




     

Project-Based Instruction 
Project-Based Instruction (PBI) is the capstone course in the sequence of professional 
development courses (Knowing and Learning, Classroom Interactions, and PBI) UTeach 
students take prior to Apprentice Teaching. PBI is the course in which a number of the 
major principles and themes of the UTeach program—integration of mathematics and 
science content; infusion of technology in representation, analysis, modeling, 
assessment and contextualization of content; immersion in intensive field-based 
experiences; and a focus on designing equitable learning environments—are 
synthesized as the students develop an intellectually challenging project-based 
instructional unit. When students complete PBI, they are fully prepared for Apprentice 
Teaching. 
 
In addition to the unique Core Components and Course Objectives listed below, all 
UTeach courses are designed in accordance with the UTeach Course Design Principles. 
See the section above, UTeach Instructional Design Framework, for descriptions of 
these principles. 

Core Components 
            

 Course is taught by faculty actively engaged in research in mathematics and science 
education and who have experience with project-based instruction (PBI). 

 Students participate in an intensive, highly coached secondary field experience 
comprised of classroom observations of PBI; field-based implementation of problem-
based lessons; and management of wet lab and field-based learning environments. 

 Course incorporates a variety of instructional approaches, distinguishing among 
project-based and other examples of inquiry-based instruction. 

 Course emphasizes the perspective of teacher as designer of the learning 
environment, stressing adaptation over adoption of curriculum. 

 Key instructional approaches include intensive coaching of students by master 
teachers, modeling of effective instructional strategies, classroom discussion, 
student reflection, collaboration, and peer coaching. 

 
This course is offered as a key component of the UTeach professional development 
sequence on the premise that project-based instruction engages learners in exploring 
authentic, important, and meaningful questions of real concern to students. Through a 
dynamic process of investigation and collaboration and using the same processes and 
technologies that real scientists, applied mathematicians and engineers use, students 
work in teams to formulate questions, make predictions, design investigations, collect 
and analyze data, make products and share ideas. Students learn fundamental science 
and mathematical concepts and principles that they apply to their daily lives. Project-
based instruction helps all students regardless of culture, race, or gender engage in 
learning. 



     

 
Whereas in Classroom Interactions, students gain experience designing a sequence of 
several lessons that they teach to a high school class, in PBI, students design full units 
of connected lessons—a skill that is required in Apprentice Teaching. PBI also provides 
students with the experience of managing lessons and students outside a classroom, in 
a field setting. 
 
Despite its name, PBI incorporates a variety of instructional approaches, focusing on 
differentiating between project-based instruction and other inquiry-based methods. In 
addition, PBI requires students to incorporate various technologies into the units they 
plan. 
 
Instructional Emphasis A major focus of this course is in developing an approach to 
designing, implementing and evaluating problem- and project-based curricula and 
processes by employing approaches that have emerged from collaborations between 
teachers and researchers. Specifically, four common design principles are emphasized: 
(1) Defining learning appropriate goals that lead to deep understanding; (2) Providing 
scaffolds such as beginning with problem-based learning activities before completing a 
project; using "embedded teaching," "teaching tools" and a set of "contrasting cases"; (3) 
Including multiple opportunities for formative self assessment; and (4) Developing social 
structures that promote participation and revision.  
 
PBI has three essential components: 
 
• Theory-driven perspective: Students learn about how people learn and how project-

based instruction may be among our most informed classroom learning 
environments for bridging the gap between theory and practice. 

• Instructional Development: Technological and pedagogical content knowledge are 
developed as UTeach students work toward the design of project-based units. 
Competency is continually built as students read about and discuss the principles 
of PBI; reflect on observations of project-based learning environments in high 
school settings; and incorporate what they are learning into the design of problem-
based lessons and ultimately, an entire project-based unit. 

• Field Experience: An intensive field component includes observation of well-
implemented project-based instruction in local schools as well as implementation of 
problem-based lessons with area high school students on a study field trip. 

 
Assessment Student grades are based on participation in discussions, successful 
completion of classroom observations and study field trips, and a final project-based 
unit. An example of how these elements might be weighted toward the final grade is 
below: 
 
• Attendance, Participation: 5%  
• Discussions: 25% 
• Field Experiences: 25% (made up of 4-6 hrs classroom observation, 6-9 hrs 

preparing in the field, and 9-10 hours teaching in the field)   
• Final Project - PBI unit: 45% 

 



     

There are six student-led class discussions of readings. Each student is responsible for 
leading one discussion as a member of a discussion leader team. All students are 
provided with focus questions—expanded subsets of midterm questions that are 
correlated to the readings. Students are required to submit focus question responses via 
email to the course instructor and discussion leaders. Discussion leaders summarize 
student views and work to draw out key points during the discussion. 
 
Course field experiences comprise another key assessment category. Each student is 
required to spend a minimum of 4 hours observing high school lessons taught in a 
project-based classroom environment. They record their observations and post them to a 
discussion board. Multiple postings of an individual classroom develop into overviews of 
that class, mini-case studies, for everyone to read.  
 
For the field-based study trip, UTeach Austin students travel to McKinney Roughs 
Nature Center and The Blanton Museum of Art on a Saturday. They spend 6-9 hours 
learning about the field resources and planning their lessons. In conjunction with the 
course instructors and their mentor teachers, students then develop problem-based 
lessons as part of a mini-project. They then embark on 9-10 hours of teaching in the 
field. They teach two days of benchmark lessons to students in the classroom. As part of 
the second day of teaching, UTeach students "launch" their mini-project with the 
secondary students. The following Saturday, secondary students meet the UTeach 
students at one of the two field locations to implement their project, collecting and 
analyzing data and preparing a presentation for the following Monday. UTeach students 
make one final trip to the classroom to assess student presentations. Students are 
videotaped teaching their lessons. Following the trip, course instructors, TAs and/or 
master teachers review the videotaped lessons and provide constructive feedback to the 
students, focusing on instructional approaches and student assessment. 
 
In the past, UTeach students have traveled to the UT Marine Science Institute located in 
Port Aransas, TX for three days on two separate occasions (approximately a month 
apart) for the field-based study trip.  
 
For the final project, students develop an interdisciplinary, three - four week project-
based unit of instruction suitable for use in a high school setting. The unit includes an 
anchor video, benchmark lessons, investigations, a calendar of instruction, objectives 
(mapped to state or national standards), a project rationale, the theoretical basis for the 
project, a concept map, assessment strategies, related resources, modifications for 
special needs students, and technological tools to assist in implementing the project. 
One last component of the final project is a student-prepared grant proposal to obtain 
materials and equipment needed to implement their proposed projects. 



     

Course Objectives 

Students will Evidence: 

Discuss and critique the merits of project-
based instruction in terms of student’s 
cognitive development, equity and 
motivation. 

• In-class and online discussions 
• A project-based unit that includes a 

rationale and objectives 
• A grant proposal to implement a 

project-based unit that includes a 
rationale and potential impact 

Reflect on applications of educational 
theory as it relates to classroom practice in 
the area of project-based instruction. 

• In-class and online discussions s 
• A grant proposal to implement a 

project-based unit that includes a 
rationale and potential impact 

Distinguish between project-based 
instruction and other instructional 
approaches and decide which approach 
best fits instructional goals based on the 
benefits and limitations of each. 

• In-class and online discussions 
• A project-based unit that includes 

benchmark lessons and a lesson 
sequence that incorporates 
appropriate instructional approaches. 

Evaluate the usefulness of technology in 
achieving learning objectives and select 
appropriate resources for student use 
based on the relationship of salient 
features of the technology to learning 
objectives. 

• An annotated list of relevant 
resources and technological tools for 
a project-based unit 

• Classroom presentation utilizing 
technology tools 

Use inquiry methods with secondary 
students in a problem-based setting. 

• A project-based unit that includes 
benchmark lessons and a lesson 
sequence that incorporates 
appropriate instructional approaches. 

• Videotape evidence of UTeach 
students leading problem-based 
activities in a field setting 

Describe examples of project-based 
instruction in math or science and analyze 
those examples in terms of several well-
studied, field-tested models for PBI.  

• In-class and online discussions 
• Field observations of project-based 

classrooms 

Demonstrate skill in setting up and 
managing wet lab and field project-based 
environments. 

• Videotape evidence of UTeach 
students setting up and managing 
wet lab and field project-based 
environment 

Course Objectives and Evidence of Student Learning and Engagement 



     

Students will Evidence: 

Use PBL design principles to develop an 
interdisciplinary, three to four-week 
project-based unit for secondary math 
and/or science courses. 

• A project-based unit including an 
anchor video, calendar, rationale, 
objectives, theoretical basis for the 
project, concept map, benchmark 
lessons, investigations, alternative 
assessments, strategies for 
differentiating instruction for students 
with special needs, related resources 
and technology tools. 

Develop alternative assessments 
appropriate for project-based instruction. 

• Problem-based lessons that include 
alternative assessments 

• A project-based unit that includes 
alternative assessments 

Discuss lab safety and liability issues 
related to project based instruction and 
wet-lab or field environments (OSHA 
regulations, how to read materials safety 
data sheets, safe disposal of chemicals, 
etc.) 

• Participation in class discussion on 
safety and liability issues 

• A project-based unit that includes 
safety precautions 

Use relevant technology to develop 
projects (e.g., concept mapping software, 
video editing software, etc.). 

• Technology-based or developed 
project elements 

Integrate relevant technology into 
curricular units (e.g., Internet, simulations, 
data analysis packages, modeling 
software, etc.). 

• A project-based unit that includes 
lessons that integrate the use of 
technology 

Plan instruction that promotes equitable 
and diverse participation so that all 
students have an opportunity to learn. 

• A project-based unit that includes 
lesson plans documenting 
modifications for special populations 



     

Apprentice Teaching 
The purpose of Apprentice Teaching is to offer UTeach students a culminating 
experience that provides them with the tools needed for their first teaching jobs. In 
Apprentice Teaching, students are immersed in the expectations, processes, and 
rewards of teaching. When making placements, UTeach master teachers consider each 
apprentice teacher’s characteristics and abilities as well as the cooperating teacher’s 
teaching and mentoring styles. The hope is that the complementary strengths of the 
UTeach apprentice teacher and cooperating teacher will generate a synergism that 
benefits both people professionally. 

Core Components 
      

 Course is taught by master teachers—experienced, successful classroom teachers 
who have joined the UTeach faculty. 

 Students receive regular, intensive feedback by highly trained observers who have 
considerable teaching experience in addition to that provided by master teachers and 
mentor teachers. 

 Seminar course is designed to provide a highly supportive environment that 
promotes collaboration, reflection and sharing and that is continually responsive to 
students' needs. 

 Seminar topics reflect state standards for teacher certification. 
 Students complete and submit a final portfolio providing evidence that they have met 

state standards for teacher certification. 

 
An underlying philosophy of the UTeach program is that with extensive, individualized, 
and ongoing coaching, pre-service teachers’ skills will improve at an accelerated rate. 
The UTeach Apprentice Teaching program exemplifies this philosophy. In addition to the 
mentoring provided by the classroom teacher to which the apprentice teachers are 
assigned and observations by master teachers, trained observers with considerable 
teaching experience provide extensive and regular feedback.  
 
The Seminar. Apprentice teachers sign up for two courses: the one-hour Seminar and 
the six-hour Apprentice Teaching course. Master teachers teach the seminar, share their 
teaching experiences and facilitate discussions, helping the apprentice teachers develop 
their own successful teaching identities. The Apprentice Teaching seminar provides a 
supportive environment where apprentice teachers share their experiences and work on 
solutions to difficulties they are experiencing. The seminar is a good forum for students 
to get the guidance they consistently want on classroom management. A typical weekly 
seminar session begins with an activity that involves apprentice teachers talking with 
each other or individually reflecting on an issue in the classroom that is associated with 
the topic or proficiency of the day. During the seminar, the apprentice teachers may be 
asked to create a product that they will use in the upcoming week. The seminar typically 



     

ends with apprentice teachers talking with each other about upcoming lessons and 
curriculum ideas. After the Seminar, the master teachers are available for individual 
apprentice teachers to talk about issues specific to their placement. 
 
The seminar objectives and activities are aligned with the State Board for Educator 
Certification’s Learner Centered Proficiencies, the standards for all new teachers in 
Texas. The apprentice teachers demonstrate that they meet the state standards by 
preparing and submitting a final portfolio. Each required weekly seminar on campus 
focuses on two of the state standards for new teachers. Apprentice teachers concentrate 
on teaching lessons each week in which they demonstrate competency of particular 
state standards.  
 
Apprentice Teaching Experience. Because apprentice teachers have taught at various 
levels in previous UTeach courses, they assume teaching responsibilities quickly in 
Apprentice Teaching, which is their final teaching semester, and maintain their role as 
teacher for the equivalent of two six-week grading periods. Apprentice Teaching 
students are required to teach two sections of a science, math, or computer science 
class in a public middle or high school. They remain on the school campus a minimum of 
four hours per day. In addition, apprentice teachers are required to complete district 
requirements to qualify as substitute teachers, so they may substitute for their 
cooperating teacher in an event of an absence. 
 
Instructional Emphasis. Apprentice Teaching reinforces and augments teaching 
strategies that students have developed through their coursework and field experiences. 
The program also attempts to fill in any gaps in students’ professional development. In 
particular, Apprentice Teaching focuses on classroom management and time 
management strategies, parent/teacher communication strategies, school culture and 
school dynamics that make up an effective middle school and high school system, legal 
and logistical issues in teaching, the final portfolio, and state certification examinations. 
 
UTeach apprentice teachers explore professional development opportunities beyond the 
classroom, including attending conferences, subscribing to education journals, joining 
professional organizations, and conducting presentations in educational settings. The 
goal of Apprentice Teaching is to provide the experiences, information, and coaching 
that will enable these students to be successful teachers who are leaders in their schools 
and communities. 
 
Assessment. All observations of an apprentice teacher throughout the semester are 
based on elements of the Teacher Development Rubric (TDR), which is aligned with the 
state standards. 
Master teachers observe apprentice teachers at least once during the semester. If an 
apprentice teacher is having difficulties, more visits are required. UTeach’s goal is to 
provide whatever coaching is required to ensure that all UTeach students reach a 
demonstrated minimum level of competence upon the completion of their apprentice 
teaching experience. The master teachers provide guidance on various needs of 
apprentice teachers, including help with curriculum, pacing, classroom management 
strategies, how to work with colleagues in the schools, job interviewing, and selection of 
compatible school environments as future job sites. 
 



     

UT Austin hires experienced, successful teachers to serve as university facilitators who 
work closely with the apprentice teachers. Each student is observed a minimum of 10 
times by university facilitators. Some of the facilitators are retired teachers; others are 
temporarily on leave from teaching and want a part-time job. They attend training 
sessions each semester and are given detailed guidance and rubrics on what to look for 
and emphasize as the semester progresses. They observe the apprentice teachers 
weekly, conduct follow-up conferences, and remain in close email contact with the 
students. Whereas the classroom cooperating teachers are expected to provide content 
expertise, the university facilitators focus primarily on classroom management and 
general pedagogical strategies. Occasionally, a university facilitator serves as a resource 
when an apprentice teacher and the cooperating teacher have difficulties communicating 
or understanding expectations. A university facilitator also serves as a liaison between 
the university and the classroom teacher. 
 
Seminar grades are determined in the following manner:  
 
• Final Portfolio (Submitted by the Deadline with a Passing Score) 30% 
• Weekly Email Reflections on Portfolio Proficiencies and Weekly Lesson Plans 25% 
• Attendance and Participation in seminar and Successful Completion of all In-Class 

Assignments 15% 
• School Culture Assignments 20% 
• Cooperating Teacher Schedule 5% 
• Time Capsule with Future Address 5% 

 
A passing grade in the Apprentice Teaching experience requires: 
 
• Teaching the specified number of days in the school 
• Completion of the Mid-Semester Evaluation 
• A completed Final Evaluation with scores above 2 in all criteria 

Course Objectives 

Students will  Evidence of Student Learning: 

design instruction appropriate for all 
students that reflects an understanding of 
relevant content and is based on 
continuous and appropriate assessments. 

• Weekly lesson plans and daily 
agendas 

• Sample assessments and student 
artifacts 

• Videotapes of teaching 
• Completion of appropriate sections of 

the final portfolio 
• Observer written feedback on teach-

ing from the cooperating teacher, the 
university facilitator, and university 
instructors 

• Appropriate evaluations in the TDR 

Course Objectives and Evidence of Student Learning 



     

Students will  Evidence of Student Learning: 

create a classroom environment of respect 
and rapport that fosters a positive climate 
for learning, equity, and excellence. 

• Written classroom rules and proce-
dures 

• Videotapes of teaching 
• Completion of appropriate sections of 

the final portfolio 
• Observer written feedback on teach-

ing from the cooperating teacher, the 
university facilitator, and university 
instructors 

• Appropriate evaluations in the TDR 

promote student learning by providing 
responsive instruction that makes use of 
effective communication techniques, 
instructional strategies that actively 
engage students in the learning process, 
and timely high-quality feedback. 

• Weekly lesson plans and daily 
agendas 

• Student work containing apprentice 
teacher written feedback 

• Videotapes of teaching 
• Completion of appropriate sections of 

the final portfolio 
• Observer written feedback on teach-

ing from the cooperating teacher, the 
university facilitator, and university 
instructors 

• Appropriate evaluations in the TDR 

fulfill professional roles and responsibilities 
and adhere to legal and ethical 
requirements of the profession. 

• Participation in campus professional 
development days 

• Reflection submission on the Code of 
Ethics and Standards Practices for 
Texas Educators 

• Submission of artifacts associated 
with parent/teacher contacts 

• Completion of appropriate sections of 
the final portfolio 



     

Research Methods 
Research Methods is a one-semester three-hour course in the required UTeach 
sequence. It is one of several content courses specially designed to meet the needs of 
future teachers (others include Perspectives on Science and Mathematics and Functions 
and Modeling). It also fulfills multiple degree requirements. At UT Austin, the course 
fulfils both a science and a university substantial writing component requirement. 
Sections are limited to 30 students, who meet two hours per week for non-traditional, 
interactive lectures and two hours per week for lab. The course is cross-listed between 
Physics, Chemistry, and Biology.  
 
The goals of the course are:  
• To provide UTeach students with the tools that scientists use to solve scientific 

problems; 
• To give students the opportunity to use these tools in a laboratory setting;  
• To make students aware of how scientists communicate with each other through 

peer-reviewed scientific literature; 
• To enable students to understand how scientists develop new knowledge and 

insights, the most important of which are eventually presented in textbooks and 
taught in conventional science classes. 
 

Students design and carry out four independent inquiries, which they write up and 
present in the manner that is common in the scientific community. Because the inquiries 
incorporate math and the various science disciplines, it is essential to build a team of 
instructors who have expertise in different disciplines and are available to supervise 
students as they work on their inquiries in the lab. Teaching Assistants (TAs) and Master 
Teachers are members of the instructional team.  
 
The combination of Research Methods and Perspectives on Mathematics and Science 
provides prospective science and mathematics teachers with an in-depth understanding 
of how the scientific enterprise works. Students imbed their understanding of the nature 
of science and mathematics into their Project-Based Instruction curriculum unit.  
 
In addition to the unique Core Components and Course Objectives listed below, all 
UTeach courses are designed in accordance with the UTeach Course Design Principles. 
See the section above, UTeach Instructional Design Framework, for descriptions of 
these principles. 

Core Components  
..... 

 The course is taught by an instructional team with a broad mix of scientific expertise. 
A Ph.D. in a scientific discipline is essential for anyone who evaluates the inquiries. 

 The course is primarily a laboratory course where students develop and practice 
skills that are fundamental to the scientific enterprise. 



     

 The course is organized around four independent inquiries that UTeach students 
design and carry out. 

 The course emphasizes the use of mathematics to model and explain both the 
natural and man-made worlds. 

 The course requires a substantial amount of writing. The written inquiries that 
students produce are evaluated as examples of scientific writing. 

 The course emphasizes the development of skills that are directly applicable in 
teaching secondary science and mathematics (e.g. use of equipment, preparation of 
lab materials, safety issues, use of technology). 

 
Most scientists agree that learning about science has two aspects: learning material that 
has already been established (for example, the structure of DNA, how to find forces on 
blocks being pushed up a ramp, the definition of an acid) and learning how scientists 
gained this knowledge (for example, how new discoveries gain authority and are 
adopted by the scientific community, how to evaluate scientific claims when they conflict, 
how to design and carry out investigations to answer new questions). Most high school 
and college science courses are mainly devoted to presenting the first type of 
knowledge. Education in the second aspect of science has traditionally been left mainly 
to graduate school. UTeach believes it should become part of high school and college 
curricula as well because this second aspect of science is the most important in the long 
run for most citizens to know. Research Methods simultaneously provides students 
specific techniques needed to address scientific questions and an example of how to 
provide this sort of training for students through individualized instruction. 
 
The class is divided into classroom sections and lab sections. Classroom sections meet 
two hours per week on two separate days, and lab sections meet two contiguous hours 
per week. To serve approximately 55 to 75 students per semester, there are currently 
three classroom sections taught by three separate instructors, and there are three two-
hour blocks for lab. Multiplying by the three disciplines in which the course is cross-listed 
results in 27 distinct course identifier numbers, 9 per instructor. This number is 
somewhat unpleasant when it comes to grading and record keeping, but the UTeach 
team has found no alternative. Each instructor takes primary responsibility for one of the 
lab sections, but all instructors try to come to as many as possible because the students 
they are responsible for grading are scattered randomly among them. In addition, the 
instructors have a mix of disciplinary backgrounds, all of which may be needed during 
any given lab section.  Labs meet in a classroom that simulates a well-equipped high 
school laboratory. 
 
Instructional Emphasis. Research Methods is primarily a laboratory course, and most 
of the topics covered are developed in connection with four independent inquiries that 
UTeach students design and carry out. Students design experiments to answer scientific 
questions and to reduce systematic and random errors. They incorporate statistics to 
interpret experimental results and deal with sampling errors, and do mathematical 
modeling of scientific phenomena. They present their scientific work orally. Thus, the 



     

course content is organized into five units that correspond to the development of their 
inquiries and a presentation on a scientific topic of choice:  
• Curiosity and Scientific Inquiry 
• Experimental Design and Analysis 
• Statistics 
• Modeling 
• Presenting Scientific Information 

 
Research Methods is also a substantial writing component class, and the written 
inquiries students produce are evaluated as examples of scientific writing.  
 
Research Methods is cross-listed between the Physics, Chemistry, and Biology 
departments. Math students are encouraged to take the Physics section because 
connections between math and physics are particularly strong, and the chances of 
finding a project with substantial mathematical content increase. All cross-listed versions 
are identical, except that each student must perform the final inquiry in the discipline for 
which she or he signed up. 
 
One to two 20-hour teaching assistants are assigned to the class. They are responsible 
for grading weekly homework assignments, and they attend all lab sections. 
 
Assessment. The majority of a student's grade, roughly 65%, is based on four 
independent inquiries that are designed and carried out by the student. The final inquiry 
must be related to the subject for which students have signed up for the class. For 
example, if a student is registered in biology, his or her final inquiry must be a biology 
inquiry. Research Methods is a Substantial Writing Component course. Therefore, 
inquiries are evaluated both on content and the quality of written expression. There are 
no formal examinations. Another 25% comes from homework assignments. Student 
participation is tracked and accounts for 10% of a student's grade.  

Course Objectives 

Students will: Evidence: 

Create their own experiments to answer 
scientific questions. 

• Four papers on four separate 
independent inquiries, designed and 
carried out by the student: (1) brief 
home inquiry, (2) laboratory inquiry 
using high school equipment, (3) 
survey involving human subjects, and 
(4) extended laboratory inquiry 

Design experiments to reduce systematic 
and random errors and use statistics to 
interpret the results. 

• Papers on inquiries 2, 3, and 4 
• Proposals for inquiries 2 and 4 

Course Objectives and Evidence of Student Learning and Engagement 



     

Students will: Evidence: 

Use probes and computers to gather and 
analyze data. 

• Instructor observations during inquiry 
2 or 4 or both 

Use statistics to interpret experimental 
results and deal with sampling errors. 

• Two homework assignments 
• Two brief in-class papers 
• Class performance 
• Write-ups for inquiries 2, 3, and 4 

Treat human subjects in an ethical fashion. • Certificate demonstrating completion 
of human subjects training 

• Satisfactory completion of inquiry 3, 
which involves human subjects 

Apply safe laboratory procedures. • Instructor observations during 
inquiries 2 and 4 

Find and read articles in the scientific 
literature. 

• Two homework assignments 
• Performance assessment during 

debate 

Create mathematical models of scientific 
phenomena.  

• Two homework assignments 
• Personalized modeling assignments 

as part of inquiries 2 and 4 

Apply scientific arguments in matters of 
social importance. 

• Student presentations of open 
questions  

Write scientific papers. • Four written inquiries, with inquiries 2 
and 4 involving at least two drafts 

Review scientific papers. • Student evaluations of each other, in 
pairs 

Give oral presentation of scientific work. • In-class oral reports on inquiries 2 
and 4 



     

Perspectives on Science and Mathematics 
Perspectives on Science and Mathematics is a 3 credit upper-division history course 
designed to meet the unique needs of future teachers. It is one of the specially designed 
content courses in the UTeach sequence (others include Functions and Modeling and 
Research Methods) that fulfills multiple degree requirements. At UT Austin, in addition to 
being a UTeach course, Perspectives fulfills a course requirement in the fine arts or 
humanities as well as a substantial writing requirement.  
 
Many math and science students are surprised to learn that math and science have a 
history at all; so far as they know, math and science have simply been handed down in 
textbooks. To discover instead, that science and mathematics have advanced by the 
struggles of diverse people, on the basis of often-conflicting criteria and interests, can be 
mind-boggling to students. Students have studied extensively the methods of science 
and math, but by studying the history of these fields they learn how such approaches 
were originally developed, contested, and accepted. They also get a sense of how such 
approaches will continue to evolve. In this way, the Perspectives course aims to foster 
an understanding that science and mathematics are not finished or set in stone. 
 
The course has several interlocking purposes: 
• It is intended to help future math and science teachers learn how to think about 

math and science "from the outside"—to ask questions about what scientists and 
mathematicians do and why, about where science and technology came from and 
how they got to be so important in the world today, and about what kinds of 
questions scientists and mathematicians have tried to answer and why. 

• It is designed to strengthen students' skills in the liberal arts, including sophisticated 
research and information analysis, fluent writing, and substantive argument. 

• It requires students to put to work the insights and skills they have learned in 
science and math pedagogy classes by designing secondary school lesson plans 
that are built around events and concepts from the history of science and 
mathematics. 

 
In addition to the unique Core Components and Course Objectives listed below, all 
UTeach courses are designed in accordance with the UTeach Course Design Principles. 
See the section above, UTeach Instructional Design Framework, for descriptions of 
these principles. 



     

Core Components 
  

 Course is taught by a faculty member with expertise and a research background in 
the history or philosophy of science.  

 Course content topics and themes are relevant to secondary science and math 
teaching. 

 Course emphasizes sophisticated research and information analysis. 
 Course emphasizes intensive writing. 
 Students design, present, and revise middle and high school science and math 

lessons (using the 5E lesson plan model) that incorporate the history of science or 
math. 

 Key instructional approaches include modeling of effective direct-teaching strategies, 
classroom discussion, student reflection, collaboration, presentation, and peer 
coaching. 

 
Perspectives explores a selection of topics and episodes in the history of science and 
mathematics. It illustrates how knowledge has often emerged through tortuous struggles, 
against obstinate resistance, and within cultural, religious, and social structures. 
Students are brought to understand that science is not merely a body of facts, theories, 
and techniques; it involves diverse processes by which it is continually generated and 
reformulated.  
 
Sciences typically discussed in Perspectives include biology, physics, geology, 
astronomy, and chemistry. The course traces the bumpy development of key notions in 
these sciences and seeks to correct common myths or defective portrayals of history in 
science textbooks. Students also discuss the question of whether mathematics is itself a 
science. 
 
The course provides historical perspectives on how practical needs, social conflicts, and 
even individual personalities shaped the content and direction of the sciences. Another 
objective of the course is to convey that scientific and mathematical concepts are not 
static. The meaning of the term "species," for example, has changed over time, and even 
today some biologists disagree about how or even whether to define it. The goal, then, is 
to promote among UTeach students the understanding that even the most basic ideas of 
science are dynamic, despite the way this information is presented in K-12 textbooks.  
 
By studying history, students cultivate independence of thought and become 
progressively aware that many prominent scientists, and even mathematicians, have 
often disagreed with one another. Such disagreements deserve to be studied because 
they have often produced major breakthroughs. Perspectives also explores how various 
scientists have actually changed their minds and reached consensus. For example, the 
course explores why Charles Darwin abandoned the common notion of the fixity of 
species, and how other scientists too became increasingly convinced by evolutionary 



     

theory. Likewise, the course traces how biologists, geologists, and physicists espoused 
conflicting claims and carried out vigorous debates before finally agreeing on the age of 
the Earth.  
  
Finally, the Perspectives course prepares future teachers to broaden their approach to 
mathematics and science instruction so that they might captivate and retain the interest 
of all students. By conveying particular human stories about why and how various 
branches of science have originated and evolved, students gain insights into the critical 
thinking processes that lead to scientific creativity. These stories serve to make science 
more accessible to K-12 students by revealing the vast array of personalities, 
experiences, and approaches that have contributed to the historical development of the 
sciences.  
 
Instructional Emphasis. The course is designed to make students think critically; thus it 
should not be delivered in a purely lecture format. The instructor should make it clear to 
students that they should be open to viewing the history of science and mathematics, as 
well as major concepts they have previously studied, with a fresh perspective and an 
open mind. 
 
In order to connect the historical content of the course with the reality of classroom 
instruction, students are encouraged to look at how the subject of each topic is 
presented in current secondary textbooks. That way students readily see how what they 
are about to learn has a direct bearing on specific topics that they will have to handle as 
teachers. Moreover, students become aware of, if not amazed by, the historical 
inaccuracies and myths often infecting approved textbooks. This often inspires a craving 
for a more accurate and comprehensive knowledge of history. This course also 
emphasizes the development of lesson plans incorporating historical content. Students 
once again use the 5E lesson plan format they were introduced to in the Step courses, 
which emphasized inquiry-based learning. Information about the 5E Instructional Model, 
developed in the late 1980s by the BSCS Center for Curriculum Development can be 
found in a report, The 5E Instructional Model: Origins, Effectiveness, and Applications, 
available at http://www.bscs.org/curriculumdevelopment/features/bscs5es.html.  
 
Owing to the nature of the material itself, there is a greater share of investigation and 
discussion of historical and conceptual topics than the sort of hands-on activities 
promoted by the 5E model that UTeach students use for their own lesson plan 
assignments. Nevertheless, the intent of the Perspectives curriculum overall is to model 
an inquiry-based approach, and  instructors should strive to increase the quantity and 
quality of whatever activities they may deem appropriate. In all cases, there should be a 
conscientious attempt to model instructional best practices through use of Socratic 
questioning, facilitation of student explorations, and inquiry-based activities. 
 
Assessment. Students are required to write two lesson plans in the 5E model format. 
Thus students ponder and practice how to incorporate historical knowledge and insights 
into science or mathematics classrooms. The finalized written lesson plans and in-class 
presentation of the material constitute approximately a third of the students' final grades. 
 



     

An in-class written midterm exam plus the final exam constitute another third of each 
student's grade, and the remaining third is a combination of reading confirmation quizzes 
and class participation.  

Course Objectives 

Students will... Evidence 

describe the historical development of 
aspects of science and mathematics 
relevant to future teachers. 

• Reading confirmation quizzes 
• Participation in class and weekly 

section discussions 
• Mid-term and final exam responses 

analyze the history and content of 
evolutionary theory from several 
perspectives. 

• Reading confirmation quizzes 
• Participation in class and weekly 

section discussions 
• Written responses to questions high 

school students are likely to raise 
about evolution  

• Mid-term and final exam responses 
• 5E lesson plans 

express ideas and opinions clearly and 
effectively using a formal writing style. 

• 5E lesson plans 
• Various writing assignments 

discuss ideas and opinions cogently and 
articulately. 

• Participation in class and weekly 
section discussions 

• Mid-term and final exam responses 
• Oral presentation and discussion of 

5E lesson plans 

develop skills in searching for, retrieving, 
and evaluating the provenance and 
reliability of, source materials, on- and 
offline, including specific resources 
available to teachers. 

• Participation in class and weekly 
section discussions 

• Research skills workshop with 
university librarian 

• 5E lesson plan citations 

integrate approaches and material learned 
in the course with independent research 
and science or math content to design 
middle and high school science and math 
lessons 

• Two 5E lesson plans designed for 
middle or high school students that 
address standards and integrate 
approaches and material learned in 
the course with independent research 
and science or math content. 

• Teaching 5E lesson plan to peers 
• Feedback to peers on 5E lessons 

Course Objectives and Evidence of Student Learning and Engagement 



     

Students will... Evidence 

reflect on and critique their own lesson 
plans and those of others. 

• Two 5E lesson plans designed for 
middle or high school students that 
address standards and integrate 
approaches and material learned in 
the course with independent research 
and science or math content. 

• Teaching 5E lesson plan to peers 
• Feedback to peers on 5E lessons 



     

Functions and Modeling 
Functions and Modeling is a mathematics course designed to address the unique needs 
of future teachers of mathematics. It is required of UTeach math majors and also counts 
toward their mathematics degree. In this course, students engage in explorations and lab 
activities designed to strengthen and expand their knowledge of the topics found in 
secondary mathematics. Students collect data and explore a variety of situations that 
can be modeled using linear, exponential, polynomial, and trigonometric functions. 
Activities are designed to have them take a second, deeper look at topics they should 
have been exposed to previously; illuminate the connections between secondary and 
college mathematics; illustrate good, as opposed to typically poor, sometimes 
counterproductive, uses of technology in teaching; illuminate the connections between 
various areas of mathematics; and engage them in serious (i.e., non-routine) problem 
solving, problem-based learning, and applications of mathematics. 
 
While there is some discussion of how the content relates to secondary mathematics 
instruction, with the instructor endeavoring to model high quality instructional techniques, 
Functions and Modeling primarily emphasizes mathematics content knowledge and 
content connections, as well as applications of the mathematics topics covered.  
 
In addition to the unique Core Components and Course Objectives listed below, all 
UTeach courses are designed in accordance with the UTeach Course Design Principles. 
See the section above, UTeach Instructional Design Framework, for descriptions of 
these principles. 

Core Components 
  

 The course is taught by a master teacher—someone with secondary classroom 
experience who is exceptionally qualified to teach university level mathematics 
content—or by a mathematics faculty member who has a working knowledge of 
secondary mathematics curriculum and grade level expectations. 

 Course topics are selected for their relevance to secondary mathematics curricula. 
 Students are consistently encouraged to become seekers of mathematics 

knowledge who strive to answer content related questions. 
 Students are exposed to proper use of technology in the form of calculators, 

computer software programs, and data collection devices that are currently being 
used in local school districts. 

 Student collaboration with problem solving and presentation of findings is 
emphasized and expected. 

 Proper use of the language of mathematics is emphasized. 
 Students are consistently expected to justify all findings and conclusions related to 

assigned problems, explorations, and labs. 



     

The purpose of this course is for students to deepen and broaden their mathematics 
content knowledge, with an emphasis on concepts needed to teach secondary 
mathematics at various levels. The course consists of four instructional units: 1) 
Functions, 2) Modeling, 3) Overlooked Topics and Explorations, and 4) Geometry of 
Complex Numbers. Specific topics of investigation include function properties and 
patterns, complex numbers, parametric equations, polar equations, vectors, and 
exponential growth and decay. Explorations involve the use of multiple representations, 
transformations, data analysis techniques (such as curve fitting) and interconnections 
among topics in algebra, analytic geometry, statistics, trigonometry, and calculus. The 
lab investigations include use of various technologies including computers, calculators, 
and computer graphing software. 
 
To allow for extended explorations and labs, the course should ideally be structured to 
meet twice a week for 90 minutes, rather than three days a week for 60 minutes. 
 
Instructional Emphasis. The course is designed to include and promote methods of 
discovery, problem-solving, collaboration, and presentation of results. Ultimately, it is 
intended to make students think critically; thus it should not be delivered in a purely 
lecture format. Students should consistently work in groups of three or four and 
collaborate in developing results. The groups should be shuffled a few times over the 
semester to foster new collaborations and fresh ideas. Each exploration of the course 
presents an opportunity for the instructor to emphasize and connect mathematics 
content and concepts. The instructor should make it clear to students that they should be 
open to viewing some of the mathematics they have previously experienced with a new 
perspective and an open mind. 
 
Although this is not primarily an education course, the instructor should strive to 
emphasize content connections within the mathematics of secondary curriculum. The 
instructor should also model the dissemination of mathematics content through use of 
Socratic questioning, facilitation of student explorations, and through inquiry-based 
activities.  
 
Assessment. Four unit tests plus a comprehensive final exam make up roughly half of a 
student's grade. The other half consists of homework assignments, four in-class lab 
activities, a midterm project, and attendance and participation. 
 
Homework consists of four major unit assignments, considerable in scope and in length, 
which serve to emphasize important concepts covered in the previous 2-3 week period. 
Smaller assignments may also be graded at the instructor's discretion. Results and 
observations of the four in-class lab activities are written up as a group.  
 
Additional activities upon which participation may be assessed include Connection 
Challenges and Explorations. Connection Challenges are problems specifically designed 
to emphasize connections in content that are typically not obvious to students. 
Explorations are in-class, group problem-solving activities. The instructor should check in 
with groups as they work on explorations to view work and ask probing questions. 
Typically, one or two groups will be randomly selected to present their findings, as this is 
an important component of these activities. Work related to these activities may also be 
collected and reviewed to see where students may be having trouble.  



     

Course Objectives 

Students will be able to ... Evidence of Student Learning: 

demonstrate proficiency in working with 
the concept of function and function related 
topics such as rate of change, limit, and 
accumulation. 

• classroom activities, student 
presentation of findings, 
assessments, and classroom 
performance 

demonstrate a depth of content knowledge 
with regard to important secondary 
mathematics topics such as parametric 
relations, polar relations, matrices, 
exponential and logarithmic functions, 
vectors, and complex numbers. 

• classroom activities, student 
presentation of findings, 
assessments, and classroom 
performance 

generate or work with relevant lab or 
exploration data and use regression, 
matrix, function pattern, and systems 
methods to produce a model of the data. 

• classroom activities and classroom 
lab write up 

present mathematical ideas and topics in a 
knowledgeable and effective manner. 

• classroom presentations of findings 
and classroom performance 

demonstrate proficiency in the use of 
technology in the mathematics classroom. 

• classroom activities, labs, 
assessments, and classroom 
performance 

identify mathematics content connections 
between the various levels of secondary 
mathematics curriculum and between 
secondary and university level curriculum. 

• classroom activities, student 
presentation of findings, and 
classroom performance 

Course Objectives and Evidence of Student Learning 



     

Secondary School Reading in Content Subjects 
The Secondary School Reading in Content Subjects course was developed specifically 
to meet the Texas State Board for Educator Certification requirement of a content 
reading course in the preparation program for candidates seeking Grades 4–8 teaching 
certification. It is unique to the UTeach program because the content and focus of the 
course is the use of reading strategies exclusively in the content areas of science and 
mathematics. This course is required for students pursuing grade 4–8 science or 
mathematics teaching certificates, and it is highly recommended for all other teacher 
candidates in the UTeach program. Secondary School Reading in Content Subjects 
enables students to be perceived as and educated to be both subject specialists and 
teachers of reading. 
Science and mathematics teachers have historically focused on content acquisition 
rather than the competencies required to enable content acquisition. The purpose of 
literacy is to increase the learning of critical content. In this course, science and 
mathematics teachers must shift their thinking about curriculum design and delivery, 
moving away from simply covering the available content to instead focusing on 
organizing curriculum experiences around compelling critical content and then 
developing plans and teaching routines which ensure that all students master that 
content. 
One of the goals of an educational system is to help students become more strategic 
readers. A reading program that implements successful comprehension instruction 
increases students’ interest and success in reading, providing them the intrinsic 
motivation for continual learning. Learning to read and reading to learn are interrelated 
processes that lifelong learners use to refine and expand what they currently know and 
believe about the world. 
This course is designed to promote understanding and expertise in instructional 
strategies for reading in grades 4–8 science and math. The course includes an overview 
of the reading process, based on current research and instructional strategies for 
promoting reading and learning. During the course, students learn how to implement 
effective comprehension strategies for the transition from learning to read and reading to 
learn in science and math at the middle grades. 
In this course, students investigate the complex process of comprehension, involving 
knowledge, experience, thinking, and teaching. Students build and draw on a rich 
knowledge base of content, pedagogy, and technology to learn how to provide relevant 
and meaningful learning experiences using reading resources for all students. They 
learn how to create a learner-centered community in which teachers collaboratively 
identify needs and plan, implement, and assess reading instruction, using a variety of 
resources, including technology. Students design reading strategies to respond 
appropriately to diverse groups of learners. They demonstrate effective professional and 
interpersonal communication skills. The ultimate outcome is that students develop a 
commitment to learn, to improve the profession, and to maintain professional ethics, and 
personal integrity as reflective practitioners dedicated to the success of all students. 



     

Course Objectives 

Students will be able to ... Evidence of Student Learning: 

Demonstrate an understanding of the role 
of literacy and language, specifically 
reading, in the teaching and learning of 
science and mathematics 

• Inquiry unit project consisting of five 
5E reading lesson plans for middle 
grades students 

Develop a framework of instruction that 
emphasizes pre-reading strategies, during-
reading strategies, and post-reading 
strategies 

• Daily reading assignments 
• Inquiry unit project consisting of five 

5E reading lesson plans for middle 
grades students 

Develop an inquiry-based 5E instructional 
model designed to ensure depth of 
understanding of science and/or 
mathematics concepts and literacy 
development 

• Inquiry unit project consisting of five 
5E reading lesson plans for middle 
grades students  

Develop a repertoire of reading strategies 
and a system of study skills that 
emphasize reflective thought and 
systematic progression toward the goal of 
independent learning 

• Class discussions 
• Daily reading assignments 
• Inquiry unit project consisting of five 

5e reading lesson plans for middle 
grades students 

Respond to classroom diversity by 
scaffolding instruction in order to make 
students competent with using a variety of 
reading strategies; to encourage talking 
about texts; and to engage students in 
collaborative learning 

• Class discussions 
• Daily reading assignments 
• Inquiry unit project consisting of five 

5E reading lesson plans for middle 
grades students 

Evaluate the usefulness of resources, 
including technology, in achieving learning 
outcomes and selecting and using 
resources to develop lessons that use 
reading beyond the textbook to extend and 
enrich science and mathematics 
curriculum 

• Class discussions 
• Daily reading assignments 
• Inquiry unit project consisting of five 

5E reading lesson plans for middle 
grades students 

Develop a repertoire of assessment 
strategies that can be used to implement a 
system of continuous assessment 
designed to gather data in order to identify 
student needs and assess instruction 

• Class discussions 
• Daily reading assignments 
• Inquiry unit project consisting of five 

5E reading lesson plans for middle 
grades students 

Course Objectives and Evidence of Student Learning 



     

Students will be able to ... Evidence of Student Learning: 

Acquire and draw on a rich knowledge 
base to provide relevant and meaningful 
learning experiences for all students, using 
effective communication skills 

• Class discussions 
• Final presentation 

 




