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ABSTRACT
A survey of the ASPB (American Society of Plant Biologists)

was conducted through its Education Committee to determine
the extent of member participation in support of undergraduate
research and high school research. Analysis of this survey indi-
cates that, of 531 total respondents, the vastmajority (88.5%) has
supported undergraduate researchers in their laboratories, while
a little less than half (49.2%) have supported high school re-
searchers.More than 80%of each participant group found their
experiences rewarding. Among the most prevalent advantages
mentionedwere the pleasure ofmentoring, the creation of an en-
thusiastic lab environment, and general motivation/learning in
plant biology for the student.Many surveys reporting great suc-
cesses with young researchers mentioned strategies for saving
time,maximizing productivity, and utilizing resources wisely. On
the other hand, the vast majority of disadvantage comments
dealt with time issues such as the time spent by senior researchers
training students, the time restraints of students, and the effects
of training students on lab productivity.

RECENT STUDIES assessing the prevalence and/or quality of
research training for undergraduate and high school stu-

dents are surprisingly scarce, while summaries of the per-
spectives of research mentors are nearly nonexistent. For the
most part, the research training literature can be divided into
three categories: nonspecific, large-scale accounts (Austin,
1997; Craig, 1999; Druger, 1998; Levesque and Wise, 2001;
Schowen, 1998; Seago, Jr., 1992), descriptions of particular
programs/courses (Boersma et al., 2001; Chaplin et al., 1998;
Henderson and Buising, 2000; Heppner, 1996; Krasny, 1999;
McLean, 1999; Nikolova Eddins et al., 1997; Ortez, 1994),
and descriptions of particular training methods (Beer, 1995;
Durso, 1997). Although each of these types is useful, com-
parisons between the effectiveness of various programs and
methods are scarce. Attempts to synthesize the state of re-
search training are a prerequisite to any efforts to optimize it.
Along these lines, because large-scale accounts are usually
vague and/or discipline- neutral, it is difficult to know what
the perceived advantages and disadvantages are for the bulk
of those involved in research training efforts.
This study examines the participation of laboratory re-

searchers in undergraduate/high school student research train-
ing efforts. More specifically, it assesses participation among
ASPB members and is therefore exclusive to efforts in the
plant biology community.
The ASPB (formerly the ASPP, American Society of Plant

Physiologists) is a professional organization that promotes the

interests of plant scientists and publishes two well- respected
journals, Plant Physiology and The Plant Cell. Its members
work in a diverse array of government, industry, and acade-
mic environments across six continents and are largely rep-
resentative of lab-based plant biology researchers, but most
are college and university faculty in the USA. This study re-
flects both the diversity of membership and the desire of the
members of ASPB to optimize their efforts in training un-
dergraduate and high school students.

METHODS

A survey was administered via email through the ASPB�s
Education Committee. It was sent to everyone on the ASPB
mailing list, representing a population of about 5000. Re-
spondents were asked to hit reply to send their responses back
to the ASPBmain office. Surveys were then forwarded to the
authors for analysis. We received 531 full responses, corre-
sponding to a response rate >10%. Surveys that were not
filled out properly or completely were discarded (<10).
Six broad questions were posed, three dealing with un-

dergraduate research and three with high school research.
The first question in each group asked if the respondent had
supported either undergraduate or high school researchers, the
second if they found the experience rewarding, and the third
if theywould likemore information about becoming involved.
Respondents were asked to comment on advantages and dis-
advantages of the respective activity in the second question,
and to comment on what types of information they would like
in the third. The requests for comments were intentionally left
open-ended to avoid biasing or restricting the scope of re-
sponses.
Affirmative/negative answers were tallied and summa-

rized. Comments for the second question of each group were
categorized according to advantages/disadvantages, then by
whether they were student-related or mentor-related, and fur-
ther arranged into various subcategories. Comments in each
subcategory were tallied to assess the prevalence of each ad-
vantage/disadvantage. If a respondent mentioned several dif-
ferent advantages or disadvantages in the same comment,
they were included in the tally for all relevant categories. Be-
cause the survey did not ask about specific advantages or dis-
advantages, but instead invited open responses, we feel that
it would be misleading to perform statistical analyses on the
summary frequencies.

MEMBER PARTICIPATION

The vast majority (88%) of ASPBmembers who responded
have supported undergraduate researchers, and 97% of those
found the experience(s) rewarding (Table 1). Even though only
12% of respondents had not supported undergraduates, 34%
wanted to knowmore about becoming involved. This demon-
strates a tremendous interest in undergraduate research.
Somewhat fewer than half have supported high school re-

searchers (Table 1), and 84% of those found the experience(s)
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rewarding. Thirty-one percent of members had neither par-
ticipated in nor wanted information about supporting high
school researchers. It was not surprising that support for un-
dergraduates was considerably higher than for high school stu-
dents since most respondents were college faculty.

ADVANTAGES AND DISADVANTAGES
OF RESEARCH TRAINING

Members offered a wide array of potential advantages for
both undergraduate and high school researchers (Table 2). Be-
cause the survey was open-ended in asking for comments on
advantages/disadvantages, responses included advantages for
nearly everyone involved in a typical lab. Even so, the vast ma-
jority of comments centered around the senior researcher and
the undergraduate or high school student. Among the most
prevalent advantages mentioned for both activities were the
pleasure of mentoring/teaching for mentors (74 total re-
sponses), general motivation/learning in plant biology for the
student (63 total responses), and creating an enthusiastic and
energetic lab environment for everyone 53 total responses).
Several advantages were mostly exclusive to supporting

undergraduate researchers. These included an increase in re-
search productivity (46 responses) and recruitment of high
quality graduate students (16 responses). The high number of
positive responses regarding undergraduate student produc-
tivity was a surprise, though only one response reported in-
creasing research output through training high school stu-
dents.
Many other notable advantages for mentors involved the

intellectual benefits of having unbiased people constantly
asking questions. Several even stated explicitly that many of
their lab�s most creative ideas had sprung from the fresh in-
sights of �unknowing� students. Other notable advantages
for the students included assistance in career choices, moti-
vation to pursue advanced degrees, coauthorship, and learn-
ing lab techniques.
Brandenberger (1990) suggests 16 distinct student benefits

from participation in research. These include improving stu-
dents� work standards, developing practical skills, instilling
commitment, providing incentive to excel in course work, pro-
viding students with something to talk about with authority,
strengthening the bond between the student and institution, im-
proving student�instructor relations, and heightening perse-
verance, independence, ingenuity, imagination, and intellec-
tual involvement. All of the student benefits (or slight varia-
tions from them) that Brandenberger suggested were men-
tioned by ASPB members.
In general, responses regarding advantages to supporting

undergraduate and high school researchers followed the same
pattern (Fig. 1 and 2). Advantages for students occupied one-
third of the comments in both groups, whereas recruiting/com-
munication and intellectual rewards were mentioned in 9 and
5% of comments, respectively. The only difference was that
a greater percentage of comments involved actual research re-
wards in the undergraduate setting (31�24%), whereas more
comments involved personal rewards in the high school set-
ting (28�20%). In other words, the mentor perception of un-
dergraduates being productive in terms of data production is
slightly greater than it is for high school students.
Several professional disadvantages were noted repeatedly

for both activities. In contrast to the diverse set of advantages

that were mentioned, 58% of disadvantage comments dealt
with one central issue�time (Table 3). �Time consuming�was
mentioned explicitly 156 times, often with reference to young
researchers producing little publishable data relative to the ef-
fort spent training them. On the other hand, 47 people (Table
2) mentioned increases in productivity. A handful of respon-

Table 1. American Society of Plant Biologists member involvement and
satisfaction with supporting undergraduate and high school research.

No. of
Survey question �yes� Percent

Undergraduate research

1. Have you supported undergraduate researchers in your lab? 470 88% of 531
2. If yes to no. 1, did you find the experience rewarding? 456 97% of 470
3. If no to no. 1, would you like to know more about becoming
involved? 21 34% of 61

High school research

4. Have you supported high school researchers in your lab? 261 49% of 531
5. If yes to no. 4, did you find the experience rewarding? 218 84% of 261
6. If no to no. 4, would you like to know more about becoming
involved? 54 20% of 270

Table 2. Frequencies of American Society of Plant Biologists member
comments regarding the potential advantages of supporting under-
graduate (UG) and high school (HS) research.

Personal rewards (for mentors) UG HS

Mentoring and teaching 56 18
Fun�pleasure�general personal reward 9 6
Seeing students present (and win awards for) their research 5 5
Seeing students go on to careers in science 4 2
Satisfying a �moral obligation� (students justify the existence of faculty) 2 0

Intellectual rewards (for mentors)

Questions of young researchers force the re-evaluation of ideas 11 4
Influx of new/innovative ideas 8 1
Improved recruiting/communications
Recruitment of high-quality graduate students 16 0
Knowing students personally helps improve teaching/mentoring skills 5 2
Recruitment of high-quality undergraduates 4 5
Recruitment of women and minorities into science 4 2
Networking 2 1
Usefulness of seeing how grad students perform in instructing students 2 0
Source of skilled personnel for future positions in the same faculty lab 2 0

Research benefits

Add to lab productivity 46 1
Create an energetic and enthusiastic lab environment 41 12
Bring an unbiased view of science to the lab 9 0
Cheap work force (can be �paid� with course credit, work study, etc.) 8 3
Workers for jobs that mentors would consider boring or repetitive 5 5
Workers that are more willing to try novel and/or risky projects 5 3
Many younger students offer skills in computer technology 1 2
Allows research even with a heavy undergraduate teaching load 1 0

Undergraduate or high school student benefits

General learning�interest�motivation in plant biology 44 19
Assistance in career choices 21 6
Motivation/opportunity to do graduate degrees 14 0
Become coauthor on a published research paper 9 4
Training in laboratory techniques 8 3
Reinforced classroom learning (relate theory to practice, etc.) 8 2
Build skills in teamwork 6 0
Motivation to do honors degree 3 0
Job market advantage 3 0
Grow as independent critical thinkers 2 2
Build self-confidence 2 1

Graduate student and post-doc benefits

Improve teaching and mentoring abilities 7 1
Assistance on research projects 3 0
Motivated to do more, if only to stay ahead of the younger students 1 0

Private industry benefits

Prescreen for potential employees 1 0
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dents also mentioned that productivity varies widely accord-
ing to the student and/or project. Concerns about time included
the time spent by mentors (129 total responses), the lack of
time young researchers have available to work in the lab (62
total comments), and the frustration of watching students
graduate soon after the time has been spent teaching them (in-
cluded in the previous totals). The last two concerns were ad-
dressed by a number of respondents who strongly advocated
recruiting students, whether in high school or college, to begin
as freshman and sophomores. Students then have the oppor-
tunity to stay several years in a lab and contribute significantly.
Several student-based disadvantages were mentioned that

could be a factor in any teaching situation such as insufficient
background (30 total responses), lack of motivation/interest
(14 total responses), and immaturity (10 total responses). On
the whole, these comments were not overly abundant and
normally referred to high school students. Usually whenmen-
tioned, the respondents were speaking of particular situations
and not all undergraduates or all high school students.
A few people also mentioned potential monetary disad-

vantages such as increased costs, waste of materials, or dam-
age of equipment (18 total responses).
As stated previously, an overwhelming number of ASPB

members who have supported undergraduate and high school

researchers found it rewarding overall (Table 1). Participant
comments provedmore discriminating, however. The advan-
tage to disadvantage ratios tabulated from all comments were
1.9:1 for undergraduate research and 0.7:1 for high school re-
search (Fig. 3), again showing support for both groups but con-
siderably more for undergraduate research.
Overall, the survey indicates that the ASPB membership

is both supportive of and active in research training, especially
for undergraduate students. These conclusions furnish opti-
mism, yet must be taken with reservation until more is known
about the quality and extent of these research experiences.We
hope that this study will serve as a benchmark for future sur-
veys and a foundation for more process�product oriented
studies that will associate particular practices with particular
outcomes. In particular, future studies should include the fol-
lowing: determination of the specific type of support given by
thementor; approximate numbers of students supported by in-
dividual mentors; more precise classification of the extent of
mentor satisfaction; and specific examples of lab projects and
training techniques that have been especially effective/inef-
fective.We expect that future studies seeking to further assess
and optimize research training and other educational efforts
in plant biology will be of great value.

Fig. 2. American Society of Plant Biologists member comments regard-
ing potential advantages of supporting high school researchers.

Table 3. Frequencies of American Society of Plant Biologists member
comments regarding the potential disadvantages of supporting un-
dergraduate (UG) and high school (HS) research.

Student-based disadvantages UG HS

Short time commitment of students 41 21
Insufficient background in science 8 22
Lack of motivation/interest 7 7
Difficulties working independently/reliably 7 5
Scheduling problems 6 3
Waste of materials/damage of equipment 6 2
Immaturity 1 9
Transportation problems 1 2
Safety concerns 1 2
Overbearing parents 0 4

Mentor-based disadvantages

Time consuming for mentor 84 45
Can be less productive in terms of publishable data 13 7
Requires a great deal of work (to train students, etc.) 9 15
Costly financially/insufficient funding for students 8 2
Instructing students is not rewarded professionally 5 1
Project is peripheral to lab�s main interests 1 2
Difficulties relating to younger students 1 1
Legal hassles with accident insurance coverage 1 0
Looked down upon by academic peers 1 0

Fig. 3. Number of American Society of Plant Biologists member com-
ments regarding undergraduate and high school research.

Fig. 1. American Society of Plant Biologists member comments regard-
ing potential advantages of supporting undergraduate researchers.
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