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Abstract This article explains how issues regarding dual

credit and Advanced Placement high school science

courses could be mitigated via a flipped classroom in-

structional model. The need for advanced high school

courses will be examined initially, followed by an analysis

of advanced science courses and the reform they are ex-

periencing. Finally, it will conclude with an explanation of

flipped classes as well as how they may be a solution to the

reform challenges teachers are experiencing as they seek to

incorporate more inquiry-based activities.
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There is a direct correlation between the successful com-

pletion of advanced-level high school courses and college

completion (Jones 2014; An 2013b). As society moves

toward more knowledge-based employment opportunities,

college degrees become more important for employability

than ever before (US Bureau of Labor Statistics 2013;

Moss and Tolly 2003). However, only slightly more than

half the students who enter post-secondary school complete

a baccalaureate within 6 years (National Center for

Education Statistics 2013; Adelman 2006). It has also been

shown that students who participate in advanced college

preparatory courses in high school have a greater proclivity

of success in college (Willingham and Morris 1986; An-

drews and Barnett 2002; Allen and Dadgar 2012). There-

fore, it could be extrapolated that students should be

encouraged to enroll and successfully complete advanced

courses to enhance their chances of collegiate degree

completion through acquisition of skills necessary for

academic success in post-secondary academic success

(Bailey and Karp 2003; Watt et al. 2011).

Additionally, high school science instructors have been

encouraged to increase the amount of inquiry in their classes

in the hopes of enhancing their students’ scientific literacy

(National Research Council 2000). This requires teachers to

expand the laboratory component of the course, but with the

curriculum already at capacity, classroom time may be an

issue when attempting to accomplish both inquiry and con-

tent coverage (Cooper and Klymkowsky 2013; Teo and

Osborne 2012). This has been especially evident in Ad-

vanced Placement (AP) and dual credit courses (Parker et al.

2011; Fielding 2012).

AP and dual credit courses are designed to allow aca-

demically advanced high school students an opportunity to

earn collegiate credit while still in secondary school (Nu-

gent and Karnes 2002; Jones 2014; The College Board

2014b). With various authorities, such as politicians or

school administrators (Schneider 2011; Lacey 2010), en-

couraging advanced courses combined with the additional

time requirement for inquiry activities (National Research

Council 2000, 2002), some educators started seeking for

solutions outside of the standard classroom. Teachers have

started to experiment with a new instructional method

known as the ‘‘flipped classroom’’ to alleviate this issue.

The flipped classroom may be a feasible solution to in-

crease the time-consuming efforts of inquiry without sac-

rificing more direct dissemination of content (Tucker 2012;

Deslauriers et al. 2011).
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This article explains how issues regarding dual credit

and Advanced Placement high school science courses

could be mitigated via a flipped classroom instructional

model. The need for advanced high school courses will be

examined initially, followed by an analysis of advanced

science courses and the reform they are experiencing. Fi-

nally, it will conclude with an explanation of flipped

classes as well as how they may be a solution to the reform

challenges teachers are experiencing as they seek to in-

corporate more inquiry-based activities.

Advanced Courses and College Success

According to the National Center for Educational Statistics

(2013), the unemployment rate for Americans with at least

a bachelor’s degree was lower than those without a degree.

In the global economy, potential employers tend to favor

highly educated individuals (Moss and Tolly 2003; US

Bureau of Labor Statistics 2013). However, the completion

rate for post-secondary school enrollees could be improved

(Adelman 2006; Conley 2005; Bound et al. 2010). This

section will demonstrate the need for high school students

to academically challenge themselves in advanced courses

to ease their matriculation and improve their chances of

successfully earning a college degree.

Although currently approximately 68 % of high school

graduates proceed directly to college (National Center for

Education Statistics 2013), only a fraction of these en-

rollees achieve a bachelor’s degree within 6 years (Adel-

man 2006; Heckman and LaFontaine 2008; Bound et al.

2010). According to Adelman, only one-third of the stu-

dents who enter a 4-year college directly from high school

complete a bachelor’s degree within the given 4 years. Of

the students who enter college, 54–58 % of the students

will earn their bachelor’s degree within 6 years (Adelman

2006). Numerous studies suggest that an increase in the

availability and completion of advanced high school

courses, which address critical thinking and problem

solving skills, could ameliorate the issue (Allen and Dadgar

2012; An 2013b; McKillip and Rawls 2013). Contrary to

the dropout rates, the students who complete Advanced

Placement high school courses have a higher rate of col-

legiate success (Willingham and Morris 1986; Andrews

and Barnett 2002).

The four primary avenues a student could pursue to

obtain college credit while still in high school are to (1)

successfully complete an AP course offered through The

College Board (2014b), (2) successfully complete an In-

ternational Baccalaureate course offered through the In-

ternational Baccalaureate Organization (International

Baccalaureate Organization, n.d.), (3) receive both high

school and college credit for successful completion of a

college course offered on a high school campus, and (4)

travel to a college campus that allows high school students

to enroll (Nugent and Karnes 2002; Jones 2014; Parker

et al. 2013). These approaches tend to blur the lines be-

tween high school and college, easing the matriculation

from one to the other (Karp et al. 2005; Andrews and

Barnett 2002). Each of these programs provides a rigorous

presentation of collegiate material (Nugent and Karnes

2002; Edwards et al. 2011). The availability of these

courses is exploding throughout the country (Santoli 2002;

Jackson 2010; Young et al. 2013) as colleges around the

USA provide extra consideration to students who chal-

lenged themselves by attempting the AP and/or dual credit

courses (Santoli 2002; Hebel 1999). This paper focuses on

AP and dual credit courses, as these are the most common

methods of earning college credit while still in high school

(Nugent and Karnes 2002).

Some researchers suggest that students who are en-

rolled in AP and dual credit courses would have an innate

propensity to succeed in college because participating

students are those who are more determined to succeed

and who potentially possess a greater ability for depth of

understanding of college-level material (McKillip and

Rawls 2013; Dougherty et al. 2006). Furthermore, students

who were more intrinsically motivated to participate in

science classes tended to achieve greater success in their

introductory science courses as well as enroll in Advanced

Placement science courses (Bryan et al. 2011). Therefore,

if the students are self-selecting to participate in the ad-

vanced courses, it could be argued that research studies

that analyze collegiate success as it correlates with ad-

vanced course completion could be skewed by these

assumptions.

If the students are permitted to take advanced courses

regardless of prerequisite qualifications, they may not be as

prepared for the class regardless of their academic drive.

There is a correlation between AP exam scores and pre-

paredness of the student. The students who are less pre-

pared for the rigor of the class tend to achieve lower scores

on the exam (McKillip and Rawls 2013; Dougherty et al.

2006). Additionally, when SAT scores of those who par-

ticipate in AP courses were compared, the researchers

observed a direct correlation between AP exam scores and

SAT scores. The research showed that students who scored

1 or 2 on the AP exam (lowest scores achievable) experi-

enced little to no gain in SAT scores after completion of

the course (McKillip and Rawls 2013).

However, many researchers noticed positive effects in

college, regardless of the AP exam score earned. For in-

stance, Scott et al. (2010) found that former AP students’

first-semester college GPAs were consistently greater than

the GPAs of their respective counterparts (i.e., similar

SATs, socioeconomic status) who had not participated in
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AP courses. Other researchers have found similar results

with both AP courses and dual credit (Mattern et al. 2009;

Smith 2007; Crouse and Allen 2014; Dougherty et al.

2006). Many indicate that the higher expectations incor-

porated into advanced courses do more than deliver content

to the students; the courses also supply students with

problem solving and critical thinking skills and teach the

students appropriate studying habits (An 2013a; Henry

1990; Willingham and Morris 1986). The rigor and

preparation that students receive in secondary school could

have an effect upon future collegiate success (Watt et al.

2011; Bailey and Karp 2003; McKillip and Rawls 2013;

Willingham and Morris 1986). Therefore, schools have

been encouraged by governmental authorities to expand

programs that incorporate more rigorous courses, such as

Advanced Placement and Dual Enrollment (An 2013b;

Schneider 2011; Lacey 2010; Karp et al. 2005).

In addition to learning content at a more sophisticated

level, students can also potentially earn college credit for

the successful completion of advanced courses while they

are still in high school. This once again assists with the

goal of collegiate degree completion and ultimately en-

hanced employability (Austin-King et al. 2012; Eimers and

Mullen 2003; The College Board 2014e). Parents and

students who participate in advanced courses in high

school for college credit indicated several reasons to par-

take in the opportunity. Some participants believed that it

was more cost-effective, while others believed that the

additional college credits would allow them to graduate

from the post-secondary institution in a more timely

manner (Austin-King et al. 2012; Eimers and Mullen 2003;

Santoli 2002; Young et al. 2013). Some students noted that

they enjoyed the opportunity to learn from the ‘‘best’’

teachers in the school (Casserly 1986; Santoli 2002). Other

students simply ‘‘feel’’ more prepared for college after

completing the courses (Casserly 1986; Eimers and Mullen

2003). As noted, there are several different academically

rigorous options available to students at the secondary

level, which will be explored in greater detail next.

Advanced Placement and Dual Credit Science
Courses

Of the many opportunities available to students wishing to

achieve college credit while still in secondary school,

Advanced Placement and dual credit are among the most

prevalent. However, when examined in greater detail,

several challenges arise. Many of these may be alleviated

by the flipped classroom model, which is detailed later in

the article. For instance, while determining whether a

course is accepted into the dual credit program, many

analyses must be completed. While both options potentially

analyze the subject matter during the approval process, the

dual credit courses also often examine the time spent in the

class.

According to the College Board (2012, 2014b, c), AP

chemistry, biology, and physics courses are considered to

be the equivalent of a two-semester corresponding intro-

ductory course while an AP environmental science course

is equivalent to a one-semester college course. AP exams

are administered every May to determine the summative

knowledge of the students. The scores from these exams

can then be submitted to universities, who then determine

whether college credit would be granted to the student for

the score earned (The College Board 2014d). The majority

of competitive schools require AP exam scores of a four or

five, the highest scores available, in order to award college

credit (Ganeshananthan 2000; Curry et al. 1999; Viadero

2000). It should be noted that, while more students are

taking AP exams, there are also a greater number who are

earning a 3 or lower on these exams (Jackson 2010).

Consequently, there is the question of whether the AP

courses are not requiring adequate rigor or whether stu-

dents admitted to the courses are ill-prepared for the

challenge (Jackson 2010).

Alternatively, post-secondary institutions and high

schools are partnering to provide opportunities where stu-

dents receive college credit while attending college-level

classes in secondary school (Edwards et al. 2011; Burns

and Lewis 2000; Andrews 2001). These courses are most

often referred to as dual credit or dual enrollment terms

that are frequently used interchangeably (Burns and Lewis

2000; Bailey and Karp 2003). Although few researchers

have attempted to delineate the terminology (Burns and

Lewis 2000; Bailey and Karp 2003), the ultimate outcome

is the attainment of both high school and college credit for

coursework done while in high school (Fontenot 2003;

Burns and Lewis 2000).

While participating in these programs, students enroll in

college-level courses at their current high school and the

high school teacher instructs the course following a syl-

labus that was agreed upon with the partnering post-sec-

ondary institution (Edwards et al. 2011; Drummond 2013).

This method is gaining great momentum in availability

throughout the USA (Edwards et al. 2011; Allen and

Dadgar 2012; Andrews 2001). Alternatively, the student

may choose to attend a collegiate course on the college

campus to earn both high school and collegiate credit

(Edwards et al. 2011). Although these courses are not

without issues (Drummond 2012; Fontenot 2003; Andrews

and Barnett 2002), it has been shown that if the corre-

sponding schools have a productive partnership, the results

can be beneficial to the students while in high school as

well as after graduation (Crouse and Allen 2014; Jones

2014; An 2013b).

J Sci Educ Technol (2015) 24:875–887 877

123



The College Board prescribes the precise curriculum

that is to be presented throughout the school year, while the

dual credit reviews not only the content, but sometimes the

contact hours as well. For instance, if a high school class

would like to be considered for dual credit in general

chemistry, the cooperating school may choose to look at

the time spent in class in addition to the content, weighting

of the grade and rigor of the exams. In this example, it is

possible that the collegiate course is 3 h of lecture and 3 h

of laboratory time per week. This equates to 6 h a week.

However, in a high school setting, the teachers may only

have 5 h at most a week, excluding snow days, fire drills,

etc., to spend with their students. Thus, the high school

teacher and cooperating university must find a way to make

up for that extra hour a week. Fortunately, the high school

academic year is often longer than a post-secondary insti-

tution. However, this is often not enough of a difference,

and more time is still needed to match the actual time with

students. Although there are several methods to augment

the time for student–teacher interaction, such as extending

laboratory time to include time before or after the sched-

uled school day, this paper focuses on extending the school

day by presenting some material at home via the internet

and lecture tutorials.

Not only are these programs helping the students be-

come more prepared for collegiate challenges, but in some

areas they are also improving the holistic science programs

within the partnering high school (Zhai et al. 2013; Ed-

wards et al. 2011). According to Zhai et al. (2013), several

high schools have improved their geosciences programs

through the integral involvement of the local colleges with

the dual credit programs. Additionally, many colleges are

taking advantage of the dual credit programs to promote

STEM (science, technology, engineering, and mathemat-

ics) career opportunities and thus increasing the number of

students planning to major in these areas for their post-

secondary education (Ebert 2013; Zhai et al. 2013; Ed-

wards et al. 2011).

Science Reform

Teaching college-level material in the secondary educa-

tion environment presents a challenge due the extensive

amount of material covered in a limited amount of time

(Cooper and Klymkowsky 2013; Parker et al. 2011).

Combine this with the laboratory requirements to fulfill

(National Research Council 2002), time is of the essence.

Some argue the need for even more laboratory time via

scientific inquiry experiments (National Research Council

1999, 2000, 2002; Derting and Ebert-May 2010). Conse-

quently, the flipped classroom model may be an attractive

solution.

There has been a pronounced movement in science

education to include more inquiry-based laboratory ex-

periments that provide constructivist activities where the

students explore and analyze data as practicing scientists

would (National Research Council 1999, 2000). It is the

National Research Council’s (2002) stance that by allow-

ing students to develop a more conceptual understanding of

the sciences, they will then develop a deeper understanding

of the content (Derting and Ebert-May 2010; Ermeling

2010). In the inquiry process, students actively participate

in learner-led scientific investigations where they col-

laborate and review evidence to support their findings and

then share their explanations of the phenomenon they ex-

perienced with others (National Research Council 2000).

This method is aimed to improve scientific literacy among

students, defined by the National Research Council (1998,

p. 14) as ‘‘the knowledge and understanding of scientific

concepts and processes required for personal decision

making, participation in civic and cultural affairs and

economic productivity.’’

As an example of the inquiry-based instructional re-

search performed, Deslauriers et al. (2011) studied the ef-

fects of implementing a constructivist-based activities

classroom in an introductory collegiate physics course. The

researchers performed a comparative study of two intro-

ductory physics courses. The control group (N = 267)

followed a traditional lecture-based method that included a

recitation. The experimental group (N = 271) required

students to read 4–5 pages of information and complete an

online assignment or quiz prior to class. Then the class

time was utilized for high-order thinking collaborative

problem solving.

The researchers found that the ability to increase the

individualized attention during scheduled class time al-

lowed the instructors to pose more complex problems to

students and allowed the learners to work in small groups

to analyze the questions. Deslauriers, Schelew, and Wie-

man believed that the students were then able to ‘‘practice

physicist-like reasoning,’’ which is an objective of scien-

tific inquiry (National Research Council 2000). Throughout

the semester, the researchers observed higher attendance

levels as well as engagement in comparison with the tra-

ditional lecture format. Therefore, the instructors were able

to maintain the current level of content while including

more of the inquiry process in the regular class (Deslauriers

et al. 2011).

Despite the initiative to augment science classes with

inquiry, there has been a significant resistance to changing

the teaching methods. Although many teachers indicate

that they would like to add more inquiry into their class-

rooms, few are succeeding in this desire (Teo and Osborne

2012; Bishop and Verleger 2013; Breslyn and McGinnis

2012). A chief concern is the time associated with the
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process as well as the high-stakes summative end of course

exams that are becoming more prevalent in the schools

(Teo and Osborne 2012; Stieff 2011; Fielding 2012). The

issue of balancing inquiry activities and content coverage

within the allotted time constraints has shown to be an

issue within both Advanced Placement and Dual Credit

courses (Parker et al. 2011; Stieff 2011).

Historically, the quantity of content embedded into the

high-stakes summative exam of the AP sciences leaves

little room for a true inquiry process (Parker et al. 2013;

Fielding 2012). According to the National Research

Council (2000), the time allotted for inquiry should be

lengthier anywhere from a couple of days for one project to

allowing the students to work on a single project

throughout the entire semester. The current, though

evolving, science curriculum does not provide time to truly

address the inquiry process (Cooper and Klymkowsky

2013). The current curriculum and teaching methods have

been criticized for attempting to cover too much material in

too short a time frame and failing to teach in a manner that

reflects our current views of how individuals learn (Cooper

and Klymkowsky 2013; Parker et al. 2011; Stieff 2011).

Schools that have enhanced their AP courses with inquiry

along with looping (the revisiting of prior content) found

that their students achieved passing scores on the end of

course assessment more regularly than schools that did not

(Parker et al. 2013; Stieff 2011; Derting and Ebert-May

2010; Rushton 2012).

Cooper and Klymkowsky (2013) observed positive re-

sults when their general chemistry courses were adapted to

cover fewer concepts but allowed for more review and

reinforcement practices throughout the semester. Derting

and Ebert-May (2010) studied the longitudinal effects of

exposing students to a full-year introductory biology

course that was inquiry-intensive. Their results showed

that even the short exposure of two semesters produced

the long-term effects of a deeper understanding of science

and an ability to think more critically. Also, a change to a

more collaborative and inquiry-based classroom may

possibly motivate students to take more AP science

courses (Bryan et al. 2011; Cooper and Klymkowsky

2013).

Bryan et al. (2011) conducted a study to examine the

correlation of motivation, self-efficacy, and self-determi-

nation with a desire to complete an Advanced Placement

science course in the future. The study consisted of 288

voluntary high school students between the ages of 14 and

16 (146 males, 146 females) in a primarily Caucasian

(80.2 %) suburban high school. The participants were en-

rolled in either an introductory high school biology course

or an introductory physical science course. The researchers

observed that some students who were intrinsically moti-

vated to pursue science did so as a result of the desire for

collaborative learning opportunities. This could be ex-

trapolated to argue that more inquiry may motivate more

students to pursue science.

AP science courses are under critical evaluation due to

the forced speed of content acquisition as a result of the

quantity of content required to successfully complete the

course, and some argue that this method sacrifices a stu-

dents’ depth of understanding (Parker et al. 2013; Russo

2000; Rushton 2012). As a result, the College Board has

recently been restructuring the courses to provide more

laboratory time, which includes inquiry, while focusing on

main ideas rather than massive amounts of material with

less exploration (The College Board 2012, 2014a). The

Board visualizes the new AP science courses as including

investigations that more closely mimic scientists’ true ex-

perimentations along an inquiry continuum ranging from

confirmation experiments through guided inquiry to ulti-

mately an open investigation (White et al. 2014; Parker

et al. 2013). There is a fear among some instructors that

including inquiry into an already overwhelmingly large

curriculum will neither be successful nor possible (Dove

2014). However, a recent development in educational

methods may allow for STEM classes to include inquiry

without sacrificing content. This is the flipped classroom

model.

Flipped Classes

The flipped classroom model has the potential to alleviate

some of the issues associated with Advanced Placement

and dual credit courses (Bergmann and Sams 2008). First

the model will be described in detail with several examples

of its use. Later the application to Advanced Placement and

dual credit courses will be explored.

A flipped classroom is a class structure in which the

students receive the lecture material at home via screen-

casts, pre-recorded videos, or other dissemination tech-

niques, and the scheduled class time is used more as a

recitation format, where the students perform homework

and in-depth collaborative assignments (Bergmann and

Sams 2008; Margulieux et al. 2014). This technique has

recently exploded as an experimental class structure to

allow students more one-on-one time with the instructor

and their peers to master difficult, higher-order thinking

problems rather than struggling with the assigned practice

problems at home without additional assistance. Many

have started experimenting with this instructional method

in the classroom from secondary schools (Bergmann and

Sams 2008), to post-secondary schools (Findlay-Thompson

and Mombourquette 2013; Love et al. 2013; Gray-Wilson

2013), and through graduate education (Tune et al. 2013;

Pierce 2013).
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The use of vodcasts and videos takes the possibility of

flipped classroom further. Bergmann and Sams (2008)

noticed that although the original motive for creating

vodcasts and videos was to assist students who were absent

from the chemistry class in which a topic was studied,

other students who attended the class regularly took ad-

vantage of the videos. They realized that learners were

watching and reviewing the videos to increase their own

comprehension. As they discovered the students’ perceived

value of control of their own learning (being able to return

to the videos and learn at their own speed), the instructors

chose to pursue this concept further and assigned the

videos to students to watch at home. These then became the

homework while the homework then became the in-class

work, hence the title ‘‘the flipped classroom.’’ When they

reflected upon the experience, they acknowledged that the

quantity of individualized assistance for each student in-

creased. The students who normally fell between the cracks

were now receiving the help they required to succeed.

Other researchers agree that the ability to rewind and re-

view instructional videos could be one of the advantages of

this instructional method (Love et al. 2013; Gray-Wilson

2013; Flumerfelt and Green 2013).

Several researchers believe that the ability for students

to review these recorded lectures allowed for greater in-

formation retention in comparison with face-to-face lecture

where students rely heavily on memory and personal notes

(Wagner et al. 2013; Berrett 2012). Some researchers noted

the availability of additional collaborative learning, indi-

vidualized attention, and problem solving assistance by

peers and the instructor during the scheduled class time

were the primary cause of the greater learning achieve-

ments (Flumerfelt and Green 2013; Houston and Lin 2012;

Fryenberg 2012).

Many other researchers found positive results within

STEM courses (Boindala et al. 2013; Dove 2013). Love

et al. (2013) studied the effects of flipping a linear algebra

course for sophomore-level undergraduates. The study in-

volved two sections of the course with one class utilizing

the traditional method while the other utilized the flipped

classroom model which included screencasts of the lecture

material. The researchers examined content understanding

and course perceptions. They found students involved in

the flipped classroom performed better on sequential exams

as well as held more positive perceptions of the course in

general. The students made direct comments regarding

their appreciation for the instructional video components.

These results are not isolated (Lage et al. 2000; Day and

Foley 2006; Gray-Wilson 2013). For example, Wagner

et al. (2013) participants in a flipped engineering course

found the video recorded screencasts of the lecture infor-

mation to be as useful, and often more useful, than the

traditional face-to-face lecture. Furthermore, the students

appreciated the in-class assignments to practice their

problem solving techniques of the new content with their

peers and instructor. Gray-Wilson (2013) was able to in-

crease problem solving collaborations and real-life exam-

ples without sacrificing the quantity of content in her

college-level statistics course for social science majors. She

also noticed an improvement of the final grades among the

participating students. In a comparative study that exam-

ined upper division engineering courses for 2 years, in

which the first year was taught as a traditional lecture

format and the second year was taught as a flipped class-

room model, Mason et al. (2013) indicated that the in-

structors were able to cover more information while the

students performed as well or better than the students in the

traditional lecture format.

This new instructional method is not without its faults.

Despite the positive results in learning outcomes, the per-

ception of additional work may lead both students and

instructors to be reluctant to adopt it. Some students have

been resistant to adopt the flipped class structure as a result

of added responsibilities in their preparation. However,

most instructors do not view this negatively, but as a re-

luctance of the students’ willingness to put forth the nec-

essary efforts to succeed (Gray-Wilson 2013; Berrett 2012;

Kachka 2012; Fryenberg 2012). Additionally, some in-

structors feel as though the time required preparing these

online lectures is too demanding and daunting to consider

the method a valuable use of their time (Berrett 2012; Cold

2013). A number of instructors have overcome the time

commitment issue by assigning the videos to be produced

by others, such as teaching assistants or students within the

course as an assignment (Fryenberg 2012), while other

instructors begin flipping their class by recording only a

few lectures at a time (Cold 2013). Ultimately, the in-

structor of record is responsible for the integrity of the

content and the course materials. If the instructor does

choose to re-assign the tasks to either students or teaching

assistants, it should be the instructors’ responsibilities to

review, modify, or even choose not to utilize videos.

When reviewing and editing videos, instructors should

be mindful of the length of the video to enhance the effi-

cacy of the tutorials. To create the most effective video

lecture experience, instructors should be aware of the time

allotted per video. The videos should be less than 20 min to

be the most effective for student participation and content

retention (Houston and Lin 2012; Wagner et al. 2013;

Kachka 2012; Day and Foley 2006).

While it might be argued that lecture tutorials are simply

the reiteration of the classroom lecture, the concept of just-

in-time learning should be considered. While students,

even those who attend lecture regularly, take the time to

practice and reinforce their newfound knowledge, they may

become confused and frustrated while tackling the
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problems alone. However, if the lecture tutorials are always

available for access as needed and organized to reflect the

course structure, the students know they are not alone in

the learning process. As they become frustrated, they know

they can refer to any number of lecture tutorials to re-

explain the topic, should they need the additional

assistance.

Furthermore, if the students begin to understand that

additional support is available as they encounter compli-

cated topics, they could potentially become more inde-

pendent learners by learning to seek out questions

independently rather than waiting for the next interaction

with the instructor. Students may become better able to

determine when they need help and not simply assume they

will ‘‘pick it up later.’’ In this process, the subject matter

becomes more tailored to the students’ educational needs.

For instance, if the students, who ordinarily feel isolated

studying at a desk, are then able to begin determining when

they need help and the best way to receive assistance, then

the students become more self-reliant and thus able to fo-

cus on areas that they truly need to practice.

Finally, the lecture tutorials allow for think aloud op-

portunities to explain the steps in solving problems. Instead

of books providing a handful of examples that vaguely

explain how to obtain the solution, a video can show step-

by-step solutions supported with narration and annotations

that explain the reasoning behind the steps. A video is more

fluid and personal while the static written page may feel

less expressive and incapable of explaining minuscule de-

tails, which may be difficult for students who struggle with

science in general and those topics that contain a great deal

of mathematical computations specifically.

Possible issues with reliable Internet access have also

been an issue with such courses. Dual enrollment agree-

ments occasionally rely heavily on the availability of In-

ternet access as a result of implementing an online or

hybrid version of the college course in the high school

environment (White et al. 2014). Harris and Stovall (2013)

had positive results with mathematics courses: college al-

gebra, plane geometry, and statistics offered online to rural

students who were unable to travel to the college campus.

They found that the flexibility afforded with online courses

was beneficial to high school students involved in ex-

tracurricular activities such as sports or employment.

Availability of Internet access was among the issues en-

countered throughout the project; some Web sites were

blocked by the school district, and some districts had issues

with reliability of the Internet in general (Harris and Stovall

2013). Creating backup DVDs of the screencasts may be a

possible solution to alleviate issues of reliability of the

Internet while streaming videos (Kachka 2012).

Flipped Classes May be the Solution

The flipped classroom could potentially be a solution to

several current problems faced by educators. It has the

means to ease the time constraint issues in Advanced

Placement and dual credit courses. Additionally, it may

alleviate issues regarding teacher qualifications. Further-

more, it can also provide the additional time necessary to

augment the STEM curriculum with inquiry experimental

activities without sacrificing content.

Instructors who feel they may need more time in class to

complete laboratory assignments and still have time to

review and reinforce content may appreciate the flipped

classroom. According to Bergmann and Sams (2008), the

laboratory time could be augmented when the class is

taught as a flipped classroom. If the lecture tutorials are

available at home rather than in the classroom, not only

will students have access to the material as they require

additional assistance, but this will also alleviate extremely

valuable classroom time for additional laboratory studies

without sacrificing the content coverage. The teachers

maintain the same amount of content covered, yet they are

able to do so while not meeting face to face in the sched-

uled class time. The teachers could then potentially cover

the material more quickly, thus leaving time for additional

laboratory investigations and the time-consuming, in-depth

inquiry projects, which is a goal of both The College Board

and the National Science Standards. However, being such a

recent development, this has yet to be empirically studied.

The currently available research for flipped classrooms

reflects collegiate courses, where laboratory time is sepa-

rate from the lecture time. Therefore, researchers should

consider experimentation of this method within the k-12

environment to determine whether this model actually does

increase time allocated for laboratory assignments and in-

quiry activities.

Some researchers noticed more negative results re-

garding student attendance. Cold (2013) utilized the flipped

classroom method with Process Oriented Guided Inquiry

Learning (POGIL) for an instructional technology course.

He noted the method allowed for more inquiry in the

classroom. However, the instructor did note the attendance

decreased as the information was available online rather

than solely in class. Pierce (2013) also combined a POGIL-

focused course utilizing the flipped classroom method with

positive results. Unlike Cold (2013), Pierce (2013) required

the attendance of all participants in the course. Conversely,

it could be assumed that attendance would be less of an

issue at the secondary level since students are legally re-

quired to attend class and attendance is recorded by each

instructor on a daily basis.
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Burns andLewis (2000) studied the school climate and the

student perceptions of dual credit courses when they sur-

veyed students who attended dual credit courses in either a

high school or college setting. They observed that students

who attended the course in a college setting appeared to have

a greater satisfaction level than those who were enrolled in

similar courses on the high school campus. However, other

studies have concluded that while courses on the college

campus appeared to provide greater challenges and create a

greater level of satisfaction, those students who attended the

similar course on high school campuses tended to be more

successful in the comprehension of the material (Bailey and

Karp 2003; White et al. 2014). Furthermore, Karp et al.

(2005) indicated that attending a dual credit course on a

college campus is more beneficial, but they do concede that

this requirement does limit the availability of the course.

Therefore, although the student perception is one of greater

accomplishment with the course completed on the collegiate

campus, it may not always be a feasible option.

The low feasibility of the high school student travelling to

the college campus opened the door to allowing secondary

teachers to instruct the college-level course on their high

school campus; however, there are concerns regarding the

qualifications of the AP and Dual Credit instructors’ among

partnering colleges (Young et al. 2013; Drummond 2012;

Fontenot 2003). High school teachers may not have a mas-

ter’s degree or additional education in the subject matter

beyond their baccalaureate, which would be required if the

instructor was conducting a course on a college campus

(Santoli 2002; Karp et al. 2005). Therefore, although the

student is receiving college credit, the instructor may not

truly be qualified to teach a college course (Santoli 2002). In

smaller, more rural schools, this issue may be even more

likely as a result of instructors teachingmultiple subjects and

who, therefore, may not be qualified to teach specific dual

credit courses or because of the distance the students would

have to travel to attend a college course (D’Amico et al.

2013; Harris and Stovall 2013; Bragg et al. 2006).

While some colleges are resolving this problem by

choosing to select and train those they believe to be qualified

high school teachers to instruct the dual enrollment programs

at the high schools (Zhai et al. 2013; Edwards et al. 2011;

Karp et al. 2005), there could be another solution. In the

flipped class scenario, the video lectures/screencasts are

produced by the professors of the university providing the

college credit; thus, the issues related to instructor qualifi-

cations may be alleviated (Harris and Stovall 2013). With this

method, the high school teacher could potentially be viewed

more as a teaching assistant or co-teacher of the course while

the collegiate professor is the primary instructor.

In addition to the teacher qualifications, there is a great

deal of concern as to whether the material in the dual credit

course is truly the material that is taught on the college

campus (Drummond 2012; Johnson and Brophy 2006;

Fontenot 2003). While The College Board (2014b) dictates

the precise content that is delivered to the students in AP

courses with a summative exam at the end, there are fewer

defined criteria for dual enrollment courses (Drummond

2012; Fontenot 2003; Karp et al. 2005). Therefore, colleges

and universities who are participating in such programs

must keep a watchful eye on the materials delivered in the

agreed upon course (Drummond 2012; Edwards et al.

2011; Andrews and Barnett 2002). If a true partnership is

created where the secondary and post-secondary schools

work together to create the curriculum, there could be

better alignment of the vertical curriculum as the learner

progresses from high school to college (Allen 2010; An

2013b). If a course is offered in the flipped course method

with the videos created directly from the professors who

teach the course on the collegiate campus, this assures that

the material is truly representative of the on-campus

course. There is little to no variance among the courses if

the videos are based upon standardized expectations of that

particular college professor (Harris and Stovall 2013).

The flipped classroom model would allow instructors to

harness the technological capabilities that we have avail-

able to best achieve our goals in the classroom (Bishop and

Verleger 2013; Flumerfelt and Green 2013). Many believe

the computer can build a more personal and individualized

learning structure (Flumerfelt and Green 2013; Berrett

2012; Houston and Lin 2012). Courses offered with the

inclusion of Internet-based resources, such as course

management systems and/or screencasts where college

professors are delivering the identical information of the

courses that are offered on campus, could alleviate issues

such as distance, unqualified instructors, or course content

dissimilarities since it is a true replication of the college

course (Harris and Stovall 2013).

Challenges to Consider

When attempting to move forward with this model, some

possible pragmatic challenges may emerge. These involve

both technology and user roadblocks. Therefore, we must

pursue an onward strive with caution and with awareness

of potential pitfalls. These concerns will be explored in this

next section, starting with technology-based challenges and

then continuing onto user-related barriers.

Technology Concerns

With technology expanding expeditiously, there are great

concerns regarding access to the course management sys-

tem, administrative rights and storage. For this project to be
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successful, not only does each high school instructor need

access and ability to create their own course, 100 % of the

students in the classroom must have access to the course

Web site. In the majority of dual credit classrooms, even

though everyone in the class is registered for the high

school course, not all may be enrolled in the collegiate

course. In other words, some students will be receiving

high school credit while others are receiving both high

school and college credit. This could create an issue with

the availability of the materials of the course management

system.

It would be nonsensical to require a high school teacher

to utilize two methods for instructing the same class. If all

the students do not have access to the course materials,

then the classroom teacher would not be able to completely

flip his or her class because some students will have access

to the screencasts and other materials the university has

made available while others did not. While there is still a

benefit for those students enrolled in the collegiate course

as they can use the materials as supplemental resources for

the course, the teacher would not be able to assign the

tutorials to the entire class and utilize them to potentially

increase the laboratory component of the course and the

individualized assistance of the learners.

If all the students were granted access to the course,

administrative challenges may arise. While the students

who are enrolled in the collegiate course may already

possess usernames and passwords to access the course

management system, a login would be needed for the ad-

ditional students. This requires time to create the appro-

priate credentials for these learners. Roadblocks may

appear from upper level administrators who do not wish for

students not enrolled in the university to be allowed access

to the course management system for security reasons.

Some of these challenges may be circumvented through

other avenues, but in my opinion, it is not as ideal as

maintaining the course on the university’s Web site. For

instance, there are course management systems that are

available free of charge to educators that the teachers could

then load the information. Although this is a feasible so-

lution, there is a greater chance of unreliability with these

sources. If there is an issue, how would the problem be

resolved, outside of the teacher fixing it him or herself?

Plus, the university may lose tracking and built-in assess-

ment capabilities, which may be necessary for either re-

search or accreditation purposes.

Another feasible solution would be even less secure, the

cooperating university instructor could post his or her tu-

torial videos on an open source Web site, such as YouTube

or TeacherTube for the high school teachers to access and

assign to their students. Although this would make the

videos readily available, the most accurate tracking capa-

bilities would then be lost. However, it may be a solution

for other challenges such as available memory on the

course management system.

In many universities, the instructor is provided with a

limited amount of memory space for his or her course.

Videos, even short ones, use a relatively large amount of

memory to house them. By placing these videos on You-

Tube and then linking them to the course management

system and ultimately making the videos ‘‘private’’ so that

only those with a direct link could access them, you save a

great deal of memory. This space could then be utilized to

load the PowerPoint slides that are used in the lecture tu-

torials. This would help the student organize their notes for

easy reference in the future.

Also, while creating the PowerPoint slides and videos, it

may be useful to not reference specific page numbers or

table names in the tutorial. If this is done, the video would

then need to be edited or even recreated each time a new

edition of the textbook or a different textbook has been

adopted. If your subject matter is such that the topics do not

change much from textbook to textbook and only the way

in which it is explained is altered, then it is very possible

that the same videos may be used for multiple textbooks or

courses. For instance, if an instructor teaches chemistry and

must explain how to balance chemical equations, the actual

step of balancing would be the same regardless of the

textbook book that is used or the level of the course.

Although some examples may be more difficult than oth-

ers, the basic procedure would remain constant and so the

same video may be used for multiple classes saving the

instructor time in the future.

To assist with the video creation process further, if

multiple instructors are all creating tutorials for their

courses, perhaps a pool of university videos could then be

accessed by others interested in utilizing the videos for

similar purposes. An instructor may also be interested in

searching other sites for videos to link to their courses by

looking at TeacherTube or You Tube or some other video

sharing Web site.

User Challenges

There may be reluctance from administrators, teachers, and

students with this new educational method. Some admin-

istrators or educators may look at the new method as an

intrusion of the university into the high school. Some stu-

dents may object to the additional workload of the assigned

videos.

Administrators and teachers must realize, as the new

course structure is proposed, that the university is not at-

tempting to circumvent their teacher. The teacher has an

extremely active role in this new educational method. The

flipped classroom could create a classroom that is more

J Sci Educ Technol (2015) 24:875–887 883

123



individualized for the student as well as increase the

laboratory time. The educator may feel as though they are

able to better understand their students while conducting

their course in this manner. As the teachers are given more

time to rotate around the classroom, they are able to see

where their students are having difficulties and if there are

any glaring issues. It is possible that the teachers appreciate

the method even more than they thought they would be-

cause they may be able to relate to their students better than

they could have perceived.

While some teachers may be reluctant because they feel

as though they no longer have ‘‘academic freedom’’ over

their classroom, others may be enthusiastic. An instructor

or researcher could utilize these enthusiastic teachers as

case studies to determine why they approached the model

with such vigor. Perhaps they believe that they could get to

know their students better, perhaps they believe that the

students could understand the materials better with a con-

stantly available resource, or perhaps they would be excited

by the prospect of covering more material and adding more

laboratory procedures. Time is always an essence in

schools, so perhaps the teacher believes that the flipped

classroom could assist with time management while pre-

cious minutes are taken from their instructional time with

fire drills, teacher in-service days, or pep rallies. It is

conceivable that the teachers could perceive the technology

helping their students adjust to collegiate life in the future.

As college course are becoming more and more augmented

with technology, the educator may want to help prepare his

or her students for this supplement to their post-secondary

classes.

While some approaching this method may have educa-

tors who resist this change and those who may embrace the

change, some teachers will simply not utilize it to its full

potential without either negative or positive regard for the

flipped classroom. Some teachers may view the tutorials as

merely another supplement for the classes. They may de-

cide to make the tutorials available to the learners, but not

assign them. This could be for a variety of reasons. The

educator may be reluctant to change, they may be con-

cerned about the students’ availability of high-speed in-

ternet at home or they may be concerned about the

students’ time to watch the videos. These are all pragmatic

concerns that a dedicated teacher may possess.

Conclusion

There are many questions that need to be explored as we

move forward in this project. For instance, is the time

commitment of the students as relevant as the teachers

believe or is it the students’ procrastination causing the

majority of the videos to be watched on the weekends? Are

there additional underlying reasons for the teachers to resist

the flipped classroom model, such as a reluctance to change

their teaching method as a result of fear or complacency?

Are there true positive effects shown with this method on

the high school campus? Does it resolve the issues with

dual credit that it is predicted to, with instructor qualifi-

cations, classroom time, or more in depth or speed of

coverage? Would a particular student population benefit

more from the experience than others? Some believe that

this format could assist low-income or minority students to

be successful in advanced courses by providing a more

interactive learning experience. However, other authors

believe that lower income students may lack the appro-

priate resources (i.e., computer, internet connection) to

truly take advantage of this methodology (Horn 2013).

More research is required to truly understand the impact of

flipped classrooms in this context.

Several issues with advanced science courses exist, in-

cluding the quantity of material embedded within the

curriculum (Cooper and Klymkowsky 2013; Parker et al.

2013), the lack of necessary reform to include more inquiry

in the classroom (National Research Council 2000), limited

available time for exploratory inquiry methods (National

Research Council 2000), and a lack of evidence that the

course which high school students are receiving college

credit for is truly representative of the corresponding col-

lege course (Drummond 2012; Fontenot 2003). This article

described the flipped classroom, and how this instructional

method could help alleviate these issues. The flipped

classroom, with videos supplied by the partnering post-

secondary institution, would able to offer the same in-

structor and content that is presented on that college

campus (Harris and Stovall 2013), with the high school

teacher’s role being viewed as the college professor’s

partner rather than the sole instructor of the course. This

also allows the high school teacher more time to increase

individualized instruction (Bergmann and Sams 2008;

Berrett 2012) as well as for increased inquiry (Bergmann

and Sams 2008; Cold 2013). Flipped classrooms offer a

strong potential solution for creating both academically

challenging courses and increasing inquiry in science

classrooms.
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