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THE STORIES OF HOW WOMEN BECOME SCIENTISTS: DISSERTATION RESULTS
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The under-representation of women in science careers is well documented. While important information has been published concerning various factors that influenced women to pursue science careers, very few research projects have allowed women scientists to share their personal experiences of what motivated them to become scientists in their own voices. The purpose of this inquiry was to investigate the elicited stories of seven women research scientists so that their retrospective motivational experiences with science as young girls and women inside and outside the formal school setting might be better understood. This inquiry examined specific motivational factors and experiences that encouraged or discouraged these women to pursue careers in science. These factors included the motivational influences of gender perceptions, science experiences, and social interactions. From the collective experiences offered, emergent themes were identified and interpreted. These motivational themes were compared with motivational findings in a literature review. Educational implications of the identified themes for these and other women considering careers in science, women’s parents, science educators, and society are elicited.


UNDER-REPRESENTATION OF WOMEN IN SCIENCE


Four studies [1,2,3,4] have shown that the presence of women in nearly all scientific career fields is seriously lacking. A recent report of the National Science Foundation [1], indicated that “women constitute 51 percent of the United States population, and 46 percent of the United States work force, but only 22 percent of scientists and engineers in the labor force” (p. 2). Statistics for the percentage of women scientists and engineers employed in business or industry are also found within the National Science Foundation’s report in 2000. According to this data, far more women scientists and engineers are employed in a teaching capacity than in research and development capacities. In fact, men, according to the data provided, hold 83.9% of all positions in science research and development. The previously mentioned report was confirmed again in 1998 by the National Science Foundation in which it was stated that although women have made progress in science academic achievement and science participation, they are still underrepresented in science and engineering careers. 


The serious shortage of women in science degree programs and career fields does not appear to be due to their lack of science ability but to a critical lack of appropriately motivating science experiences in early education. Women’s early lack of confidence, disinterestedness, and poor self-concept undermine and hamper their science achievement. When young women fall behind in their science achievement in middle and high school, it becomes extremely difficult to enroll and succeed in science college programs that leads to degrees and careers in science. Collier et al. [5] found evidence of an “understructure” (attitudes, activities, preferences) to science career choice that begins in the elementary school years. They further elaborate, “girls have poor attitudes toward science, participate in fewer science activities, and are less likely to prefer science careers” (p. 38).


CONSEQUENCES OF THE LACK OF APPROPRIATE MOTIVATION


When women are not encouraged with early and ongoing motivational science experiences that appeal to their interests, they are unlikely to become scientists. Hence, science and humanity suffer the irreplaceable loss of their talents, which account for one half of the potential workforce, and their scientific contributions, which could offer solutions to many human afflictions. Furthermore, when women are not motivated to become scientists, their views and interests become under-represented in the sciences.


Another negative implication of the under-representation of women’s views and interests is the limiting of science methods by men’s historical preferences for control and conquest [6]. When men outnumber women in science, the preferred research methods of men become the accepted norm for science in general. This has considerable implications for how scientists work together and do research since male and female scientists often approach their work differently [6,7]. Furthermore, the inclusion of women’s views and interests could help to shift male-dominated science methods to more balanced science methods that emphasize both controlled analysis and holistic understanding, hypothesis testing and hypothesis generation, detached objectivity and intuitive subjectivity, and individual competition and team collaboration [8,9].


PROBLEM STATEMENT

The central purpose of this inquiry was to investigate the elicited stories of seven South Georgia women research scientists so that their retrospective motivational experiences with science as girls inside and outside the formal school setting might be better understood. This inquiry examined specific motivational factors and experiences that encouraged and discouraged these women to pursue careers in science.

The research questions were divided into a primary question and supporting secondary questions. The primary question addresses the collective motivational influences of three factors: science experiences, social interactions, and gender perceptions. These general factors are not fixed and independent entities but they represent interacting areas with overlapping borders. Furthermore, they are not precisely defined hypothetical variables that require rigid testing but they represent fertile areas of interest laden with rich possibilities; they invite exploration and guide the inquiry. 

Primary Question:


How do female scientists interpret the encouraging and discouraging influences of science experiences, social interactions, and gender perceptions on their motivation to become scientists across three developmental periods?


Secondary Questions:

I. How do female scientists interpret the encouraging and discouraging influences of formal and informal science experiences (such as playing with science toys, exploring nature, experimenting, having science-related hobbies, participating in planned science activities) on their motivation to become scientists across three developmental periods?

II. How do female scientists interpret the encouraging and discouraging influences of social interactions (with parents, relatives, teachers, counselors and others) on their motivation to become scientists across three developmental periods?

III. How do female scientists interpret the encouraging and discouraging influences of gender perceptions (such as sex role stereotyping, gender bias, gender preference) on their motivation to become scientists across three developmental periods?

METHODOLOGY

HERMENEUTIC PHENOMENOLOGY

I chose to conduct this research study from a hermeneutic phenomenological perspective because its’ uniqueness does not allow the researcher to separate his or her personal experiences, perspectives and assumptions. Rather, the hermeneutical phenomenological researcher must acknowledge his or her experiences, theoretical commitments and presuppositions, making them explicit in the study [10]. This aspect of the study was not included here in the interest of brevity.

The journey toward becoming a scientist—as made by each of the participants in this study—is the process of the social construction of the identities of the participants, both as scientists, and as women. Making sense of the journeys of the individual women scientists in this study involved the dynamic process of exploring what each motivational step of the journeys meant to the conscious and unconscious goals of becoming scientists. 

METHODOLOGY DERIVED FROM HERMENEUTIC PHENOMENOLOGY

PARTICIPANT SELECTION CRITERIA

I chose to interview seven women who hold doctorates in the hard science of biology, chemistry or physics or some combination thereof, and are employed half time in research and half time with faculty positions. The women interviewed were located in South Georgia (since this is the area in which I live) at two universities. All of the participants are actively involved in science research ( i.e., they are currently working on a scientific problem in which data is systematically collected and evaluated). 

SEMI-STRUCTURED INTERVIEW

The primary method employed in my study for collecting empirical materials is the semi-structured interview. According to VanManen [11], in a hermeneutical phenomenological inquiry the interview serves to provide a means by which spoken material can be gathered and explored and serves as tangible resources for grasping a deeper “understanding of a human phenomenon” (p. 66). It also serves as a means by which the researcher can develop a conversational relationship with the respondent. 

RESULTS

INTERPRETATION OF MOTIVATIONAL THEMES ACROSS WOMEN SCIENTISTS AND FUSION OF HORIZONS


INFORMAL SCIENCE EXPERIENCES


Enjoying and Investigating Nature and the Outdoors


In the category of science experiences and in the developmental period of early childhood through the elementary years, six of the seven women scientists interviewed reported significant motivational experiences with science. One of the prevailing themes that emerged across almost all of the experiences of the women was that of enjoying and exploring nature and the outdoors. Dr. DeLong recalled “messing around” outside. Dr. Adams told of the enjoyment she experienced playing outdoors as a child and helping work in her family’s garden. Dr. Bishop particularly enjoyed experiences outside as she lived in a rural area with forty acres of woods full of trails and a creek that ran through it. She remembers collecting organisms from the creek and exploring the entire area. Dr Jones lived in a rural area and remembers playing outside with her older brothers, killing grasshoppers and dissecting plants to see what was inside them. And Dr. Johns grew up on a farm and the outdoors was all she knew. 

Playing With Science-Related Toys, Science Role-Playing and Science Museums


Several of the women remember other motivational science experiences including playing with science-related toys, role-playing with science, and visiting science museums that took place in this early developmental period and were provided by their parents. Dr. DeLong remembers her parents getting her nature cards that came through the mail every month. She recalls the enjoyment she experienced from reading about the different plants and animals portrayed on the cards each month. Dr. Townsend was fortunate enough to receive a chemistry set one Christmas during the year she was in the second grade. She kept referring to that chemistry set throughout the interview as a significant motivational factor in her decision to pursue science as a career. Dr. Adams played with Barbie dolls, like many little girls, but her dolls were always portrayed as surgeons in her imagination. She said they were surgeons because that is what she wanted to be when she grew up. Dr. Nivens remembers her parents taking her to a science museum as a young child. She recalls sitting on her father’s shoulders and looking at dinosaurs and all of the other “cool” things they had there. She also remembers playing with a friend who had a microscope. They would make slides of their own urine and look at it under the microscope, thinking how “cool” it was. Dr. Jones received an erector set one year for Christmas. Her older brothers had one and she begged and pleaded until her parents got her one too. 

FORMAL MOTIVATIONAL SCIENCE EXPERIENCES WITHIN THE SCHOOL SETTING


Most of the women also recall more formal motivational science experiences within the school setting during this first developmental period. Dr. DeLong remembers the fun she had in elementary school doing a science project with leaves. Dr. Townsend mentioned the motivational significance of enrichment classes she participated in during her elementary school years. She recalled several projects that she engaged in that revolved around science including making a model of the solar system, studying lunar rocks, and preparing a presentation to give to the class about a particular dinosaur. Dr. Adams recalled some pleasant experiences with science in the first grade when her teacher created a series of “stations” (learning centers) pertaining to various land biomes, including the tundra, grasslands, and wetlands. She said that she “thought it was terrific and enjoyed it.” Dr. Jones recalls enjoying science demonstrations provided by a science teacher when she was in the sixth grade. She still recalls hearing the popping noise created by hydrogen gas when the teacher lit it and she remembers two science fair projects she was involved in.

PERSONAL MEANING OF EARLY SCIENCE EXPERIENCES


When asked if they could relate the meanings these early science experiences had for them, many of the women reported that the experiences were profoundly significant in their decisions to become scientists. Dr. DeLong felt that the opportunities she experienced outdoors were very important to her and she looks back upon them with fond memories. Dr. Townsend credited her explorations with the chemistry set she received for Christmas as a defining moment in her decision to become a scientist. She also had this to say about the importance of her early science experiences: “I think they were very important. I really think those enrichment classes did a lot for me. Because I had that experience from first grade until fourth grade…And so I think that those sort of shaped how I saw science” (personal communication, J. Townsend, November 5, 2001). Dr. Adams believed that her early science experiences “opened up her mind…and increased her awareness” she went on the say that they made her “realize that there’s things out there far beyond what you can imagine” and that they “sparked an interest” in her for science (personal communication, M.Adams, November 5, 2001).  Dr. Nivens places more emphasis on the effect those early science experiences have on what kind of encouragement she provides for her own child, what kind of toys she buys her, and the influence she has on her. Although she did say that her early motivational experiences with science are part of the puzzle, helping to make her who she is. Dr. Bishop believes that her early science experiences had a staggering effect on the path she chose in her life. She related, “I just think to myself (pause) this is one of those staggering questions that give me chills down my spine. Where would I be had I been raised in the city? Had I been raised in a forty story high rise? I don’t know the answer to that. That’s kind of scary. But everything that has happened to me, everything that I have done, has led me to this chair” (personal communication, P. Bishop, November 5, 2001). She also believes that those early science experience made her curious or “tapped her curiosity.”  Dr. Jones stated that she didn’t realize until later the bearing her science experiences had on her. She further contemplated whether or not she would have made the same decisions if she had not had those positive experiences in science. Dr. Johns felt that all of her collective experiences were important to her “because that’s who you are. That’s what makes you the person you are, the different experiences you have.” She went on to say that her early experiences with science hold a great deal of meaning to her because, “This is where I am. It’s important” (personal communication, J. Johns, November 29, 2001). 
SCIENCE EXPERIENCES IN THE MIDDLE TO HIGH SCHOOL DEVELOPMENTAL PERIOD: FUN AND INTERESTING


All seven of the women scientists participating in this study reported an increase in science experiences during this second developmental period. Many of these experiences were reported to be motivational to these women because they were fun and interesting.


Dr. DeLong recalls “messing around” with slide rules in high school chemistry. She enjoyed using the slide rule and quickly mastered it and so soon she was helping other students. She remembers several fun physics labs in high school including rolling balls down inclined planes to calculate speed and velocity. When asked how important it was that science experiences were made to be fun in junior high and high school she replied, “Oh, that’s the attraction…if it’s fun then you can learn something from it” (personal communication, L. DeLong, October 22, 2001). Dr. Townsend remembers “doing a lot of cool things” in her high school science courses including making aspirin and soap and dissecting a fetal pig in biology. She also enjoyed learning about how things worked in high school physics, using toy cars to study force and velocity. Dr. Adams also enjoyed dissection in her high school biology class. In fact, she stated that it was “the highlight of the science experience” and “phenomenal” (personal communication, M. Adams, November 5, 2001). Dr. Nivens recalls several motivational science experiences that began in her high school years. She recalls visiting an amusement park as part of her physics course where she “got to see how the rides were related to physics” (personal communication, D. Nivens, November 22, 2001). In her high school chemistry class they “made aspirin and some other cool things” (personal communication, D. Nivens, November 22, 2001). Dr. Bishop remembers an ecology class in high school in which the students studied the dynamics of a wood lot over time. She also recalled enjoying the construction of a solar system to scale, complete with clay planets and growing plants in a horticulture class in high school. Dr. Johns remembers playing with mercury in a high school chemistry class. She remembers being fascinated by how the mercury rolled in balls and she enjoyed watching it move over watches and rings.

SCIENCE EXPERIENCES IN THE UNDERGRADUATE TO GRADUATE LEVEL

Experiences Increase in Seriousness and Decrease in Enjoyment

Experiences Bring About Defining Moments


Most of the participants in this study reported engaging in many science experiences at this level but these experiences had increased in seriousness and decreased in enjoyment to some degree. Science concepts were taught at a much greater depth and the women participants recall the tremendous amount of time and energy they expended conducting experiments and studying. Some of the women reported defining moments or turning points that were realized during this developmental period as far as their decision to pursue science as a career. A couple of the women reported defining moments related to discovering that graduate school was free. So a cost free education was another theme that emerged in this research category of science experiences and in this particular developmental period as far as motivation to attend graduate school was concerned.  Dr. Townsend remembers spending a great deal of time at the chemistry lab during her undergraduate years and most of the rest of her time studying. She also recalls a defining moment when she found out in undergraduate school that graduate school should be free. Dr. Adams recalls the rigor involved in her graduate experience, often having to spend the night in the chemistry lab, sleeping in a lawn chair. Dr. Nivens remembers the positive motivational experience of joining a new research group in graduate school. Dr. Nivens enjoyed the process of planning the lab and getting everything set up and going. She saw that experience as fun yet challenging because she got to “see how everything went together” (personal communication, D. Nivens, November 22, 2001). Dr. Bishop remembers a parasitology class in which she examined various slides if parasites including ringworm and other fungi that grows in the human body. She described those activities as “cool”. In graduate school after a discouraging time with a research group whose area was not interesting to her, she joined a new research group and from that point on she said, “I loved every single thing that I did” (personal communication, P. Bishop, November 5, 2001). In this new group, they were actually synthesizing compounds to be sent off to drug companies.

Fear of Failure as a Motivational Factor


Another theme that emerged across some of the women participants in this study pertaining to science experiences in this developmental period was fear of failure. Dr. Townsend remembers constantly worrying when she got to graduate school that she was going to fail, that she would have to leave. She said, “I don’t know, I think it must be a family trait, but we don’t fail at things. Just being sort of average is bad enough I felt like. But I was really worried that I was going to fail…” (personal communication, J. Townesend, November 5, 2001). She later stated that when a professor in undergraduate school hinted that maybe she shouldn’t go to graduate school because he didn’t think she could do it, she decided, “Well, I’ll show you I can too” (personal communication, J. Townsend, November 5, 2001). Dr. Adams stated that her biggest motivator in both undergraduate school and graduate school was, “Fear of failure. Plain and simple. I was not going to fail, it was never an option (personal communication, M. Adams, November 5, 2001). Dr. Nivens related that she has always been a competitive person. Her desire to win and not fail was an oft-repeated motivational tool mentioned throughout our conversation. Dr. Johns remembers a strong desire to succeed and finish what she started that served as fuel for her to continue her journey through graduate school.

Educational Success as a Motivational Factor


Several of the women scientists were motivated by their own high achievement and good grades in science. Doing well in science was encouragement in itself for several of the participants.  Dr. DeLong recalled that she did well and understood what was going on in her science classes and that motivated her and encouraged her to continue doing well. 


Dr. Davis remembers remembered being encouraged by the fact that she was good enough to be placed in enrichment classes in elementary school and that she was always pretty good in math. 


Dr. Nivens remembers always doing well in school, from elementary all the way through. She recalled, “I was always the person, who from the first grade, was in the top reading group….In fourth grade I placed in sixth grade math….I was always good in school” (personal communication, D. Nivens, November 21, 2001). She also remembered science as being easy to her in middle school and high school, saying, “I would ace the tests because they were always so simple for me….So I never had to work at it” (personal communication, D. Nivens, November 21, 2001). Dr. Bishop remembers that her success in organic chemistry was a motivating factor for her. She loved it so much that she decided to make chemistry her major. She stated that she “just got it.” And at that moment she knew she wanted to be a chemist. Dr. Jones found out she was good at math and science at the high school level. But when she got to undergraduate school she realized she was also good at it at a much higher level. In fact, her college algebra and trigonometry teacher told her he thought she should pursue a career in math since she was so good at it so that was certainly a positively motivating moment for her.

Relevancy of Science to Real Life as a Motivational Factor


Dr. Nivens recalls the enjoyment she experienced as she helped to develop a research program for a newly hired Assistant Professor at her graduate school. She particularly appreciated not being thrust into an ongoing research project, but rather she was involved in the entire research set up, from ordering lab equipment to the design of the lab itself. This made the entire research process much more relevant to her.


Dr. Bishop realized a turning point in her science career when she switched research groups as a graduate student. She recalled.

The research that my second advisor was doing was much more applied, right there, you could actually see it. And that sparked my interest. I’m such a practical type of person that I can’t do theoretical type of research. I have to do much more applied type of research. We would actually synthesize compounds that we would send off to drug companies….. And the drug companies would change it a little bit here and a little bit there to try to get it to behave more like they wanted it to behave. But it was so applied. Right there. You could see it. And that’s what sparked my interest I guess. (personal communication, P. Bishop, November 5, 2001)

Dr. Bishop also recalled her parasitology professor, who was also an MD. She identified with him because he was so practical. She remembers that one semester he would teach parasitology and the next he would go to Africa and diagnose and treat parasitic diseases and then he would return and teach again. She stated, “I could see the practicality of what he was doing right there. Because he would actually teach it and go do it” (personal communication, P. Bishop, November 5, 2001).


Dr. Adams’ Introduction to Chemistry professor “related everything to real life.” She remembers “that certainly sparked my interest in chemistry” (personal communication, W. Adams, November 5, 2001).

SOCIAL INTERACTIONS: EARLY CHILDHOOD THROUGH ELEMENTARY DEVELOPMENTAL PERIOD

Positive Influence of Parents


Many of the women participants in this study reported positive parental influence during this early developmental period. Dr. DeLong’s parents encouraged her to do whatever she wanted to do and never told her she couldn’t do anything, so she had their support from an early age. Dr. Townsend’s parents purchased the chemistry set for her and encouraged her to explore with it. They were also helpful to her when she had to make science-related projects for school. Dr. Adams’ parents encouraged her to investigate the outdoors and got her involved in the family garden. Dr. Bishop said her parents always encouraged her in everything she attempted. She especially appreciates the fact that neither of her parents ever told her she couldn’t do something because of her gender. Dr. Jones’ father was actively involved in helping her in several science fair projects and both of her parents encouraged her to do well in school. Dr. Johns also remembers her mother and father actively encouraging her to succeed in school and investigate nature. 

Positive Influence of Teachers

Most of the women participants reported more positive experiences with teachers at the middle school and high school levels than at the elementary level. Dr. Townsend remembers many positive experiences revolving around science provided by her enrichment teacher from the first through the fourth grades. Dr. Adams remembers the trouble her first grade teacher went to as she constructed the different learning centers associated with land biomes. Dr. Bishop remembers an elementary school teacher who took the time to explain to her why leaves turned color in the fall. She remembers being fascinated with the explanation that teacher provided.  Dr. Jones remembered a sixth grade teacher who took the time to not only perform meaningful and interesting science demonstrations for the class, but he also made it a point to always involve the students. Dr. Johns recalled several exemplary teachers she had in grammar school. One of her teachers stands out in her memory because she brought in lots of information about pine trees and stressed the importance of planting pine trees, even calculating how much money one tree could generate. Many of her teachers “saw to it that we got experiences”, even though it was war time and money was scarce (personal communication, J. Johns, November 29, 2001).

SOCIAL INTERACTIONS: MIDDLE SCHOOL THROUGH HIGH SCHOOL

Positive Influences of Teachers


At this developmental period, there was a marked increase of encouragement and positive influence given by teachers, as reported by most of the women in this study. Dr. Townsend’s high school chemistry teacher, Mrs. Whiten, was one of the teachers who was most encouraging to her throughout her educational career. She recalls the encouragement Mrs. Whiten provided when she expressed the desire to major in chemistry in college. She stated that she told her about some of the different opportunities and lab work and she tried to warn her of the rigor involved in becoming a science major. Dr. Adams remembers Mrs. Michener, her high school biology teacher and the positive influence she had on her through the science activities she provided in her class. Dr. Nivens recalled her high school chemistry teacher as being positive and encouraging to her as far as science was concerned. He took a personal interest in her, always asking about her future plans Dr. Bishop remembers two exemplary teachers she was fortunate enough to have in high school science. She recalled:

Both of them just absolutely positively loved what they did. And they had so much excitement and energy for their discipline that you couldn’t help but be drawn into that….Probably part of their excitement was because they were both very young and high school teachers have to do their continuing education and they were both, at the same time, taking classes at the University of Michigan to earn their Masters. So they were at that stage in their careers. So they were still just totally turned on. ( personal communication, P. Bishop, November 5, 2001)

When asked what she gained from those two teachers, she thought she had gained passion. She knew that she wanted the same thing out of the job she had one day, to love every single minute of it. 

Discouraging Experiences With Counselors


Unfortunately, every one of the women interviewed related stories of negative experiences with counselors in this developmental period (except for one who had no counselors). In fact, it is interesting to note that none of the women participants reported anything but negative experiences with counselors during high school.


Dr. DeLong stated, “We had a very horrible guidance counselor at the high school level” (personal communication, L. DeLong,  October 22, 2001). She went on the say that this woman counselor took it upon herself to decide what school you should go to based on SAT scores. As a result, Dr. DeLong felt that because of this woman, she had very little option as to where she could go to college. Dr. Townsend reported that they:

really got no counseling on where to go to school, where to get financial aid, whether or not we were good in the areas we were choosing. We got ho help there. We got handed college applications and were told to go have a good time. I don’t know if you’d call that encouraging or discouraging…it’s just pretty much non-existent. Nothing one way or the other. (personal communication, J. Townsend, November 5, 2001)

Dr. Adams reports that the only experience she ever recalls with a counselor is that one told her that she was too bright to go to community college and they saw her choice as a failure. Dr. Nivens reported that her school had three counselors for five hundred students so she “didn’t get much out of them” (personal communication, D. Nivens, November 22, 2001). Dr. Bishop also reported that there was no encouragement from counselors at her high school. Dr. Jones recalled a particularly negative experience with her high school counselors when they took the top six students of her graduating class in for counseling about college. Three of them were boys and three were girls, including Dr. Jones. She remembers:

They gave us this long list of careers that you could go into and the guys were counseled to go into physical engineering. And the girls were counseled to go into nursing, medical technology, or teaching. None of which interested me. And primarily that’s why I didn’t go to college. Because what they were offering was not interesting to me so I just didn’t go. And there wasn’t input from my parents. There should have been, but there wasn’t. At any rate, women didn’t do those things and my parents were willing to go along with that. (personal communication, W. Jones, November 5, 2001)

This incident is an example of many that overlap between two or more categories of exploration in this study. It not only fits into the social interactions category, but also the gender influences category. Dr. Johns had no information to report regarding counselors, since at that time there was no such thing.

SOCIAL INTERACTIONS: UNDERGRADUATE TO GRADUATE YEARS


During this developmental period social interactions seemed to have the most significance on their science motivation for the women scientists interviewed. These interaction were both encouraging and discouraging and some of the interactions overlap into the gender influences category.

Positive Influence of Peers


At this developmental period, more than any other period examined in this study, the women scientist participants reported a greater sense of collaboration and connection with other students of science. Some of these relationships were with groups and some were with just one friend. Almost all of the women reported to have benefited from collaborating and connecting with other students, mostly other female students.


Dr. DeLong remembers being a part of an advisement group as a graduate student that was made up of mostly females. She remembers that they all became very good friends. She stated,

So there was this gang of us that (pause) we were just going to do it our way and who was going to stop us? (personal communication, L. DeLong, October 22, 2001) 


Dr. Townsend recalls a wonderful male friend in undergraduate school. They were lab and study partners. She said,

He just helped me not to get discouraged in a couple of classes. Because he was always a little bit smarted than I was. And he would help with certain things. We would work together so he was really helpful then. (personal communication, J. Townsend, November 5, 2001)

In graduate school Dr. Townsend recalled that there were three other women pursuing science degrees that she befriended. When any one of them became discouraged, the others were there to talk to. She remembers that they would often go out to lunch together. She related, "Anytime you were having a problem, you could go out with these girls. And if they didn’t have the answer, at least you got to tell somebody what was going on” (personal communication, J. Townesend, November 5, 2001).


Dr. Adams stated that during both her undergraduate and graduate years, labs were always done in groups. She related:

Chemistry works in groups for the most part. You always have a study group. If you don’t, you’re a fool. Because you are always going to be better at something than somebody else isn’t and vice versa. So in the sense of getting through it, you always need a support system, you always need a group. And that’s very positive to have that kind of feedback. (personal communication, M. Adams, November 5, 2001)

In her undergraduate years, Dr. Adams recalled that there was a group of ten students who were really good friends, seven women and three men. According to Dr. Adams, they “were really tight.” And she stated that “We didn’t always get along, but we never, ever let each other down. We were all in it together and it was rigorous and it was tough and it was hell and we carried each other at different times” (personal communication, M. Adams, November 5, 2001). She stated that the six females “all got discouraged from time to time but we knew we were the majority and they had to pay attention to us if we all banded together” (personal communication, M. Adams, November 5, 2001)


Dr. Nivens also mentioned two female friends that she had as an undergraduate who were very supportive to one another. She remembered,

We were always in the same classes together and we would do our homework together. We complained about things together and we would compete to see who got the best grade out of the three of us….We kind of stuck together. We did the same labs together so we would always try to be lab partners, the three of us together. (personal communication, D. Nivens, November 21, 2001)


Dr. Bishop had a female friend as an undergraduate who was a pre-med. major. She remembers this woman as being extremely intelligent. She recalled,

I wanted to be like her. She was like my role model. She probably did it without even knowing she was encouraging me. It was more like a challenge. I could be as good as she was. And so she was probably the encouragement that I needed. (personal communication, P. Bishop, November 5, 2001)


Female Professors/Advisors as Role Models


Dr. DeLong said that her favorite professor was also her advisor in undergraduate school. This was the first woman chemist hired at her school at the first woman scientist Dr.DeLong had ever met. She believes that the reason she was her favorite teacher is that she was a woman who was succeeding in science and doing what she wanted to do. 


Dr. Nivens originally had four male members on her dissertation committee in graduate school. She had a problem with one of them and had him removed and replaced with a newly hired female chemistry professor (the only female in the chemistry department). She states that this woman was “one of the most encouraging people there that worked with me and talked with me about stuff and helped me figure out what I was going to do” (personal communication, D. Nivens, November 21, 2001). She sent on to say that once the female professor became a member of her committee, “things turned around a lot from that point. Because she was a lot more helpful to me and a lot more interested in what I did” (personal communication, D. Nivens, November 21, 2001)

In graduate school after suffering through a traumatic period in which she was in a research group whose focus did not interest her, Dr. Bishop recalls moving to a new group that was led by a newly hired female Assistant Professor. She remembers that the research that this woman was so much more applied and practical than what her first research group was doing. She stated that she “loved every single thing that I did from then on” and because this research was so much more applied she said, “It sparked my interest” (personal communication, P. Bishop, November 5, 2001). This woman eventually became her Ph.D. advisor and she was a very encouraging influence in Dr. Bishop’s life and remains so to this day. 

Dr. Jones remembers a positive experience with a female teacher in the chemistry department at her undergraduate school. She stated,

I established a good relationship with her and we would sometimes sit and chat and other times we would talk about chemistry. And I maintained that relationship over the years. ….It was very positively motivating. (personal communication, W. Jones, November 5, 2001)


Dr. Johns remembers a female chemistry professor that she had in undergraduate school who was encouraging and another in graduate school who she has remained close friends with throughout the years.

Negative Influence of Male Professors/Advisors


Dr. Townsend recalls talking to a male professor in undergraduate school about what she wanted to do with her life. She had wanted to be a doctor and,

he pretty much told me that that there’s no way I could be an MD if I wanted to be, that my grades just weren’t up to par….And I felt like he was telling me, ‘You can’t.’ And when I talked to him about graduate school he was sort of lukewarm about that. He didn’t urge me on. He said, ‘Well, if that’s what you want to do you’ll probably get in somewhere’ (personal communication, J. Townsend, November 5, 2001).  

She recalls that he kept trying to convince her to be a high school teacher. She also remembers a negative incident in graduate school that also overlaps into the gender influences category of this study. When she got to graduate school she remembers that in one particular class it seemed that

the men came with a certain amount (pause) like the teacher (male) just realized that they knew (pause) they were on a certain level and we were lower and for us to get up there, we had to earn it. I felt like I had to surpass, that I couldn’t do exactly what they did. I felt I had to do even more. (personal communication, J. Townesend, November 5, 2001).


Dr. DeLong recalled a male professor in undergraduate school who kept trying to convince her to get a Master’s degree in chemistry rather than a Ph.D.

GENDER INFLUENCES IN THE UNDERGRADUATE TO GRADUATE YEARS


By far, this was the developmental period in which the women scientists reported the greatest amount of gender influences, from stereotyping and discrimination to conflicts between their science goals and significant relationships with men and family obligations.

CONFLICT BETWEEN SELF-IMAGE AS A WOMAN AND MOTIVATION TO BECOME A SCIENTIST


Five of the seven women scientists interviewed reported experiencing conflict between their self-images as women and their motivation to become scientists. Dr. Townsend associated her femininity with marriage, as did her grandparents who kept asking her once she finished graduate school if she was going to get married. She opted to end the relationship with her fiance and accepted a position at a college in Virginia. She still wonders if she made the right decision.
Dr. Bishop says it was difficult for her to see her sisters and brother and friends marry and start families while she was still in graduate school. She felt like they were getting on with their lives and she wasn’t but she said that it never got to a point where she wanted to quit. It only made her want to try that much harder.


Dr. Jones did not report a conflict between her femininity and her motivation to become a scientist. Perhaps that is because she was already married and had three children throughout her educational career. She does not feel any less feminine as a scientist that she would in any other career field.


Dr. Nivens remembers that as the only female in an all male research group in graduate school, she began to actually act like the men she was with so much. She states,

 I found myself developing sailor mouth or an attitude where I wanted to fit in with them.   If they would swear, I would swear. If they wanted to talk about nasty things or look at pornography on the Internet I would say, ‘Oh, that’s cool.’ I would try to act like one of the guys. (personal communication, D. Nivens, November 21, 2001)

Dr. Nivens also reported a time, especially as a post-doc in which she found herself wearing jeans with holes and lab coats and only tying her hair back when she went to work. She remembers feeling pretty miserable when she dressed like that.

CONFLICT BEWEEN GOAL TO PURSUE SCIENCE CAREER AND SIGNIFICANT RELATIONSHIPS WITH MEN


Six of the seven women scientists reported a tremendous conflict between their goals to pursue a science career or their current position as a scientist and significant relationships with men.


Dr. Jones was already married but her educational career but an extensive amount of stress on the relationship she had with her husband. She stated,

The first year or two probably wasn’t so bad but when you go on and on and on for six years it is very tough. (personal communication, W. Jones, November 5, 2001)


Certainly Dr. Townsend’s motivation to become a scientist affected the relationship she had with the man she was intending to marry. It ultimately caused the demise of that relationship, as previously stated. Even today, she finds conflict between her position as a scientist and significant relationships with men. 


Dr. Bishop also reported a great deal of conflict in this area. She related, 

It takes a very secure man to be involved with somebody whose got a higher degree than them. And I have found that.….So I think there’s a lot of problems there. (personal communication, P. Bishop, November 5, 2001)


Dr. Adams reported less of a conflict between her goals to pursue a science career and her relationship with her husband when she was still married than she does now as a single woman. She told me, “Now, (laughs) I think it’s almost hopeless.”


Dr. Nivens was married throughout her graduate school career but she does report some conflict between her goals to become a scientist and her relationship with her husband as far as conflicting careers are concerned. She also experienced some conflict when her husband was the one who got to stay home with their newborn daughter as she was a post-doc and commuting a good distance into Washington D.C.

CONCLUSION


The women scientists participating in this study corroborated much of what was already determined in the literature review (found in the complete unpublished dissertation). As young girls they reported being motivated when science is made fun and interesting to them. They also reported being motivated by science when it was made relevant to real life in all developmental periods. That trend continued through the middle developmental period investigated. Social interactions as well as the presence of female role models were extremely significant in the undergraduate to graduate years. Gender influences were most problematical in the latest developmental periods and manifested themselves in the form of conflicts between the motivation to pursue science and significant relationships with men, self-images as women and marriage and family life.


The implications of the results of this study are significant to girls thinking about science careers, educators, parents and society. Hearing the stories of successful women in science aids in the identification of beneficial strategies to interest more girls and women in pursuing science careers.
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