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1) Definition of effective mathematics teaching 
Two research hypotheses relate to effective STEM teaching: 

1) teachers will improve their content and pedagogical skills over time and, 

therefore, their abilities to explain terms and concepts to students, interpret 

students’ statements and solutions, and engage students in critical, in-depth, 

and higher-order thinking; 

 

2) the development of reflective practitioners within a multi-dimensional effort to 

foster teacher leadership will have a positive impact on student learning. 

 

Thus, effective mathematics teaching is seen as an important attribute of 

an effective teacher leader.   In general, effective mathematics teaching is 

defined by its results, in this case improved student achievement in and 

enjoyment of mathematics. 
 

 

 

 

  

  

 

2) The MTTI project’s theory of action related to 

effective STEM teaching. 
 

 
 

 
 

  

MTTI aims to supplement math teachers’ content knowledge and help 

teachers make and sustain fundamental shifts in practice.  Such changes 

should result in more effective teaching and teacher leadership.   

In turn, effective math teaching should lead to increased student success 

in math. 

 

 

 

 

 

 

 

 

 

 

 

One approach: Teachers have inadequate mathematical content knowledge themselves, 

and thus are unable to teach their students to the highest level (Ahuja, 2006).  This position 

leads to the assumption that an increase in teachers’ mathematical content knowledge will 

increase their effectiveness as mathematics teachers.  

 

A second approach: Relates such an educational failure not only to the lack of qualified 

teachers with solid content knowledge in STEM, but also to the lack of a profound 

understanding of teaching and learning in grades K-12. For Ball and Bass (2000), content 

knowledge and understanding of the methods of inquiry in mathematics are at the core of 

effective teaching and learning.    
 

 

 

 

 

  

  

 

Evidence of effective STEM teaching. 

Improving teachers’ math content knowledge. 
Mean scores two test of math fundamentals increased significantly from pre- to 

post-test.  Scores one geometry test also increased significantly from pre- to post-

test. However, mean scores on the other test of geometry/measurement did not 

differ significantly from pre- to post-test. 

Improving teachers’ pedagogical knowledge and skills 

Observations of teachers’ classroom practices revealed increases in the amount 

of classroom time MTTI teachers devoted to allowing students to practice 

mathematics.  In addition, there was clear evidence that MTTI teachers shifted 

their pedagogical orientations.  MTTI teachers made less use of strictly teacher-

centered techniques and more use of student-centered approaches over time. 

b)Classroom-based Inquiry Courses 

a)Observations of classroom practices 

In their open-ended course reflections, most teachers (18 out of 27) identified 

growth in the related areas of becoming a more reflective teacher, understanding 

and being able to conduct inquiry-based teaching, and learning to pay greater 

attention to students’ needs, prior knowledge, and understanding.   Teachers 

also reported how they began to use some specific techniques or practices that 

they had not employed previously. Nineteen reported using at least one new 

technique or practice, eight mentioned error analysis, four mentioned formative 

assessment, and two mentioned classroom inquiry. 

Relationship between Student Centered Teaching Practices (SCT) and 

Student Engagement. 

We calculated the levels of student engagement for two groups (high and low 

Student-Centered Teaching[SCT]) for each semester and a mean value across 

semesters.  We found that students of Group A (high SCT) teachers were significantly 

more likely to be highly engaged in their math classes than students of Group B (low 

SCT) teachers. 

Challenges 
We found that MTTI teachers’ content knowledge in the fundamentals of mathematics 

improved significantly as a result of their participation in the program.  However, there 

was little relationship between teachers’ increase in content knowledge and their 

effectiveness as math teachers or their leadership activities.  This may have been 

because the measures we used to assess content knowledge did not adequately tap 

into participants’ pedagogical content knowledge. 

Assuming that student success in math is an outcome of effective math teaching, we found 

that MTTI participants had many and varied ideas as what constituted student success.  MTTI 

teachers often understand student success in terms of attitudinal changes and motivation 

towards math, as opposed to test scores and grades.  Although passing state-mandated tests 

was also seen as an important indicator of success.  At the proposal stage, we tended to view 

achievement on state tests as the main indicator of student success.  Now we realize that we 

have to broaden our view, and hence measurement of, student success and, by implication, 

effective teaching. 
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