investigate and analyze structural components and characteristics of these 

programs, and provide prototypical models for mathematics outreach programs. The 

study of characteristics of mathematics outreach provided ideas about the nature and 

role of mathematics outreach programs. These ideas along with the ideas drawn from 

the literature on development of educational outreach programs allowed us to develop 

a framework for the study of the structure of mathematics outreach programs. The 

observation on expected outcomes of mathematics outreach programs allowed us to 

classify these programs in 3 different types. The study of structure of mathematics 

outreach programs addressed the following questions:  

- What are structural components of mathematics outreach programs? 

- What are different variables in these structural components of mathematics 

outreach programs?  

- What are the most commonly used variables in mathematics outreach 

programs? 

- What is the relationship between structural components and types of outreach 

programs? 

4.1 Characteristics of mathematics outreach programs 

Generally, outreach programs provide services for underserved people who are not 

getting main stream services and/or are unaware of such services (Whowell, 2010; 

Alex, 2009). Mathematics outreach programs are established for the same purpose to 

provide educational services for such underserved populations.  

Mathematics outreach programs typically deliver educational activities in specific 

areas targeting specific populations by setting fixed achievement goals and time 

durations involving university/college faculty, and often other stakeholders. Such 

programs tend to include some portion of the following intents: enhance mathematical 

knowledge, motivate involvement in the field of mathematics, support entry to career 
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pathways via higher education, involve and encourage parents, provide assistantship, 

include facilities and service learning opportunities, and bridge the gaps in main 

stream services.  Thus, the program goals fall into three primary categories: 

- Motivational: increasing interest for pursuing degrees and careers in 

mathematically intensive fields, 

- Preparational: enhancing mathematical content knowledge and skills, 

- Motivational plus preparational: a combination of knowledge enhancement and 

increased interest, 

with the ultimate common goal of supporting entry to mathematics and/or STEM 

career pathways through higher education. 

4.2 Development of mathematics outreach programs 

Educational outreach programs are typically developed and implemented to fill 

identified gaps in the main stream educational services. Such gaps vary depending on 

community needs, availability of services, interest of people, races and ethnicities, 

socioeconomic status of people, and state and government policies. So, there is no one 

“document written in a stone” map to the development and implementation of 

education outreach programs for every time and situation. However, there are 

commonalities in practices for the development and implementation of educational 

outreach programs. This study identifies the following six common steps to the 

development and implementation of educational outreach programs in general:  

- Selection of issue 

-  Identification of audience 

- Decision for collaborating partners 

- Identification of goal 

- Implementation of programs: 

o Timeline   

o  Methods and media  

o Content and incentives  

o Budget 
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- Evaluation of outcomes 

Since mathematics outreach programs are educational outreach programs, the 

above steps are important for their development and implementation. Clearly the 

implementation of programs, and identifying and evaluating outcomes naturally 

follows identifying issues, target audiences, and suitable collaborating partners.   The 

two steps, identifying issues and target audiences, likely occur in tandem.   For 

example, if the issue is the lack of skilled teachers to teach mathematics in middle 

school, then the target audience might be school teachers teaching at the middle school 

level and/or pre-service teachers interested in teaching at that level. However, such 

issues completely rely on needs of local community. The most common issue of many 

mathematics outreach programs is to increase skilled manpower in mathematics 

intensive fields by addressing issues such as lack of students’ motivation and strong 

mathematical foundation. 

It is obvious that for the development and implementation of mathematics outreach 

programs funding plays a key role. The US government Department of Education and 

National Science Foundation are major sources of funding for such programs. In some 

cases, outreach funds are created locally and provided by university/college 

departments, student organizations, participants, and/or other community 

organizations.  

Asides from involving issues selection and budget, the other steps suggested for 

the development and implementation of mathematics outreach programs allow for 

significant diverseness. This diverseness was observed in 100 different mathematics 

outreach programs, and was recorded and analyzed in this study.   

4.3 Structure of mathematics outreach programs 

The summary model (frameworks) for the study of the structure of 

mathematics outreach programs consists of the following primary structural 

components: target area, target audience, expected outcome, design, and assessment 
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process. Content delivery and methods, involvement of project-personnel, and time-

duration of programs are also observed as secondary design components.  

Target Area: The data revealed that mathematics outreach programs target three 

variables: mathematics only, mathematics plus science, and STEM in general. Most of 

the programs targeted mathematics only followed by STEM, and then mathematics 

plus science. Target areas and outcome expectations of programs were related to each 

other. Most of the programs which aim to motivate students have collaboration with 

science, technology and engineering departments and their personnel, and are 

interdisciplinary in nature (mathematics and science, and/or STEM in general). On the 

other hand, most of the programs which aimed to prepare participants by developing 

their content knowledge and skills required for success in mathematics focused 

mathematics entirely.  Also, the target areas of programs were related to the target 

audience with most of the teacher preparation programs targeting mathematics only.  

Since the target areas of mathematics outreach programs have connection with 

expected outcome and target audience, and these two components depend on selected 

issues, the selection of issues for the outreach program provides direction to 

identifying the target areas. Hence, research suggests that if the plan is to develop a 

motivational outreach program, then the selection of target area should involve 

collaboration with other departments (Science, engineering, technology) and select 

target areas accordingly.  If the plan is to develop preparational mathematics outreach 

programs, then mathematics and education faculty should collaborate and target 

mathematics only. But if the desire is to develop motivational plus preparational 

outreach programs, then the target area should be selected in collaboration with 

personnel from mathematics, education, science, engineering, and technology fields 

(which specific area(s) you want), and have an interdisciplinary target area. 

Target Audience: Observation of the data set revealed that the target audience has 

two main variables: students and teachers, and some other combined variables: pre-

service teachers, teachers and administrators, student and teachers, postdoctoral 

fellows and parents. Most of the programs in the data set targeted students, followed 

closely by those targeting teachers, with a few had other Target Audiences. Targeting 
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teachers and students is consistent with the general educational outreach goal of filing 

the gaps in main stream education services. Our main interest was in varieties of 

students and teachers in different programs. The sub-divided categories of the student 

variable in the data showed most of the mathematics outreach programs target high 

school students, followed by middle school, then middle plus high school, elementary 

plus middle, and elementary school students. The teacher data showed most of the 

programs target middle plus high school teachers, followed by K-12, middle school, 

and elementary school teachers. Besides grade level, the target audiences were 

selected based on gender, ethnicity, educational level, interest and social status (of 

students), years of experience, and school community (of teachers).  

Observation of the data showed a relationship between target audience and outcome 

expectations. Most of the programs with motivational only and motivational plus 

preparational outcome expectations targeted students, and most of the programs with 

preparational only outcome expectations targeted teachers. Most of the programs 

targeting high school students had preparational outcome expectations, but most of the 

programs targeting students below high-school level had motivational and 

motivational plus preparational outcome expectations.  

These findings suggest that selection of target audiences is associated with 

outcome expectations.  So, to develop preparational outreach programs we should 

select students from higher grade levels and/or teachers form middle and/or middle 

plus high (secondary) schools as target audiences. To develop motivational and 

motivational plus preparational outreach programs we should select students from 

middle schools and lower grade levels, and teachers from K-12, elementary or 

elementary plus middle school as target audiences. Sometimes to develop and 

implement motivational and motivational plus preparational outreach programs 

students with their parents or teachers would be a good choice for the target audience. 

Since the ultimate goal of outreach programs is to provide services to underserved and 

needy population, besides these grade levels of teachers and students, mathematics 

outreach programs should also identify such underserved people within the previously 

described audiences.  
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Expected Outcome: Research showed that the expected outcomes of mathematics 

outreach programs have three variables: motivational outcome expectations, 

preparational outcome expectations, and motivational plus preparational outcome 

expectations. Most of the outreach programs housed in the universities/colleges’ 

mathematics departments have preparational outcome expectations and target 

mathematics, and most of the programs housed in other departments (sciences, 

engineering, technology) have motivational and motivational plus preparational 

outcome expectations and target STEM in general. Also, programs conducted in 

collaboration with mathematics and educational faculty tend to have preparational 

outcome expectations, and programs conducted in collaboration with mathematics, 

science, engineering, and technology faculty had either motivational only or 

motivational plus preparational outcome expectations.  All other components are 

predicted on the choice of the desired outcome expectations identified above. 

Findings indicated that expected outcomes of programs also rely on the selected 

issues, collaborating partners, and location of the outreach programs. Thus, to set up 

outcome expectations of programs one should select issues of interest to the local 

community, decide where to locate outreach programs, identify collaborating partners, 

and then establish the goals of programs. 

Project Personnel: Project personnel have a significant role in the development of 

good programs and ensure the success of such programs. In this study project 

personnel had great diversity. The major variables of project personnel found in this 

study were:  university faculty, professionals, educators, scientists, college/university 

students, school teachers and administrators, business representatives, alumni of 

programs, and personnel from educational service centers. University/college faculty 

are the common variable in all mathematics outreach programs. Most of the programs 

in this study had mathematics faculty involvement followed by education faculty and 

then STEM faculty.  

Since this is the study of university level mathematics outreach programs, 

faculty involvement in all programs is reasonable, but our interest was on the 

relationship between various types of faculty (mathematics, education, or STEM) 
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involved and types of programs (motivational, preparational, motivational plus 

preparational). Our observations showed STEM faculty involvement was associated 

with programs having motivational outcome expectations while mathematics faculty 

and education faculty involvement was associated with programs having preparational 

outcome expectations. Most of the teacher-preparational programs had faculty 

involvement from mathematics and education departments. Such programs focused on 

mathematical content and the pedagogical skills of teachers.  

Some outreach programs had university/college student involvement. Most of the 

programs involving graduate students had preparational outcome expectations and 

targeted students, and most involving undergraduate students had motivational and 

motivational plus preparational outcome expectations and targeted students.  Graduate 

students typically functioned as facilitators, instructors, organizers, mentors, and 

creators (creating activities to engage school level students), and undergraduate 

students typically acted as mentors, creators and helpers. Involvement of professional 

developers, business and industry representatives, program alumni were common in 

student-targeted motivational, and motivational plus preparational outreach programs. 

School teachers were often involved in teacher-preparational programs with school 

administrators.   

The involvement trend of project personnel in the mathematics outreach programs 

in this study suggests the following pattern of project personnel for the three types of 

mathematics outreach programs:  

- Development and implementation of motivational outreach programs should 

involve effective collaboration of STEM faculty, educators, undergraduate 

students, program alumni, STEM business/industry representatives, and/or 

parents  

- Development and implementation of preparational outreach programs should 

involve effective collaboration with mathematics and education faculty, 

graduate and/or undergraduate students, professional developers, school 

teachers and/or administrators  
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- Development and implementation of motivational plus preparational outreach 

programs should involve effective collaboration with STEM faculty, education 

faculty, university/college students, school teachers and administrators, 

professional developers, business representatives, parents and/or STEM 

professionals 

Duration of Programs: The outreach programs observed in this study ranged in 

duration from very short (1 day, or even 1 hour) to very long (7 years). The data 

reveled that most of the programs in this collection have duration between 1 academic 

year (9 months) to 1 year, followed by programs having more than 1 year to less than 

5 years. These were followed by programs having shorter durations of more than 1 

week to less than 1 academic year, and then those with very short durations of 1 day to 

1 week.  A small number of programs have duration of more than 5 years.  Most of the 

motivational outreach programs have duration between 1 day and 1 week, and most of 

the preparational and motivational plus preparational programs have duration more 

than 1 week.   

These findings suggest that if program intend to motivate a targeted population 

to pursue degree in mathematics and choose careers in mathematics intensive fields, 

then they should have short durations. If programs intend to develop the mathematical 

content knowledge and skills of the targeted population then they should have longer 

durations.  Also, if programs intend to motivate targeted population and prepare them, 

then they should have longer duration.  

The average duration of preparational and motivational plus preparational 

programs was between 1 academic year to 2 years, and that for motivational programs 

was less than 1 week.  Though short in duration, motivational programs with intense 

activities such as involvement with tutors and STEM faculty, interaction with STEM 

professionals, and so on, should spread these activities throughout the academic year 

rather than during a one week period.     

Delivery of programs: Observation of the data with regards to the delivery 

component of mathematics outreach programs identified a wide variety of delivery 

methods: content courses, trainings, mentoring/counseling, field visits/observations, 
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research activities, seminars/colloquia/conferences, interactions with role models, 

hands-on activities, guest lectures, fun activities, lecture, group activities, problem 

solving activities, and demonstrations. Technology was commonly used in all 

programs with the exception being some programs which focused only on problem 

solving activities (like math circles). Group activities were included in most of the 

mathematics outreach programs. Courses focusing on mathematical content 

knowledge and skills were the delivery mechanisms favored by programs with 

preparational outcome expectations, with Lecturing being the delivery method of 

choice.  Face-to-face training was frequently used to provide professional 

development training for teachers in teacher-preparational programs and to orient new 

participants with respect to the process and objectives of mathematics outreach 

programs. The data reveled that such training was commonly conducted in programs 

aimed at preparing professionally qualified teachers in mathematics and/or STEM 

fields. Hands-on and real-life activities were common in most of the programs having 

motivational and motivational plus preparational outcome expectations, and in some 

programs with preparational only outcome expectations.  

Workshops were conducted in about one third of the observed mathematics 

outreach programs. This variable was symmetrically distributed among all three types 

of mathematics outreach programs (motivational, preparational, and motivational plus 

preparational). In some programs participants were involved in research activities and 

were commonly associated with programs having preparational outcome expectations. 

Seminars, colloquia, and conferences were organized in some programs to provide up-

to-date information and present findings of research works relevant to mathematics 

and STEM fields. Most of these programs had preparational and/or motivational plus 

preparational outcome expectations. Visualization of concepts using technology was a 

delivery method used in about one fourth of the programs.  

Counselling and/or mentoring were commonly used in motivational, and motivational 

plus preparational outreach programs with the intent of providing motivation and 

encouraging perseverance.  Discussion and problem-solving sessions were common in 

about one third of the preparational outreach programs. 



Texas Tech University, Gangadhar Acharya, December 2017 

165 

The other variables including interaction with role models, guest lectures, fun 

activities, and career fair/ information activities were used in student-targeted 

programs with motivational and/or motivational plus preparational outcome 

expectations. Field visits and observations were included in programs to provide 

hands-on experiences and concrete models of abstract ideas. Overall few programs 

have this practice but it was common in both motivational only and preparational only 

mathematics outreach programs. 

In addition to these major variables a few programs used competitions, panel 

discussions, storytelling, report writings, action research, and network developments 

as delivery methods. Four of these were included in outreach programs having 

motivational outcome expectations and three were included in programs having 

preparational outcome expectations.  

These observations involving the delivery component suggest the following 

delivery methods should considered for each of the three basic outreach program 

types:  

- For motivational outreach programs: Group activities, hands-on activities, 

orientation trainings, workshops, interaction with role models, career 

fair/career informational activities, guest lectures, competitions, panel 

discussions, visualization 

- For preparational outreach programs: content courses, group activities, 

professional development training for teachers, workshops, research activities, 

discussion and problem solving, seminars/colloquia/conferences, project work, 

report writings, action research, visualization, and network development, 

- For motivational plus preparational programs:  a combination of delivery 

content and methods from both motivational and preparational outreach 

programs.  

Assessment process: To assess the impact of mathematics outreach programs various 

assessments were used. The major assessment tools found in this study were survey, 

interviews, observations, reflections form participants and/or associated personnel, 

retention rates in programs, enrollment records, focus groups, and/or regular class 
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content or skill tests. The majority of the programs conducted surveys.  Next in 

popularity came participants’ reflection and analysis thereof, followed by standardized 

tests, observations, interviews, retention rates, enrollment records.  A few of the 

program used focus groups. Besides these major tools, degree completion rates, 

participant-students career choice, contest participation and their results, teachers’ 

social network, teaching artifacts and portfolio, project and proposal, and teachers’ 

analysis of students’ work were also used to assess project outcomes.  

Pre-post surveys were commonly used in student-targeted motivational, and 

motivational plus preparational programs, but post only and exit surveys were 

commonly used in preparational outreach programs. Participant-students, parents, 

instructors, teachers, and programs observers were interviewed and these interviews 

commonly were used in teacher-targeted preparational outreach programs. 

Observation was commonly used in NSF funded teacher-preparational outreach 

programs.  Participants were observed to assess change on their teaching practices and 

knowledge and skill levels in targeted subject areas. In addition, statements made by 

participants and program associated personnel in the form of self-reflections, 

experiences, and perspectives were analyzed to assess the impact of outreach 

programs.  Self-reflections were commonly used in teacher-targeted preparational 

outreach programs, experiences and perspectives were commonly used in motivational 

and motivational plus preparational outreach programs. Standardized test like SAT 

were commonly used in student-targeted preparational programs, and educational 

measurement instruments like MCK, MKT were commonly used in teacher 

preparational programs. Enrollment and retention records were commonly observed in 

student-targeted programs.  

To assess the grant funded outreach programs, external evaluators were commonly 

used. Some donor paid programs (sponsored by participants or their family), and 

voluntarily conducted programs were not vigorously assessed for their impact. In 

some specific characters (gender, ethnicity, social status) targeted programs had just 

reported demographic related to the students.  



Texas Tech University, Gangadhar Acharya, December 2017 

167 

Thus, the trend of assessment of mathematics outreach programs showed that 

mathematics outreach programs assessment processes depend on their outcome 

expectations and are driven by the organizers’ interest in approving the program and 

by funding sources requirements.  

- If programs are sponsored by participants or participants’ family, assessment is 

not mandatory (there were some programs in this study for which the 

assessment process was not available).  

- Programs run or sponsored by non-profit organization focus more on 

demographical data. 

- Government source funded programs require standard professionally 

recognized and convincing assessment processes and data. 

In general, if programs have preparational outcome expectations, then they should 

assess participants' content and skill level using standardized, and/or locally developed 

valid and reliable testing tools. Also, such programs can use observations with 

standardized protocols, interviews, and participants' statements in different forms to 

assess the impact of programs. On the other hand, if programs have motivational 

outcome expectations, then programs should assess their impact using pre-post survey 

for participants and/or program observers, sponsors and conductors. Such survey 

should ask about participants' expectations from the programs at the beginning and 

their satisfaction at the end to know whether they achieve what they wish. Pre-post 

surveys can also be used to see the changes in knowledge and skill level of 

participants. Sometime post only and exist surveys can be used to get the participants 

satisfactions; however, such survey results wouldn’t provide measurable outcome for 

programs’ effectiveness. In case of funded programs, assessment process should 

follow the funding agencies requirements. Such programs should hire external 

evaluators and ask for necessary results.  
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CHAPTER 5  
RESEARCH IMPLICATIONS 

5.1 Conclusions 

The ultimate goal of this study was to provide prototypical models for 

mathematics outreach programs intended to increase the numbers and/or diversity of 

students in mathematics and STEM fields.  Based on this study the significant issues 

commonly addressed by mathematics outreach programs are  

- Students, parents and/or teachers being unaware of the availability of diverse 

career options associated with mathematics and applications of mathematics in 

real world 

- Students being uninterested in studying mathematics and/or pursuing careers in 

mathematics intensive fields 

- Students being unprepared for further study in mathematics and STEM 

subjects in general 

- Teachers being unprepared to teach further mathematics and STEM subjects in 

general 

Mathematics outreach programs typically aim to address at least one or more of the 

above issues. Moreover, the program’s outcome expectations are directly related to the 

identified issues being addressed by the program.  Programs with motivational 

outcome expectations tend to address the first and/or second issue, while programs 

with preparational outcome expectations tend to address the third and/or fourth issue. 

Programs with motivational plus preparational outcome expectations tend to address 

some combination of first and third, second and third, first and fourth, second and 
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fourth issues and so on.   Also, as one would expect, the outcome expectations are 

related to all the other structural components of mathematics outreach programs and 

these structural components are driven by the project outcome expectations. Thus, the 

following models are presented for the three distinct types of mathematics outreach 

programs: motivational, preparational, and motivational plus preparational.  

5.2 Model for Motivational Mathematics Outreach Program 

Issues: The possible issues to be addressed by motivational outreach programs are 

- Students’ lack of knowledge about career opportunities associated with 

mathematics 

- Students’ lack of knowledge about applications of mathematics in real life and 

the real world 

- Students’ lack of interest in solving mathematical problems 

- Students’ lack of interest in pursuing a degree in mathematics and choosing a 

career in mathematics intensive fields 

- Teachers’ lack of knowledge about career opportunities associated with 

mathematics 

- Teachers’ lack of knowledge about applications of mathematics in real life and 

the real world 

Target Area: This study suggests that the target area for motivational outreach 

programs should focus on STEM in general. This suggestion is reasonable because to 

address issues associated with motivation we should provide real-life applications of 

mathematics and career opportunities associated with mathematics, with the 

expectation being to encourage the uninterested population to study mathematics and 
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choose careers in mathematics intensive fields. As discussed in the literature review in 

chapter 1, mathematics provides the platform and general language for all science, 

engineering, and technology courses, but it is not as easy to see this connection of 

mathematics to daily life as it is for the natural sciences, engineering, and technology. 

The selection of STEM as the target area provides opportunities for the students to see 

the connection of mathematics with other STEM subjects, hence to the real world and 

real life.  

Target Audience: The findings of this study suggest that K-8 students should be the 

primary target audience for motivational outreach programs, with teachers and parents 

as a secondary focus. Research into gender stereotypes indicates that girls at the age of 

six believe that brilliance is a male trait (Davis, January 27, 2017). Also, children’s’ 

interest in science and mathematics starts decreasing around the age of 11 (Krapp, 

1999). Such research supports starting motivational activities in the early grades. 

However, it also suggests that the nature of activities targeting early childhood 

students should differ from those targeting older elementary and middle school 

students. Early childhood programs should focus on encouraging messages/activities 

to overcome discouraging stereotypes, while programs targeting older elementary and 

middle school students should focus on applications and hands-on activities that 

provide connections between mathematics and real-life situations. Educational 

researcher form Technical University of Munich found that   teachers’ classroom 

dialogue and teaching methods are associated with students’ interest in mathematics, 

and teachers’ participation in professional development workshops can contribute to 

their students’ motivation (A sudden interest in math, May 12, 2013). Thus, 
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motivational mathematics outreach programs might target teachers at the elementary 

and middle school level.   

Expected Outcomes: The expectations of a motivational mathematics outreach 

program should directly address the identified issues. Thus, the primary goals of such 

outreach program should include some or all of the following: 

- Increased students’ awareness of career opportunities in STEM areas 

- Increased students’ awareness of the role of mathematics in everyday life 

- Increased students’ interest in pursuing degrees in mathematics and choosing 

careers in mathematics intensive fields 

- Increased teachers’ awareness of career opportunities in STEM areas  

-  Increased teachers’ awareness of the role of mathematics in everyday life 

Project Personnel: For the motivational outreach programs, the suggested target area 

is STEM in general, so the involvement of personnel associated with STEM fields 

would be the suitable choice. As suggested by Perna (2000), involvement of adult role 

models should be one of the major components in such programs. These could include 

STEM faculty, undergraduate students, alumni of programs, educators, and 

representatives from business and industry.  If the target audience includes minority or 

other under served groups of students then involvement of role models and 

professionals from same groups should be included as project personnel. In 

mathematics, such groups might include Hispanics, African Americans, women, and 

Native Americans.  

Duration: Results from this study suggest an average duration of about one week or 

less for motivational outreach programs. A key component of successful STEM 

outreach programs is adequate instructional and intervention time (National Research 

Council, 2011). Of course, duration depends on the types of activities and 

interventions.  In general, if the program’s aim is to disseminate career information 
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and present role models from particular fields then short durations are reasonable. 

Whereas, if the program’s aim is to provide hands-on experiences and extract 

mathematical concepts associated with certain activities (games, fun activities, etc.), 

longer durations might be better.  Research indicates that the content of one-day 

workshops is quickly forgotten. Thus, groups working together on a topic over a 

longer period of time might be more effective (A sudden interest in math…, May 12, 

2013). To intrinsically motivate a targeted population and help the participants to 

persevere in mathematical endeavors longer term duration might have greater impact. 

Such could be achieved by distributing program activities over different days 

throughout months or even years. Also, intensive motivational activities could be 

followed by ongoing advising and/or mentoring throughout the years. 

Delivery:  Group activities, hands-on activities, orientation trainings, mentoring, 

counseling, workshops on real life experiencing activities, interaction with role 

models, career counseling and awareness, guest lectures, competitions and panel 

discussions are the major types of activities suggested by this study for the 

motivational outreach programs. Also, the 10 major intervention strategies for 

increasing the diversity of students in the STEM fields are workshops, career 

counseling, mentoring, academic advising, research experience, summer bridge, 

tutoring, learning center, financial supports, and curriculum and instructional reform 

(Tsui, L., 2007). Among these 10 strategies, workshops, career counseling, mentoring, 

and academic advising are most consistent with the findings from this study. Since 

motivation is essential for increasing interest in the STEM fields, these types of 

activities are suggested for motivational outreach programs intended to increase 

diversity in the STEM fields.   

 Financial support is an extrinsic motivator for any Target Audience, but this support 

depends on the availability of funding and policies of funding agencies.  The history of 

mathematics, narrative about mathematicians, storytelling, field visits, and action 

research are some other alternatives that can be used in the development and 

implementation of motivational outreach programs. Research suggests that interest in 

subject, motivation, and self competence levels increase in the students whose teachers 
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regularly participate in professional development programs (A sudden Interest in 

Math, May 12, 2013). Thus, in addition to the above student-centered activities 

professional development training for teachers is an important delivery component for 

many motivational outreach programs.   

Assessment process: The following assessment platforms are used to assess the 

motivational mathematics outreach programs’ outcomes: 

- Pre-post surveys to assess the program’s impact on certain students’ 

dispositions of interest (math self efficacy, interest in math, importance of 

math, etc.)    

- Interviews with the participants looking for change in participants perspectives 

towards the program 

- Third party observations of participants’ involvement with project activities 

and interaction with project personnel 

- Demographic data comparison pre-and post project (number of target audience 

pursuing degrees in STEM fields, etc.)  

- Assessment of extent to which the project met the project goals as required by 

the project stake holders (government funding agency, private foundation, etc.) 

5.3 Model for Preparational Mathematics Outreach Program 

Issues: The possible issues to be addressed by a preparational mathematics outreach 

program are 

- Students’ lack of mathematical content knowledge to succeed in advanced 

mathematics courses. 

- Students’ lack of mathematical knowledge and skills to solve mathematical 

problems. 

- Students’ lack of mathematical course work and mathematical environment 

(community and/or circle of mathematically minded people) to develop 

mathematical habit of minds. 

- Students’ lack of understanding and learning of mathematical ideas. 

- Teachers’ lack of mathematical content knowledge needed to teach advanced 

mathematics. 
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- Teachers’ lack of ideas to explore mathematics and connect mathematics with 

real world situations. 

Target Area: Every preparational mathematics outreach program in this study focuses 

on providing students with the mathematical knowledge and skills required for 

advance mathematics and STEM disciplines, and/or teachers with the knowledge 

required to teach advanced mathematics. Moreover, preparational programs are also 

needed to produce professionally competent teachers with pedagogical knowledge and 

skills. Such pedagogical knowledge and skills are typically supported by content from 

educational psychology, curriculum and instruction, and other general education areas. 

Such content is a suitable target area for teacher preparational mathematics programs. 

Target Audience:  The ultimate goal of preparational mathematics outreach programs 

is to prepare competent and qualified manpower in the field of mathematics. As 

mentioned in Conway (2001), expecting competent mathematics manpower in 

university/college level without serving students at school level is similar to expecting 

ripe fruit from a plant without watering its roots. Also, students’ mathematics learning 

is significantly affected by teachers’ mathematics content knowledge and teaching 

skills. Thus, the target audience for preparational mathematics outreach programs 

should be school students, teachers, or both.  Another concern with regard to 

appropriate target audience selection is grade level of students or teachers.  In our 

study, most programs targeted high school (grades 9 through 12) students or teachers 

of middle school (grades 6 through 10). According to Morin (n. d.) students starts to 

understand multiple representation of numbers and other abstract mathematical ideas 

at high school level.  Also, they begin to study algebra at middle school level. Both of 

which are greatly associated with students’ success in advanced mathematics. Thus, 

high school students and middle school teachers are suitable choices for target 

audiences.  

Expected Outcome: Clearly the project expected outcomes are directly associated 

with the project’s identified issues. In case of preparational mathematics outreach 

programs a major issue is the lack of mathematical content knowledge and skills on 

the part of middle and high school students needed to be successful in more advanced 
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mathematics and STEM disciplines. For middle school teachers, the major issue is 

lack of content knowledge of mathematics and pedagogical knowledge needed to 

teach the mathematics for their student to be successful in advance mathematics 

courses to follow.  The expected outcomes of preparational outreach programs should 

be  

- Enhancement of students’ (mostly high school students) mathematical 

knowledge and skills required to be successful in subsequent advanced 

mathematics courses and STEM areas.   

- Enhancement of teachers’ (mostly middle school teaches) knowledge of 

mathematics needed to teach the mathematics (mostly algebra and geometry) 

their students will need to know in order to be successful in subsequent 

advanced mathematics courses. 

- Enhancement of teachers’ pedagogical content knowledge pertaining to the 

teaching of mathematics.    

 

Project Personnel: Selection of project personnel should be compatible with targeted 

area, Target Audiences, and outcome expectations of the program. In general, 

preparational mathematics outreach programs focus on mathematical knowledge and 

skills of students and/or mathematical knowledge and pedagogical content knowledge 

of teachers. Thus, the project personnel should include research mathematicians and 

mathematics educators.  (CBMS MET II document) Additional personnel could 

include graduate and undergraduate mathematics students, professional developers, 

and school teachers and administrators. 

Duration: Preparational mathematics outreach projects in this study had an average 

duration between 1 to 2 years. However, depending on the outcome expectations and 

planned content/activities duration of program may vary. Since preparational 

mathematics outreach programs focus on the development of a deep understanding of 

mathematics on the part of the target audiences, should have longer durations than 

motivational outreach programs. Again, as mentioned previously adequate 

instructional and intervention time really matters for the success of an outreach 
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program. Thus, depending on the comprised activities, time constraints of targeted 

population, locality of program, and other affecting factors duration of programs 

should be adjusted.  

Delivery: When making decision about delivery of content and methods you should 

survey your target audiences for their level of mathematical knowledge, level of 

interest, and learning behavior. The delivery components found in the preparational 

mathematics outreach programs included in this study are content courses, group 

activities, professional development training for teachers, workshops, research 

activities, discussion and problem-solving sessions, seminars/colloquia/conferences, 

project works, report writings, action research, visualization, and network (learning 

community) development. For all activities, it is important to have good compatibility 

among interest of the audience and interest of content providers, selection and 

arrangement of activities, and time management.  

Assessment Process: The following assessment options are used by preparational 

mathematics outreach programs:  

- Pre-post survey for the content knowledge and skills development of the 

participants.  

- Post only survey for a control group and the treatment groups.  

- Pre-and post standardized content and skill tests. 

- Pre-and post mathematics and mathematics teaching self-efficacy measures. 

- Classroom observation for teacher preparational programs. 

- End of program evaluation survey of participants. 

- Assessment of extent to which the project met the project goals as required by 

the project stake holders (government funding agency, private foundation, 

etc.). 

 

5.4 Model for Motivational Plus Preparational Mathematics Outreach Program 

Motivational plus preparational outreach programs are a mixture of 

motivational and preparational outreach programs. Rather than repeating much of the 
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descriptions from the previous two models, we provide a hypothetical model for a 

motivational plus preparational program in a hypothetical situation. 

Hypothetical model for motivational plus preparational outreach program 

Statement of Situation: Research has revealed that students perceive algebra as being 

too difficult for eight graders. They think algebra would be important for their high 

school level courses but they don’t believe that algebra will be useful in their careers 

or in real-world situation (Reyes 2012). Reyes had conducted focus group interviews 

for students’ perceptions on algebra, and presents one student’s (named Sky) response 

as follows:   

I ask Sky what comes to her mind when she thinks about algebra. 

“Equations,” she says. “I get nervous when I think about algebra.” 

She tells me that she doesn’t like anything about algebra and that she 

dislikes it because “it’s sometimes hard to understand.” I ask Sky 

about the appropriateness of the algebra she is learning for eighth 

grade students. She tells me how a lot of math this year she “didn’t 

know the basics of how to do it, so it was harder…if it could have been 

explained longer, if we had more time to understand it, that would have 

been better.” She continued, saying, “The pace was really fast. You 

learn something different every day.” She didn’t think the math was too 

hard for eighth grade, but “it’s just too much.” Sky described a typical 

day in her math class as completing warm-up problems, taking notes, 

and then working on class work or homework “over everything you 

talked about that day.” (P. 82) 

 

Identified Issues: Students are not interested studying algebra because they don’t 

believe that it is useful in their careers and in the real-world situations. They feel 

algebra is too difficult to understand, and expect more time from their instructors to 

understand it. Also, they don’t believe that they have sufficient background to take 

algebra, and they don’t believe their teachers are using appropriate methods of 

teaching algebra. The two relevant issues are students’ motivation and teachers’ 

preparation, thus suggesting the use of a motivational plus preparational mathematics 

outreach program. 

Target Area: The objective of this program is providing motivation for eight grade 

students to learn algebra and providing eight grade teachers with the mathematical 

content and pedagogical knowledge to teach algebra and motivate their students. Thus, 
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the primary target area of this program will be mathematics (algebra focused) backed 

by other STEM courses.   

Target Audience: Middle school students and middle school teachers. 

Expected Outcome:  

- Motivate students to study algebra by connecting algebra with their potential 

future careers, providing application of algebra in real-life situation, and 

changing their perspective that algebra too difficult.  

- Prepare qualified and professional teachers to teach algebra at the middle 

school level so that they can motivate and prepare their students to pursue 

degrees in mathematics and choose careers in mathematics intensive fields. 

Project personnel: This program demands the personnel form the students’ field of 

interest, and adult role models. It also expects the collaboration with university/college 

STEM departments, community schools, and STEM business and industries. So, 

project personnel will be university level mathematics faculty and assorted STEM 

faculty, graduate/undergraduate students, representatives from students’ fields of 

interest and experienced school teachers. 

Duration: One year- one academic year for students’ motivational activities, one 

academic year and/or one summer for teachers’ content knowledge and skills 

development activities. However, duration relies on locality of program, targeted 

participants time constraints, availability of funding and other related factors of local 

community.  

Delivery:  

Motivational Activities 

- Survey to identify students’ inherent interest: What are their anticipated 

careers? (Careers such as medical doctor, engineer, lawyer, professor, teacher, 

writer, philosopher, etc. are anticipated.) Before designing program activities, 

we should identify such innate interest of students.  

- Involve experts from students’ career fields of interest: After identification of 

students’ innate career interest, we should find personnel from those fields of 

interest so that they can address students’ curiosities and provide hands-on 
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experiences for the application of algebra in those fields. Mathematics faculty 

working in diverse areas can serve as experts in many cases such as faculty 

working in mathematics biology can provide hands-on examples for the 

application of algebra in medical fields, faculty working in statistics can 

provide hands-on examples for image analysis, faculty working in control 

theory can provide hands-on examples for the application of algebra in fields 

of engineering and so on. Also, we can invite people (role models) working in 

such fields of interest as guest speakers. Middle school teachers are 

encouraged for their participation in these activities. 

-  Design and provide hands-on activities to connect algebra with the real-life 

situation: For example, suppose you have certain number of dollars to buy gas 

and you wish to know how many gallons of gas you can buy with your budget. 

You will need knowledge of algebra. Also, in shopping for groceries and 

understanding utility bills we need knowledge of algebra, and so on.  

- Relate algebra with arithmetic: The main challenge associated with algebra 

learning is the correct way of using symbols (Wu, 2009). Once we know this 

everything leads back to arithmetic. We should provide students with sufficient 

hands-on examples and involve their teachers in these activities. 

- Involve adult role models: Graduate and undergraduate students majoring in 

mathematics can serve as adult role models and/or mentors for middle school 

students.  

Preparational Activities for teachers’ algebra content and skill development 

The problem statement reveals the lack of teachers’ mathematical teaching skills 

and algebra content knowledge. This requires teachers’ algebra background 

knowledge and skills development. Teachers should have sufficient content 

knowledge for teaching algebra. To decide where to start in teachers’ preparational 

program we should identify the teachers’ existing level of mathematics content 

knowledge required for teaching algebra. For this purpose, we can observe teachers’ 

teaching classes, and evaluate teachers’ teaching artifacts. However, research show 

teachers’ deficiency in understanding of number systems and their properties which 
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are directly associated with algebra teaching and learning. In this situation teachers 

should be provided with knowledge of numbers (integers, rational numbers, irrational 

numbers, real numbers) and their properties. For this purpose, we can offer classes or 

run workshops depending on availability of funding, targeted teachers’ location, and 

time availability. To strengthen teachers’ algebraic background the following content 

topics and steps are suggested: 

- Introduction of whole numbers and properties 

- Introduction of integers and properties 

- Introduction of rational numbers and properties 

- Introduction of irrational numbers and properties 

- Introduction of real numbers and properties 

- Introduction of symbols (variables) and use of these symbols in discussion of 

properties of numbers 

- Focused activities to address the incoherency of mathematics teaching: 

According to Wu (2009) there is incoherency in the US school mathematics 

curriculum and mathematics teaching practices. The complexity of 

mathematics increases as we move from whole numbers to real numbers, 

however teaching practices rely on the use of hands-on activities, metaphors 

and manipulatives and often avoid the use of symbols. The US school 

mathematics curriculum tends to by passing the use of variables and symbols 

(the abstraction on mathematics) until algebra courses. This creates gaps and 

hard feeling for students trying to study algebra. In our mathematics outreach 

program, we can involve activities to encourage teachers to use such symbols 

when teaching mathematics from grade 5 to grade 8, specially in teaching 

fractions. So that students will experience a smooth transition from arithmetic 

to algebra and appreciate the continuity of mathematics.  

- Practices to minimize human errors in algebra teaching and learning: Algebra 

itself has inherent learning difficulties because of use of symbols, 

generalization of ideas, and its abstract nature demanding more precision 

(precise description of what is what) than arithmetic (Wu, 2009). Furthermore, 
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human created errors in the process of developing curriculum, and teaching 

practices have added the level of difficulties. For example, teachers skip 

detailed explanation of variables (just say some quantity that varies) and go 

directly to expressions. An expression is then defined as “a construction” 

which is an assemblage of symbols and numbers as defined in common core 

standards (2009) on algebra. On the other hand, the common core standards 

say rules of arithmetic can be applied to transform an expression without 

changing its values. But neither teachers nor textbooks explain why we can 

apply the rules of arithmetic in expressions. As another example, many algebra 

textbooks present the idea for solving the equation,          by the 

process of completing square. Teachers follow the same rules and help 

students solve such equations by completing square. Students find the answer  

      

 
 , but don’t know what it means for the letter x to equal this number.  In 

this equation we can see that the sum of a symbol and its square is equal to 

number 1, but not know how the sum of a bunch of symbols equals to a 

number? There are many such examples in algebra textbooks and teaching 

practices.   The real issue is a lack of understanding of the concept of 

“variable” on the part of many students and even some teachers.   

We should begin to address this issues via our preparational outreach program 

as early as grade 3 by introducing activities using what we call “X-tiles”.  An 

X-tile is a 2-inch by2 inch tile with the letter X on one side and an integer from 

1 to 20 (say) on the other side, that is 20 tiles with an X on one side and one of 

the numbers 1, 2, 3, ….,20 on the other side. An activity could begin by 

passing out the X-tiles to the students and asking whose X-tile is 4, whose X-

tile is 10, whose X-tile is 20, and so on. The point is that X can be any of these 

numbers. Then we can ask each student to say what number is given by their 

X-tile + 4 (expression X+4).  We could do the same for X-tile + 6, or X-tile + 

8, and so on.  Then we could ask which student’s X-tile satisfies the equation 

X+3 = 8?  In higher grades, we could continue with equations 2X=6, 2X=20, 

and so on, using X-tiles.  and eventfully equations like             
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  . The expectation would be that by time the student (and teachers) in algebra 

would have no problems with equations like          , expecially if the 

teacher expressed the problem as “If we have a number    for which       

    , solve this equation to find that number  .”  Now this equation makes 

sense and solution also makes sense.  

Assessment Process: 

- Pre-post surveys focused on students’ interest pursuing degrees in mathematics 

and choosing careers in the field of mathematics 

- Exit survey for students’ perceptions on algebra 

- Follow up observations for the students’ math progress, degree choice and 

career choice 

- Pre-post surveys focusing on teacher math and math teaching self-efficacy 

issues 

5.5 Executive Summary 

The following is a summary of our findings regarding the three motivational 

questions posed in Chapter 2: 

Question 1: What are the different types of mathematics outreach programs?  

Our study has identified three types mathematics outreach programs based upon their 

expected outcomes: motivational, preparational, and a combination of motivational 

and preparational. 

Question 2: What are the structural components in mathematics outreach programs? 

Our study has identified the following structural components: target area, target 

audience, expected outcome and assessments, along with project personnel, duration, 

and delivery as design components. 

Question 3: What questions must be addressed in the development and implementation 

of a mathematics outreach program? 

The following questions must be addressed by any mathematics outreach program 

developer:  

What are the local issues that need to be addressed? 

What type of outreach program  is best used to address these local issues? 



Texas Tech University, Gangadhar Acharya, December 2017 

183 

What would be the target area of your program? 

Who would be the target audience(s) in your program? 

What project personnel are needed in your program? 

What would be the approriate duration of your program? 

What content and methodologies  would you use to deliver your program’s 

 activity? 

How would you assess your program? 

 Multiple options for answers to these questions have been described and 

summarized for the 100 prominent math outreach programs in this study.  It is hoped 

that the information provided in this study can provide guidelines for anyone wishing 

to design and implement a mathematics outreach program sutiable for their unique 

situation.  
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