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this article describes findings and evolution of a teacher-
training program based on a partnership of knowledge do-
mains (technology, content, and pedagogy), teaching staff 
(college faculty and school teachers), educational institutions 
(colleges and k-12), and local communities (urban and sub-
urban). Within 5 years, more than 180 teachers from 15 sec-
ondary schools attended a 3-tier summer institute and follow-
up activities. summer trainees were offered stipends, laptop 
computers, advanced graphing calculators, smart boards, 
lCd projectors, mentorship, and technical support during 
the academic year. While teachers were initially frustrated 
to learn outside their subject areas, they all completed the 
initial workshop and more than half returned in subsequent 
years for advance and expert level training. external evalu-
ators collected data and conducted longitudinal analysis of 
performance indicators for teaching quality and student learn-
ing.  teachers reported increased level of student engagement 
in and comprehension of mathematics and science topics. 
graduation rates and student achievement scores in partner-
ing school districts increased noticeably during the initiative. 
Comparison of target and control groups showed that treat-
ment students consistently outperformed non-treatment stu-
dents. 
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INTRODUCTION

Content knowledge (Ck) and pedagogical knowledge (Pk) were treat-
ed as distinct until the mid 1980s when the concept of pedagogical content 
knowledge (PCk) emerged (shulman, 1986) to suggest the importance of 
their intersection and union. despite such early attention to the question of 
how to teach what, technology knowledge (tk) has been treated separate 
from pedagogy and content until recent years. in a classroom, they are all 
intersected and tied together. not all technologies can be pedagogically suit-
able to teach all subjects and not all content can be taught with all technolo-
gies and pedagogies. the knowledge of ‘what goes with what and how’ has 
given rise to a new framework beyond shulman’s original work to describe 
how all three bodies of knowledge (technology, pedagogy, and content) in-
teract with each other in the classroom. therefore, contemporary profes-
sional development (Pd) opportunities need not only follow principles of 
effective Pd (loucks-horsley et al., 2010) but also focus on ‘how tech-
nology can be used’ to improve teachers’ pedagogical content knowledge 
(koehler & mishra, 2008; niess, 2011). 

an interesting way of using technology to improve teaching and learn-
ing is through ‘computational modeling and simulation’ as a method of sci-
entific inquiry to complement experiment and theory (Csta, 2013; nsta, 
2008). national laboratories and industry have already been employing it in 
r&d for more than four decades. Universities and colleges have deployed 
undergraduate degree programs based on a computational approach to math, 
science, and technology (C-mst) (swanson survey, 2010; landau, 2006; 
Yasar et al., 2000-2006). While benefits are promising, challenges are also 
equally great. the interdisciplinary aspect of C-mst education requires 
learners to acquire knowledge in multiple domains. also, due to frequent 
changes in technology tools and their increasing capabilities, course contents, 
training materials, and curriculum inventories often need to be updated.

in 2003, with support from the national science Foundation’s math 
and science Partnership (msP) program, the authors founded a C-mst 
institute in partnership with two local school districts and several national 
organizations, rochester City school district (rCsd) and Brighton Central 
school district (BCsd). in this partnership, the higher-education partners 
demanded better students from k-12 partners and they in turn demanded 
better teachers from higher-education partners. this article reports a C-mst 
approach that carries with it necessary elements of effective Pd and innova-
tive pedagogy to enhance both teaching and learning. it is also very timely 
with the recent recommendations of national math and science standards to 
teach computational thinking skills. as with any reform, we need to train 
teachers to reach out to students.  
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DESIGN & IMPLEMENTATION OF THE C-MST PD PROGRAM

an intensive summer Pd was designed for in-service math, science and 
technology teachers from the two partnering school districts (rCsd and 
BCsd). the instructional team consisted of about a dozen faculties from 
various departments, including two from the education and human devel-
opment department, four visiting scientists from national partners, and four 
veteran rCsd/BCsd teachers. two external evaluators were hired to con-
duct the evaluation efforts. driven mostly by the needs of attendees (in-ser-
vice teachers) and the lessons that the designers had learned about interdis-
ciplinary training, the Pd program underwent several modifications. What 
follows below includes not just the results of the Pd, but also its evolution, 
starting with a brief description of the setting. 

COnteXt: rCsd is an urban school district surrounded by wealthier 
suburbs, including BCsd that consistently enjoys strong national ratings, 
and one of the highest 4-yr college matriculation rates (73%) and the lowest 
dropout rates (0.9%) in the state. By contrast, rCsd has been among the 
districts with high dropout rate (13.3%), high suspension rates (short term: 
49%, long-term: 18%), and lowest 4-yr college matriculation rates (37%) in 
the state.  Poverty is widespread among students in the city district; 88% of 
the students in the district receive free lunch. table 1 shows profiles of the 
urban (rCsd) and suburban (BCsd) partner school districts. they both had 
much to offer and gain from the partnership.

Table 1
Profiles and subgroup graduation rates in rCsd and BCsd.

Student Subgroup Graduation Rate (2004-2005)

RCSD BCSD

Cohort-2000 Completed Cohort-2000 Completed

American Indian/Alaskan 
Native

4 NA 0 0%

Black 1182 52% 15 93%

Hispanic 335 41% 8 88%

Asian or Pacific Islander 48 NA 49 86%

White 287 64% 221 94%

Total 1856 52% 293 92%

Results by Gender

Female 943 59% 142 94%

Male 913 44% 151 91%

Total 1856 52% 293 92%
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Original design: the design of the Pd, a four-week (mon-thu, 
12 noon – 4 pm; 64 hours) summer institute with opportunities for single-
year or multi-year training, commenced in 2003. the goal was to introduce 
in-service teachers to the latest computational technologies and investiga-
tive techniques, so that they may use them in classrooms and stimulate stu-
dent interest in science and math. more specifically, the Pd was to include 
modules for developing/improving (a) the general computer and internet 
research skills, b) knowledge for collecting and analyzing data using soft-
ware (such as labView), c) abilities to use math modeling software (such as 
matlaB), d) knowledge of computer programming (such as FOrtran 
90) and visualization (such as aVs) skills, and e) experience with scien-
tific inquiry using model simulations. Participants were to receive incen-
tives, including summer stipends, laptops, advanced graphing calculators, 
and coaching support for one year after the summer institute. in return, they 
were expected to develop lesson plans and implement them, incorporate 
modeling examples in their teaching, prepare a student team for the annual 
Challenge, and offer turnkey training to a colleague in the school district 
who could not attend the Pd. 

 First reVisiOn: external reviewers raised two major concerns 
about the design. First, they wondered about the efficacy of teaching pro-
gramming languages such as FOrtran to secondary school teachers and 
expecting teachers to teach it to their students.  second, they wondered 
whether teachers and students would be able to understand the nitty-gritty 
of scientific simulations, let alone generating such simulations on their own. 
in response, designers turned to their colleagues in the aCm/ieee super-
computing community to learn about software tools more appropriate for 
the k-12 level. encouraged by a post-grant requirement by the msP pro-
gram at nsF to develop a 5-year strategic Plan, the designers shifted their 
approach from forcing a dress onto the customer to an approach of rather 
fitting the dress to the customer. Pedagogy and assessment experts were 
brought to the design team. informational meetings held to recruit in-
service teachers for the summer institute afforded the opportunity to seek 
input from would-be institute attendees. all of this, especially input from 
in-service teachers, provided valuable information to calibrate the content, 
length, location, and dates of the summer institute. in preparation of the in-
stitute, designers of the Pd held weekly, then bi-weekly, and later monthly 
meetings. the culmination of this sequence was the creation of a revised Pd 
that addressed the concerns of the external reviewers, needs of the in-service 
teachers and the objective of the institute to introduce new pedagogies to 
k-12. Changes made to the original design included:
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•	 Use of more friendly modeling and simulation tools such as those in table 2. 
•	 training of texas instruments (ti) graphing calculators that are required 

in state math exams.
•	 adding a module on state/national student learning outcomes & teaching 

preparation standards.
•	 develop an inventory of C-mst lesson plan database to support training & 

classroom instruction.
•	 reach out to all teachers in both districts to increase participation and to 

maximize the impact.

Table 2
Brief descriptions of software tools used by participants of the Pd program.

Interactive Physics (IP) is a visual tool to investigate and experiment with 
concepts in physics. Graphing tools allow monitoring location, speed, 
energy, and elapsed time for a system.

AgentSheets (AS) is agent-based modeling tool to create interactive 
games, virtual worlds, training simulations, and other interactive content 
by using agents and the rules of engagement.

STELLA is used to model a dynamic system by creating a pictorial 
diagram to link components and assigning the appropriate initial values 
and functions (rate of change equations) to the components.

The Geometer’s Sketchpad (GSP) is used to model and explore concepts 
from mathematics and geometry. It computes distances, angles, and areas 
on images pasted from other tools such as IP.

Project Interactivate (PI) is a set of free online computational science 
courseware from the Shodor Education Foundation (www.shodor.org) for 
exploring scientific and mathematical concepts.

Table 3
two-stage Pd strategy to maintain continuity and deepen gained knowledge.

C-MST Summer 
Training

Number of Teachers targeted with grant support

Year 1 Year 2 Year 3 Year 4 Year 5 Total

Introductory 50 25 40 30 0 145

Advance 25 10 20 15 70

the initial plan was to train 50 teachers (Cohort i) for two years and 
another 50 teachers (Cohort ii) for the next two years. teacher-feedback 
convinced the developers of Pd that self-initiative would be more effective 
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than mandates. accordingly, instead of compelling participants to attend 
multi-year summer training, the Pd plan was modified to give teachers the 
option of opting for single-year or multi-year training. an immediate benefit 
was that more teachers could be trained in the same time period, while also 
allowing both introductory and advanced trainees to come (table 3).

midCOUrse COrreCtiOn: in-service teachers attending the insti-
tute maintained a professional development activity (Pda) log, which they 
updated daily. the College’s classroom management software (angel) 
was used for this purpose, and the Project director, external evaluators and 
participating faculty monitored and reviewed the logs. notwithstanding all 
of the aforementioned deliberations and planning, the first summer insti-
tute encountered headwinds as soon as it started. some in-service teachers 
were ready to drop out at the end of the first week, in part because they 
expected that the institute will provide them with turnkey lesson plans, and, 
in part, because they found the process of learning to use new technologies 
difficult, a difficulty that got compounded when examples used to introduce 
software packages (table 2) fell outside their subject areas. subjecting a 
diverse group of in-service teachers (see table 4), including special edu-
cation teachers, to the same training regiment proved to be a much bigger 
challenge than what the designers of the Pd had anticipated, not the least 
because some of the institute participants had never used a spreadsheet pro-
gram like excel, presentation program like PowerPoint or graphing calcula-
tor like ti-83.

Table 4
distribution of in-service participants according to subject areas and districts.

District Math Special Education/Math Technology/CS Science

Urban – RCSD 62% 9% 5% 24%

Suburban – BCSD 40% 4% 6% 50%

several designers of the Pd, especially those who are schooled in C-
mst approach, were convinced that if only the teachers knew what students 
in their classes might be able to do with software packages, the teachers 
will persevere and they and their students will be rewarded in the end. to 
illustrate the power of software packages, the project director introduced a 
middle-school student to one of the software packages, the interactive Phys-
ics, and asked him to demonstrate what he was able to build in about an 
hour. the student built a pool table in 45 minutes and demonstrated how 
it worked. his demonstration made it clear to in-service teachers that they 
better be ready for a technologically literate student population. What the 
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middle-school student did also challenged them.  if a middle-school student 
can use the software to create simulations, so should teachers.  in addition, 
institute instructors altered their pace and started providing after-class sup-
port and one-on-one coaching. By the end of the third week, the comfort-
level of the participants with technology in general and software packages 
in particular improved. the designers also encouraged interaction and team-
work to develop modeling examples and lesson plans applicable to multiple 
content areas. 

ratiOnale FOr sUBseQUent reVisiOns: about 95% of 62 
beginner-level attendees completed the summer institute in its first offering 
(2003). those who dropped out indicated either an unexpected personal/
family problem or stated that the institute was more demanding than they 
had expected and that they did not want to commit most of their summer 
to the institute. exit interviews of those who completed the summer insti-
tute in 2003 indicated 100% satisfaction, with 57% rating the outcome from 
the institute ‘very beneficial’ and 43% rating it ‘beneficial.’ With respect to 
teachers from different disciplines, 70% of the math and 45% of science and 
technology teachers rated the outcome from the institute to be ‘very benefi-
cial.’ examined from a different perspective, the Pd designers learned that 
76% of teachers found the materials to be ‘extremely useful,’ whereas 24% 
stated that the materials were ‘somewhat helpful.’  many science teachers 
from the urban school district were in the latter group.

 as stated in the nsta report (2008), some science teachers are in the 
forefront of technology infusion, whereas others are waiting for best prac-
tices to emerge to do so. these innovators and early adopters readily integrate 
microcomputer-based probes into their laboratories, employ digital videos 
and imagery to illustrate concepts in class discussions, and use administra-
tive programs and electronic grade books to organize their classes. the C-
mst institute had its share of such innovators. the suburban partner district 
(BCsd) had a dedicated physics teacher (s. Whitman) who not only pro-
moted participation of his colleagues in the institute but also developed an in-
ventory of science modeling examples and helped the college stem faculty 
train teachers from the urban schools. By and large, science teachers from the 
city district were more cautious in their approach in introducing technology 
to classrooms. it appears that limited access to computer labs, skepticism 
about use of technology, and lack of lesson plans and curricular modules 
were among the contributing factors. 

From the post-institute survey, it became apparent to external evalua-
tors that though the teachers felt that they have acquired enough knowledge 
about the C-mst approach and the tools needed to implement it, they were 



356 Yasar, Maliekal, Little, and Veronesi

much less confident about their ability to deploy it in the classrooms. For 
example, only 35% felt fully prepared to implement modeling-based lesson 
in the classroom during the following year, 40% felt ‘probably prepared’, 
15% felt unsure, and 10% did not feel prepared at all. a great majority of 
urban teachers also anticipated some barriers against fully implementing 
the C-mst approach in their classrooms. teachers recognized that software 
tools made it easier for them to construct a simulation, but they doubted 
their ability to create one on their own or use the ones that others have de-
veloped, ostensibly because the training they received was insufficient. 

With the consent of all attendees and instructors, the length of the 
summer institute was extended from 4 to 5 weeks. this was to enable bet-
ter preparation and readiness of teachers for the following school year. it 
also allowed Pd designers to better manage unforeseeable difficulties, and 
more importantly, it also allowed enough time for institute participants to 
develop team projects encompassing lesson plans and for the teams to share 
their projects. this modification became part of the subsequent introduc-
tory training for later years. another challenge was that most teachers did 
not have adequate math (calculus, algebra, discrete math, and differential 
equations) and computing background to fully understand the mechanics of 
modeling to develop authentic simulations. as a result, they could not feel 
ownership of the acquired knowledge to go beyond what they were exposed 
to by the end of first year training to implement C-mst approach. this 
challenge led to additional modification to the Pd program, which is dis-
cussed in the next section below.

YearlOng PrOFessiOnal deVelOPment: each beginner-
level participant was required to develop at least 2 lesson plans by the end 
of the summer training and implement them during the following school-
year. as explained above, designers of the Pd became convinced that sum-
mer training and two lesson plans that teachers developed during the sum-
mer training were woefully inadequate for them to implement C-mst ap-
proach in their classrooms. a two-pronged approach was put in place to 
improve this situation. First, teachers were requested to update their Pdas 
on a weekly basis, which were then monitored by external reviewers, the 
Project director, and instructors of the summer institute. second, summer 
institute participants were offered saturday trainings during the school year 
to further improve their technological and pedagogical skills with the soft-
ware packages.

a full 62% of urban teachers who attended introductory-level summer 
training participated in the saturday trainings during the following school 
year. half of these came back for the advanced-level training in a subse-
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quent year. Of all beginner-level teachers who did (or could) not attend sat-
urday trainings during the academic year, 15% (both urban and suburban) 
came back for their second year of summer training. Overall, 76% of urban 
teachers pursued additional training after attending the first summer insti-
tute, while only 36% of suburban teachers did the same. Partnering districts 
quickly integrated C-mst training into their own Pd offerings as well. 
Consequently, almost all beginner-level teachers pursued additional training 
in one way or another.

at the conclusion of the first two years of summer institute, the devel-
opers of the Pd had a pleasant surprise waiting for them.  While two years 
of training and support helped teachers feel confident in their computational 
pedagogy skills, some participants, most of whom were very active during 
their introductory and advanced level trainings, expressed a desire to return 
for one more year of training. this requested a challenge and an opportu-
nity. When the summer institute concluded during the second year, we had 
a cadre of teachers who had received beginning and advanced level train-
ing. they were distributed among the many schools of the city school dis-
trict. Beginner-level teachers at the same school building can now be put in 
small groups (2-3 individuals) under a teacher (coach) who had advanced 
training and a college faculty advisor to mentor them during the school year. 
Coaches were given incentives — stipends, smart boards and lCd projec-
tors — and group members could borrow smart boards and lCd projectors 
for their classroom use. school principals and district officials were so im-
pressed by the use of these tools that they started to acquire them. table 5 
and 6 show the final structure of the three-level C-mst summer Pd pro-
gram as it was implemented in five consecutive years with the support of 
federal funds from the national science Foundation.
 

Table 5
three-stage Pd strategy implemented in the summer institute.

Number of Teachers Receiving Summer Training (with grant support – stipend, 
technology, mentoring)

Training Level 2003 2004 2005 2006 2007 Total

Introductory 59 47 45 37 0 188

Advance 0 21 21 22 14 78

Expert 0 0 13 15 15 43

Total 59 68 79 74 29 309
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Table 6
Profiles of teachers receiving summer training from 2003 to 2007.

1st Year Teachers 2nd Year Teachers 3rd Year Teachers Total

Subject Urban Suburb Total Urban Suburb Total Urban Suburb Total

Math 96 14 110 42 2 44 22 0 22 176

Science 38 15 53 17 9 26 12 5 17 96

Tech 7 3 10 5 1 6 2 1 3 19

Spec. Ed 14 1 15 2 0 2 1 0 1 18

Subtotal 155 33 188 66 12 78 37 6 43 309

Table 7
enrollments (teacher Candidates) at C-mst Courses (from 2003 to 2011).
Number of Teacher Candidates Receiving C-MST Training (without grant support)

Course 2003 2004 2005 2006 2007 2008 2009 2010 2011 Total

NAS 501 (Intro) 3 9 10 41 39 23 29 15 11 180

NAS 601 (Adv) 0 0 0 0 11 11 5 0 0 27

TOTAL 3 9 10 41 50 34 34 15 11 207

in retrospect, adding a third-year of training to marry tool usage and 
mathematical foundations with content knowledge should not have been a 
surprise. a national report commissioned by the ge Foundation and pub-
lished by the Urban institute (2005) indicates that effective Pd programs 
need a minimum of 160 hours of training to include enough focus on one’s 
content knowledge and its use in the curriculum. since C-mst has a mul-
tidisciplinary nature, the amount of training to actually change teachers’ in-
structional behavior would be more than what is needed in just one content 
area.

sUstaining C-mst aPPrOaCh: in order to sustain the C-mst 
training after the expiration of the msP grant, the designers of the Pd cre-
ated credit-bearing graduate courses (nas 501 and 601 C-mst tools for 
teachers i-ii) for teacher candidates. Faculty advisors in both secondary-
level math and science teacher education programs and the master’s of 
liberal arts program promoted these courses. to this date, more than 200 
teacher candidates have taken the nas courses without incentives (laptops 
and stipends). the introductory-level course is still being offered, though 
the enrollments in them have gone down lately (see table 7) due to a gen-
eral declining trend in enrollments in teacher preparation programs in the 
state. 
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Partnering school districts (rCsd and BCsd) also institutionalized the 
C-mst training through district-run professional development efforts. Both 
districts acquired software licenses for all C-mst tools used in the train-
ing. 160 rCsd teachers received 20 hours of technology training during the 
superintendent days. Overall, almost all 200 rCsd math teachers partici-
pated in this Pd study; whereas only a fraction (30%) of 130 rCsd science 
teachers participated.

RESULTS

at the conclusion of each year’s summer institute, the instructional 
team was evaluated by external evaluators through surveys and interviews. 
teachers ranked 80% of the instructional faculty as excellent to very good 
with respect to their content knowledge. as far as the opportunity for inter-
action is concerned, 71% said they had ‘very good access’ to instructional 
faculty during summer, while 29% said that access was ‘good’. interest-
ingly, participants with less experience in teaching ranked the institute in-
structors higher. the general profile of teacher participants in the summer 
program and subsequent activities is shown in table 8. 

Table 8
C-mst teacher Profiles.

Years of Experience Percentage of Teachers

Mathematics Science Technology/CS

1-2 years experience 18% 16% 20%

3-10 years 
experience

70% 69% 40%

11+ years 
experience

12% 15% 40%

two external evaluators conducted both formative and summative eval-
uations to assess the impact of the Pd program based on the C-mst ap-
proach on teacher quality, teacher retention, and student engagement and 
achievement. they were given access to report cards of students and results 
of local and state exams of students taught by Pd participants. among other 
things, external evaluators assessed correlation between student achieve-
ment and the amount of training received by each C-mst teacher as well as 
between school-wide achievement and the number of teachers in each mid-
dle and high school who completed the Pd program.  Collaboration with 
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other nsF msP projects, such as the Council of Chief state schools Of-
ficers, horizon research, and Wisconsin Center for education research, en-
abled collection of pre- and post- activity data from both target and control 
groups.

general OBserVatiOns: notwithstanding the frustration of some 
of the participants with new software tools and the compounding of this 
frustration because of the use of examples from fields other than their own, 
95% of the in-service teachers who signed up for the institute completed 
the training. according to the urban district’s own professional development 
staff and the director of mathematics at the rCsd, the Pd program based 
on the Cmst-approach had the highest attendance and retention rate of any 
such voluntary program in the district’s history. that the summer institute 
was held at a college campus that is not close to where the teachers worked 
and lived and that their daily commute to attend the institute would be about 
half an hour did not dissuade teachers from signing up or actively participat-
ing in the program. even the unexpected increase in gas price did not cause 
attrition. 

approximately, one third of the teachers attending the institute also 
taught summer school at their district in the morning and then drove to the 
College to attend the institute. this yielded an unforeseen benefit. several 
participants reported that they used in the summer school what they had 
learned the week before from the institute. not only did these teachers get 
a chance to apply skills they learned before such skills degenerated but the 
designers of the Pd realized that the C-mst tools have a quick turnaround 
time vis-à-vis field implementation and that there is genuine excitement 
among participants. 

at the beginner-level, participants received 80 contact hours of train-
ing. those who opted for advanced training received no less than 140 hours 
of training. some requested for and were granted permission to return for 
a third year. they received no less than 200 contact hours of training.  at-
tendees also received additional Pd training through a certification program 
for the use of ti graphing calculators (~60 hours), saturday sessions (~8 
hours) and one-on-one training (~8 hours) via a Coach and/or team leader. 
data collected through self-reporting surveys, interviews conducted by ex-
ternal reviewers, and online weekly logs maintained by institute participants 
all support the national findings of the Urban institute report; which claims 
that a minimum of 80 contact hours of training is needed to affect changes 
in teachers’ instructional behaviors and a minimum of 160 contact hours is 
needed to affect changes in the classroom environment. 
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teaCher reCePtiOn and retentiOn: after the beginner-level 
training, about half of the participants reported feeling ‘confident’ to teach 
with the C-mst tools, and the other half reported that they are ‘somewhat 
confident’. apparently, 80 contact hours of training allowed teachers to gain 
knowledgeable about the C-mst approach and associated tools, but the du-
ration of the training was not sufficient enough to put that knowledge into 
practice. in fact, not until the trainees actually deployed software tools and 
modeling methods in their own classrooms did the confidence-level of some 
of attendees start to improve. many, however, felt that even after a year of 
practice, they had much more to learn and master. an average teacher felt 
confident and comfortable using C-mst approach in his/her classroom only 
after three years of training and practice.

  the upshot is that a significant amount of authentic classroom practice 
between training sessions is critical to changing a typical teacher’s class-
room behavior and the environment in his/her classroom.  as reported by 
others (haring et al., 1978), a learner typically advances through a predict-
able series of learning stages: acquisition, practice, implementation, and 
assimilation. at the start, the learner is uncertain as he or she tries to use 
the target skill, but with much practice and proper feedback, the learner be-
comes more fluent, accurate, and confident in using it. in the final stage, the 
teacher is accurate and fluent in using the newly acquired skills, integrates 
them regularly in learning situations and is able to modify or adapt the skill 
to fit novel task-demands or situations. Furthermore, more recent reviews 
identified the following beliefs common to successful comprehensive Pd 
programs: the program should be sustained and intensive, informed by what 
we know about how people learn best, centered around the critical activi-
ties of teaching and learning; and it should foster collaboration and include 
a diverse yet coherent set of experiences (naP report, 2000; Borko, 2004; 
darling-hammond et al, 2005; Weiss & Pasley, 2009; loucks-horsley et 
al., 2010).

 a reassuring aspect of the Pd described above is that it had a lasting 
impact on participants. in 2010 (7 years after the first summer institute and 
3 years after the expiration of financial incentives) a survey of 40 active 
teachers indicated the following: 94% agreed that C-mst pedagogy made 
them more effective in the classroom; 87% agreed that it strengthened their 
pedagogical skills; 73% agreed that it strengthened their content knowledge; 
100% agreed or strongly agreed that C-mst training strengthened  their 
skills related to modeling and simulation; 100% indicated that the stipend 
and laptop provided to each participant were a significant motivation to get 
them started with the initiative; 80% reported that they are enhancing their 
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computational skills through available means (district and college offerings 
and other grant programs); 100% reported that they continue to use their 
Cmst skills in the classroom; 86% indicated that they continue to access 
the enhanced collegial network created through Cmst participation; 86% 
reported that they continue to use the hardware, software and other materi-
als made available through Cmst in their classrooms; and 80% believe that 
their participation in Cmst served to build their school leadership skills. in 
examining the impact of C-mst professional development on teacher reten-
tion rate, the following facts emerged: 

•	 Of the 152 rCsd teachers trained via summer sessions, at the end of 5 
years, 93% was still employed by the rCsd: 83% were classroom teach-
ers and 10% took administrative positions. at the end of the 6th year, the 
retention rate was 86%, and at the end of 7 years it went down to 73%. Of 
the remaining, 65% were math and 35% were science teachers. 

•	 Of the 14 BCsd teachers trained via summer sessions, at the end of 5 
years, three individuals left: 79% retention rate.  two of these individu-
als accepted administrative positions in other districts and one individual 
retired but continues to maintain a relationship with C-mst institute 
as an instructor. at the end of 6 years, 8 individuals remained in the 
district with the retention rate going down to 57%, whereas at the end 
of 7 years, only seven (4 math and 3 science) teachers remained in the 
district (50%). all of those remaining were at the high school level. 

retention rates observed in both districts, during the 5 years of C-mst 
participation, were significantly above the national rate (50%). the mobil-
ity of teachers from school to school and grade to grade is common in the 
city and this has both strengthened and diluted the cultural impact. all in all, 
C-mst has been credited by partnering districts with recruitment of new 
teachers and delay retirements of veteran teachers. C-mst teachers have 
also moved up quickly to hold key positions, including the posts of math-
ematics and science directors for the districts.

stUdent engagement: Funds from the project and school dis-
tricts provided teachers with necessary laptops, smart boards, graphing 
calculators, and software licenses. in a 2005 survey conducted by external 
evaluators, most teachers agreed that using the C-mst tools in their class-
rooms significantly increased student engagement and evaluators veri-
fied these through classroom observations. students in higher grade levels 
found modeling more engaging in both math classes (grades 7-8: 77% vs. 
grades 9-12: 90%) and science classes (grades 7-8: 75% vs. grades 9-12: 
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85%). modeling was even found helpful to non-traditional (special educa-
tion) learners; again the higher the grade level the higher the engagement: 
math classes (grades 7-8: %76 vs. grades 9-12: 100%) and science class-
es (grades 7-8: 75% vs. grades 9-12: 85%). student reaction to modeling 
(versus traditional techniques) was found to be 97% favorable in math and 
77% in science classes. teachers observed an increase in student interest in 
stem studies math (88 %) and science (67%) classes; but again more in 
math classes. ninety percent of teachers agreed that C-mst initiative made 
math and science concepts more comprehensible to students. 72% of math 
and 31% of science teachers reported observed improvement in problem 
solving skills. While science classes utilized technology less due to limited 
access and lack of science-related modeling examples, in instances where 
it was utilized, it led to a deeper understanding of science topics than it did 
for math topics (83% vs. 76%). majority of teachers agreed that different 
genders responded differently to technology. While male students showed 
more interest in playing with technology and plowing through the details 
with less regard to the big picture, female students initially seemed reluctant 
and timid but excelled when details (curriculum) were put into context of 
real-world problems, projects, and applications.

stUdent aChieVement: to measure student achievement, we 
have used mixed-method evaluation, including (a) quantitative data such as 
standardized tests, school reports, and unit tests, (b) qualitative data such 
as surveys of students, teachers, school administrators, and faculty, and c) 
classroom observations by experienced teachers and college faculty. Com-
parisons were made between students taught by trained teachers (the treat-
ment group) and students taught by other teachers (the control group). since 
the control group got smaller every year due to the increased number of 
trained teachers, the treatment-control comparison was eventually dropped 
after a few years into the initiative. longitudinal data for courses taught by 
the same teacher could not be consistently collected because of the frequent 
changes in teacher assignments to different courses (and even different 
schools within rCsd). however, multiple treatment effects were measured 
by collecting achievement data for students who were taught by one C-mst 
teacher versus those taught by multiple C-mst teachers in a given year. 
also, the impact of C-mst team size at a school was followed for schools 
that housed more C-mst teachers than others. Finally, a few case studies 
were conducted to compare the impact of C-mst pedagogy on the learning 
of a topic by comparing student performance in unit tests for a treatment 
and control classrooms.
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improved performance in regents graduation rate and mathematics 
achievement clearly emerged as a consistent measure in the urban setting 
(rCsd) since the start of the C-mst initiative (see table 9). the district-
level scores in mathematics and sciences match the level of participation by 
teachers and administrators in those areas (table 4). the math director was 
actively involved from the outset.  she capitalized on the early buzz the ini-
tiative raised to build support for and integrate the work of this initiative 
into the school district efforts at improving math performance in general. 
she further drew upon the skills of the trained teachers to disseminate C-
mst skills and strategies through turnkey training. this momentum was felt 
by the school principals who demonstrated their engagement by committing 
resources to strengthening the technological foundation laid by the initia-
tive.  the science director, however, did not engage the initiative but rather 
let it evolve independently.  there were no concerted efforts to link what 
was happening within the initiative with district science efforts at large.  
limited access to computer labs, skepticism about use of technology, and 
lack of lesson plans and curricular modules may have also discouraged sci-
ence teachers at the early stages of the initiative to invest in trainings that 
lacked significant science content and representative lesson plans. improve-
ments in physics and chemistry can be linked to availability of Cmst-based 
content in these fields and the work initiated by suburban C-mst teachers 
such as steve Whitman to educate their urban counterparts through the ini-
tiative. 

about thirteen secondary schools (grades 7-12) within rCsd partici-
pated in the study during the initiative from 2003 to 2008. rCsd middle 
and high schools were undergoing a metamorphosis throughout the study 
with middle schools growing up to 7-12 sites and high schools growing 
down to 7-12 sites. this evolution necessitated the reassignment of teachers.  
it is not unusual for rCsd teachers to be assigned to teach different course 
content each school year.  each of these 13 schools had a varying degree 
of participation in the initiative, which led us to make comparisons among 
them to correlate impact versus collective participation (see table 10). two 
categories were considered: schools with 30% of its mst workforce active-
ly participating in C-mst and those below 30%. 

at the end of the 6th year of the study, 10 rCsd schools had reached 
the 30% threshold. schools with a higher proportion of C-mst teachers 
consistently outperformed their counterparts. this trend continued through-
out the initiative and is a strong indication of the collective impact on teach-
er quality, retention and student achievement. in order to consider the im-
pact of project size within individual schools and the effect size has on proj-
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ect collegiality, administrative consciousness/direct support and ultimately 
student performance, a study was conducted sorting schools by current rate 
of acceptable grade performance into high and low performance categories.  
the data indicated that among schools in the high performance rate catego-
ry (greater than 45% acceptable grade rate), the average number of C-mst 
teachers per site was 6.1.  in the schools with an acceptable grade rate of 
less than 45%, the average number of participating teachers was 3.56.

Table 9
achievement rate (score > 65) according to data from state school report Cards.

District 2002 2007 2008 2009

RCSD
 

Regents Diploma Rate 21% 56% 54% 59%

Mathematics A 13% 67% 54% 42%

Living Environment 77% 52% 56% 62%

Earth Sciences 66% 44% 41% 39%

Chemistry 9% 27% 28% 29%

Physics 3% 28% 34% 27%

Grade 8 Mathematics 10% 18% 33% 58%

Grade 8 Science 46% 26% 39% 34%

BCSD
 

Regent Diploma 84% 94% 96% 95%

Mathematics A 51% 99% 96% 98%

Living Environment 98% 96% 95% 99%

Earth Sciences 97% 96% 93% 94%

Chemistry 91% 96% 95% 94%

Physics 52% 78% 83% 86%

Grade 8 Mathematics 89% 86% 89% 91%

Grade 8 Science 96% 90% 90% 90%
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Table 10
Comparison between rCsd schools over and below 30% threshold 

(2008-09 data).

Courses Schools Over 30% Schools Falling Below 30%

# Enrolled % Passing # Enrolled % Passing

Math VIII 588 54% 903 53%

Intermediate Algebra 498 62% 897 53%

Algebra II H 249 74% 248 48%

Science VIII 445 65% 864 62%

Living Environment 971 64% 1752 55%

Chemistry 271 83% 509 52%

Physics 14 79% 71 73%

school-wide C-mst participation gradually declined in the later years.  
as incentives diminished and school administrators and teacher assignments 
changed in many of these schools, the C-mst profiles of these schools 
changed, which ultimately eroded the collective momentum gained earlier 
in mathematics. By year 7, considerable changes occurred in district teacher 
assignments; teachers advanced to administrative and other non-teaching as-
signments; retirements occurred; and some teachers left the district for other 
pursuits.  seventeen principal and school-within-school principal assign-
ments changed in 36 months. as a result, among the 10 schools that had 
originally crossed the 30% threshold for Cmst teacher participation, in 
year 7 only 5 were still able to maintain that level. however, despite such 
a significant turnover in both central and individual school administration 
positions, individual teachers with Cmst training continued to make differ-
ences in school performance in some areas. 

While frequent changes to teaching assignments make it difficult to 
sustain the same trained workforce at urban rCsd (unless incentives and 
training continue), the sub-urban districts are small enough to institution-
alize curricular reforms more easily and maintain the same workforce. in 
BCsd, although the two participating schools never exceeded the 30% 
threshold for teacher participation, the culture of these schools was such that 
Cmst concepts and methodologies were quickly integrated across all class-
es. C-mst trained teachers emerged as instructional leaders and were re-
sponsible for leading demonstration and training of computer simulation in 
science classes. BCsd’s math curriculum (Core Plus) used an inquiry-based 
approach that was amenable to use of technology and modeling. its Phys-
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ics curriculum fully incorporated interactive Physics modules into its labs. 
as a result, contrary to rCsd, the gains at BCsd were sustained and even 
increased further beyond 2008. as noted by the national findings (nsta, 
2008) on role of technology in science classrooms, some teachers, such as 
steve Whitman at BCsd, have been in the forefront of the technological 
transition. these innovators and early adopters have integrated microcom-
puter-based probes into their laboratories, employed digital videos and im-
agery to illustrate concepts in class discussions, and are using administrative 
programs and electronic grade books to organize their classes. Other teach-
ers are waiting until best practices emerge to justify use of technology in the 
classroom.

several C-mst teachers participated in mini treatment-control stud-
ies using their own classes and classes of colleagues in their building who 
have never participated in C-mst but were teaching the same courses. the 
mini studies revealed that the treatment students significantly outperformed 
their control counterparts in areas examined. One study showed consider-
able improvement in a geometry class unit test average (82.5 vs. 49.5) as a 
result of using geometer’s sketchpad (gsP) software for two weeks. a few 
other studies showed students taught by project’s math teachers outperform-
ing other students in regents state exams. these studies, conducted during 
2007-2008 school year, are described below.

Case #1: Teacher X and Y taught the same unit (Properties of Quadri-
laterals) in HS math for 2 weeks. Teacher X used GSP in a class of 24 
pupils while Teacher Y used conventional methods in a class of 14. Both 
teachers conducted the same unit test. Even though, Teacher X taught a 
more crowded class and his students received less of attention from the 
teacher, his classroom average was 82.5 versus 49.5 for the other class.

Case #2: We conducted a Triathlon, similar to Math A & B Regents tests 
involving use of TI graphing calculators. Conducted by a number of judges, 
including teachers and college faculty, this study revealed that students 
taught by C-MST teachers outperformed students taught by non-CMST 
teachers in all categories: Math-A: 60.26 vs 49.54; Math-B: 71.9 vs 55.6; 
and 7-8 Grades Math: 64.0 vs 58.6. 

CUrriCUlUm inVentOrY tO sUPPOrt C-mst edUCatiOn: 
more than 500 curriculum modules and lesson plans have been developed to 
this date collaboratively by ihe faculty and k-12 teachers who participated 
in the C-mst initiative. they are posted on the web with open access (see 
snapshot in Fig. 1). each entry in this database is a zip file that includes sev-
eral files, including files needed to execute the model, a text file describing 
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the outline of the lesson plan that uses the model, and another text file pro-
posing how to assess student learning and performance at the end the unit 
taught. the lessons are designated as level i and level ii. the level i fo-
cused on lower-level tools such as the ti 83+ calculator, excel, Powerpoint 
and Project interactivate. the most popular models are statistical applica-
tions because these are a part of the state educational standards and tools 
such as the graphing and excel calculator make these complex calculations 
reasonably transparent. applications include population growth, geometric 
series, solution of linear equations and inequalities, cumulative and indepen-
dent probabilities. the level ii lesson plans focus on using the more so-
phisticated tools (agentsheets, stella, gsP, and interactive Physics).  it is 
important to note that the teachers were not aiming to have the students de-
velop the models, but rather, use a pre-generated software model to further 
emphasize fundamental principles.  the science teachers were able to easily 
obtain a number of applications for these tools. While in earlier years the 
math teachers had difficulties generating ideas, the collaboration in teams 
greatly improved the math teachers’ ability in creating lesson plans.

interactive Physics (iP) has been the choice of tool for general science 
and Physics classes. an example of is illustrated in Fig. 2 to simulate the 
(harmonic) motion of an object driven by a spring. iP is an easy program 
to learn and it can display time-dependent profiles of velocity and position. 
a user does not need to know the underlying mathematics and physics, but 
there is much to learn for curious minds. iP simulations allow a general 
simplistic framework from which instructors can introduce a topic and then 
move deeper with more mathematical tools only after students gain a level 
of interest to help them endure the hardships. agentsheets (as) is mainly 
used for Biology and environmental topics, particularly spread of disease, 
water cycle, and blood flow. agent-based modeling involves use of agents, 
a description of how they interact with each other (mostly given in the form 
of statistical probabilities). an example of an as model, Fig. 2, involves the 
study of water cycle from a lake to clouds and rain, and finally back into the 
lake.

teachers kept activity logs to document the student response to the C-
mst approach via the lesson Plan. C-mst staff and evaluators regularly 
reviewed these logs. along with the lesson plans the teachers also provided 
helpful tips and advice for implementation of the plans based upon their 
own experience. new participants found these lessons plans to be especially 
helpful and stated they were excited to have such a varied range of lesson 
Plans to access for the new school year.
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DISCUSSION

Content knowledge (Ck) and pedagogical knowledge (Pk) in and of 
themselves are not sufficient to make a person an effective teacher. most 
in-service teachers have already acquired and perhaps mastered these.  With 
programs focusing on enabling teachers to frequently update and leverage 
their Ck and Pk to develop and implement lesson plans that are responsive 
to and supportive of the abilities and backgrounds of students, much more 
gains could be realized. We were hoping to accomplish this. the reliance on 
fast-changing technology enabled many mid-course corrections.

Figure 1. a snapshot of the C-mst database. the 1st column shows appli-
cation; the 2nd subject area; the 3rd grade level; the 4th teacher developers; the 
5th school; the 6th name of the C-mst tool; and the 7th curricular concepts 
covered.
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Figure 2. snapshots of interactive Physics (left) and agentsheets (right) 
simulations.

Our Pd program had multiple layers and domains that were well inte-
grated. so integrated, in fact, were the multiple layers and other aspects of 
the Pd that its outcome was more than the sum of its parts. this aspect of 
our program matches well with a recently developed conceptual framework, 
namely Technological PCk (koehler & mishra, 2008). to start with, not all 
in-service teachers who participated in the summer institute were technol-
ogy savvy. nor did many of them know about how technology could facili-
tate teaching and learning. Because teachers possessed Ck, it was possible 
to introduce technology tools using examples and illustrations from math-
ematics and science content areas, which allowed them to appreciate how 
technology may be used to change how they teach content: teachers had an 
opportunity to acquire Technological Ck (tCk). 

 after a general tCk training, participants were introduced to simple 
simulations and were guided to create their own simulations. For the very 
first time in their career, many summer institute participants gained a better 
understanding of the range of technology tools available to them, and in the 
process, they learned how simulation might be used as a pedagogical strat-
egy. all this allowed them to see technology both as an enabler of instruc-
tion and an agent for transforming teaching and learning. Collectively, the 
knowledge they acquired may be described as the Technological Pk (tPk).

 in describing the conceptual framework of PCk, shulman (1986) ob-
served that the “[t]he key to distinguishing the knowledge base of teach-
ing lies at the intersection of content and pedagogy, in the capacity of a 
teacher to transform the content knowledge he or she possesses into forms 
that are pedagogically powerful and yet adaptive to the variations in abil-
ity and background presented by the students.” When we developed the Pd 
program, we were guided by the premises that computer simulation is an 
important tool in the arsenal of the practitioners of computational science, 
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that national laboratories and research universities have been employing 
this approach to solve problems and to generate knowledge, and that this 
approach holds promise to transform k-12 teaching and learning, if only 
a critical mass of school teachers can be trained to adopt the C-mst ap-
proach in their classrooms. all the software tools that the Pd program used 
are adaptive. like digital computers themselves, simulation is becoming a 
mainstream tool. having created an undergraduate program using the C-
mst approach, we had no doubt that this approach is a viable pedagogical 
strategy. in short, the Pd we designed included all the components of Tech-
nological PCk (tPCk). 

some see technology-assisted PCk as the knowledge base that teachers 
need to integrate technology in instruction, and yet others, taking a transfor-
mative view, posit it as a distinct body of knowledge ((niess, 2005; mishra 
& koehler 2008; angeli and Valanides, 2009). Perhaps there are other con-
ceptualizations as well. But what’s central to these different conceptualiza-
tions is that when a teacher has a firm knowledge of the content, is well-
versed with pedagogical strategies, and knows that the use of appropriate 
technology can both enable and transform teaching and learning, this com-
bination is so potent that the teacher can achieve results not attainable with a 
subset of tools. the C-mst Pd strived to inculcate such a mindset, being a 
means to achieve the tPCk end. 

in order for any Pd to have a lasting impact on teaching and learn-
ing, those who participate in it must realize that the specific examples used 
during the training are applicable to a much broader set of situations than 
they encounter in classrooms. as summarized by tenenbaum et al (2011), 
when it comes to learning, human mind makes generalizations through ab-
stractions even with limited data. during this process, the mind hones in 
on a general concept rather than on specific events. the integrated aspect 
of the C-mst puts mathematics, science, and technology together to view 
the world holistically, thereby providing a path for the learner to grasp the 
whole picture and enable conceptual change and override misconceptions 
and preconceptions. Modeling, a critical component of the C-mst approach 
involves both simplification and generalization; two aspects that enable a 
learner to grasp important facts and processes surrounding the topic under 
study. Simulation, another critical component of the C-mst approach, pro-
vides a medium for the learner to conduct scientific experiments in a friend-
ly, playful, eventful, and interactive way to ask and solve “what if” ques-
tions, without having to initially know the full panoply of science concepts. 
together, modeling and simulation form a deductive and inductive pedago-
gy, allowing for the introduction of a topic from a simple framework. Once 
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learners gain a certain level of interest, simulation and modeling allow them 
to delve deeper into details, including the exploration of underlying prin-
ciples. this approach helps learners to endure the hardships and frustration 
of deep learning; and it is consistent with the pedagogical framework Flow 
(Csikszentmihalyi, 1990) and scaffolding strategy to balance skills with 
challenges. the iterative process and deductive/inductive dynamics of the 
C-mst approach matches well with another recently introduced conceptual 
framework, namely computational thinking — a habit of mind concerned 
with formulating problems, obtaining solutions iteratively, and implement-
ing them with the help of an information-processing agent (Wing, 2006). it 
appears that solutions arrived in disparate disciplines for solving complex 
problems have commonalities.

CONCLUSION

We found that C-mst approach has the potential to promote effective 
Pd (loucks-horsley, 2010); in part, due to its high dependency on technol-
ogy and, in part, due to its iterative nature, which affords mid-course correc-
tions. data analyzed by independent evaluators point out that this approach 
is scalable in the way described by (dede, 2005). interest for Pd was over-
whelming and long-lasting. retention was high. the ihe-k12 partnership 
served to build the confidence of teachers, introduced technology into class-
rooms, and inspired teachers to share their expertise with others. experi-
enced teachers partnered with college faculty in the delivery of instruction 
- adding a rich classroom perspective to the summer institutes. Participation 
of multiple teachers from individual schools provided the opportunity to 
build teams and to elevate some institute participants to instructional lead-
ers, which piqued the interest of non-participating teachers. school princi-
pals supported technology purchases, release times, and turnkey training. 
students who received instruction from multiple C-mst teachers outper-
formed their peers. district-wide graduation and achievement rates were up. 

the partnership motivated urban and suburban teachers to learn from 
each other and to make progress by embracing best practices and collegial 
interaction. initially, urban teachers were more eager than their suburban 
counterparts to learn (and acquire) new technologies (software and hard-
ware). suburban teachers were more interested in technological and peda-
gogical content training than acquiring technology. But the stance of urban 
teachers changed over the span of five years to a point of resembling to that 
of the suburban teachers. the project eventually touched more than 500 
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teachers and thousands of students. the site visit by nsF and testimonies 
before the U.s. Congress have now provided some national exposure that 
can be amplified by this article to present the C-mst approach as having a 
potential to add momentum to the stem education reform. 
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