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This study investigates female students’ interest and perceived learning in a STEMTEC introductory level Earth science course and seeks to highlight the critical links between an inclusive feminist pedagogy and a reformed science teaching pedagogy in order to affect the revision of undergraduate science courses.  One hundred and twenty-six females from a sample of 387 responded to a brief survey and 9 students were interviewed to determine perceived supports and impediments to their learning and interest in the course and subject matter. The major themes of classroom power, relevancy, and discourse were used as a framework to situate the data in the realm of inclusive pedagogy.  Results indicated that course revision (the addition of cooperative groups) and the professor’s pedagogy were major contributors toward balancing classroom power and increasing discourse thereby promoting learning and motivation.  Students’ sense of course relevancy remained low.  Course revision needs to continue with a focus on increasing female students’ sense of relevancy, opportunities for discussion and self-reflection, and voice with the professor.
Introduction

If we are to improve the interest, achievement, and participation of females in math and science, focus must be on how students are being taught and acquiring knowledge.  As discussion increases surrounding this issue and the mediocrity of science and math education in the United States [1], many higher education institutions and individual professors are revising their programs [2][3][4] [5].  Improvements, enhancements, and all-out revisions at the college level are necessary.  Instructors of introductory college-level science courses can potentially advance or neutralize female science interest and learning.  The “discourse of gender neutrality” [6] as it relates to assumptions about reform efforts can mask the realities of the female experience in revised courses.  Course structure and a professor’s pedagogy need study and description to understand how to provide females access to practical and theoretical knowledge that offer sustainable pathways [7] into the science community.  

Purpose of the Study

The original STEMTEC proposal identified several needs related to science education. The study described in this paper specifically addresses Need #3 that describes the underrepresentation of females and minorities in science and math and need for their increased participation as teachers of those subjects.  The focus of this study is linked to the issue by considering the impact of pedagogical and course revisions on female interest and perceived learning in a STEMTEC introductory level science course.  As an exploratory study, it seeks to raise awareness regarding the possibility of effective inclusive college-level science course reform geared toward increasing and retaining female interest and participation in science.  The questions guiding the study are; how does a professor’s reformed pedagogy impact female interest and learning in science?  Where and how do important elements of inclusive pedagogy, namely, classroom power, relevance, and discourse, emerge in the reform effort?  

Theoretical Perspective: The Call for A Feminist Pedagogy

This study is interested in the feminist critique of science education from two perspectives.  The first relates to the content learned in schools (i.e. is it inclusive with respect to the contributions and participation of women?) and the second focuses on feminine perspectives and ways of thinking (i.e. are there female ways of solving problems and making choices that have been traditionally ignored and denigrated?).  This study considers both areas in its discussion and implications.  Roychoudhury, Tippins, & Nichols [8] expound on the second area.  They describe the epistemology of feminist standpoint theory as the relevant theory through which reformists of science education can envision change.  

Feminist standpoint theory propounds that knowledge generation is not gender-free.  Instead, because knowledge is created socially, and the life experiences of females and males differ, gender differences exist with respect to knowledge generation.  Females and males, therefore, have different ways of understanding and problem solving within the shared experiences of life and learning.  Science has developed and operates within a white male-dominated realm of experience.  It is propounded to be objective, logical, and unemotional.  Women’s perspectives on science learning and problem-solving differ in their approach, goals, and progression and thus offer an enhanced methodology to this view of science [9] [4].  Female ways of knowing bring knowledge generation into a more holistic, personal, and issue-based realm.  Without these perspectives in science, many women continue to feel uninterested and negative toward the discipline.  Without these perspectives in science, many women continue to opt out [10].

Feminist perspectives of a female worldview demand consideration in science education and women’s everyday lives [11].  A female worldview [1] [12] determines how a student observes and makes sense of her physical and natural world.  Understanding how females construct knowledge and how to make that knowledge relevant is a first step toward pedagogy aimed at the inclusion of females in science and math [13].  

What does an inclusive science teaching pedagogy look like?  Roychoudhury, et al. [5] make a strong case for the connection of women’s everyday experiences with the science they are learning.  This is more than discussing “kitchen chemistry” in that it calls for a reformed way of teaching and the creation of learning atmospheres that allow females to express themselves safely.  Such an environment must shed its traditional power structure, allow for and promote meaningful reflective sharing in many forms, and explicitly relate curriculum to the everyday lives of the students.  The characteristics of this pedagogy can be represented using the major themes of classroom power, discourse and relevancy.  These themes are drawn from feminist theory and critique of science [12] [7] [14] [15] [11] [16] [17] [18] [19] [20] [21] [22] [5] [23][24] [1] [25] and are exemplified in Table 1.

Table 1: Elements of an Inclusive Pedagogy for Science 

Attempts to balance

Classroom Power

(Within learning environment) 
Focuses on 

Discourse

(Types of and strategies to promote discourse)
Strives for

Relevancy

(Curricular issues)

Non-competitive learning environment 

Overt teacher interest in student knowledge and ideas

Supportive & caring learning environment: non-threatening, meaningful interactions between teacher-student & student-student

Open-ended curriculum with respect to content/direction & student interest/need

Explicitness of “science-as-usual” phenomena and its impact on marginalized communities

Explicit invitation into field of study as a profession

Utilization of interesting, important and colorful objects/posters around classroom

Variety of assessment strategies utilized: peer/oral/portfolio/

performance-based assessments
Permissive in its promotion of the female voice (opportunities to state ideas & opinions and practice asserting knowledge)

Use of cooperative learning groups

Accessing, considering, and using students’ prior conceptions 

Practice in the expert and everyday language of science

Frequent discussion/assessments

Opportunities to share learned content through imaginative writing & use of metaphors

Use of multi-media for learning and representing student work

Make explicit the dominant discourse of science

Promotes student reflection and elucidation of ideas/questions
Links to everyday life and careers

Use of inquiry based learning in student-centered environments

Increased focus on social causes and problem-solving scenarios from traditionally female dominated fields

Opportunities to hypothesize about the effect of gender on curriculum choices and to understand the global/holistic issues and impacts of a particular topic or activity

Opportunities for personal bonding with projects (use of long-term)

Portrayal of female scientists and leaders in resource materials

Use of variety of resources from differing perspectives

Manipulations with common materials (and use for data collection/problem solving activities)

Field trips/outings/use of alternative learning environments

Career information and academic counseling



Project Setting

The students participating in this project were enrolled in a revised introductory level science course at a large state university in Massachusetts.  The students are approximately 91% white, 3% Hispanic, 2% African-American, and 2% other ethnicities.  In the class of 615 students, 387 are female and 228 are male.  Academic year for all respondents ranged from freshman to graduate students.  Approximately 90% of the students are majoring in fields other than science, math, or engineering.  Two sections of 300+ students meet twice/week for 1 hour and 15 minutes.  One professor and 2 teaching assistants conduct the course.  

STEMTEC revisions to the course included (a) paring down the lecture from the whole period to 45 minutes, (b) adding a 30 minute cooperative group work exercise out of a professor authored workbook, (c) adopting the 2-stage exam structure whereby students take the exam solely first, then with a cooperative group, and (d) implementing an on-line immediate feedback homework program (OWL – On-line Web-based Learning).

Method

The study included both quantitative and qualitative data collection and analysis methodologies. The primary sources of data collection consisted of analysis of student surveys, professor and students interviews and classroom observations (Table 2) using a data analysis method of grounded theory, consisting of constant comparison analysis and triangulation [26] [27]. A semi-structured interview protocol was used.  Interview questions served as a guide for discussion and time was given for students to describe other pertinent information.  One interview was conducted with each student for approximately 45 minutes. Students responded to follow up email questions for clarification of original ideas.  Interviews were hand-recorded as they commenced and notes were rewritten following each session.  Data was examined for regularities, patterns and assertions (statements describing patterns).  Specific course characteristics were accepted as evidence of inclusive pedagogy if the language used and/or meaning intended by the respondents could be clearly linked with its major themes and elements.

Table 2 Data Sources
Data Source
Description

CETP End-of-the-Semester Course Survey (Fall 1998)
This STEMTEC grant-produced survey was from the same course, offered the previous year, under a different but major collaborating professor.  Survey analysis was conducted on one lecture class of 368 students (232 females and 136 males). Results from 6 questions covering topics such as class participation/involvement, encouragement, metacognition, science interest, and science ability were utilized.

Classroom Observations
Open narrative observations of the class were conducted 4 times.  Attempts were made to record professor student-interactions and behaviors throughout the periods.

Female Impressions Survey
The Female Impressions Survey was collected from 126 females to understand their impressions of the course and professor.  The survey was composed of three Likkert Scale-type questions asking about the professor’s ability to motivate learning, amount of learning taking place, and any changes in interest in science as a result of the course.  One open response question allowed for comments on any aspect of the course that promoted or impeded learning.

CETP End-of-the-Semester Course Survey (Fall 1999)
This survey was created and disseminated by the STEMTEC grant.  Analysis was conducted on responses from 164 students (115 females and 49 males).  Results from 4 questions covering topics such as class participation/involvement, encouragement, metacognition, and science interest informed this study.

Professor Interviews
Two interviews, one formal and one informal were conducted during the course.  The professor was asked to describe his personal science/teaching history, teaching philosophy, involvement with the STEMTEC grant, and course changes/goals for students.

Student Interviews
Nine semi-structured female student interviews were conducted.  The student interviewees were volunteers.  Email follow-up questions were sent to all nine females.

The framework for data analysis was derived from a synopsis of inclusive pedagogical themes evident in the literature.  Major themes were determined to be (a) classroom power, (b) relevancy, and (c) discourse.  Coding data with respect to the major themes assisted in describing those practices and classroom structures that are reported to be inclusive to females. 

Results

Surveys

CETP Survey (Fall 1998)

Data analysis from the previous year’s CETP project end-of-the semester student survey (Fall 1998) revealed that 86% of the females and 84% of the males agreed that the teaching methods of the revised course helped them learn.  Yet, notable differences occurred between females and males in survey questions regarding class participation, asking questions, metacognition, science interest, and abilities necessary to understand science.  Table 3 offers the notable response differences between females and males to specific survey questions.  This window into gender differences existing in a STEMTEC course made a strong case for the need to critically consider the assumption that reform benefits all equally [6].

Table 3 Gender Analysis of End-of-Semester Survey Questions for Introductory Level Science Course (Fall 1998 – one year prior to study)

End-of-Semester Survey Questions

Fall 1998
Females
Males

Encouraged to think about own learning (% in agreement)
38%
49%

Never/rarely participated in class discussion (% in agreement)
63%
44%

Never/ rarely felt encouraged to ask questions (% in agreement)
34%
16%

Wants to take more science classes (% in agreement)
22%
35%

Science requires special abilities (% in agreement)
17%
31%

Course increased interest in subject (%in disagreement)
20%
12%

Female Impressions Survey

To begin describing female experience in the revised STEMTEC course, the study commenced halfway through the Fall 1999 semester, beginning with the Female Impressions Survey.  The goal of this survey was to offer females an opportunity to describe their impressions of the course and professor.  One hundred and twenty-six females responded.  Results of the 4 question survey indicate that the majority of females (72%) feel that the way the professor teaches motivates them to learn and over half (59%) felt that they had learned more in this course than in other science courses.  A third question asked whether or not the course had increased their interest in science.  That result was split in thirds between agree, not sure, and disagree.  Question 4 asked students to write about characteristics of the course/professor that promoted or impeded their learning.  Of note is that approximately half of the responders voluntarily stated that the professor’s teaching ability and the use of collaborative groups promoted their learning.  Table 4 Female Impressions Survey Question 4 Responses 

CETP Survey (Fall 1999)

A second survey was utilized in the Fall 1999 study of this course.  Data analysis from the CETP project’s end-of-the semester student survey (Fall 1999) revealed a fairly gender equitable impression of the course.  Overall, half of the females and males agreed that they participated in class and the course increased science interest.  A higher percentage of females than males reported feeling encouraged to ask questions in class.  A higher percentage of males than females reported that they felt encouraged to think about their own learning.  

Professor Interview

The professor of the Fall 1999 course is a very motivated teacher.  Informal discussions and a formal interview indicate his strong commitment to effective teaching.  During our interview he stated, “My teaching is my research.  Others think I spend too much time on this, but I know it’s important.”  His history of interest in teaching stems back to his days as an undergraduate experiencing poorly taught sciences courses.  He cites the CETP project as a major factor in his ability to change in his teaching and course.  The professor is well aware of the challenges facing effective teaching in a large lecture setting.  He raises questions about the quality of students’ learning as they work in cooperative groups and the amount of content students are expected to learn.  More specifically he is aware that he lectures quickly and worries that students are frustrated with on-line accessibility problems with the homework assignments.

As the father of a daughter, the professor states he is keenly interested in issues of female learning in science.  Course changes, however, were made with the goal of improving science-for-all without critical consideration of the specific needs of females (or minorities).  In general, the professor summed up his goal for course revision in this way; “I want all my students to understand how the Earth works, the big picture.  They need to be able to use science in their everyday lives.”  This statement aligns him with most educators’, scientists’, administrators’, parents’, and other community members’ general definition of scientific literacy, that is “a set of knowledge and/or skills which are essential to function in a literate fashion in our society” [28] (p. 1).

Classroom Observations

Four observations of the class were conducted.  An excerpt from one observation sets the tone for how the class begins:

The professor is ready for students about 10 minutes before class begins.  Five to ten students crowd around him before class.  Students are asking questions on specific course issues and general content information. The professor and students are smiling and laughing during these informal discussions. 

During the class, a structured protocol exists in which a 45-minute computerized lecture presentation is followed by cooperative group work.  The professor asks students 7-10 questions during the lecture.  Students ask, on average, 1-2 questions during this time. Over half of the professor-directed questions were simple recall, such as, “Who are the grazers on the land?” and “Has anyone ever been to Cape Cod?”  The remaining few questions delve into the competencies of students’ knowledge comprehension and application, for example, “What strikes you about the distribution of chlorophyll in this image?”  Females answered and asked questions during class twice as often as males.  During one observation, 8 of 10 lecture interactions were between the professor and female students.  

Throughout the lecture students follow along out of their workbooks and take notes along the sides of the diagrams and text.  During the last 30 minutes of the class, students work in cooperative groups to solve problems from numbered workbook activities.  Workbook activities vary from numerical calculation, prediction, and analysis to free-writes about specific terms/concepts.  Workbook sheets are turned in to the teaching assistants at the end of class for a satisfactory or unsatisfactory grade.  Students cannot make-up missed workbook activities.  The lecture hall is noisy and busy during this time.  In some groups, active sharing of information between students was observed, in other groups one student seemed to be teaching and/or telling the other students answers.  Groups were single and mixed gender.  A number of elements of inclusive pedagogy were observed during the classroom observations.  The elements observed are presented in Table 5.

Table 5 Elements of Inclusive Pedagogy Observed /Observation Period

Elements of Inclusive Pedagogy / Observation Period
1
2
3
4

Overt teacher interest in student knowledge and ideas 

Permissive of female voice

Supportive caring and learning environment
X

XX
X

XX
X

XX
X

XX

Non-competitive learning environment

Frequent discussion/assessments 

Use of cooperative learning groups
X

XX
X

XX
X

XX
X

XX

Links to everyday life:

Use of multi-media for learning
X


X

X
XX
X

X

Use of a variety of resources

Utilization of interesting, important and  attractive objects
X


X

X
X

X
X

X

Practice in the expert and everyday language of science
X
X
X
X

Inclusion of females in content resources

X



Student Interviews

Nine female students volunteered to be interviewed about their impressions of the course and the professor.  The make-up of the interview group consisted of 3 sophomores (majors: psychology, communication/elementary education), 5 juniors (majors: business, French, sociology/elementary education, geology), and 1 senior (major: hotel restaurant management). All students were emailed follow-up questions to which 8/9 replied via email.  

In general, the majority of students stated their dislike of physical science and math courses yet remarked at the professor’s ability to motivate and interest them in the course.  The students found the cooperative groups very useful and half stated the course was a “good one” because it was not too hard.  When asked to describe their learning within the course, however, the majority of students had great difficulty representing their ideas as more than discrete bits of concepts/facts.  Only two students could describe how the course was relevant to their lives and both students focused on how knowing about the oceans would be useful when they went to the beach on vacation.

Discussion

The previous year’s gender disparities in the responses to the CETP end-of-the-semester survey questions (Fall 1998) warranted a closer look at the course and its ability to include females in the enterprise of science.  The Fall 1999 CETP end-of-the-semester survey data reveals that this course did increase female impressions of their involvement yet lacked metacognitive opportunities. In general, triangulation of the data reveals that the professor’s reform efforts are increasing female interest and participation in the science of his course.  Many of these efforts correspond directly with elements of inclusive pedagogy, which may explain female support for the course.  In this section, the major themes of inclusive pedagogy, namely, classroom power, relevancy, and a focus on discourse are illustrated specifically within the context of the data sources.  

Major Theme of Inclusive Pedagogy: Balances Classroom Power

Many examples of an attempt to balance classroom power were found in this setting.  There were also strong indications of a teacher-driven course lacking student input.

The data collected reveals a professor making important attempts to balance classroom power in his course by how he thinks and acts.  This effort can be described in three ways.  First, as evidenced by how he thinks.  As student groups began to form for the cooperative part of the 2-stage exam, the professor said, “Watch this, it gets to be chaos in here, but it’s great, they’re really talking.”  This comment discloses his support for allowing students control over and share in their learning.  He also stated that he believed the group work helped students feel good about turning in their work.  His impressions are that because the students felt more confident in their answers after cooperative group work, they were more secure and comfortable with their knowledge.  Secondly, the professor creates an equitable and caring learning environment during class.  Observations and student comments reveal him to be highly enthusiastic, interested in students and their ideas, and invested in student learning.  He portrays elements of teacher-as-coach through his use of summary, paraphrasing, analogy and metaphor and attempts to continually check for student understanding.  The professor was observed actively engaging with as many groups as possible during the cooperative group work portion of the class.  Finally, these efforts make him very approachable in the eyes of female students and create a non-threatening learning environment.  For example, at the beginning of each class observed, 5-8 females were waiting to ask questions of the professor and over 50% of professor-student interaction during lecture included females.  The use of cooperative groups for workbook exercises and exams aid in female impressions of a non-threatening learning environment.  His use of raw data and satellite imagery in the computerized lecture presentations combined with how he draws the students into thinking about what slides also supports this claim.  Classroom observation data offer examples of how the professor treats his students almost as colleagues as they together make sense of scientific phenomena.  For example, in a moving diagram of longshore drift, he replays the image over and over, asking students to explain what they are seeing and why it is happening.  He also asks hypothetical questions about the image to expose students to scientific thinking, such as, “I wonder if this happens the same in all seasons?  Along all beaches around North America?”  Students commented often on their comfort level with his personality and teaching style, describing how he “[piqued] my interest and [made] science more accessible”, had contagious “enthusiasm… [made] me want to learn” and that his “teaching style is very comfortable and non-threatening”.

The four lectures observed, however, were also mostly pedantic.  Students followed the presentation in their workbooks, highlighting information, taking additional notes, or reading along with the professor.  The organization of the syllabus was non-negotiable as was the material covered in the lecture itself.  Outside of the opportunity for students to ask questions during lecture or informally with the professor, no mechanism appears to exist for students to explore their own interests within the framework of the course.  Teacher-student interaction during lecture made up approximately 15% of class time.  A small number of students were able to verbalize their frustration with this aspect of the course commenting that it “gets slow and boring watching the screen with pictures and just listening along” and  the  presentations “are repetitive and boring as they say exactly what is written in the book”.

Course revisions must address the following areas to continue to disrupt its teacher-driven transmission-type curriculum and further enhance its accomplishments in balancing classroom power.  Recommendations are for course revisions to address the need for student-directed learning opportunities through syllabus open-endedness, explicitness of the “science-as-usual” phenomena, use of imaginative/reflective writing, and opportunities for individual reflection time (discussed more in the next section). To address these issues, course revision should focus on (a) accepting flexibility with established content material and (b) increasing opportunities for student reflection.  More specifically, the professors need to pare down course content and allow for student-directed topics to be investigated through lecture, group work, and alternative assessment strategies (such as presentations, free writing, and long-term projects).  Course content needs to better reflect the history of the science as well as the social nature of knowledge generation and scientific paradigms [18].  Also, mechanisms increasing individual student reflection through writing, drawing, constructing hypotheses and teacher-student interaction require consideration.  Identification of students’ conceptions and misconceptions prior to new topic introduction and increased use of higher order questions during lecture need to occur with more frequency and quality.  These suggestions give females greater opportunities to engage actively in their learning and open doors to positively addressing issues of “female voice”.

Major Theme of Inclusive Pedagogy: Focus on Discourse

The course makes a very strong attempt to focus on discourse for all students and, as a result, benefits females.  Females’ level of participation during lecture and informal discussions with the professor as well as their support for cooperative group work support this claim.  One female reported that the way the professor spoke positively impacted her.  The following quote offers a glimpse at one of the ways the professor invites females into his classroom discourse – through clear equitable use of language:

The professor speaks to everyone in a very clear manner.  Additionally, he doesn’t use those damn sports analogies all the time like every other male professor I’ve had – from math, to management, to writing, etc.  Thank you!

Other students report on how the course structure both supports and promotes their participation.  They realize the positive impact group work has had on their learning and interest.  Excerpts from student interviews and written responses better illuminate these conclusions:

I think that the interactive part of the class is good because it forces me to participate and learn the concepts.  In previous science classes I was able to “get by” without participation.

The group work is a great advantage.  It makes things that you may not understand stick out and you are able to get help from different people and learn in different ways.

These students recognize cooperative group work as a place to participate, practice what they have learned, learn in new ways, and experience peer teaching.

One element from Table 2, frequent discussion, though apparently evident during classroom observations and from the professor’s interviews, was not corroborated by the student responses.  In fact, 7 of 9 interviewees suggested increasing class discussion when asked how they might change the course.  While the students clearly recognize the limits to quality discussion in a large lecture hall setting they also do not easily accept its absence. 

An additional piece to the topic of discourse comes from the CETP end-of-the-semester (Fall 1999) survey indicating that fewer females than males (19% to 42%, respectively) felt encouraged to think about their own learning.  That data, coupled with the written responses and interview statements suggest that females in the course need more “voice where it counts”, that is, with the professor.  Female voices, though heard often in the context of a large lecture hall, asking brief questions and answering solution-based questions, are silenced [15].  Few mechanisms exist for their impressions, reflections, or scientific musings, as a whole, to be meaningfully heard by the professor [19].  Females realize that being encouraged to think about one’s own learning requires not only peer interaction, but also active listening and discussion with a knowledgeable other who understands when and where to interject relevant questions and ideas.

The professor is keenly aware of the need to more effectively access student thinking.  He conducts interactive lectures and engages in dialogue with students as the class structure allows.  Despite these efforts, females need even greater reflective-type interaction with the professor.  Ways to begin mediating this difficult aspect of a large lecture-based course call for (a) creative re-organization of class groupings (i.e. have TA monitor half of the class while the professor holds a short discussion section with the other half), (b) increased use and numbers of teaching assistants, (c) explicit and frequent offerings for office hour discussions, (d) exchanging homework assignments for reflective essays, (e) soliciting student comment cards, (f) creating out-of-class female study groups, and (g) promoting in-class reporting of conceptions and misconceptions.  Unfortunately, class size may be too strong a limiting factor to make significant changes on this issue.  Still and all, such changes appear necessary and may be a major component to increasing students’ sense of course relevancy.

Major Theme of Inclusive Pedagogy: Strives for Relevancy

Feminist pedagogy research focuses on relevancy within the realm of a female’s learning experience in science [4] [5].  Introductory level science courses for non-majors offer for so many their final academic connection to scientific concepts and issues.  Shamos [29], arguing against “mainstream” definitions of science literacy, speaks to this issue, “Good school performance, even a reasonable level of scientific literacy while one is a student, provides no assurance that the individual will retain enough science when he or she becomes a responsible adult” (pp.74-75).  The data from this study describe a course that stresses and supports academic learning but needs to seriously consider questions concerning knowledge retention and relevancy.

Elements of relevancy were most evident in the course through the use of a variety of resources.  This was apparent during the professor’s lecture/discussion multi-media presentation as images were presented from a wide variety of sources.  The value of this  variety allowed students to learn multiple perspectives on a topic and consider broader issues and a deeper significance about the topic.  Females feel more connected to topics and activities when learning occurs through multiple perspectives [11].  Through these resources, classroom observations witnessed the course making links to everyday life.  For example, a focus on “habitats and natural hazards, resources and issues of global change”(syllabus) was evident.  A video about the erosion of the coastline in Massachusetts was shown to students.  These topics afforded students personal connection to the subject material.  Still, only two females volunteered positive information about the course’s relevancy.  The following quotes are more representative of the general impression of course relevancy:

It’s an interesting course, but the information is not important to me because I don’t need it in my career.  (Hotel/restaurant management) 

Many of the things are relevant, since I spend quite a bit of time at the ocean, I think that what I have learned is relevant, but it seems in this day in age, knowledge about nature is not necessary, unless you are a specific type of scientist. (Elementary Education major/sociology)

The course was not personally relevant beyond the fact that I had/have a personal interest in the subject.  I have no idea how it may impact my future. (Business major)

 It (the course) helped me to get my gen-ed requirements, and I learned a bit about the oceans, which although it may not be terribly useful knowledge for my line of work, it is interesting. (Elementary education/communications major)

It is probable that these students had never before so explicitly considered the relevant links between the course and their everyday and future.  Perhaps, with deeper reflection, they could make the connections that seem obvious to those in the scientific community.  Still and all, such notions were absent in the minds of many of those interviewed.  As a primarily information-based course (no labs or field trips) that is delivered in the scientific context of research and discovery, students appear to have great difficulty linking the learning with their lives. 

The data promote that the course strives for a greater sense of relevancy for female students.. Changes and enhancements in the curriculum include the following four recommendations.  One, pare down scientific content and focus on socioeconomic/gender related topics.  Content needs to include social and problem-solving scenarios from female experiences and careers [11] [21].  For example, the topic of overfishing could be situated in a discussion of the social and economical issues affecting businesses, communities, and families when fish processing plants close.  Additions to the curriculum should also include female contributions to the knowledge of the oceans.  Next, add a hands-on element to the class.  All students will benefit from opportunities to manipulate common materials, such as samples of ocean life, sediment, and rock [21].  These objects could be passed through a class of 300 students in an hour and fifteen-minutes. Student groups could, for example, quickly record questions and observations about the samples.  Third, considerations should be made to include long-term projects in the requirements to allow for greater personal bonding and further promote inquiry learning [21].  At minimum, students could reflect on on-line oceanographic data during the semester and report on their findings using an electronic format.  Finally, a small percentage of females commented negatively on the lecture hall (temperature, lighting, and seating).  Affecting change in the physical learning environment is a challenging institutional issue.  The instructors could request locating the class in a different building with a more stimulating environment.

Conclusions and Implications

This project describes the impact of a revised introductory-level college science course on females’ impressions of learning.  It situates female learning in the realm of inclusive pedagogy and links the major themes of classroom power, relevancy, and discourse to the described reform effort.

As reported by the females in the study, they feel promoted and encouraged to learn science as students in this course.  Classroom observations reveal a revised curriculum offering students opportunities for self and group directed learning as well class participation.  The professor’s personality, unrelated to the curriculum, plays a huge role in these achievements.  Findings reveal that elements of a balance of classroom power were evident in the curriculum as a result of (a) the professor’s enthusiastic and approachable manner and (b) his ability to promote care and interest in student learning, as well as (c) the use of collaborative groups (for learning and assessment).  Collaborative group work occurring after lecture was observed to be a highly motivating activity for all students.  The groups’ discourse gave voice to females and balanced the play of power in the classroom by allowing students opportunities to construct their own meaning.  Elements of relevancy are evident in the curriculum.  Students comment that they are now more knowledgeable about aspects of the ocean.

To achieve a greater balance of classroom power, the curriculum needs to address the lack of student-directed learning, syllabus open-endedness [5], explicitness of the “science-as-usual” phenomena [11], and opportunities for individual reflection through, for example, imaginative writing [16].  The professor and course as whole are challenged to make more explicit connections between content, intended learning outcomes, and personal relevancy.  Efforts to give females voice where voice counts, that is, with the professor are needed. 

This project reminds us of the need to critically examine the findings of science education reform efforts.  Project evaluations that do not consider the impact of reform on marginalized groups may too often oversimplify positive results.  Consequently, additional research is needed to describe the experience of different learning groups within this study and other science education reform efforts.
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