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Online mentoring can be useful for supporting girls in science, technology, engineering, andmathematics (STEM).
Yet, little is known about the differential effects of various online mentoring formats. We examine the general and
relative effectiveness of three online mentoring formats, one-on-one mentoring, many-to-many group mentoring,
and a hybrid form of the two. All three formats were implemented in different years in the Germany-wide online-
only mentoring program, CyberMentor, whose platform enables communication and networking between up to
800 girls (in grades 5–13) and 800 women (STEM professionals) each year. We combined longitudinal mentee data
for all first-year participants (N = 4017 girls, Mage = 14.15 years) from 9 consecutive mentoring years to evaluate
and compare the three mentoring formats. Overall, all formats effected comparable increases in mentees’ STEM
activities and certainty about career plans. However, mentees’ communication behavior and networking behavior
on thementoring platform differed between the three formats. Mentees in the hybridmentoring format showed the
most extensive STEM-related communication and networking on the platform. We also analyzed the explanatory
contributions of STEM-related communication andnetworking on interindividual differences in the developmental
trajectories of mentees’ STEM activities, elective intentions in STEM, and certainty about career plans, for each
format separately.

Keywords: online mentoring; STEM participation rates; latent growth curve model; STEM communication; network
analysis

Introduction

In Germany, women remain underrepresented in
science, technology, engineering, and mathematics
(STEM), especially in technical professions (14.1%)
and in computer science (16.3%).1,2 Althoughmany
initiatives have sought to improve the situation,3
participation rates of women in STEM have risen
only slowly.1,2 Many interventions focus on adults.4
However, starting interventions with this age group
seems to be too late. Research shows that inter-
est in STEM decreases during adolescence at the

latest—especially for girls5,6—and that the decision
to pursue a STEM-related degree ismademost often
toward the end of secondary education.7 Without
access to proper interventions during childhood
and adolescence, young women may very well have
already formed stable non-STEMpreferences by the
time they make a decision about a college major.
Therefore, interventions should start as early as pos-
sible, during secondary school years at the latest.
One measure that can be effective for increas-

ing the STEM participation rates of women and for
achieving desirable outcomes for girls on related
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variables in STEM is online mentoring.8–12 Mentor-
ing has a wide variety of definitions.13–15 For our
study, we definementoring as a relatively stable rela-
tionship between one or more experienced persons
(i.e., mentors) and one or more less experienced
persons (i.e., mentees). This relationship is charac-
terized by mutual trust and benevolence and aims
at promoting the development and progress of the
mentees.16 We define online mentoring as a special
form of mentoring that exclusively or partly takes
place online.17
We know from practice and research18 that men-

toring typically has one of three formats: one-on-
one mentoring, group mentoring, or a hybrid form
of both. Yet, little is known about the relative ben-
efits of each format in online mentoring for girls
in STEM.18 Answers to the question are crucial for
research and practice. If the three mentoring for-
mats differ in their effectiveness, it is important to
understand such differences and to take them into
account when planning and implementing online
mentoring for girls in STEM. If the formats do not
differ in their effectiveness, knowing this would also
be important. Those planning mentoring programs
would have more leeway in specifying and imple-
menting mentoring formats.
Therefore, we evaluated and compared the effec-

tiveness of the three mentoring formats in a 1-year
online-only mentoring program in STEM for girls
enrolled in secondary education in Germany.a
The aim of the program—CyberMentor—is to
increase participation of women in STEM. The
program’s mentoring outcomes are the frequency
of STEM activities, elective intentions in STEM
(i.e., the intention to make STEM-related decisions
such as choosing to major in a STEM subject),
and certainty about career plans. These outcomes
are related to later real-life choices about college
majors and professions (Ref. 19 and Stoeger et al.,
work in progress). The mentors are women who are
working in a STEM profession and have a college
degree in STEM. CyberMentor’s online platform
enables communication among all of the up to 800
participating mentees and 800 mentors.

aIn most German states, secondary education starts in
the fifth grade and concludes in the twelfth or thirteenth
grade.

During the 9-year-long mentoring cycles we
examined (2009–2017), the program sequentially
employed one-on-one mentoring (2009–2011),
many-to-many groupmentoring (2012), and hybrid
mentoring (2013–2017) formats. In the many-to-
many group mentoring format, three mentors
and three mentees were combined in a mentoring
community (without explicit one-on-one assign-
ments between the mentees and mentors). In the
hybrid mentoring format, two mentoring dyads
were combined in one four-person mentoring
community.
In a first step, we investigated the general and

relative effectiveness of the three mentoring for-
mats. To evaluate the mentoring formats’ general
effectiveness, we longitudinally analyzed whether
each format led to improvements on the mentoring
outcomes (i.e., on STEM activities, elective inten-
tions in STEM, and certainty about career plans). To
evaluate the mentoring formats’ relative effective-
ness, we examined whether the mentees’ develop-
mental trajectories on each of the three mentoring
outcomes varied between the formats, or in other
words, whether one or two of the three formats
were more effective in increasing mentees’ STEM
activities, elective intentions in STEM, and certainty
about career plans.
While the ways in which different mentoring

formats might relate to program outcomes have
not been clarified, research has shown that com-
munication behavior and networking behavior in
mentoring do influence mentoring outcomes.20–24
Therefore, in a second step, we investigated whether
communication behavior and networking behav-
ior on the online platform differed between the
mentoring formats.
Even if mentoring is effective, there might be

interindividual differences in the effectiveness. In
other words, some mentees might benefit more
from a program than others. In online mentoring
for girls in STEM, communication behavior and
networking behavior have been shown to explain
interindividual differences in the effectiveness of
mentoring.20,23 Therefore, in a third step, we inves-
tigated for each format separately whether there
were interindividual differences in the develop-
ments of mentees’ STEM activities, elective inten-
tions in STEM, and certainty about career plans, and
whether mentees’ communication behavior and
networking behavior on the mentoring platform
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during the mentoring year explained interindivid-
ual differences in these developments.

Online mentoring for promoting girls in
STEM

Online mentoring—also called electronic mentor-
ing or e-mentoring17—has been characterized as a
special form of mentoring in which at least parts
of the communication take place electronically.25
Some authors view online mentoring as, at best,
an acceptable compromise solution when face-
to-face mentoring is not possible.17,25–28 They
stress disadvantages, such as participants’ diffi-
culties in filtering out social cues in computer-
based communication,17 the need for high liter-
acy skills,26 or data-protection problems.27,28 Other
authors stress advantages of online mentoring, such
as its boundlessness and egalitarianism.29 Research
shows, furthermore, that online mentoring is par-
ticularly relevant for underrepresented groups or
in fields where there is a shortage of adequate
mentors30–32—both of which are relevant aspects
for mentoring girls and women in STEM. These
findings and the fact that disadvantages of online
mentoring can be overcome33 suggest that the
advantages of online mentoring can outweigh the
disadvantages for certain groups of mentees.18,30,34
The case for online mentoring seems especially
strongwhen it comes tomentoring of girls in STEM,
as we will briefly illustrate.
Geography is a crucial factor in the case of STEM

mentoring for girls. Appropriate mentors, namely,
women who are graduate students or profession-
als in STEM,35 are often not available in girls’ local
communities. While in many domains mentors’
gender is of secondary importance for mentoring
success,36 evidence suggests otherwise for mentor-
ing girls in STEM. In this context, women appear
more effective than men as mentors.37–40 However,
as workforce participation rates in STEMare low for
women,1,2 finding suitable womenmentors who live
in mentees’ immediate vicinity frequently becomes
almost impossible in the case of STEM mentoring.
Online mentoring enables mentoring relationships
across large geographical distances and thus sub-
stantially increases the pool of potentially qualified
women as mentors in STEM domains.
Another crucial factor in the case of STEMmen-

toring for girls is scheduling. Here, too, onlinemen-
toring offers an advantage by increasing scheduling

flexibility. Scheduling poses a challenge in mentor-
ing programs in general. In some youth mentoring
programs, the problem is mitigated by employing
social workers asmentors, who then engage inmen-
toring during their regular worktime. This is diffi-
cult in STEMmentoring, inwhichmentors are often
working fulltime in a STEM field37,38 and volun-
teering as mentors during their free time. Mentors
working fulltime typically have inflexible sched-
ules for volunteer mentoring. This makes it diffi-
cult for girls and their STEM mentors to arrange
offline meetings. The problem is compounded by
the aforementioned issue of geography, if the men-
tor and mentee live further away from each other.
An exchange via email, chat, or video conferencing
enables mentees and mentors to exchange ideas on
a regular basis, even when mentors’ and mentees’
schedules and locations are quite different.
The spatial and temporal flexibility of online

mentoring increases the probability that mentees
and mentors will communicate regularly and to
a sufficient extent. The extent and regularity
of mentee–mentor communication are impor-
tant prerequisites of successful mentoring.41 The
provision of asynchronous communication (i.e.,
intermittent communication with a time delay;
e.g., via emails, forum posts, and blogs) and
synchronous (i.e., real-time communication; e.g.,
via chat and video conferencing) communication
options42 allows mentees and mentors to commu-
nicate regularly and readily, despite having inflexi-
ble schedules and being separated by geographical
distance.
Finally, a further advantage of online mentor-

ing is that the same mentoring platform can be
used to facilitate supplementary networking among
mentees and mentors beyond a given mentoring
dyad or community. Studies in graduate and post-
graduate education in STEM have identified this
feature as especially advantageous for underrepre-
sented groups, such as women in STEM.43 For girls,
two considerations suggest why this feature should
be especially advantageous.
First, the supplementary networking on the plat-

form allows mentees to discover a variety of men-
tors who can act as role models.35 As research
on subtyping processes44 has shown, the provision
of plentiful, variegated higher status role models
helps girls to see that their own mentor is not an
exception to the rule. When an online mentoring
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community offers a variety of female STEM pro-
fessionals as role models, girls get to know their
mentors as one of many women with successful
careers in STEM rather than as an outlier. This can
help to reduce stereotypes about STEM as being
unfeminine.45–47 Findings support the notion that
the provision of a variety of female STEM rolemod-
els positively influences girls’ STEM choices.46
Second, through mentees’ exchanges with other

girls on the platform, they see that many girls of
the same age are interested in STEM. Such a real-
ization is often not possible in girls’ local offline
environments.20 Research has shown that female
peers can act as “social vaccines” who protect
girls from negative influences on their STEM self-
concepts. This positive inoculative effect on STEM
self-concept can influence elective behaviors in the
long run.35,48

Different formats for online mentoring of
girls in STEM

The effectiveness of online mentoring for increas-
ing girls’ and women’s participation in STEM and
related variables, such as elective intentions, STEM
activities, or knowledge about STEM professions,
has been supported by various studies (Refs. 8, 20,
23, 34, and Stoeger et al., work in progress). Much
of this research examines mentorship on the level of
dyads, which constitutes one-on-one mentoring.49
Some of these studies also consider formats involv-
ing more than one mentor or mentee, namely,
collective or group mentoring.50,51 However, we do
not know whether one of these formats—one-on-
one mentoring or one of the various forms of group
mentoring—is particularly effective for increasing
participation rates of girls and women in STEM
and related variables.18
From the multiple theoretical perspectives that

have guided research on mentoring girls in STEM
so far, both one-on-one and collective or group
mentoring formats seem to have certain advantages.
Much of this work has emphasized the role-model
function of mentoring.52 The idea is that the men-
tor is a role model and projection of the self. Men-
toring, therefore, helps girls to imagine themselves
in the field of STEM in the future. Dasgupta’s social-
vaccine research35 extends this approach to peer
mentors and suggests that formats that enlist a small
group of peers (i.e., group-mentoring formats) may
be especially advantageous by affording a better

variety of potentially helpful role models. Another
approach that signifies advantages of group men-
toring is social networks theory53 that emphases
advantages of depth and breadth of mentoring rela-
tionships and interactions in mentoring.
In the following, we will describe one-on-one

mentoring, group mentoring, and a hybrid form
of one-on-one and group mentoring formats in
more detail and discuss the possible advantages and
disadvantages that each format could have in an
online mentoring program for girls in STEM that
facilitates both mentoring and supplementary net-
working among all participants (i.e., also among all
mentees and mentors) on a virtual platform.
One-on-one mentoring refers to a one-on-one

relationship between a less experienced person (i.e.,
a mentee) and a more experienced person (i.e., a
mentor) that is intended to advance the personal
and professional or academic growth of the less
experienced individual.54,55 An advantage of one-
on-one mentoring is the clear association between
one mentee and one personal mentor. This facil-
itates the development of a relationship between
mentee and mentor56 and ensures that the mentor
can focus their undivided attention on one mentee.
Longitudinal studies,8,20,23 two ofwhichmade use of
a waitlist control group,8,20 showed positive devel-
opments for girls in grades 5–13who participated in
a yearlong one-on-one online-only mentoring pro-
gram in STEM on outcomes, such as STEM activi-
ties, knowledge about university studies and jobs in
STEM, or academic elective intentions.
A potential disadvantage of one-on-one mentor-

ing in the context of an online mentoring platform
may be that the one-on-one focus might encourage
lower levels of communication and networkingwith
other platform participants. Supplementary com-
munication and networking outside a given men-
toring dyad have been shown to positively influence
the effectiveness of online mentoring in STEM for
girls.13,20,43 The aforementioned research confirm-
ing the effectiveness of one-on-one mentoring in an
online context did not, however, consider whether
mentees who extensively communicated with their
mentors tended to communicate and network less
with other participants outside the mentoring dyad
on the platform.
As various forms of group mentoring exist, defi-

nitions of groupmentoring vary considerably.18,57,58
The term group mentoring is used for contexts in
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which one or more experienced person(s) (i.e.,
mentors) interact with one or more less experi-
enced person(s) (i.e., mentees) with the intention
of promoting the mentees’ personal and academic
growth. The terms one-to-many, many-to-one, and
many-to-many mentoring distinguish different
forms of group mentoring according to the number
of participating mentees and mentors.57 Only few
studies on the effectiveness of group mentoring
in STEM exist.18 These suggest that affinity-based
group mentorship can be especially effective for
underrepresented groups in STEM, such as girls
and women.50,51 For example, group mentoring for
women scholars has been shown to support skills,
self-efficacy, and career satisfaction.59,60
Research on the effectiveness of group mentor-

ing for girls in STEM is sparse, and studies that
compare different formats are lacking.b However,
research according to the social-vaccine35 and the
social-network paradigms53 suggests that themany-
to-many group mentoring format might be espe-
cially propitious for supporting girls in STEM. In
many-to-many group mentoring, the multiperson
mentoring format ensures that mentees will inter-
act with a variety of participating girls and women.
Within their ownmentoring group, girls have access
to various mentors (i.e., women who are successful
in a STEM career). At the same time, they inter-
act with other mentees who are also interested in
STEM. Both types of group members can act as
social vaccines that inoculate the girls against dele-
terious influences on their STEM self-concepts and
mediated by this can positively influence the girls’
commitments to pursue STEM careers.35,38,48
An advantage of the many-to-many group men-

toring format might also be that mentees can more
easily find suitable communication partners, even
in the event, for example, that additional commit-
ments (such as an increased workload) temporar-
ily prevent a certain mentor from engaging with a
mentee. Yet, some research conducted outside the
field of STEM suggests that fewer focused mentee–
mentor relationshipsmay also qualify as a disadvan-

bOne study23 compared one-on-one and group mentor-
ing formats. However, the group mentoring format was a
form of hybrid mentoring in which the groups consisted
of twomentoring dyads. We report results of this study in
the section on hybrid mentoring.

tage of group mentoring formats,61 as less intensive
mentee–mentor relationships have been associated
with fewer advantageous mentoring outcomes.62
Hybrid forms of one-on-one mentoring and many-

to-many group mentoring combine aspects of both
formats. In hybrid mentoring, each mentee has a
clearly assigned mentor who is primarily respon-
sible for the mentee and who is available to that
mentee as themain contact person; at the same time,
several such mentoring dyads are combined in the
sense of many-to-many group mentoring. To the
best of our knowledge, only one study has com-
pared one-on-one mentoring with a form of hybrid
mentoring for girls in STEM.23 In this study, girls
participated in an online-only mentoring program
in STEM that first offered a one-on-one mentor-
ing format and then, after several years, changed
to a hybrid mentoring format. Hybrid mentoring
took place in four-person groups that consisted of
two mentor–mentee dyads. In comparison to the
earlier version of the program that employed one-
on-one mentoring, the girls who participated in
the hybrid mentoring format communicated more
about STEM topics and made more use of network-
ing opportunities on the platform outside of their
mentoring relationships. Mentees in the hybrid for-
mat also reported increased elective intentions in
STEM after 6 months of mentoring, while the
mentees in the one-on-one format did not.

Current study

Research suggests that one-on-one, group, and
hybrid mentoring formats can be effective.18 How-
ever, some of the relevant findings were not based
on STEMmentoring; and empirical work has yet to
address whether all three formats can be effective
in supporting girls in STEM and whether there are
differences in the relative effectiveness of the three
formats. The goal of our study was, therefore, to
investigate these research gaps for onlinementoring
for girls in STEM. To this end, we articulated three
research aims that we investigated by looking at 9
consecutive year-long cycles (i.e., years) of a 1-year
online-only mentoring program for girls in STEM.
Their mentors were women with degrees in STEM
and who were working in STEM fields. The spe-
cific mentoring formats under examination were
one-on-onementoring, many-to-many groupmen-
toring, in which three mentors and three mentees
constituted one mentoring community (without
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dyadic associations between the mentees and
mentors), and a hybrid form, in which two men-
toring dyads were combined into one four-person
mentoring community. The three formats were
implemented during different years of the same
mentoring program that also facilitated supplemen-
tary networking with mentees and mentors outside
of the mentoring dyad and mentoring communi-
ties. From 2009 to 2011, the program implemented
one-on-one mentoring; in 2012, the program
implemented many-to-many group mentoring;
and from 2013 to 2017, the program implemented
the hybrid mentoring form. Over the course of the
9 examined years, the program only altered the
mentoring format, and the approach to recruiting
mentees and mentors remained unchanged.

Aim 1
Our first aim was to examine the general and rel-
ative effectiveness of the three mentoring formats
with regard to three mentoring outcomes: STEM
activities, elective intentions in STEM, and certainty
about career plans. We focused on these three out-
comes as they are related to later real-life choices
about college majors and professions,19, 63–68 and
therefore to the long-term goal of the program
under investigation of increasing the participation
rates of girls andwomen in STEM.Wemeasured the
three outcomes at multiple points in time, namely,
just before commencement of each mentoring year,
6 months after its commencement, and at its end.
This makes it possible to study developmental tra-
jectories. Increases in mentees’ STEM activities,
elective intentions in STEM, and certainty about
career plans would suggest that mentoring has been
effective.
We investigated the general effectiveness of the

three mentoring formats by analyzing whether each
format led to positive changes in mentees’ STEM
activities, elective intentions in STEM, and certainty
about career plans.We investigated the relative effec-
tiveness of the three formats by analyzing whether
the developments of the mentoring outcomes were
comparable or differed between the three mentor-
ing formats. Should the investigation indicate, for
example, that all three mentoring formats were to
lead to increases on the three outcomes (i.e., gen-
eral effectiveness) but that the increases in the devel-
opmental trajectories of the three mentoring out-
comes were greater for one or two of the formats

(i.e., relative effectiveness), this would tell us that
one of two formats had been more effective. Such
a finding would inform decisions about mentoring
formats for comparable programs in the future.

Aim 2
Our second aimwas to investigate whether commu-
nication and networking of mentees with other par-
ticipants (i.e., with all mentees and mentors across
the entirementoring program) differed for the three
mentoring formats. We investigated differences
between the formats concerning these aspects, as
previous research—within and outside the field
of STEM—has characterized both communication
behavior and networking behavior as important
characteristics of successful mentoring.20–24,49,69
Research on community-based youth mentor-

ing programs outside the field of STEM reported
positive relationships between the amount of
mentor–mentee communication and ratings of
the programs’ benefits for participating youths.22
Moreover, the extent to which the communication
actually focuses on program-relevant contents
appears important.21 Earlier research on an online-
only mentoring program for girls in STEM found
a positive relationship between the effectiveness
of STEM mentoring and the extent to which par-
ticipants focused their communication on STEM
contents.20 In our study, we investigated commu-
nication behavior by analyzing mentees’ email
messages and forum posts on the platform.
For each mentoring format, we assessed the

amount of communication by recording the overall
number of words mentees wrote in their emails and
forummessages.We assessed the STEM-relatedness
of the communication by recording the percentage
of STEM words in the emails and forum messages.
Research from various disciplines—in personal-
ity psychology70 and education,71 for example—
indicates a consistent relationship between the fre-
quency with which individuals write or speak about
specific topics and their perceptions of the impor-
tance of those topics.
Various studies outside the field of STEM have

found positive relationships between the size of
mentees’ and mentors’ networks and positive
mentoring outcomes.24,49,72,73 For example, in
a longitudinal study on workplace mentoring,
network size was the best predictor of mentees’
career success.24 Besides the size of mentees’
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networks, the characteristics of a network—
who is networking with whom—seem to play
a role in effective mentoring.49 Research on
networking among academics in economics,
for example, illustrated that outcomes depended
not simply on the amount of networking taking
place, but also on the extent to which a given
academic’s network partners were themselves also
interconnected.74
For eachmentoring format, we assessed the over-

all number of mentees’ communication partners
(i.e., mentees’mentee contacts andmentees’mentor
contacts) on the platform as well as the number of
mentees’ communication partners with whom one
or more STEM-related emails were exchanged. We
also assessed two characteristics of mentees’ net-
works. First, we assessed the overall interconnect-
edness between mentees’ communication partners
(i.e., the extent to which a mentee’s contacts were
themselves connected with one another). This char-
acteristic is referred to as local clustering in net-
work research and has been shown to influence
mentoring effectiveness in other studies.74 Second,
in light of the findings on mentoring communica-
tion reported above,21,22,69 we assessed the STEM-
related interconnectedness of mentees’ communi-
cation partners by calculating the local clustering
of their STEM-related email communication net-
works.

Aim 3
Even when mentoring formats are effective, their
effectiveness can vary from one participating
mentee to the next. Knowledge about variables that
explain such interindividual differences can lead to
improvements in the planning and implementation
of mentoring programs. Therefore, our third aim
was to examine the influence of communication
and networking (as defined for Aim 2) on interindi-
vidual differences in the development of the three
mentoring outcomes—STEM activities, elective
intentions in STEM, and certainty about career
plans—for each of the three mentoring formats,
respectively. In light of the justifications of Aims 1
and 2, communication behavior and networking
behavior are likely also explain interindividual
differences in the effectiveness of online mentoring
in STEM for girls.21,24,72,75,76
We, therefore, also assessed—for each mentoring

format separately—whether (1) amount of commu-

nication, (2) STEM-relatedness of communication,
(3) overall number of mentees’ communication
partners, (4) number of mentees’ STEM-related
communication partners, and (5) STEM-related
interconnectedness of mentees’ communication
partners explained differences inmentees’ increases
in STEM activities, elective intentions in STEM,
and certainty about career plans over thementoring
year. In other words, we assessed whether the five
measures of mentees’ communication behavior and
networking behavior explained variances in the
developmental trajectories of the three mentoring
outcomes.

Study setting
The three research aims were investigated within
the online-only mentoring program CyberMentor.
The long-term goal of CyberMentor is to increase
the participation rates of girls and women in STEM
as these are still quite low in Germany.1,2,77 The
program tries to reach this goal by facilitating
improvements on outcomes, such as STEM activ-
ities, elective intentions in STEM, and certainty
about career plans that are related to later real-
life choices about studying and working in STEM.
As many as 800 mentees and 800 mentors from
throughout Germany participate in the program
every year. Mentees are girls enrolled in secondary
education inGermany (i.e., in grades 5–13) and thus
between the ages of 11 and 18 years. Thementors are
women who have a college-level STEM degree and
are working in a STEM profession or on a graduate-
level STEM degree. The program is free of charge
for the girls; the mentors volunteer their time.
Program participants communicate on a secure,

members-only online platform via email, chat, and
forums. Mentees and mentors commit to commu-
nicate with each other for at least 30 min a week.
Mentees and mentors communicate about various
topics, including STEM, curricular and extracurric-
ular activities, and their everyday experiences. All
participants spend at least 1 year in the program. At
the end of each mentoring year, mentees and men-
tors can register to participate for an additional year.
This study looked only at those mentees who were
participating in CyberMentor for the first time.
Different mentoring formats were implemented

during consecutive 1-year mentoring cycles (i.e.,
years; for more details, see Method section).
From 2009 to 2011, the program offered only
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one-on-one mentoring. Each mentee was matched
with a personal mentor. In 2012, the program
changed the mentoring format to many-to-many
group mentoring. Three mentees and three men-
tors were matched into a mentoring community.
Within the six-person communities, there was no
one-on-one mentee–mentor matching. From 2013
to 2017, a hybrid mentoring format was used that
combined one-on-one and many-to-many group
mentoring. Two mentoring dyads are combined to
form four-person communities; within the four-
person communities, the dyadic mentee–mentor
relationships are maintained. All three mentoring
formats also offered supplementary communica-
tion and networking options for all participants. In
other words, mentees and mentors were also able
to communicate with mentees and mentors on the
platform who were not necessarily part of their
mentoring dyad or community.

Method

Sample and procedure
For our study, we combined data from 9 men-
toring years (2009–2017) for 4017 mentees who
were in their first year of program participation.
Data for mentees’ subsequent years of participa-
tion were not included. From 2009 to 2011, the
program used a one-on-one mentoring format
(n = 2158 first-time mentees). During the 2012
mentoring year, the format was changed to many-
to-many groupmentoring. Six-person communities
were formed consisting of three mentees and three
mentors without explicit one-on-one assignments
(n = 231 first-time mentees). From 2013 to 2017,
the program applied a hybrid mentoring format
that combined one-on-one mentoring and many-
to-many group mentoring. Four-person communi-
ties were formed consisting of twomentoring dyads;
each dyad reflected a one-on-one mentor–mentee
assignment (n = 1628 first-time mentees). The
4017 girls (age: M = 14.15 years, SD = 2.12; one-
on-one: 14.36 (2.19), many-to-many: 14.79 (1.89),
hybrid: 13.84 (2.26)) were enrolled in university-
track secondary education across Germany and
thus in grades 5–13. The women who volunteered
as mentors (age: M = 32.30 years, SD = 8.52; one-
on-one: 32.87 (8.36), many-to-many: 32.54 (8.51),
hybrid: 31.47 (8.68)) had all earned a university-
level degree in a STEM subject. At the time of men-
toring, the mentors were working in STEM. They

were working on a graduate-level STEM degree or
doing postgraduate STEMresearch (47.6%; one-on-
one: 46.8%, many-to-many: 44.0%, hybrid: 49.6%),
working in another research capacity at a uni-
versity or research institution in a STEM field
(6.4%; one-on-one: 7.1%, many-to-many: 6.8%,
hybrid: 5.6%), or working in corporate STEM con-
texts (45.9%; one-on-one: 46.2%, many-to-many:
49.1%, hybrid: 44.8%). Most mentors worked in
the field of science (43.8%; one-on-one: 42.6%,
many-to-many: 47.4%, hybrid: 44.7%), followed by
engineering (35.2%; one-on-one: 37.1%, many-to-
many: 41.1%, hybrid: 31.2%), information tech-
nology (26.9%; one-on-one: 28.7%, many-to-many:
27.0%, hybrid: 24.3%), and mathematics (13.7%;
one-on-one: 12.8%, many-to-many: 18.0%, hybrid:
13.8%).
All mentees were asked to fill out an online

questionnaire before beginning their first mentor-
ing year, after the first half of the mentoring year,
and at the end of the mentoring year. Three thou-
sand four hundred and seventy-eight mentees com-
pleted the questionnaires for at least one of the
three time points. Three thousand three hundred
and ninety-six mentees (97.6%) filled out the ques-
tionnaire at time point 1; 1720 mentees (49.5%) did
so at time point 2; and 1243 mentees (35.7%) did
so at time point 3. For 3484 mentees, data about
their platform communication (emails and forum
posts) were available. For 3220 mentees, both ques-
tionnaire and communication data were available.

Measures
Questionnaires.
STEM activities. We assessed participants’ fre-

quency of STEM activities with a nine-item scale
that is being validated in a recent study (Stoeger,
et al., work in progress). Respondents indicated on
a Likert-type scale how often they were typically
engaged in different STEM activities. The endpoints
are formulated as statements, for example, ranging
from “I have never read a book about STEMbefore,”
to “I have read books about STEM very often.” Dur-
ing the years of the one-on-onementoring format, a
4-point Likert-type scale was used; during the years
of the group and hybrid formats, a 6-point Likert-
type scale was used. We rescaled the 4-point and 6-
point versions of the scale into percentage scales to
make them comparable. Rescaled values range from
0 to 100 for all formats and represent the percentage
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of agreement with the statements. Cronbach’s alpha
was 0.81, 0.82, and 0.83 for the three time points.
Elective intentions in STEM. We assessed par-

ticipants’ elective intentions in STEM with a five-
item scale that is being validated in a recent study
(Stoeger, et al., work in progress). Respondents indi-
cated on a 6-point Likert-type scale ranging from 1
(completely disagree) to 6 (completely agree) how
well they could picture themselves choosing a uni-
versitymajor in STEM, choosing a STEMsubject for
a track or course at school or in college, or pursuing
a career in a STEMfield. A sample item reads: “I can
picture myself majoring in a STEM subject.” Cron-
bach’s alpha was 0.82, 0.84, and 0.88 for the three
time points.
Certainty about career plans. We assessed par-

ticipants’ certainties about career plans with a 10-
item scale78 that is being validated in a recent study
(Stoeger, et al., work in progress). Respondents indi-
cated how certain they were about their future
career plans on a 6-point Likert-type scale rang-
ing from 1 (completely disagree) to 6 (completely
agree). All items were worded without references to
the STEM domain. A sample item reads: “I know
quite well for which careers I am best suited.” Cron-
bach’s alpha was 0.91, 0.92, and 0.93 for the three
time points.

Communication behavior. CyberMentor partic-
ipants communicated with one another via inter-
nal forum, email, and chat functions. We assessed
the extent and STEM-relatedness ofmentees’ online
platform communication via word count and the
percentage of STEMwords, respectively.We did not
include the mentees’ chat messages in our analyses,
because the overall percentage of STEM-related chat
messages was negligibly low.
Word count. We assessed the overall number of

words that mentees wrote in their forum and email
messages using the text-analysis program LIWC
(Linguistic Inquiry and Word Count).79

Percentage of STEM words. We assessed the per-
centage of STEM words in mentees’ forum and
email messages with the text-analysis program
LIWC (Linguistic Inquiry andWord Count)79 and a
STEM-word dictionary consisting of 1926 words.80
The LIWC software package counts the absolute
number of words in a text and determines the per-
centage of STEM words in the text by comparing
each word with the STEM-word dictionary.

Networking behavior. We used the following
measures to assess the number of mentees’ commu-
nication partners, the interconnectedness between
mentees’ communication partners (local cluster-
ing), and the STEM-related interconnectedness of
mentees’ communication partners (local STEM
clustering).
Number of mentees’ communication partners. We

counted the overall number of mentees and men-
tors with whom each mentee exchanged at least one
email reciprocally (i.e., sent an email and received a
response email) as well as the number of mentees
and mentors with whom each mentee exchanged
reciprocally one or more STEM-related emails.
•Mentor contacts. The variable denotes the num-

ber of mentors with whom a mentee exchanged at
least one email reciprocally.
•Mentee contacts. The variable denotes the num-

ber of mentees with whom a mentee exchanged at
least one email reciprocally.
•Mentor STEM contacts. The variable denotes

the number of mentors with whom a mentee
exchanged at least one STEM-related email recipro-
cally.
•Mentee STEM contacts. The variable denotes

the number of mentees with whom a mentee
exchanged at least one STEM-related email recipro-
cally.
Interconnectedness of mentees’ communication

partners (local clustering). The variable denotes the
extent to which a mentee’s communication part-
ners are themselves connected with one another.
To measure the interconnectedness of mentees’
communication partners, weighted local cluster-
ing coefficients were calculated for each mentee
using the variables for mentee contacts and men-
tor contacts.81 Clustering coefficients are a measure
of transitivity in a network, that is, of the num-
ber of a mentee’s communication partners who also
communicate with one another.82 For example, if
a mentee has three communication partners, two
of whom communicate with one another, the local
clustering coefficient is 1/3, because one of a total
of three possible communication paths between the
mentee’s communication partners is realized. In a
communication network, such as the CyberMen-
tor online platform, both the totality of commu-
nication paths (i.e., the edges) and the number of
messages being exchanged along each edge (i.e., the
weight of the edge) are known and can thus be taken

161Ann. N.Y. Acad. Sci. 1483 (2021) 153–173 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences



Empirical comparison of online-mentoring formats Stoeger et al.

into account in the form of a weighted local clus-
tering coefficient.81 If, for example, a mentee has
three communication partners who exchange infor-
mation with one another frequently, this mentee is
assigned a higher weighted local clustering coeffi-
cient than another mentee who also has three com-
munication partners, but whose communication
partners exchange information with one another
only rarely.
STEM-related interconnectedness of mentees’ com-

munication partners (local STEM clustering). The
variable denotes the extent towhich amentee’s com-
munication partners relate to one another on the
basis of the exchange of STEM-related emails. It is
calculated in a manner analogous to the intercon-
nectedness of mentees’ communication partners
but considers the reciprocal email communication
paths for emails that contained at least one word
from the aforementioned STEM word dictionary.80

Data analysis
Our main analyses are based on the latent growth
curve approach. In the latent growth curve
approach—which is situated in the framework
of structural equation modeling83—a growth pro-
cess of a variable repeatedly assessed at consecutive
time points is modeled by two latent variables, the
intercept factor and the slope factor. The intercept
factor represents the initial level of the variable of
interest at time point 1, while the slope factor rep-
resents the change of this variable over the assessed
time points. Variances of these factors represent
interindividual differences in initial level and in
the amount of change, respectively. In extended
growth models, the two factors can be regressed
on other variables to investigate relationships with
the individual growth trajectories. In the following,
we describe the models we used to address our
research questions.

Overview of analyses for investigating our
research aims.
Aim 1. To evaluate the general effectiveness of

the three mentoring formats, we first calculated
unconditional linear latent growth curve models
(i.e., models without covariates) for each format
separately, using only the three consecutive mea-
surements of each outcome (i.e., STEM activities,
elective intentions in STEM, and certainty about
career plans) to assess their growth trajectories over
the course of the program. We thereby focused on

the slope factors as a measure of the amount of
change in the outcomes. To compare the effective-
ness of the different mentoring formats (i.e., their
relative effectiveness), we calculated conditional
linear latent growth curve models for a com-
bined sample of all three formats by regressing the
slope factors of the outcomes on dummy variables
representing the different formats.
Aim 2. To compare the mentoring formats

with respect to mentees’ communication behavior
and networking behavior, we used nonparametric
Kruskal–Wallis tests as the residuals in ANOVAs
were clearly not normally distributed and the vari-
ances differed by format.
Aim 3. To investigate the explanatory contribu-

tion of mentees’ communication behavior and net-
working behavior on outcome development within
each format, we regressed the slope factors on word
count and percentage of STEM words as well as on
the STEM-specific network variables (i.e., mentee
STEM contacts, mentor STEM contacts, and local
STEM clustering) using conditional growth mod-
els. In the conditional growth models, all predic-
tors except the percentage of STEM words were log
transformed because of the very high positive skew-
ness of their distributions (>3.50).

Estimation of the growth models. The analyses
were conducted with Mplus 6.84 Missing data were
handled using the full information maximum like-
lihood method, which is also appropriate for longi-
tudinal studies with substantial attrition, as in our
study.85 For our latent growth curve models, which
include the same outcomes at different time points
as a part of the model, no further auxiliary variables
were required.85

The maximum likelihood estimator was used for
all analyses.Model fit was assessed following the cri-
teria of Ref 86. Therefore, a value close to 0.95 for
the comparative fit index (CFI), a value close to 0.06
for the root mean squared error of approximation
(RMSEA), and a value close to 0.08 for the standard-
ized root mean squared residual (SRMR) were the
cutoff criteria for assuming good model fit.

Results

All of the linear growth curve models showed good
model fit according to every index we examined.
Therefore, we only report the model fit of the
worst-fitting model (i.e., the unconditional growth
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Table 1. Descriptive statistics of the mentoring outcomes at the three time points (T1 to T3) separately for each
mentoring format

M SD

T1 T2 T3 T1 T2 T3 Range

One-on-one mentoring
STEM activities 52.48 56.30 57.35 19.35 19.45 19.36 0–100
Elective intentions in STEM 4.76 4.73 4.73 0.82 0.90 1.03 1–6
Certainty about career plans 3.62 3.77 3.90 1.05 1.10 1.09 1–6
Group mentoring
STEM activities 59.51 61.70 63.56 16.94 16.45 16.45 0–100
Elective intentions in STEM 4.89 5.00 4.99 0.88 0.85 0.89 1–6
Certainty about career plans 3.61 3.73 3.95 1.14 1.18 1.20 1–6
Hybrid mentoring
STEM activities 56.25 59.45 61.32 19.10 18.24 17.23 0–100
Elective intentions in STEM 4.76 4.76 4.70 0.84 0.88 1.01 1–6
Certainty about career plans 3.59 3.74 3.77 1.09 1.12 1.13 1–6

Note. Sample statistics are based on the full information maximum likelihood method.

model of STEM activities in one-on-one mentor-
ing), which still showed a good model fit with
CFI = 0.991, RMSEA = 0.076, and SRMR = 0.027.

Aim 1
For Aim 1, we investigated the general and rela-
tive effectiveness of the three mentoring formats for
the three mentoring outcomes (i.e., STEM activ-
ities, elective intentions in STEM, and certainty
about career plans). For each mentoring format, we
will first report the analyses of its general effec-
tiveness. We describe the development in uncon-
ditional growth models for STEM activities, elec-
tive intentions in STEM, and certainty about career
plans and note whether interindividual differences
between the growth trajectorieswere significant.We
will then report the analyses of the models’ rela-
tive effectiveness, by describing whether we found
differences in the development of STEM activities,
elective intentions in STEM, and certainty about
career plans between the three mentoring formats.
Table 1 shows the descriptive statistics for STEM
activities, elective intentions in STEM, and certainty
about career plans at the three time points for each
mentoring format separately.

General effectiveness of the three mentoring for-
mats for one-on-one mentoring.
STEM activities. In the unconditional growth

model of STEM activities, there was mean growth
over the course of the mentoring year as indicated
by the significantmean slope (M= 5.12, P< 0.001).

The scale mean increased from 52.64 to 57.76
according to the linear growth model. Interindivid-
ual differences between the growth trajectories were
significant (Var = 158.66, P < 0.001).

Elective intentions in STEM. In the uncondi-
tional growthmodel of elective intentions in STEM,
there was no mean growth over the course of the
mentoring year as indicated by the nonsignificant
mean slope (M = –0.03, P = 0.180). However,
interindividual differences between the growth tra-
jectories were significant (Var = 0.21, P = 0.002).

Certainty about career plans. In the uncondi-
tional growthmodel of certainty about career plans,
there was mean growth over the course of the men-
toring year as indicated by the significant mean
slope (M = 0.29, P < 0.001). The scale mean
increased from 3.62 to 3.91 according to the linear
growth model. Interindividual differences between
the growth trajectories were significant (Var= 0.72,
P < 0.001).

General effectiveness of the three mentoring for-
mats for group mentoring.
STEM activities. In the unconditional growth

model of STEM activities, there was mean growth
over the course of the mentoring year as indicated
by the significantmean slope (M= 4.07, P= 0.027).
The scale mean increased from 59.54 to 63.61
according to the linear growth model. Interindivid-
ual differences between the growth trajectories were
not significant (Var = −88.65, P = 0.514.).
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Elective intentions in STEM. In the uncondi-
tional growthmodel of elective intentions in STEM,
there was no mean growth over the course of the
mentoring year as indicated by the nonsignificant
mean slope (M = 0.11, P = 0.183). Interindivid-
ual differences between the growth trajectories were
not significant (Var= 0.20, P= 0.309). The analysis
included one extreme multivariate outlier (Cook’s
distance >13); we excluded the case from the final
analysis because of its inordinate influence on our
estimates.
Certainty about career plans. In the uncondi-

tional growth model of certainty about career
plans, there was mean growth over the course of
the mentoring year as indicated by the significant
mean slope (M = 0.32, P < 0.001). The scale
mean increased from 3.61 to 3.93 according to
the linear growthmodel. Interindividual differences
between the growth trajectories were not significant
(Var = 0.18, P = 0.660).

General effectiveness of the three mentoring for-
mats for hybrid mentoring.
STEM activities. In the unconditional growth

model of STEM activities, there was mean growth
over the course of the mentoring year as indicated
by the significantmean slope (M= 5.13, P< 0.001).
The scale mean increased from 56.36 to 61.49
according to the linear growth model. Interindivid-
ual differences between the growth trajectories were
significant (Var = 107.06, P = 0.043).
Elective intentions in STEM. In the uncondi-

tional growthmodel of elective intentions in STEM,
there was no mean growth over the course of the
mentoring year as indicated by the nonsignificant
mean slope (M = −0.04, P = 0.330). Interindivid-
ual differences between the growth trajectories were
also not significant (Var = 0.20, P = 0.116).
Certainty about career plans. In the uncondi-

tional growthmodel of certainty about career plans,
there was mean growth over the course of the men-
toring year as indicated by the significant mean
slope (M = 0.20, P < 0.001). The scale mean
increased from 3.60 to 3.80 according to the linear
growth model. Interindividual differences between
the growth trajectories were significant (Var= 0.58,
P = 0.001).

Relative effectiveness of the three mentoring for-
mats. We used dummy variables with changing
mentoring formats as the reference group to com-

pare the effectiveness of the three formats in a com-
bined sample. We started with one-on-one men-
toring as the reference group in order to evaluate
differences compared with group and hybrid men-
toring. Then, group mentoring served as the ref-
erence group to analyze the missing comparison
between group and hybrid mentoring. Despite the
large sample size, we found no significant difference
between any two formats in these models regarding
the development of the three outcomes, that is, for
STEM activities, elective intentions in STEM, and
certainty about career plans.

Aim 2
For Aim 2, we investigated whether mentees’ com-
munication and networking with other mentees
and mentors on the platform differed between the
three mentoring formats. To analyze differences in
mentees’ communication behavior and networking
behavior, we used nonparametric Kruskal–Wallis
tests as the residuals in the ANOVAs were clearly
not normally distributed and variances differed by
format. There were significant differences between
the formats for all communication and network
variables (word count: χ2(2) = 25.38, P < 0.001;
percentage of STEM words: χ2(2) = 106.51, P <

0.001; mentee contacts: χ2(2) = 59.25, P < 0.001;
mentor contacts: χ2(2) = 61.94, P < 0.001; mentor
STEMcontacts:χ2(2)= 92.30,P< 0.001; local clus-
tering: χ2(2) = 107.24, P < 0.001; and local STEM
clustering:χ2(2)= 100.43,P< 0.001), except for the
number of mentee STEM contacts (χ2(2) = 0.78,
P = 0.677). The means and standard deviations of
the variables, as well as the significance levels of the
specific comparisons (Dunn–Bonferroni method),
are reported in Table 2.
Mentees in the one-on-one mentoring format

communicated significantly more on the platform
than mentees in the hybrid format, who, in turn,
communicated more than mentees in the group
mentoring format. The STEM-related communica-
tion was highest in the hybrid mentoring format
and did not differ between the one-on-one and
group mentoring formats. Mentees in the one-on-
one mentoring format showed the highest number
of mentee contacts, whereas STEM-related mentee
contacts did not differ between the formats. Both
mentor contacts and STEM-related mentor con-
tacts were highest in the hybrid format. Mentor
contacts did not differ between the one-on-one
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Table 2. Means and standard deviations of the communication and network variables in the different mentoring
formats

One-on-one mentoring Group mentoring Hybrid mentoring

M SD M SD M SD

Word count 2594.47a 5877.17 1869.31b 4003.97 2137.68c 12,260.62
Percentage STEM
words

0.99a 1.00 1.09a 1.10 1.32b 1.13

Mentee contacts 1.91a 4.75 1.06b 1.95 0.89b 2.38
Mentee STEM
contacts

0.30a 1.16 0.27a 0.74 0.24a 0.60

Mentor contacts 1.04a 1.56 1.09a 1.30 1.19b 1.11
Mentor STEM
contacts

0.81a 1.12 0.48b 0.98 0.86c 0.80

Local clustering 2.40a 7.89 15.05b 26.75 13.75b 26.59
Local STEM
clustering

0.36a 4.00 3.61b 14.96 5.35b 18.35

Note. Means with different superscript letters (a, b, c) differ significantly (P< 0.05) from one another. The nonparametric Kruskall–
Wallis test was used for the comparisons. The large SD of the word count in hybrid mentoring is mostly due to one extreme outlier.

mentoring and group mentoring formats. STEM-
related mentor contacts were higher in group men-
toring than in one-on-one mentoring (but lower
than in hybrid mentoring). Local clustering, as well
as local STEM clustering, was comparable in the
hybrid and group mentoring formats; in both for-
mats, there was substantially more local clustering
and local STEM clustering than in the one-on-one
mentoring format.

Aim 3
For Aim 3, we investigated the explanatory contri-
bution made by mentees’ communication behavior
and networking behavior to interindividual differ-
ences in how mentees developed on the program
outcomes (i.e., for STEM activities, elective inten-
tions in STEM, and certainty about career plans).
We will first reiterate for each format whether
the variances of the growth trajectories (slopes) of
STEM activities, elective intentions in STEM, and
certainty about career plans were significant. We
will then report the effects of the communication
and networking variables on the growth trajectories
of the outcomes.
On the basis of the previous research show-

ing the importance of communication and
networking,21,22,24,49,69,72 we used word count,
percentage of STEM words, mentor STEM con-
tacts, mentee STEM contacts, and local STEM
clustering in the conditional models to predict

individual differences in the development of STEM
activities, certainty about career plans, and elective
intentions in STEM. We decided to report only
the significant effects. Since we expected positive
effects for all predictors, we used one-tailed P
values to test our one-sided hypotheses.87 In light
of the large sample sizes, there is virtually no risk
of overlooking practice-relevant effects by omitting
nonsignificant standard effect sizes, as all of these
were very small. Additionally, none of the effects
we omitted showed P values close to the standard
threshold of 0.05.

One-on-one mentoring. Interindividual differ-
ences between the growth trajectories were sig-
nificant for all three outcomes (STEM activities:
Var = 158.66, P < 0.001; elective intentions in
STEM: Var = 0.21, P = 0.002; and certainty about
career plans: Var = 0.72, P < 0.001).

STEM activities. None of our five predictors
showed a significant relationship with the growth in
STEM activities.
Elective intentions in STEM. None of our five pre-

dictors showed a significant relationship with the
growth in elective intentions in STEM.
Certainty about career plans. We found a small

positive effect of percentage of STEM words on the
growth of certainty about career plans (β = 0.08,
95% CI (0.00–0.17), P= 0.024, one-tailed). Overall,
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the predictors explained only 0.8% of the slope vari-
ance.

Group mentoring. Considering the rather small
sample size and the previously discussed, clearly
nonsignificant individual differences between the
growth trajectories for all three outcomes (STEM
activities: Var = −88.65, P = 0.514; elective inten-
tions in STEM: Var = 0.20, P = 0.309; and cer-
tainty about career plans: Var = 0.18, P = 0.660),
we decided not to perform the conditional analyses
predicting growth trajectories of the outcomes.

Hybrid mentoring. Interindividual differences
between the growth trajectories were significant for
STEM activities (Var = 107.06, P = 0.043) and cer-
tainty about career plans (Var = 0.58, P = 0.001).
Interindividual differences between the growth tra-
jectories were not significant for elective intentions
in STEM (Var = 0.20, P = 0.116). However, as the
P value is comparably low, we decided not to treat
significant slope variance as a prerequisite for fur-
ther analyses as per current recommendations.88
STEM activities. None of our five predictors

showed a significant relationship with the growth in
STEM activities.
Elective intentions in STEM. We found a positive

effect of word count (β = 0.27, 95% CI (0.02–0.53),
P = 0.019, one-tailed) and of percentage of STEM
words (β = 0.21, 95% CI (−0.03 to 0.45), P= 0.044,
one-tailed) on the growth of elective intentions in
STEM.Overall, the predictors explained 7.7% of the
slope variance.
Certainty about career plans. We found a posi-

tive effect of percentage of STEM words (β = 0.20,
95% CI (0.03–0.37), P = 0.011, one-tailed) and
a small positive effect of mentor STEM contacts
(β = 0.14, 95% CI (−0.01 to 0.28), P = 0.035, one-
tailed) on the growth of certainty about career plans.
Overall, the predictors explained 10% of the slope
variance.

Discussion

The first aim of our study was to assess the gen-
eral and relative effectiveness of three mentoring
formats for increasing girls’ STEM activities, elec-
tive intentions in STEM, and certainty about career
plans. In all three mentoring formats—one-on-one
mentoring, many-to-many group mentoring (in
which three mentees and three mentors were com-
bined into a mentoring community without indi-

vidual assignments of mentees to mentors), and
hybrid mentoring (in which two mentoring dyads
were combined into amentoring community)—two
of the three mentoring outcomes improved over the
mentoring year (general effectiveness). The devel-
opmental trajectories of these mentoring outcomes
did not differ between the three mentoring formats
(relative effectiveness).
In all three mentoring formats, mentees’ STEM

activities and certainty about career plans increased
over the mentoring year. Mentees’ elective inten-
tions in STEM did not change over the mentoring
year in any of the three mentoring formats. Hence,
our results appear to support the general effective-
ness of the three mentoring formats for helping
mentees to develop in the areas of STEM activities
and certainty about career plans. As we did not have
control groups for the three mentoring formats, a
causal relation from mentoring format to the two
outcomes cannot be identified on the basis of this
study. However, two earlier studies of one-on-one
mentoring in the same online-only program, which
were longitudinal and included a waitlist control
group,8,20 suggest that the relationships we observed
are likely causal.
The increases we observed for mentees’ STEM

activities and certainty about career plans may,
in the long run, help redress the underrepresen-
tation of women in STEM. Research illustrates
how increasing girls’ STEM activities and certainty
about career plans can increase the likelihood of
later real-life choices about studying and working
in STEM.64,65,67,68 For example, in a longitudinal
study with secondary school students, it could be
shown that students’ STEMactivities predicted their
expectancies in and valuing of STEM, which, in
turn, predicted the number of STEM courses they
chose several years later.65 Students’ STEM activi-
ties were evenmore predictive for later elective deci-
sions than their grades.65 Other studies have illus-
trated a similar relationship between certainty about
career plans and elective behaviors at the end of
secondary school.68 Looking only at the results of
the current study, we cannot conclude that mentees’
increases in STEM activities and certainty about
career plans due to the online mentoring program
will actually lead to real-life choices of STEM stud-
ies or professions. For this, follow-up studies would
be needed. Still, our results can be interpreted as a
first step in the right direction.

166 Ann. N.Y. Acad. Sci. 1483 (2021) 153–173 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences



Stoeger et al. Empirical comparison of online-mentoring formats

The missing effects for elective intentions in
STEM in all three mentoring formats are unsat-
isfactory. The unexpected finding may be reflect-
ing the very high levels of elective intentions in
STEM that mentees reported at the first measure-
ment point before participating in the program.Val-
ues between 4.76 and 4.89 and standard deviations
between 0.82 and 0.88 on a six-point scale suggest
a ceiling effect, which may be attributable to the
scale design. Many of the scale items tapped rela-
tively ephemeral choices, such as attending a lecture
on a STEM topic. For future program rounds, scales
should be considered that focus on assessing far-
reaching elective intentions (e.g., university majors
or year-long school electives). An improved scale
might avoid ceiling effects and allow increases to be
observed.
Our results complement and extend past research

on the general effectiveness of the three online
mentoring formats for supporting girls in STEM.
Whereas the effectiveness of the one-on-one and
hybrid formats of online mentoring has already
been shown for this age group,8–11,20,23 our study
is—to the best of our knowledge—the first to show
that many-to-many group mentoring (without an
individual assignment of one mentee to one men-
tor) can also be effective.
Our study is also the first to compare the effec-

tiveness of the three mentoring formats in sup-
porting girls in STEM (i.e., analyzing their rela-
tive effectiveness). Although different theoretical
approaches35,52,53 suggest that the three formats
might differ in their effectiveness for supporting
girls in STEM, the only other study, so far, that has
compared the effectiveness of mentoring formats
in online mentoring for girls in STEM examined
only one-on-one mentoring and a hybrid form that
combined twomentoring dyads.23 In that study, the
hybrid format led to increases in mentees’ elective
intentions after 6months of mentoring, whereas the
one-on-onementoring format did not. In our study,
we did not find any differences in the effective-
ness of the three formats. All three mentoring for-
mats led to comparable increases inmentees’ STEM
activities and certainty about career plans. Mentees’
elective intentions in STEM stayed comparably sta-
ble over time in all three formats. By investigating
the relative effectiveness of the three mentoring for-
mats, we sought to understand which of the formats
was more effective for supporting girls in STEM.

However, neither our results nor those of the only
relevant earlier study allow for a clear answer with
regard to our three outcomes (i.e., STEM activities,
elective intentions in STEM, and certainty about
career plans). Before conclusions for practice can be
drawn in this case, additional research is needed.
Our second study aim was to examine whether

mentees’ communication and networking behavior
differed in the three mentoring formats. Our anal-
yses show that mentees in the hybrid mentoring
format communicated slightly more about STEM
than mentees in the other two mentoring formats.
Mentees’ STEM-related contacts with mentors (i.e.,
mentors with whom they had communicated about
STEM) were also most numerous in the hybrid
mentoring format, followed by the group mentor-
ing format and then the one-on-one mentoring for-
mat. The STEM-related networking between the
mentees’ communication partners was also higher
in the hybrid mentoring format than in the one-
on-one mentoring format, and equal to that in the
group mentoring format.
Although mentees in the hybrid and many-

to-many group mentoring formats communicated
more about STEM and established more STEM-
related network edges with mentors than did the
mentees in the one-on-one mentoring format, the
small effect sizes prevent us from drawing firm
conclusions about which of the three formats best
facilitates improvements in mentees’ communica-
tion and networking behavior. The slight advan-
tage we observed for the group mentoring and the
hybrid mentoring formats in this area is worth
additional investigation, because we know from
earlier research that mentees who communicate
more about program-relevant topics20,21 and net-
work more23,24 tend to profit more from their men-
toring programs. Additional studies that systemati-
cally compare mentoring formats are needed.
Even when mentoring formats are effective, they

may differ in their effectiveness among the partici-
pating mentees. Therefore, our third study aim was
to investigate the explanatory contributions made
by communication behavior and networking behav-
ior to interindividual differences in mentees’ devel-
opment on the mentoring outcomes (i.e., for STEM
activities, elective intentions in STEM, and certainty
about career plans) for each mentoring format sep-
arately. Unfortunately, we were not able to inves-
tigate the question for the many-to-many group
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mentoring format. The number of study partici-
pants in that condition was too small, and the devel-
opmental trajectories of the three outcomes lacked
a sufficient amount of variance.
For the one-on-one mentoring format, we found

a small effect of mentees’ STEM-related commu-
nication on the development of certainty about
career plans. The more mentees communicated
about STEM, the more their certainty about career
plans increased. In the hybrid mentoring format,
both STEM-related communication and the num-
ber of STEM-related mentor contacts were related
to interindividual differences in mentees’ increases
in certainty about career plans. The more mentees
communicated about STEM and the more STEM-
related contacts they had with mentors, the more
their certainty about career plans increased over
the course of the mentoring year. In the hybrid
mentoring format, interindividual differences in
the development of mentees’ elective intentions in
STEM were also related to communication behav-
ior and networking behavior. Although, on average,
mentees’ elective intentions did not increase over
the mentoring year, the more mentees communi-
cated and the more that communication focused
STEM topics, the more their elective intentions
increased over the course of the mentoring year in
comparison to other mentees.
Our findings are in line with other studies

describing how communication behavior and net-
working behavior help to explain interindivid-
ual differences in the effectiveness of mentoring
programs.20,21,23,24 We found indications of this,
both for the one-on-one and the hybrid mentoring
formats. As the effects were small, future research
is needed to replicate our findings. Of importance
would be an initial examination of the influence of
communication behavior and networking behavior
on interindividual differences in the effectiveness of
many-to-many group mentoring for girls in STEM.
More broadly, future research should consider

additional facets of communication behavior and
networking behavior. Besides the extent of com-
munication and networking and their STEM-
relatedness, other attributes likely also play a role.
For example, research shows that mentees’ subjec-
tive identification and connectedness with the peers
and professionals they interact with influence the
mentees’ domain identification and commitment
to pursue STEM careers.38 Another relevant aspect

might be the emotional coloring of the communica-
tion and networking.89,90 Even if mentees commu-
nicate a lot about STEM, it makes a difference if this
communication addresses ancillary problems (e.g.,
instructional climate in STEM classes in school,
perceptions of STEM being unfeminine, and men-
tors’ struggles with work–life balance) or interest-
ing STEM topics (e.g., publications, projects, or new
ideas for research).

Limitations

Although our study replicates the findings of earlier
studies and broadens research on online-mentoring
for girls in STEM, it also has various limitations.
First, the effect sizes we observed were small. This
applies for the significant increases we found in
mentees’ STEM activities and in their certainty
about career plans—for all threementoring formats.
It also applies for most of the differences between
mentoring formats in STEM-related communica-
tion behavior and networking behavior as well as
for the explanatory contribution of communication
behavior and networking behavior for interindi-
vidual differences in the development of certainty
about career plans and elective intentions in STEM
(within each format). The modest effect sizes are
put into perspective to a certain extent in light of
their context. Effect sizes are typically smaller in
youth mentoring than in mentoring programs for
adults;91 and the effect sizes we report are com-
parable to those reported for other youth mentor-
ing programs.41 Nevertheless, the small effect sizes
highlight the need for additional empirical work,
including replications of our findings.
A second limitation of our study is the com-

parably small sample size of 231 mentees for the
many-to-many group mentoring format and the
fact that we only had data for one mentoring year
for this format. Although samples of 200 or more
subjects are viewed as sufficiently large for the sorts
of analyses we conducted,92 the smaller sample for
the many-to-many group mentoring format, nev-
ertheless, limits the conclusions we can draw for
this format. Although our results give first indi-
cations about the effectiveness of many-to-many
group mentoring formats in online mentoring for
girls in STEM, in future studies, comparable many-
to-many mentoring formats should be surveyed
to replicate our findings and to better understand
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whether and under which conditions the format can
effect positive mentoring outcomes.
A third limitation of our study is that the three

mentoring formats were not implemented simulta-
neously but consecutively. The mentoring formats’
sequential implementation could lead to a history
effect. In other words, differences in mentoring
outcomes, as well as communication behavior and
networking behavior, might be caused by societal
changes over the surveyed mentoring years, not by
format changes. Two such long-term changes seem
especially relevant. First, changes in participation
rates of girls and women in STEM or changes in
stereotypes about STEM being unfeminine might
have influenced the outcomes of the mentoring
program. Second, the evolution of personal com-
munication technology might have influenced
the outcomes. While we stress the importance
of noting these limitations when planning future
research, we also see reasons why such a history
effect seems uncertain or may only have a limited
effect in the case of our study. We briefly note these
reasons.
Regarding the possibility of historical changes

in the participation rates of girls in women in
STEM and in gender stereotypes about STEM, our
findings do not support such a connection. The
girls’ responses about their STEM activities, elec-
tive intentions in STEM, and certainty about career
plans given at the beginning of the individual men-
toring years were comparable across all 9 mentor-
ing years surveyed. Should there be a history effect
in the area of STEM and gender, one would have
expected to find systematically changing starting
values for these variables between 2009 and 2017,
which we did not. This finding is in keeping with
the fact that the participation rates of women in
STEM inGermany have only increased slightly over
the last decade, both in education and the labor
force.1,2,77

A history effect seems conceptually possible with
respect to evolving personal communication tech-
nology (e.g., the prevalence of smartphones). With
the ever-deeper integration of personal electron-
ics into everyday life, it seems likely that mentees
may have become more and more accustomed to
social media and using communication tools, such
as chat, forums, and emails between 2009 and
2017. Increased communication technology pen-
etration might, for example, lead to increases in

overall levels of communication and networking
on the platform over time. However, our data do
not support such an explanation. Overall levels
of networking decreased during the phase of the
hybrid mentoring format (2013–2017) in compar-
ison to the phase of many-to-many group men-
toring (2012); and the trend was analogous for
mentees’ overall word count. Finally, even if the
spread of personal communication technologywere
to be affecting changes in overall levels of online
communication, such an effect would not explain
why the proportion of STEM-related communica-
tion and STEM-related networking increased over
time. Research suggests that successful mentoring
in STEM depends mainly on the STEM-relatedness
of communication and networking.20,23 Nonethe-
less, future research is needed to replicate our find-
ings by implementing the different formats within
the same program and during the same period
of time. Independent of this limitation, our study
is the first to compare different online mentoring
formats within the same program and, therefore,
makes an important contribution to the research
literature.
Finally, our study is limited by the lack of control

groups for each of the mentoring formats we exam-
ined. Particularly desirable would bewaitlist control
groups consisting of girls who also registered for the
same format of the online mentoring program but
were randomly selected to participate 1 year later.
Only such control groups ensure that increases in
STEMactivities and certainty about career plans can
be attributed to thementoring format rather than to
an artifact of the special group of girls who chose
to register for such programs.20 Our lack of wait-
list control groups for the different formats reflected
financial and practical restraints faced by the men-
toring program we examined. However, this limi-
tation is somewhat less problematic for the current
study in light of earlier related research. The effec-
tiveness of the program we investigated was pre-
viously demonstrated for the one-on-one mentor-
ing format via a comparison with a waitlist control
group.20 That research showed more positive devel-
opments of mentoring outcomes for mentees than
for girls in the waitlist control group. As we showed
that the three formats led to comparable outcomes
(relative effectiveness), the assumption appears rea-
sonable that increases in mentees’ STEM activities
and certainty about career plans can be attributed
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to the mentoring they had received. Neverthe-
less, future research should revisit the comparisons
made in this study with additional waitlist control
groups.

Closing remarks

Our study replicates existing research and pro-
vides novel findings on the effectiveness of online
mentoring in the context of promoting girls in
STEM. Although our findings do not permit us
to make firm recommendations for the practice
of online mentoring, our results suggest that tra-
ditional one-on-one mentoring, many-to-many
group mentoring, and a hybrid form of mentoring
(combining the two formats) can be effective. This
finding allows those planning and implementing
online mentoring for girls in STEM to be somewhat
flexible in the decisions they make about mentoring
formats. The study findings also suggest that the
hybridmentoring format and, to a lesser degree, the
many-to-many group mentoring format facilitate
mentees’ STEM-related communication and net-
working on the platform more effectively than the
one-on-one mentoring format. Such group men-
toring formats may, in the long run, help programs
to achieve more desirable developments on chosen
mentoring outcomes.21,22,37,38,69 However, a more
differentiated understanding of the implications of
these initial findings for the practice of mentoring
requires additional studies, for which we have
indicated some possibilities.
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