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Despite decades of effort, andbillions of dollars invested to improve engineering education, there is still a lackofknowledge

on how to transform faculty into users of effective instructional strategies. This study concludes that instructional

development programs have a good potential for promoting lasting change in faculty when the design is based on a one-

month summer immersion period with a stipend, and when it is aligned with all the stakeholder’s interests and concerns.

After the faculty complete one week of workshops, the change process is compelled by the preparation of 60 standardized

lesson plans for two courses (30 per course), per participant, plus the requirement that they experiment with the new

techniques in the classroom. The study is based on N = 27 faculty members of civil, mechanical, electrical, computer, and

industrial engineering, and physics. Faculty and student survey results identify several successful impacts of the program,

including faculty adoption of research-based instructional strategies and increased faculty and student satisfaction. The

success of the program is attributed to its incorporation of several best practices suggested by the faculty development

literature. This article may be very practically relevant either to individual instructors who aspire to change their own

teaching practices, or to Heads of School and Departments who want to improve the teaching and learning activities

throughout their school as a whole, and who could use the description of the program as a suitable model to be followed.
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1. Introduction

This article presents an externally-funded faculty

development program named Summer Faculty

Immersion Program (SFIP). It was carried out by

the authors in the summers of 2012 through 2016 at

a private institution in Gurabo, Puerto Rico. The

objective of SFIP was to train all 35 faculty mem-
bers from engineering and physics in the use of

student-centered instructional strategies which the

literature had shown to be effective. SFIP was

designed to admit 7 participants every summer on

a first-come, first-served basis. In the end, 30 faculty

members participated, of whom 27 completed a

survey which provided results for this article.

Table 1 classifies the number of participants by
department. The number of faculty participants

per department is proportional to the department’s

size. The physics faculty belong to a different school

but were invited to SFIP because of the criticality of

the Physics I and II courses in the path to gradua-

tion.

The need for SFIP arose while conducting the

ABET-required process of outcomes assessment
and continuous improvement. The results of the

process suggested that school-wide teaching

improvements could be an attractive plan of

action. The first author carried out a survey which

showed that 95% of the engineering faculty at this

institution were interested in learning more about

effective and research-based instructional strategies

[1]. In addition, the exit survey of graduating

students revealed a persistent students’ complaint
of courses with ‘‘too much theory without real-

world, practical context’’. SFIP was designed to

address both, the interest of the faculty, and the

students’ complaint.

Although SFIP was designed as a practical

faculty development program and not as a rigorous

research project, it provides an opportunity to

examine the effectiveness of faculty development
initiatives. The project immersed faculty for one

month in the summer while providing a $7,500

stipend to ensure their commitment. The justifica-

tion was based on a National Research Council

(NRC) report [2] which recognized that the time

and effort required to develop innovative STEM

courses ‘‘exceeds substantially the normal course
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Table 1.Number of SFIP participants distributed by department

Department
Number of
faculty

Civil Engineering 2
Electrical and Computer Engineering 11
Industrial Engineering 2
Mechanical Engineering 8
Physics (Physics I and II instructors) 4
Total 27
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preparation commitment.’’ The long immersion

period, which included one week for workshops

and three weeks to develop 60 standardized lesson

plans for 2 courses (30 per course), per participant,

was hypothesized as being sufficient for the faculty

to undergo the change process. Also, the summer
season seemed ideal because faculty were not busy

with the regular semester duties. Regarding the

$7,500 stipend, the incentive was considered critical

since it offset the lost income from performing other

activities such as summer research or summer

teaching. The rationale for the stipend was also

rooted to the same NRC report which recognized

that the effort to develop innovative STEM courses
‘‘could require new funds or shifts in the allocation

of resources.’’ The NRC report was used as a basis

in the proposal which secured the funding for SFIP.

Additional details of the design and the structure

of SFIP are included in the Methodology section to

provide context; however, the reader is referred to

Morales and Prince [3–6] for full details of the

structure and evolution of the program during its
first 4 years. This article focuses on the final results

of the five-year program.

As the effectiveness of the program became

apparent, the authors conducted a literature

review to retrospectively understand the features

of SFIP that were leading to the positive change

processes. The literature review examined both the

barriers to change as well as evidence-based strate-
gies for overcoming these barriers to promote

instructional change. The background section sum-

marizes this literature and starts relating it to the

design of SFIP. This analysis is finalized in the

discussion section after revealing the results of the

study.

The background section also briefly discusses the

levels atwhich facultydevelopmentprograms canbe
assessed. In the results and discussion sections we

present andanalyzedataon theeffectivenessofSFIP

at each of these levels, and implications of these

findings for future faculty development programs.

2. Background

The need to improve undergraduate engineering

education has been repeatedly emphasized by orga-

nizations such as the National Academies [7, 8], the

Carnegie Foundation [9], The Royal Academy of

Engineering [10], the American Society for Engi-

neeringEducation [11, 12], and theNational Science

Foundation [13]. Borrego, Froyd, and Hall [14]

indicate that decades of effort have been dedicated
to the improvement of engineering education. This

effort has come about through tremendous invest-

ments. For example, Dancy and Henderson [15]

report that, since its creation in 1950, the Directo-

rate of Education and Human Resources of NSF

alone has directed over $22 billion toward the

improvement of STEM education. Because of

these efforts, there is now substantial evidence that

student learning can be improved when instructors

shift from traditional, transmission-style instruc-
tion, where students passively receive information

from the instructor (teacher-centered), to more

student-centered, interactive instruction [15–19].

Unfortunately, Borrego et al. express that

advances in knowledge of more effective teaching

practices have not resulted in systemic change.

Henderson and Dancy [20] add that ‘‘the biggest

barrier to improving undergraduate STEM educa-
tion is that we lack knowledge about how to

effectively spread the use of currently available

and tested research-based instructional ideas and

strategies’’. Finelli, Daly, and Richardson [21] simi-

larly point out that there is still a gap between the

knowledge base regarding effective instructional

strategies and the rates of implementation and

adoption by faculty. ‘‘It has become painfully
clear’’, write Borrego and Henderson [22], ‘‘that

higher education change processes are at least as

complex as the pedagogies and learning processes

they seek to promote’’. They add, ‘‘STEM educa-

tion change agents, leaders, and researchers are just

beginning to view change as a scholarly endeavor

that can and should be informed by the research

literature’’.
In this background section we look at the change

process by considering (1) the barriers to change

identified by instructors, (2) research-based strate-

gies for overcoming these barriers to effectively

promote change, and (3) the different levels of

assessment which can be used to gauge the impact

of change strategies.

2.1 Barriers to change

Researchers have identified several barriers which

impede the diffusion of effective instructional stra-

tegies, including the two barriers mentioned earlier

by theNRC report which served as the basis for this

project (new funds or shifts in the allocation of

resources, and time to restructure courses). Hender-
son and Dancy [23] identified individual and situa-

tional barriers in an interview study of five physics

instructors to determine ‘‘why proven strategies are

so slow to integrate in mainstream instruction’’.

Finelli, et al. [21] identified ‘‘26 individual themes

of factors which influence faculty members’ deci-

sions to adopt effective teaching practices’’ through

a focus-group study of 26 engineering faculty. There
is significant overlap fromone study to another. The

findings of these studies were fused and summarized

into the eight barriers shown in Fig. 1.

The design of SFIP, as argumented in its proposal
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to obtain funding, explicitly addressed barriers 1

and 2. In hindsight, we realized that the design of
SFIP implicitly addressed all the barriers shown in

Fig. 1 except the last one, barrier 8 (large classes /

room inadequate), which was not relevant. This

retrospective finding is significant because it begins

to explain the effectiveness of the program. The

following hypothesis was developed to relate

SFIP’s design to the barriers, which are included

in parentheses. It also provides a platform to test the
effectiveness of the program.

Hypothesis of SFIP (as related to the barriers): If an
agency allocates funding to conduct the SFIP program
(barrier 1), then a focused and coordinated one-month
summer immersion (barrier 2), with a stipend (barrier
3), shall lead to the transformation of a teacher-cen-
tered community of instructors (barrier 4) into users of
effective, student-centered teaching practices which
shall result in an increase in the level of student
satisfaction (barrier 5). In addition, the faculty shall
be able to cover the entire syllabus (barrier 6) while
using the new teaching practices. All the faculty who
participate in the program shall accomplish these
objectives, including instructors who may have a low
level of disposition for change (barrier 7).

The results and discussion sections will examine the

extent to which the SFIP program fulfilled this

hypothesis.

2.2 Effective change strategies

Despite these barriers, instructional practices have
changed slowly over time. Henderson, Beach and

Finkelstein [24] reviewed 191 articles on ‘‘how to

promote change in instructional practices used in

STEM courses’’. They grouped the change strate-

gies into the four categories shown in Fig. 2. One or

more of the categories played a role in each of the

change initiatives they reviewed. Given the complex

nature of educational environments, they suggest
that creating change will likely require action at

multiple points in the system; therefore, strategies

which span more than one of the four categories

should be theoretically stronger because several

aspects can be addressed at once. In addition,

Henderson, et al. also identified best practices for

creating change. A compilation of these best prac-

tices is provided in Fig. 3.
SFIP was designed without the knowledge pre-

sented in Fig. 2 and Fig. 3. In hindsight, we have

determined that SFIP addressed all four categories

of change strategies (Fig. 4). This retrospective

finding is significant because it continues to explain

the effectiveness of SFIP as a faculty development

program. Brief arguments to sustain this finding are

presented below, by category.
Category I: Disseminating Curriculum and Peda-

gogy. SFIP was designed to disseminate specific
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research-based instructional strategies (these will be

presented in the methodology section) and clearly

belongs in this category. It also incorporates the

three best practices listed in Fig. 3.

Category II Develop Reflective Teachers.

Although specific instructional strategies were spe-

cified, strict fidelity to the strategies was not

expected nor required. On the contrary, both
authors encouraged the faculty to think about

their teaching and allowed them to experiment

with the new teaching approaches. Instructor

choice and autonomy was emphasized throughout

the immersion. For example, the second author was

explicit in the message of ‘‘you will pick what works

for you’’ and he covered broad categories in work-

shops on active and inductive teaching. Also, the

first author provided autonomy to the faculty on the
content of the 60 lesson plans but within the
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structure of an established template framework

which provided guidance. The template, which is

presented later, evolved throughout the five years of

the program as faculty reflected on the instrument

and provided ideas for its improvement. For these

reasons, SFIP also belongs in this category. It also

incorporates the three best practices listed in Fig. 3.

Category III: Enact Policy. The fit in this category

is best argumented by examining the three best

practices listed in Fig. 3. (1) The program was not
conceived as a strict top-down mandate, which has

been shown to be insufficient to leverage change. On

the contrary, SFIP was designed from the bottom-

up, starting with the interests and concerns of

faculty and students. The top policy decision-

makers in the administration (Dean, Provost,

CEO) were the last stakeholders to be included

before sending the proposal to the funding agency.
Dialogues with the top-level administration were

necessary to grant faculty the flexibility to experi-

ment with the new methodologies in the classroom

without fear of retribution and the necessary con-

trol over the content and structure of their courses.

This process is summarized in Fig. 5. (2) The design

of the program worked within the local culture

defined as the faculty, the students, and the admin-
istration of this institution. (3) The fact that SFIP

had a bottom-up design ensured it was aligned with

the cultural and operational norms at the lower
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Fig. 4. Venn diagram representation of the four categories of
change as implemented in SFIP. A retrospective analysis con-
cluded that all four categories participated in the design of SFIP,
thus making it a theoretically strong change initiative (refer to
Fig. 2). The amount of overlap suggests the approximate level of
participation of each category in the initiative.

Fig. 5.A retrospective analysis uncovered that SFIP had a bottom-up design, shown from left to right, an attribute
which inherently increased its probability for success. The stakeholders are presented in the order inwhich theywere
engaged. SFIP contrasts with strict top-downmandates which, according toHenderson, et al. [24], have been shown
to be insufficient to leverage change.



levels of the system. As a final argument of fit in this

category, the positive results of the SFIP program

led the office of the CEO to write another proposal

along similar lines to impact the entire institution.

The proposal for the new institution-wide SFIP

program made some adjustments to fit the culture
it serves, mostly non-STEM schools, while continu-

ing to focus on changing faculty beliefs. The exter-

nal funds were granted, and the use of effective

instructional strategies has now been enacted as an

institution-wide policy.

Category IV: Developing Shared Vision. Based

on previous discussions, it is evident that the design

process of SFIP ‘‘empowered/supported stake-
holders to collectively develop new environmental

features that encouraged new teaching conceptions

and/or practices’’. No best practices were listed in

this category.

Figs. 4 and 5 summarize the two most important

retrospective conclusions from this section. Fig. 4

uses a Venn diagram to show that all four categories

of changewere implemented in SFIP, thusmaking it
theoretically strong while Fig. 5 presents the rele-

vant parameters of the bottom-up design of SFIP.

2.3 Assessing the effectiveness of SFIP

Gauging the effectiveness of faculty development

programs requires identifying methods to assess

their impact. A three-tiered model for the evalua-
tion of instructional development programs is pro-

vided by Felder, Brent and Prince [25]. The three

levels of evaluation are summarized in Fig. 6.

Felder, et al. indicate that Chism and Szabó [26]

surveyed 200 campuses who had conducted instruc-

tional development programs. The results of their

study concluded that 85% of the respondents eval-

uated at level 1 (participants’ satisfaction), fewer
than 20% at level 2 (impact on teaching), and none

attempted to evaluate at level 3 (students’ learning).

Felder, et al. explain this conclusion. They argue

that the ultimate goal of teaching is students’ learn-

ing; therefore, the Level 3 question is ‘‘the one that

matters themost, and ifwe could get an unequivocal

answer to it there would be little need to ask the

other two.’’ ‘‘Unfortunately,’’ they continue, ‘‘it is
difficult to obtain that answer, and next to impos-

sible to obtain it such that observed improvements

in learning can be unequivocally attributed to

participation in the instructional development pro-

gram. For that reason, evaluation generally consists

of asking participants to rate the programs and the

facilitators on some scale and perhaps to comment

on things they liked and disliked (Level 1) or asking
program alumni to retrospectively evaluate the

effects of the program on their teaching (Level 2).’’

Themethodology section will show that the authors

assessed SFIP at the three levels.

Felder et al. also cite studies which compare level

2 faculty self-assessments of teaching against exter-

nal evaluations by trained observers. It concludes

the following: ‘‘An individual’s assessment of his or

her teaching skill before or after a workshop cannot

be taken at face value, but aggregated self-assess-
ments from workshop participants generally match

closely with external assessments and can provide

the basis for a valid and reliable evaluation of

workshop effectiveness.’’ The results of this study

will therefore be discussed, in general, as aggregate

averages rather than analysing them at the indivi-

dual level.

3. Methodology

3.1 Design and implementation of the summer

faculty immersion program (SFIP)

SFIP took place in the month of June, during the

years 2012–2016. Fig. 7 summarizes the time dis-

tribution of the SFIP program. The training was

broadly divided into two phases; Week 1 was
dedicated to workshops while Weeks 2, 3, and 4

were dedicated to the transformation of two

courses. The time devoted to training was approxi-

mately 40 hours per week, for a total of 160 hours.

By the endof SFIP, the faculty had to transform two

courses as evidenced by the preparation of 60 lesson

plans (30 lesson plans per course). The intensive

development of the lesson plans compelled the
change process to occur.

Week 1. First three days. The second author, who
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development programs as summarized from Felder, et al. [25].

Fig. 7. Time distribution of the Summer Faculty Immersion
Program (SFIP), conducted in the month of June, every
summer from 2012–2016.



served as an external consultant in SFIP, provided

workshops on writing learning objectives and their

relation to Bloom’s taxonomy, active and inductive

learning techniques, and assessment techniques.

Emphasis was placed on changing faculty beliefs.

This was accomplished by providing strong evi-
dence that challenged commonly held misconcep-

tions about teaching [16, 17, 27] and by allowing

faculty autonomy in deciding which of the many

possible research-based instructional practices to

implement. The detailed content of the workshop

material used by the second author is provided in

reference [4].

Week 1. Last two days. The first author, who
wrote the SFIP proposal and served as its director,

provided workshops on using ‘‘Everyday Engineer-

ing Examples (E3)’’ in the classroom with the

template of the ‘‘5 E’s: Engage, Explore, Explain,

Elaborate and Evaluate’’ used by Patterson et al.

[14]. The concept behindusing everyday engineering

examples is to present them at the beginning of class

to provide specific context from which the theory is
developed inductively, as described in Prince and

Felder [17]. The webinar shown in reference [28]

goes into the details of the E3 concept.

The E3 and 5 E’s strategy were selected by the

first author to address the persistent student

complaint in exit surveys that engineering courses

contained ‘‘too much theory without real-world,

practical context’’. The complaint was expressed
in the ‘‘Comments’’ section of the exit survey

which provides space for students to anonymously

express what they ‘‘Liked Best’’ about their educa-

tional experience, what they ‘‘Liked Least’’, and

‘‘Additional’’ comments. Students were free to

comment on whatever they choose; therefore, the

complaint arose naturally. Prior to SFIP, an

average of 16% of the senior mechanical engineer-
ing students chose to express this complaint in the

‘‘Liked Least’’ section of the exit survey. Two

typical comments which contain the complaint

are shown below:

� Too much theory and not enough practice. Not

enough application to apply theory.
� Too much theory and too little practice. Should

give projects to challenge students, especially in

the last semester. The projects should be pertinent

to real world jobs.

The 5 E’s strategy provides a structure to plan and

conduct the inductive and interactive class session.

More than 20 detailed lessons plans developed by
Patterson’s group, which are freely available in their

internet site [29], were made available to the faculty.

The faculty were encouraged to either use them

directly in their course transformations, or to sig-

nificantly alter and personalize them, or to develop

their own examples.

Fig. 8 provides a lesson planwhich includes theE3

and 5 E’s strategy. It was developed by the first

author who used it as an example in the summer

workshops. This lesson plan is also used in class.
The goal for the last three weeks of SFIP was to

prepare 60 lesson plans (30 per course) similar to

Fig. 8. The number of lesson plans corresponds to

class sessions of 1.5 hours in duration. All the

participants fulfilled this requirement. Reference

[4] contains additional workshop materials pre-

sented by the first author during Week 1.

Week 2. Daily meetings with the entire SFIP
group were held to check progress with the lesson

plans. Each participant started by developing an

outline of topics for each of the 30 sessions per

course. The learning objectives and everyday engi-

neering examples were then gradually built up for

each of the two courses. The first author provided

feedback that corrected any issues which were not

satisfactory. For example, many trainees, particu-
larly in the first two groups (2012 and 2013), initially

thought of the everyday engineering example simply

as a class demonstration. This misconception was

corrected by indicating that they had to plan an

inductive class session around the example, i.e.,

explain the theory and apply it to the everyday

engineering example. Another issue which arose

frequently with all the groups was the expectation
of faculty that the lesson plans had to be perfect.

Participants were reminded that the creation of

lesson plans was primarily an exercise to facilitate

the change process. Modifications of the lesson

plans could take place based on classroom observa-

tions on what worked and what did not work.

During week 2, the participants consulted with

each other and provided feedback. The lesson plan
shown in Fig. 8 is the final state of an evolution

which took place throughout the five years, as each

new group of trainees offered their suggestions to

improve it. After each daily meeting, the partici-

pants continued working on the development of

their lesson plans in their own offices. By the end

ofWeek 2, all the trainees had passed a performance

evaluation and were deemed ready to continue
working on their lesson plans.

Weeks 3 and 4. Daily, individual meetings were

held. The objective was to check progress with the

lesson plans and provide feedback. There was also

at least one group meeting during each of weeks 3

and 4 to discuss, as a group, any issues which had

arisen while transforming the two courses. On the

final day ofWeek 4, each faculty member presented
an abridged version of a lesson plan while the rest of

the group simulated student participation. Finally,

a small ceremony was held with the dean of engi-
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neering to congratulate the faculty for their devel-

opment efforts, and to present them with their

stipend.

3.2 Instructor surveys

In 2014, the authors developed a survey to obtain

self-assessments by the SFIP participants [5]. The

survey was reviewed and improved by a group of

three engineering facultymembers. The first page of

the survey is shown in Fig. 9. It contains seven
questions. The first three questions, Q1–Q3,

addressed the impact of SFIP on teaching practices.

The last four questions, Q4–Q7, addressed partici-

pants’ satisfaction with SFIP. The second page of

the survey was an ‘‘open comments’’ section which,

similar to the students’ exit survey, provided space

for the faculty to freely express what they ‘‘Liked
Best’’ about the SFIP experience, what they ‘‘Liked

Least’’, and ‘‘Additional’’ comments.

The 2014, 2015 and 2016 groups completed the

surveys after teaching for one semester with the

SFIP methodology (the January following their

summer immersion). The 2012 and 2013 groups

completed the survey at the same time as the 2014

group. In addition, the survey was repeated in
October 2018, two years after the project ended, to

determine if lasting change had taken place, i.e., do

faculty continue using the SFIP instructional stra-
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tegies a few years after the program ended? The only

difference was that faculty were asked to base their

answers on their current teaching practices.

3.3 Student exit survey

The student exit survey is an assessment instrument

which has been used in the department of mechan-

ical engineering at the first author’s university since

1999. The only part of the exit survey used for this

article was the last page which, similarly to the

second page of the faculty survey, is an ‘‘open
comments’’ section for students to freely express

what they ‘‘Liked Best’’ about their educational

experience, what they ‘‘Liked Least’’, and ‘‘Addi-

tional’’ comments.

4. Results

4.1 Instructor surveys

4.1.1 Quantitative results of instructor surveys

Table 2 presents the averaged results, segregated by

year of the immersion. The next-to-last column

provides the 2012–2016 average for the entire popu-

lation (5-year results). The last column provides the

results for the most recent survey conducted in

October 2018. There were no statistically significant

differences between these two averages in any of the
seven questions.

We noted an apparent trend in the response on

Q7, shown inFig. 10.A regression slope test showed

that it was statistically significant. The results sug-
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gest that as the SFIP program matured, there was a

statistically-significant improvement in faculty per-

ception of student performance.

4.1.2 Comments from the instructor surveys

The faculty comments from the 2012–2016 surveys
were analyzed and five themes were developed to

characterize the most frequent responses. Similar

themes were observed in the 2018 survey responses.

A collection of summarized responses from the

2012–2016 surveys is included below for each of

the five themes. The ‘‘Frequency’’ refers to the

percentage of participants who commented on the

theme. It was calculated as the number of faculty
who commented on the theme, divided by the total

number of participants (27). Repeat comments were

only mentioned once but each instance was counted

toward the frequency calculation.

Theme 1: On the use of real-world everyday

engineering examples

From ‘‘Liked BEST’’ comments.

Frequency = 24/27 = 89%.

Summarized comments:

� More student interest.

� More student awareness.

� More participation in class.

� Students are more engaged.

� Students seem to understand better.

� Easier to explain.

� Students appreciate it.

� Deeper understanding.
� Made me more observant of my surroundings

while searching for examples to use in class.

� I enjoyed the collaboration between faculty and

students during class to solve the example.
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Table 2. Faculty survey results. The maximum Likert-scale score is 5.0

1Q #

2012
Average
n = 5

2013
Average
n = 5

2014
Average
n = 5

2015
Average
n = 6

2016
Average
n = 6

2012–2016
Average
(n = 27)

Oct. 2018
Average
(n = 21)

2Q1 2.6 (42%) 2.4 (38%) 3.6 (62%) 3.0 (50%) 3.2 (54%) 3.0 (50%) 2.9 (48%)
2Q2 4.4 (78%) 2.8 (46%) 3.6 (62%) 3.7 (64%) 3.3 (56%) 3.6 (62%) 3.1 (52%)
2Q3 2.5 (40%) 1.3 (16%) 3.0 (50%) 2.2 (34%) 2.5 (40%) 2.3 (36%) 2.6 (42%)
Q4 4.8 4.6 4.8 4.7 4.7 4.7 4.6
Q5 4.0 4.8 4.4 4.5 5.0 4.6 4.6
Q6 2.8 3.0 3.8 3.3 2.8 3.2 3.3
Q7 3.2 3.6 3.75 3.83 4.3 3.8 3.9

Table 2 Notes:
1 Summarized questions:

Q1: Percentage of lectures using a real-world example at the beginning of class.
Q2: Percentage of lectures as in Q1 OR used additional active learning techniques.
Q3: Percentage of lectures innovated in courses OTHER than SFIP courses (after finishing the SFIP program).
Q4: Enjoyed using SFIP techniques in the classroom.
Q5: SFIP was effective in preparing me in this new style.
Q6: There is enough time to cover all the course objectives using this methodology.
Q7: Students perform better using this teaching methodology.
2 To clarify the results of the first three questions, the Likert-scale averages were transformed to percentages of class sessions based on the
assumption that the faculty score represented themiddle of the range, i.e., a Likert Level 1 represented 10%of the sessions, 2: 30%, 3: 50%,
4: 70%, and 5: 90%of the sessions. The percentages are includedwithin parentheses. The last four questionswere not transformed since the
Likert values are self-explanatory.

Fig. 10. Statistically significant regression line on the averages for Q7: ‘‘Students perform better
when using the SFIP methodology’’. The results are based on faculty perception.



� Forces the students to engage in thinking about

solving a problem from the very beginning and

students are more interested and listen more

intently.

� The example helped students visualize the use of

‘‘position analysis’’ in my kinematics course.
� I received more questions than usual while dis-

cussing the real-world example.

� I liked so much the change in attitude of the

students in the classroom and the students’ curi-

osity for real-world examples was very high.

� Students want to know how to understand/

analyze/solve the case based on the concepts of

the lecture.
� Students pay attention for a longer periodof time.

� I developed a real-world example as a final

project and the experience was awesome, the

students were more motivated and in general

the projects were better than previous semesters,

there were no plagiarism issues, and some teams

included advanced topics not discussed in class to

improve the solution proposed by the team.

Theme 2: On the benefit of writing specific learning

outcomes at the topic level

From ‘‘Liked BEST’’ comments.

Frequency = 11/27 = 41%.

Summarized comments:

� Became more organized.

� Class preparation more structured.

� Able to work more precisely with the learning

outcomes.

� Easier to develop study guides.

� Able to prepare more balanced exams based on

Bloom’s taxonomy.

� Giving the students a list of the learning objec-
tives was, by far themost significant change and I

think that students appreciated it more.

� The learning objectives make students ‘‘know’’

what is expected of them and helps the faculty to

decide what is really important.

� The granulated objectives in the lesson plans are

much simpler and comprehensible for students.

Valuable tool to improve students’ performance
in class.

Theme 3: Time concerns regarding coverage of

syllabus

From ‘‘Liked LEAST’’ comments

Frequency = 18/27 = 67%.

Summarized comments:

� Requires time to implement in the classroom.

� Time consumed during class.

� Difficult to cover the syllabus.

� There should be more time for lectures.

� Requires better time management.

� More effort required by the instructor.

� Requires time to adapt to this new methodology.

� Disruptive to the dynamics of my teaching and it

will take a few semesters to adapt.

� The active learning approach ends up changing
the priorities of the material that I teach and it is

very hard to use active learning and maintain the

same level of emphasis on the material; for

example, whatever topic you start the class ses-

sion with, will have a tendency to receive more

attention thereby leaving less time to develop the

other topics, so the result is that what I am doing

right now is about 50% active learning and about
50% traditional.

� The use of examples added more variability in

terms of time than what I expected, with some

requiring more time and others less time, and a

few were taught hastily at the end and were tested

as a bonus in the exam.

� We need to be creative in this issue of time to

cover the syllabus.

Theme 4: Students should study more

From ‘‘ADDITIONAL’’ and ‘‘Liked LEAST’’

comments.

Frequency = 7/27 = 26%.

Summarized comments:

� There is still a problem with students’ mentality

regarding study and they just look for simple

ways to pass the class.

� Students should understand that engineering
courses require dedication and that they are not

going topass by studying thedaybefore the exam.

� No evidence on improved student performance in

exams.

� No evidence that the methodology improves

students’ knowledge and performance.

� Root cause of poor academic performance stems

mainly from shaky mathematical foundations
which impede an intellectual leap.

� Students performing somewhat better but, to a

great extent, it is their attitude toward the course

that determines their performance.

Theme 5: Suggestions to improve the SFIP

program

From ‘‘ADDITIONAL’’ comments.

Frequency = 18/27 = 67%.

Summarized comments:

� Integrate past experiences in new editions of

SFIP.

� I would like to re-attend the workshops provided

by the second author.
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� Should have more follow-up meetings during the

semester.

� Create a compilation of common misconcep-

tions, possible ways of addressing them, and

sharing results with all the faculty.

� Invite former SFIP trainees to talk to the new

trainees.
� Create a compilation of activities and put it

online, with access to all the instructors.

� Have a workshop to present the lesson plans and

obtain feedback from colleagues so that the

activities can be improved.

� More time to switch other courses to inductive

learning.

� Have workshops were the faculty get to see and
discuss and critique more examples of lesson

plans of what would be considered as good or

excellent in terms of providing an active learning

experience to the student.

� Separate the experiences of real-world examples,

which takemore time and require drastic changes

to the course, fromactive learning techniques that

use up only minutes (at most) and are easier to
implement.

� Have workshops were faculty get to discuss the

good points of this methodology as well as the

difficulties that they encountered;Have a closing-

the-loop meeting to re-evaluate or modify the

sessions and bring in students to provide direct

feedback into the effectiveness of the new lesson

plans.
� There are too many topics covered in the course

and there should be a department-level discussion

to review them and decrease them.

� Get more devices to do real-world examples in

class.

� More coordination between the department

heads and the faculty for course assignments to

ensure that the courses which were transformed

are prioritized.

� The faculty should take a seminar like this once a

year.

4.2 Student exit survey

Finally, an analysis of a student exit survey con-

ducted every semester in the capstone course of

mechanical engineering students showed that the
students’ complaint of courses with ‘‘too much

theory without real-world, practical context’’ had

been eliminated after conducting the SFIP program

(Fig. 11).

5. Discussion of results

5.1 Assessment of SFIP

The impact of SFIP is examined at each of the three

tiers of assessment shown in Fig. 6. The results refer
to Table 2. The reported Likert scale averages are

based on a maximum score of 5.0.

On Level 1 (participants’ satisfaction with the

SFIP program), the results indicate a high level of

satisfaction; specifically:

� The 2012–2016 average of 4.6 for Q5 clearly

shows that the faculty were satisfied with SFIP

in preparing them to teach in this new style. It

rates summer immersion as an effective instru-

ment for change. The 2018 survey showed exactly

the same level of satisfaction (4.6).

� The 2012–2016 average of 4.7 for Q4 clearly

shows that faculty enjoyed using the techniques
in the classroom. The 2018 survey shows a similar

level of satisfaction score of 4.6.

� The paraphrased comments in Theme 1 (on using

everyday engineering examples in the classroom)

also indicate faculty satisfaction with the pro-
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Fig. 11.Student exit survey results reveal that students are no longer complaining about courseswith
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gram. Some instructors commented that students

were more interested and engaged in the class-

room, and asked more questions than usual,

when presented with the everyday engineering

example at the beginning of class. A vast majority

of the faculty (89%) commented positively on this
aspect of the program.

� The paraphrased comments in Theme 2 (on the

benefit of writing specific learning objectives at

the topic level) also indicate faculty satisfaction.

Some faculty felt that they achieved a higher level

of organization, that it facilitated the creation of

study guides and exams, and that it assisted in

improving student performance. A significant
number of faculty (41%) commented positively

on this aspect of the program.

On level 2 (impact on teaching practices)

� All the participants fulfilled the requirement of

creating 60 lesson plans (30 per course), similar to
Fig. 8. The creation of the lesson plans compelled

the change process to occur andprovided a strong

starting point.

� The results of Q1 (2012–2016 Average) shows

that an average of 50% of the class sessions

taught by the trainees immediately after partici-

pating in SFIP were conducted inductively with

E3 and the 5E’s. The 2018 survey shows an almost
identical level of 48% of the class sessions, which

evidences lasting change.

� The results of Q2 (2012–2016 Average) shows

that an average of 62% of the class sessions used

some form of active learning. The percentage

dropped to 52% in the 2018 survey which,

although not statistically significant, suggests

that active learning is now being used about half
of the time. This is also a measure of lasting

change. The project did not measure the level of

active learning used by each facultymember prior

to SFIP; however, the same faculty were surveyed

prior to the creation of SFIP [1], and 95%

indicated that they wanted to learn more about

effective instructional techniques. This level of

interest tends to indicate that the faculty could be
rated as traditional, teacher-centered instructors.

� The results of Q3 (2012–2016 Average) shows

that trained faculty transformed an average of

36% of the class sessions in other courses. This

finding implies that once a faculty member is

trained, they will have undergone the required

change process to continue transforming addi-

tional courses on their own time, within the
‘‘normal course preparation commitment’’

which was identified as a barrier by the NRC

[2]. In the 2018 survey, the results increased to

42% which, although not statistically significant,

maybe expected sincemore time has elapsed since

the conclusion of SFIP; therefore, the faculty had

more time to start transforming other courses.

This is also a measure of lasting change.

On Level 3 (impact on students’ learning or related
outcomes):

� The strongest evidence of success was the elim-

ination of student complaints in the exit survey

regarding courses with ‘‘too much theory with-

out real-world, practical context’’ (Fig. 11).

These results validate the effectiveness of using
practical problems in an inductive manner. It

also validates that practical problems are indeed

being used in the classroom, as suggested by the

results of Q1.

� The five-year average of Q7 was 3.8, which mar-

ginally suggests that SFIP had an impact on

student learning. The 2018 results were nearly

equal (3.9). However, the results of Q7 also
showed a statistically significant increase every

year SFIP was offered (Fig. 10). Some reasons for

thepositive slopemaybedue toprogramenhance-

ments in the second year [4], enrichment of the

program as more faculty suggested improve-

ments, the experience gained by the first author

as SFIPmatured, and the fact that as the commu-

nity of student-centered teachers grew, and as
more positive informal communication took

place within this community, the change process

evolved positively, including the faculty percep-

tion that students performed better in class.

5.2 Addressing barriers to change

In light of these positive findings, we examined how

well SFIP targeted the significant barriers to change

identified in the literature (refer to Fig. 1). Table 3

summarizes the analysis in terms of an achievement
grade for each barrier. The table also includes

comments to explain the grade assigned by the

authors. The three grades which establish the level

of achievement in Table 3 are defined as follows:

� Pass—There is strong evidence that the SFIP

initiative successfully overcame the barrier.
� Fail—There is strong evidence that the SFIP

initiative did not overcome the barrier.

� Inconclusive—There are three possibilities:

� Mixed results—The evidence is mixed. A Pass or

Fail grade decision cannot be made.

� Incomplete results—Although there is strong

evidence of a Pass grade, there is a missing piece

of information that prevents a strong conclusion;
for example, no initial indicators (pre-survey) to

compare against the post-survey results.

� Not tested—The barrier was not tested in the

study so a Pass or Fail grade can not be estab-

lished.
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As shown in Table 3, barriers 1 through 5 earned

passing grades. As an additional comment regard-

ing barrier 4, the results suggest that engaging the

entire community was an important characteristic

of SFIP, i.e., it was designed to impact all the

engineering faculty at this institution rather than a

select few. The new paradigm proposed by SFIP

altered the basic assumptions and traditional ways
of thinking about teaching of the entire school

community. With every group that was trained,

more local role models were available to be suppor-

tive in the change process of the remaining faculty

that were trained later.

Barrier 6 earned an ‘‘inconclusive’’ grade based

on the mixed results of Q6 in Table 2 (3.3 score).

These results fall just above the middle of the Likert
scale which is not strong evidence to assign a Pass or

Fail grade. Also, the Theme 3 comments showed

that 67% of the faculty found it challenging to use

the new strategies, as may be expected of most

situations that involve change. However, a high

value of the standard deviation inQ6 (1.33) suggests

that some faculty members found the time to cover

the objectives while others did not. It suggests
interesting follow-up research questions which will

be presented later.

Barrier 7 earned an ‘‘Inconclusive’’ grade because

the program did not assess the initial level of

personal disposition of participants prior to SFIP.

The program did manage to attract most of the

faculty, thus overcoming anyone with a low initial

inclination; however, this evidence is not strong
enough to make a definitive conclusion.

5.3 Comparison with other instructional

development programs

The list of 191 articles [30] selected byHenderson, et

al. provides an excellent source of information to

compare the attributes of SFIP against other

instructional programs. These articles represent

the final cut of ‘‘exhaustive searches in multiple

databases, reviews of reference lists of chosen arti-
cles, and feedback from expert readers outside the

research team’’ [24]. Furthermore, the list includes a

brief comment for each article which facilitated the

selection of articles downloaded for a deeper review.

None of the 191 articles utilized an intensive one-

month summer immersion period to provide the

time and mental space to transform teaching prac-

tices. However, Camblin and Steger [31] briefly
described a two-week Summer Institute at the

University of Cincinnati whose objective was to

implement technology in the classroom. Thirty

instructors participated every summer. Details

were sparse, as it was only one of several strategies

reported, so we could not compare its time dedica-

tion against SFIP’s intensive 40-hours per week

commitment. Also, their results were an aggregate
of all the strategies, so it was not possible to

specifically analyse the summer institute’s impact.

The authors did include one comment by a summer

institute participant who expressed a very high

degree of satisfaction with the program. A stipend

was not granted; instead, the institution provided a

$500 voucher to each participant to purchase soft-

ware or hardware for their courses. This finding
implies a very high degree of intrinsic motivation
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Table 3. Achievement grades for SFIP in overcoming the barriers which impede the diffusion of effective instructional strategies. The
grades are Pass, Fail, and Inconclusive. The comments briefly explain the grade

Barrier
Achievement
Grade Comments

1. Lack of new funds or shift in allocations Pass External funds were allocated to conduct SFIP.

2. Lack of time to restructure courses Pass The one-month immersion period proved adequate to transform the
faculty, including the time required to prepare 60 lesson plans per
participant.

3. Lack of incentives and rewards Pass The high participation rate of the faculty, the fact that there were zero
dropouts, the successful creation of 60 lesson plans by each
participant, the subsequent experimentation in the classroom, and the
positive results of the study, indicate that the $7,500 stipend incentive
was effective in attracting committed faculty into the program.

4. Teacher-centered tradition of the
community of instructors

Pass A teacher-centered community of instructors was impacted by SFIP.
Additional comments are provided in the text.

5. Student resistance Pass Student complaints of ‘‘toomuch theory without real-world, practical
context’’ were eliminated. Also, the results show a statistically
significant increase in faculty perception of student performance as the
program aged. No new student complaints have been reported.

6. Expectation of syllabus/content coverage Inconclusive Mixed results. Additional comments are provided in the text.

7. Low level of personal disposition of
instructors

Inconclusive Initial indicatorsonpersonal dispositionwerenot assessed.Additional
comments are provided in the text.

8. Large class sizes and inadequate room
layout

Inconclusive Not tested. The classes were all small (35 students max.) and the room
layout was adequate.



and time availability during the summer, which

seems contradictory to the typical barriers found

in the literature (barriers 2 and 3 inFig. 1), especially

since the institution was described as a Research I

institution (highest possible level of research activ-

ity).
Major and Palmer [32] described a program that

was the most similar to SFIP except that, instead of

using the summer period, the faculty received

release time during the semester. The participants

commented positively on the adequacy of the

release time to undergo the change process (the

academic load during the intervention was not

disclosed). The objective was to transform teaching
practices to ProblemBasedLearning (PBL)which is

closely related to SFIP’s use of practical problems in

the classroom. Also similar to SFIP, the faculty

participated in training workshops, the administra-

tion allowed the faculty to experiment in the class-

room without fear of retribution, and faculty

received a summer stipend (the amount was undi-

sclosed, and it is unclear why it was disbursed in the
summer). The program was focused, very well

organized, provided strong mentorship, and fitted

very well within the institution’s history of innova-

tion, as reported in the article. The article cites Ball

and Cohen [33] who suggest that teachers must

undergo a ‘‘powerful experience to transform their

pedagogical skills beyond the recycling of the

instructional techniques they experienced as stu-
dents’’. This program and SFIP seem to share this

‘‘powerful experience’’ characteristic.

We also identified successful programs that

focused on reflection (category II, Fig. 2) through

a variety of techniques, for example, ‘‘Learning

Circles’’ [34], and ‘‘Learning Communities’’ [35].

Romano, et al. [36] focused on faculty at mid-career

with the objective of reintroducing teaching vitality.
Some programs had an application/proposal pro-

cess; for example, Calkins and Light [37] offered a

robust support structure to assist in the develop-

ment and implementation of specific projects pro-

posed by each instructor, once they were accepted

into the program. In general, these types of pro-

grams were based on a gradual approach to change

through an extended period of time, usually one-
year, they were based on regularly scheduled meet-

ings (weekly, in most cases), and provided excellent

mentoring and coaching throughout the entire

experience. These programs did not offer release

time although, in the case of Miller, et al. [38], the

new faculty participants were officially excused

from serving in institutional committees. We could

not find evidence that the participants received a
stipend.

The preceding discussion seems to reveal the

following pattern: time-intensive programs are

useful when the objective is to rapidly disseminate

a specific change strategy on a community of

instructors, such as introducing practical problems

in the classrooms as in SFIP (or PBL in the case of

Major and Palmer), but which still requires a

considerable amount of reflection time to decide
on the problems, and to develop the ideas through

lesson plans. These types of programs blend cate-

gories I and II of change strategies (Fig. 2). A

summer immersion (or release time during the

semester) is very effective in providing the required

time and mental space for the change process to

occur. A stipend ensures faculty commitment to

stick with the intense process. In SFIP we had zero
drop outs and a high rate of adoption at the

conclusion of the program. On the other hand,

programs that focus on reflection (category II in

Fig. 2) benefit from a gradual approach to change

and are able to conduct a successful program with-

out release time nor a stipend. The change process

occurs at a slower rate than with the high-intensity

programs, but they have been shown to be effective.
In hindsight, SFIP may have benefitted from the

stronger component of mentoring and coaching

while faculty experimented with the changes in the

classroom, as conducted in the category II pro-

grams. Regarding coaching, Taylor, et al. [39]

describe the details of coaching roles and a faculty

training program within a capstone course which is

adaptable to other types of instructional develop-
ment programs such as SFIP.

We also found ten articles that directly addressed

the role of leadership in change initiatives. Several

of these were ‘‘calls for leadership’’; for example,

Inelmen [40] challenged the administration to

implement PBL throughout engineering based on

the successful experiences he undertook in trans-

forming three courses to PBL. The majority of the
remaining nine articles called for some form of

shared leadership, which reveals the basis for the

Category III best practices (Fig. 3). For instance,

Knight and Trowler [41] coined the term ‘‘interac-

tional leadership’’, described as directed collegial-

ity, in which the leader is a good listener, establishes

‘‘a climate of negotiation based on trust’’, and

‘‘fosters an environment in which teaching, learning
and the needs of interests and students are given

greater priority’’. Furthermore, Lyons and Ebert

[42] performed a survey of STEM education centers

and uncovered that an ingredient for their success is

‘‘a leader passionate about teaching and learning’’.

The development programs described above have

the common denominator of effective leadership. In

the case of SFIP, the leadership of the first author
was allowed to emerge because the institution’s

CEO prioritized the goal of obtaining and main-

taining ABET accreditation for its engineering
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programs—ABET served as the catalyst. Further-

more, leadership extended beyond the first author’s

department because he served as the school’s ABET

coordinator for this effort, which required frequent

interaction with all the faculty in the school.

5.4 Limitations and further research

The sample size of this study was relatively small,

N = 27. It remains to be seen if similar levels of

success are obtained in other institutions who adopt

an immersion program. On a related front, SFIP

was conducted in an institutionwith low tomid level

research activity. Good teaching practices are
rewarded in promotion decisions. Similar institu-

tions aremore likely to benefit fromanSFIP-type of

intensive program. Research-intensive institutions,

on the other hand, are not likely to attract amajority

of faculty; however, the Summer Institute reported

by Camblin and Steger [31] was able to attract 30

participants from a Research I institution for two

weeks during the summer (for several summers),
which provides a measure of hope.

The methodology of the study has limited depth.

Although limited, it revealed strong evidence of

success in many areas while uncovering weak

points which may serve as launching pads to con-

duct further research. A research area of immediate

interest to the authors is related to barrier 6,

expectation of syllabus coverage. The inconclusive
results provide an opportunity to implement quali-

tative methods of research such as the use of semi-

structured interviews, thematic analysis or coding

techniques to address two interesting follow-up

research questions on this cohort of faculty. The

first question is, why did some instructors manage

content coverage better than others? The second

one is, which factors are common between the
faculty who were able to cover all the content and,

conversely, common factors between faculty who

were not able to cover all the content?

The study did not measure students’ learning

directly. The Level 3 assessment (Fig. 6) we con-

ducted reflects students’ satisfaction with the prac-

tical problems (Fig. 11) so it is really a measure of

the ‘‘other relevant student outcomes’’ rather than
‘‘students’ learning’’. Level 3 was also assessed from

the angle of faculty perception (Fig. 10); however,

these results only provide an indirect measure of

learning. Some faculty also commented that they

did not perceive improvements in students’ perfor-

mance (4.1.2, Theme 4). Felder, et al. recognized the

difficulty in measuring students’ learning and the

evenmore difficult task of unequivocally attributing
observed improvements in students’ learning to the

instructional development program. The first

author is addressing this difficulty by reframing

the problem in terms of measuring the development

of expertise. Bransford, et al. [27] define the term

‘‘conditionalized knowledge’’ as knowledge that is

related to a useful context and can therefore be

easily recalled and transferred to new situations,

as experts do. They urge instructors to create envir-

onments conducive to developing ‘‘conditiona-
lized’’ knowledge rather than leaving it to students

to figure out the conditions under which knowledge

and skills can be applied. It may be argued that the

use of practical problems in the classroom, as

required by SFIP, is an effective strategy for con-

ditionalizing knowledge; therefore, it should lead to

expertise. Additional related literature on expertise

[43-45] is providing guidance on this research. The
first author has already obtained some results on

semester-long projects which expand on the SFIP

concept [46]. In the future, this research will be

combined with the issue of ‘‘shaky mathematical

foundations’’ of some students as perceived by some

faculty (4.1.2, Theme 4).

6. Conclusions

We propose one model to solve the persistent

problem of how to transform a teacher-centered

community of instructors into users of effective

instructional strategies. Themodel promotes lasting

change by virtue of conducting an intense and

focused effort which lasts over an extended period
of time—one month in the summer—when the

faculty are not busy with typical semester duties.

Furthermore, themodel proposes a stipend to offset

the lost income from summer research or summer

teaching activities. The stipend ensures faculty

commitment to stick with the intense process. The

model ismost effectivewhen the objective is to blend

category I and II change strategies, that is, programs
focused on disseminating a specific change (cate-

gory I), such as switching a community of instruc-

tors to inductive teaching with practical problems,

but which still require a considerable amount of

time of reflection (category II) to work out the

specifics on how each participant will accomplish

it. The immersion time and the development of new

lesson plans creates a powerful environment that
compels the change process to occur, with the result

that faculty can break out from using traditional

instructional techniques.

Still, the model is not a one-size-fits-all instruc-

tional development program. Each institution is

different, starting with the importance placed on

research activity and ending with the interests,

concerns and background of the cross-section of
the student population. Therefore, we recommend

that faculty development programs should be

designed one institution at a time. Although the

implementation of thismodel seemsmost feasible in
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institutions with low to mid research activity, the

literature shows that there is hope it could also be

applied in institutions with a high level of research

activity. Regardless of the type of institution,

change agents are encouraged to closely examine

the interests and concerns of all the stakeholders at
their own institutions. An excellent starting point is

the process of outcomes assessment and continuous

improvement required by ABET, with the bonus

that the results can be used to demonstrate com-

pliancewith relevantABETcriteria. The bottom-up

design approach shown in Fig. 5, which was retro-

spectively found to be anchored on all four cate-

gories of change strategies (Fig. 2) and best practices
(Fig. 3), provides guidance on how to conduct this

process in a manner which should lead to success.

We finalize this article by noting that the 20-year-

old transformational vision of the National

Research Council—provide new funds or shifts in

the allocation of resources, and more time for the

faculty to innovate their courses—has come to

fruition at this institution.
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