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Abstract: Although mentoring programs for female STEM students are often carried out with a great
deal of passion on the part of program managers and mentors, robust results on their effects are
often missing. However, regular evaluations are indispensable for an efficient allocation of resources
towards gender balances in STEM. To accomplish this requirement, empirically valid and easy-to-use
evaluation concepts are needed. We therefore develop an evaluation concept which corresponds to a
Logic Chart, capturing three levels of expected effects (output—outcome—impact). On each level of
impact, we derive a set of success indicators that can be measured by qualitative methods. A major
advantage of our evaluation design is that the effect of a mentoring program can be observed directly
after the end of the program. Furthermore, the results provide information about different channels
of impact (e.g., reduced stereotypes or increased self-efficacy) and hence offer concrete indications for
the further development of the program.
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1. Introduction

Female students in STEM courses, especially in the fields of information technologies
and engineering, face particular challenges. They usually know few female role models and
are confronted with prejudices and stereotypes about their technical competence, as well
as a professional habitus with male connotations (e.g., Minks 2004; Paulitz 2014). These
manifest as assumptions about which gender is particularly successful in STEM (Ihsen
and Ducki 2012), who has specific technical or social competencies (e.g., Gilbert 2008),
who brings special interest to the field of study (e.g., Ihsen 2006), or who will enter an
adequate profession and be successful there (Ihsen 2010; Derboven and Winker 2010). As
a result, the performance of women in STEM might be impaired due to the stereotype
threat (Shapiro and Williams 2012). All these stereotypes come at a high cost, not only
to individual women, in terms of lost income and missing career options, but also to the
economy, in terms of skills shortage and lack of innovation (World Economic Forum 2019).

Mentoring programs have the potential to empower female students, reduce stereo-
types and the stereotype threat, and introduce an array of attractive career opportunities
for women in STEM. In fact, there is evidence that mentoring programs for STEM students
can help increase students’ self-efficacy, provide personal networks, and reduce the risk
of stereotype threat and dropout among first-year students and especially among women
(see, among others, Hernandez’s (2018) survey for the United States). However, evalua-
tions of mentoring programs for female STEM students are very rare (see, among others,
Hernandez et al. 2017; Dennehy and Dasgupta 2017; Byars-Winston et al. 2015; Reid et al.
2016; MacPhee et al. 2013; Stout et al. 2011). Despite the abundance of mentoring programs
at German universities, this is also true for Germany (see, among others, Callies and Breuer
2010; Hessisches Koordinationsbüro des MentorinnenNetzwerks 2010; Höppel 2016; Stöger
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et al. 2013). Moreover, these studies and evaluations vary considerably in their design and
in the quality of their designs. Therefore, it is often difficult to assess whether the outcomes
reported are supported with sufficient evidence. This is particularly a dilemma for studies
of mentoring programs, as participation is voluntary and thus less formal than mandatory
modules in the curriculum, and there is also considerable variation in the number of contact
hours between programs and even between participants in the same program. Thus, for
many programs, the random assignment of participants to treatment and control groups,
often considered the gold standard in research design, is logistically infeasible for many
programs, could alienate learners, and could compromise the validity of certain studies.
Wolf and Brenning (2019) reveal, in their meta-evaluation of STEM projects for female stu-
dents in Germany, that only singular studies use a control group or a pre-post comparison
to quantify the causal effect of a program (these include Findeisen 2006; Leicht-Scholten
and Wolf 2009; Stöger et al. 2013, 2016, 2017). Thus, there is not only a lack of quantity, but
maybe also a lack of quality in evaluations—a finding that ultimately applies to almost all
equality-promoting measures at universities and beyond (Kalpazidou Schmidt et al. 2017;
Löther 2019).

Unsurprisingly, little research has been conducted on practical concepts for evaluating
these educational offerings in Germany. This becomes apparent by the fact that the anthol-
ogy on the 10th anniversary of the Federal Association for Mentoring in Science (Forum
Mentoring e.V.) discusses many practical reports and contributions on quality assurance,
but does not include any contributions to the evaluation of mentoring programs (Petersen
et al. 2017). Looking at specific programs for female students in STEM, the evidence be-
comes even thinner. Since evaluation methods from the textbook cannot be transferred
so easily to the evaluation of mentoring programs, there is a lack of application-oriented
concepts to measure the impact of these gender equality-promoting measures. In the
USA, the National Academy of Science, Engineering and Medicine therefore convened a
committee of experts in 2017 to develop guidelines for evaluating mentoring programs for
STEM students (National Academy of Science, Engineering and Medicine 2019). Although
there are some handouts on how to prepare evaluations of STEM mentoring programs
(National Center for Women & Information Technology 2011; Nickolaus and Mokhonko
2016; Nationales MINT Forum 2018; Kingsley 2020), there is still an unmet need for a
valid and simple evaluation concept in practice. While all guides provide helpful insights
on how to measure the effects of mentoring programs for female STEM students, our
approach stands out for its evidence-based foundation of the impact mechanism and the
evaluation methods.

To close this gap, we have developed an evaluation concept that is flexible enough to
apply to almost all mentoring programs for female STEM students, aiming at successfully
guiding female STEM students through their studies and into their careers. It is based
on the above-mentioned empirical findings that women in STEM fields must overcome
numerous hurdles—some of them “invisible”—in order to be successful in their studies
and careers. Mentoring programs are designed to remove these hurdles or rather, to
empower the participants to overcome these obstacles. Thus, a successful mentoring
program brings down at least one of these hurdles. Our evaluation concept measures the
contribution that participation in a mentoring program makes to overcoming these hurdles
using quantitative methods. To derive the indicators of success, we use a logical impact
model that describes both the long-term goals and the necessary intermediate steps to get
there. The relationships between the various stages of the impact model are scientifically
founded and based on theoretical approaches and empirical findings to explain change
(change theory). This theory-based evaluation design promotes understanding not only
whether a program works or not, but also how it works, that is, which of the various
obstacles broke down. Hence, continuous monitoring of STEM projects with the help of this
approach also offers concrete starting points for the further development of the mentoring
programs, and thus contributes to quality assurance (Reinholz and Andrews 2020). The
development of the evaluation concept was accompanied by three empirical pilot studies
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in which the concept was applied to very different mentoring programs at universities of
applied sciences and was continuously improved.

In the following, we present the basic idea of our evaluation concept (Section 2). In
Section 3, we expound the underlying change theory of mentoring programs for STEM
students. We derive various indicators at the level of output, outcome, and impact, and
provide concrete survey questions for the empirical implementation. We then discuss
different ways to identify the causal relationship between participation in a mentoring
program and the intended goals (Section 4). Finally, we give guidance on how to interpret
the empirical results (Section 5) and conclude with a summary and an outlook.

2. The Basic Idea of Our Evaluating Concept for Mentoring Programs

Since mentoring programs for female STEM students typically intend to contribute to a
successful completion of studies and facilitate entry into professional life, the effectiveness
of this measure typically only becomes apparent some time after participation in the
program. Therefore, evaluating a mentoring program after graduation or even later would
seem to be most straightforward. Whether the mentoring program prevents students
from dropping out and actually improves the career opportunities of women in STEM
professions could thus be determined with the help of a long-term panel analysis about the
participants’ further academic and professional career.

However, this approach has four serious disadvantages. First, gathering longitudinal
data is arduous and costly due to the difficulty of tracking former mentees after several
years. Second, the response rate to surveys after graduation will be very low. The longer the
time since the events took place, the lower the commitment to contribute to the evaluation of
the mentoring program. Third, it must be recognized that academic success or a successful
career entry in the STEM field depends on various factors. Theoretically, the influence
of determinants outside the mentoring program could be accommodated with the help
of multivariate analyses, but, in practice, this option is hardly feasible due to typically
small numbers of participants and the long list of potentially relevant control variables.
Identifying the effects of a single key event, such as a mentoring program, would not be
possible that way. Finally, no insights into the mechanisms of mentoring programs could
be gained by focusing on the long-term impact.

Our evaluation concept is, therefore, based on an assessment immediately after partic-
ipation in the program. At this point, it is already possible to observe how the mentorship
influences the determinants of women’s academic and professional careers in STEM in
the short term. But what are the relevant determinants of success? Or, asked the other
way round: what are the challenges and obstacles that prevent the success of female STEM
students? Fortunately, this question has already been researched extensively (Beck et al.
2021; Blackburn 2017; Steffens and Ebert 2016). One of the biggest barriers to STEM is its
continuous perception as being male-dominated (Lee 2008) and, as a result, there is a low
sense of belonging and a working climate that women perceive as chilly (Hughes 2014;
Miner et al. 2019). Furthermore, women receive less encouragement to develop their math
and science skills from their family, friends, or teachers. The underlying stereotype that
women are endowed with poorer mathematical skills is a myth that persists obstinately
and often impairs the actual performance of girls and women (Rea 2015; Shaffer et al.
2013; Shapiro and Williams 2012). Finally, women in STEM have less opportunities to get
inspired by same-sex role models and benefit from their experiences, e.g., insights with
regard to the compatibility of family and career. Taken together, these realities mean that
women need an extra dose of perseverance, resilience, and enthusiasm to overcome these
obstacles and successfully complete a STEM degree.

Of course, some of the obstacles, such as the attitude of the family environment, the
peer group, or the teachers, cannot be changed by a mentoring program. However, good
programs have the potential to mitigate at least some of the hurdles female students have to
deal with. Examples of this are stereotypical thinking patterns that can be dissolved or soft-
ened through contact with role models (Shin et al. 2016; González-Pérez et al. 2020). In any
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case, a mentoring program can build resilience and compensate for the lack of personal rela-
tionships. We therefore develop a comprehensive and theoretically sound impact model to
derive the determinants of academic and career success of female STEM-students that could
be changed by a mentoring program (Section 3). This approach provides a list of success
indicators on different stages of impact that can be measured by quantitative methods.

Given the emerging criticism of the traditional inference of causality for reasons of
practicality, high cost, and ethical hurdles, other ways of measuring impact are increasingly
discussed in evaluation research (Cook 2007; Scriven 2008; Gates and Dyson 2017). Our
evaluation approach takes up these reflections and uses a probabilistic, rather than deter-
ministic, approach to describe impact. Our approach considers different impact pathways
as contributions to the overall outcome (Cartwright 2007; Steiner et al. 2009). In this sense,
there is not only one causality, but a multitude of causal relationships that are underpinned
by a theoretically sound impact model. Furthermore, looking at the different partial effects
counters Müller and Albrecht’s (2016) criticism that evaluations focusing on long-term
impact only do not generate insights into the mode of action of the measures studied.
Our approach has the advantage that it provides program managers with information on
how the measures are affecting the various obstacles, which is invaluable for the further
development of the offers. Due to the general difficulties in attributing changes, with
regard to gender equality, to individual programs and not to larger societal trends and
influencing factors (Kalpazidou Schmidt et al. 2017; Löther 2019; Palmén and Kalpazidou
Schmidt 2019), this approach represents an insightful alternative to the one-dimensional
impact analysis.

In order to make the practical application of our evaluation concept as simple as
possible, we also present selected questions to capture these determinants. Additional
questions are published in Wolf and Brenning (2021a, 2021b). Note, however, that every
questionnaire must be adapted to the specific context of the mentoring program and
validated instruments should be applied to measure the relevant indicators.

3. The Change Theory of Mentoring Programs of Female STEM Students

Mentoring programs to support female students in STEM give mentees the opportunity
to receive support in their studies and career planning from a mentor in their field. Typically,
mentoring programs do not include subject-specific classes and thus do not serve to
close knowledge gaps. Seminars and workshops within mentoring programs are, rather,
intended to deepen the soft skills and key qualifications of female students. Regular
networking meetings and informal one-to-one meetings between mentee and mentor
help to share the experience of the mentors. The students not only gain insight into the
career steps of their mentor, but also get to know many role models. As much as the many
mentoring programs for female STEM students differ, they all pursue the goal of supporting
female students in their studies, reducing the risk of dropping out, encouraging them to
choose a career within the STEM field, and supporting the occupational advancement of
women in STEM fields (Beck et al. 2021; Wolf and Brenning 2019).1 But what are the pillars
of success for mentoring programs? What mechanisms of action need to be triggered to
achieve these goals?

In the following, we describe the ideal-typical effects of a standard mentoring program
based on a logical impact model. The so-called Logic Chart visualizes the relationships
between activities, program content, and short-, medium-, and long-term impacts, and
helps to effectively plan, implement, and evaluate interventions (W.K. Kellogg Foundation
2004, III). According to this, the events and activities within the mentoring program generate
immediately measurable results (output), short-term effects (outcome), and long-term
effects (impact) (Döring and Bortz 2016, p. 984). Of course, several partial effects are
relevant at each stage of impact. Since the needs and personal challenges of the participants
are diverse, the success of a mentoring program is made up of many small puzzle pieces.
Each of these partial effects can contribute to the final goal of the mentoring program
and can thus be used as an indicator for the program’s success. Our evaluation concept
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captures a large set of partial effects at all three stages of this Logic Chart and hence allows a
comprehensive assessment of a program. Consequently, our evaluation approach considers
that the causal effect of a mentoring program is neither linear nor monocausal. Rather,
many different changes are needed to improve the decisions and successes of women in
STEM professions (Löther et al. 2021).

Figure 1 describes the modes of action of mentoring programs for female STEM stu-
dents. Our impact analysis relies on the Logic Chart developed by Löther and Girlich (2011),
which adopts the general logical model to analyze the effects of different measures for
study and career orientation for female students. We apply this Logic Model to mentoring
programs for female STEM students.
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3.1. The Output of a Mentoring Program

The first stage (1. Output) captures the acceptance of the mentoring program by female
STEM students. A positive assessment of the actions in place is the basic prerequisite
for further effects on the next level of impact. This is shown by the participation and
assessment of the events (e.g., kick-off event or workshops) (1.1), the service orientation
of the organizational processes, as well as the quality of the mentoring relationship and
the mentor (1.2). Furthermore, acceptance includes the extent to which the participants
would recommend the mentoring program to others and/or participate in the program
again (1.3).

Helpful questions to measure the acceptance of the mentoring program are:

• Which events of the mentoring program have you attended at least once? (1.1)
• How satisfied are you, with regard to the following organizational aspects? (On-

line Information, registration process, communication with the program manager,
organization of the mentoring program) (1.1)

• How often have you had personal meetings with your mentor? (1.2)
• How satisfied are you with the following aspects of the mentoring relationship?
• (personality and sex of the mentor, professional fit with the mentor, spatial distance to

the mentor, commitment of the mentor, discussed topics) (1.2)
• Will you recommend the mentoring program to fellow students? (1.3)
• Can you imagine participating as a mentor in the future? (1.3)
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3.2. The Outcome of a Mentoring Program

The second stage (2. Outcome) describes the inclination to choose a career path in
STEM. In theory, all activities within the mentoring program strengthen the study and
career choices of the students. This is the case if mentors provide students with concrete
support and guidance in the course of studies (2.1). They could, for example, assist in the
initiation of a practical semester or the final thesis. Numerous studies show that a lack of
support and orientation during studies, a lack of social integration, and a lack of practical
relevance are factors that encourage students to drop out (Meyer et al. 1999; Meinefeld 1999;
Pohlenz and Tinsner 2004). Bilateral exchange with a mentor or discussions in seminars
can help to mitigate adverse study conditions for women in STEM, thus contributing to
higher study satisfaction and reducing the likelihood of dropping out (Fleischer et al. 2019;
Fischer et al. 2020).

Furthermore, knowledge gaps about possible job profiles in STEM are also relevant
reasons for dropping out (Heublein et al. 2010). Mentors can fill this gap by sharing
information about different job profiles and employers in the STEM field or by arranging an
internship in a specific company or sector. Ultimately, all contacts and information gained
through the program help young women to get a big picture about their options and to
develop their own career (2.2). According to the expectancy-value theory by Eccles and
her colleagues, expectations of success and subjective task values are presumed to shape
achievement-related choices and persistence, such as career choice (Eccles 2005). Whether
a job task is considered valuable depends, among other things, on the utility, relevance,
and meaningfulness attributed to it. Mentors can make an important contribution to the
appreciation for tasks in STEM if they place the achievements of STEM professions in a
wider context of societal challenges, such as climate change, mobility, or demographic
change, and emphasize the team-oriented working conditions. This perspective refreshes
the image of STEM professions and matches women’s preference for jobs where they work
with people (Su and Rounds 2015) and for careers that pursue community goals or helping
others (Diekman et al. 2010; Edzie 2014). Hence, a comprehensive knowledge about job
profiles can help women to opt for STEM (2.2).

The academic success of female students is also largely determined by their self-efficacy
and self-assessment (2.3). The results of Weinhardt (2017) show that female students assess
themselves worse compared to male students in mathematics, even with the same grades.
Furthermore, Correll (2001, 2004) shows that girls are more likely to attribute their success
in mathematics and science to luck and effort, while boys view success as a consequence of
their competence. Especially for STEM students, performance problems represent one of
the most common reasons for dropping out (Heublein et al. 2010; Seemann and Gausch
2012). Therefore, we conclude that female STEM students are more likely to drop out of
university if they have a lower self-assessment of their mathematical and technical skills. In
contrast to self-assessment of one’s own abilities, which result from personal experiences,
self-efficacy includes expectations that relate to the successful accomplishment of future
challenges (Bong and Skaalvik 2003). According to Bandura (1997), self-efficacy describes a
person’s belief in his or her ability to perform certain tasks successfully. If, for example,
this basic belief in one’s ability to cope with the demands of a STEM study or profession is
less pronounced for female students because they are less confident in their competencies
(Correll 2001, 2004; Fellenberg and Hannover 2006) or expect particular difficulties as
women in a male-dominated environment, this could call into question women’s academic
success and their choice of a STEM profession. Participation in empowerment workshops
can break these inhibiting patterns of thinking and increase the mentees’ self-efficacy
and self-assessment. In addition, the mentors’ experiences can help them gain a better
understanding of gender-specific career obstacles and helpful information about the rules
of the game as they are lived out in companies. This knowledge also increases self-efficacy
and reduces the risk of dropping out of university (Fellenberg and Hannover 2006).

Of course, gender stereotypes also influence the continuation of STEM studies and
the choice of a job in the STEM field in different ways (2.4): On the one hand, negative
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stereotypes regarding women’s mathematical and analytical abilities can reduce the cor-
responding performance of female students, as described in the literature on stereotype
threat (see among others Spencer et al. 1999; Pennington et al. 2016). In turn, women’s
interest in STEM may decline (Shapiro and Williams 2012; Master 2021), leading to poorer
assessments of their own abilities along with the above-mentioned consequences. Second,
many STEM disciplines are associated with masculinity, and competencies in STEM are
perceived as unattractive and unfeminine (Miller et al. 2018; Thébaud and Charles 2018;
Cheryan et al. 2015; Ertl et al. 2014; Kessels and Hannover 2006; Glick and Fiske 1999). As a
result, women feel less of a sense of belonging in STEM and are less confident that their
effort will bear fruit (Strayhorn 2012). Following Festinger’s (1957) theory of cognitive dis-
sonance, everyone strives for consistency in his or her own opinions and attitudes and tries
to reduce dissonance between incompatible cognitions. If there are discrepancies between
one’s own gender-specific self-concept and the stereotypes about women in STEM, women
tend to distance themselves from this professional image and tend to choose “girl-typical”
fields of study and occupations that are not in the STEM field (Kessels 2015). Doing so, they
reduce the cognitive dissonance experienced as uncomfortable. Again, personal contact
with role models from the STEM field can mitigate the stereotype threat, increasing stu-
dents’ self-efficacy and making them more likely to consider a career in a male-dominated
environment (Kosuch 2006; Lins et al. 2008; Solga and Pfahl 2009; Shapiro et al. 2013; Stout
et al. 2011).

Measuring the level of inclination to choose a STEM field is not straightforward
because most people are not aware of their self-efficacy or stereotypes.2 Options to measure
the four partial effects are:

• Participation in the mentoring program helped me to get . . . (e.g., motivation for my
studies, support for the practical semester/final thesis, access to networks, to know
my strengths and weaknesses) (based on Höppel 2016). (2.1 and 2.3)

• How satisfied are you, overall, with your studies? (2.1)
• Are you well-informed about possible jobs you can take up after graduation? (2.2)
• Participation in the mentoring program helped me to get . . . (e.g., to know role models,

insights into the everyday working life of a professional, access to networks, a better
idea of the kind of company I want to work in later, a better idea of which profes-
sional field I want to work in later, an understanding of the obstacles women face
in their careers, information about the ”rules of the game” in companies) (based on
Höppel 2016). (2.2)

• If I take up an activity in my professional field, then . . . (e.g., I can contribute to solving
important social problems, I need good social competence, I can combine my job with
my own family, I work a lot in a team, . . .). (2.2)

• How confident are you that you can cope with the demands of your studies? (Fellen-
berg and Hannover 2006). (2.3)

• After completing my studies, I can imagine . . . (e.g., leading a project team, mastering
negotiating (with men) confidently, working in a male-dominated environment, to
have a female supervisor). (2.3 and 2.4)

• Do you agree with the following statements? (2.4)
• Most women know well about ‘. . .’ (put in a specific STEM field).
• Most men know well about ‘. . .’ (put in a specific STEM field).
• I can identify well with my field of study. (2.1 and 2.4)

3.3. The Impact of a Mentoring Program

On the third level of our Logic Chart (Figure 1), the impact measures the long-term
effects (Döring and Bortz 2016, p. 985) that are generated by changed behavior or a change
in the private or professional situation of the participants. This includes the completion of
STEM studies (3.1), as well as the successful entry into a STEM profession (3.2). Since these
effects often reveal themselves years later, the impact could alternatively be measured by
the expressed intention.
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Ajzen (1991) argues that behavioral intention is determined by attitudes, which are
influenced by experience and external factors. That is, behavioral intentions are indirectly
modifiable by exogenous events and are directly related to actual behavior. Kim and
Hunter (1993) show in their meta-analysis that attitudes explain 50 per cent of the variance
in specific behavioral intentions and these, in turn, explain 30 per cent of the variance in
actual behavior. Armitage and Conner (2001), in their meta-evaluation of 185 different
studies, also conclude that intentions and self-reported predictions are good predictors
of behavior. Even though the theory of planned behavior aims to explain the short-term
relationship between intention and action, Randall and Wolff (1994) show that the strong
correlation coefficient is maintained even up to a temporal distance of 15 years. Stöger
et al. (2013) therefore use study choice intentions as one of the indicators of success for the
effectiveness of the program in their evaluation of a one-year online mentoring program for
eleven- to 18-year-old schoolgirls. Lent et al. (1994) also argue that the theory of planned
behavior can be applied to study and career decisions, implying that this decision is also
influenced by the prior behavioral intention. A change in study and career choice intentions
in the desired direction thus increases the probability of a certain career choice and can
consequently be interpreted as a success of the STEM program for women.

While measuring the actual impact requires tracking the mentees for years, the inten-
tion to complete the degree in a STEM subject or to choose a job in the STEM field can be
captured right after the end of the mentoring program with the following questions3:

• I am seriously thinking of dropping out of university/my doctorate (Fellenberg and
Hannover 2006). (3.1)

• I am seriously thinking of taking up a master’s program after completing my bache-
lor’s degree. (3.1)

• After completing my studies, I will take up a profession in the STEM field. (3.2)
• In the course of my career, I will take a leadership position. (3.2)

4. The Empirical Evaluation Design

The goal of a valid evaluation is to establish a causal relationship between participation
in a mentoring program and the intended goals and intermediate goals of the program.
Based on the Logic Chart presented above, the treatment effects δj of a mentoring program
(j represents the various partial effects illustrated in Figure 1) are measured using the
differences of the various indicators on the different stages of the Logic Chart Y j

i1 in case of
participation (T = 1) and non-participation (T = 0). Xi1 describes further individual factors
of influence at time t = 1 (e.g., school grades or gender-specific socialisation) and Z1 general
determinants (e.g., the wage level or the prestige of an occupation) on personal study and
career choices:

δj = Y j
it(Xi1, Z1, T = 1)− Y j

it(Xi1, Z1, T = 0),

The challenge of evaluation is that a person i can never be observed in both states at the
same time (Wooldridge 2013). To overcome this problem, different evaluation designs can
be used, which differ by identifying causality, and each have advantages and disadvantages
in planning, implementation, and validity. In the following, we present the possibilities
and restrictions of different evaluation designs. We begin with the evaluation approach,
which—under optimal conditions—is best suited to identify the causal effects of STEM
projects and then discuss the more pragmatic approaches.

The experimental study design is intuitive but demanding in practice. It is based
on the idea that the non-observable counterfactual state Y j

it(Xi1, Z1, T = 0) is measured

with the help of a control person Y j
it
(
Xj1, Z1, T = 0

)
or a control group. However, this

method only produces valid results if the treated persons and the members of the control
group do not differ regarding the relevant person-specific characteristics

(
Xi1 = Xj1

)
. In

order to ensure that the two groups are ultimately comparable, female aspirants for the
mentoring program would have to be admitted by random selection, which is typically
not feasible due to ethical concerns or the limited number of interested women. If we



Soc. Sci. 2023, 12, 508 9 of 16

were to use only female students who do not participate in the STEM mentoring program
as a control group, this requirement would hardly be met. According to Brenning and
Wolf (2022), the participants of career-promoting measures have a higher motivation and
career inclination than female students who do not participate in a measure. As a result, a
simple comparison of participants with non-participants would overestimate the effects
of said measure. Theoretically, multiple interviews with comparison and control groups
(difference-in-difference approach) are a way to eliminate differences in observable and
unobservable determinants and to measure the estimated effects precisely and without
bias (Wooldridge 2013). In practice, however, this procedure is very laborious. Moreover,
the results can still be biased due to small sample sizes, the Hawthorne effect, or the
impossibility of “hidden” treatments, as well as placebo effects (Colbjørnsen 2003; Deaton
and Cartwright 2018).

The quasi-experimental design, which follows the logic of an experiment but does
not randomize the selection of treatment and comparison groups, is the study design
with the next-best informative value, with regard to measuring causal effects. Although
the effects of a lack of randomization can be mitigated in large samples with the help of
multivariate statistical procedures and/or the matching of observations of the experimental
and control groups, there is still the risk of distorting the effects of the treatment through
unrecorded third-party variables (Diekmann 2012). Furthermore, mentoring programs
typically take place in small groups, so that large samples are rather rare. Alternatively, in
the case of small samples, the sequential treatment could be applied, in which participants
of other/later measures (e.g., students from the waiting list of the measure) serve as a
control group (Duflo et al. 2007). However, this presupposes that there is a waiting list,
or that the participants in the mentoring programs are known in advance for a relatively
long time.

Pre-experimental designs forgo the comparison with a control group and survey the
mentees either before and after participation in the program, or only after the program
(Diekmann 2012). However, since a one-time survey cannot measure changes in the
determinants of academic and career success, causal effects cannot be demonstrated this
way. In contrast, a before-after comparison without a control group can only quantify
the causal effect of a measure on the determinants of study, and career choice, if the
outcome after non-participation Yi1(Xi1, Z1, T = 0) is identical to the outcome before non-
participation Yi0(Xi0, Z0, T = 0). Theoretically, however, it cannot be ruled out that other
impulses for the study program, and in career planning, arise during the observation
period (e.g., through a new lecturer, a new module, or a project within the framework
of the regular study program). In this case, the observed changes would not have been
triggered by the mentoring project, but by changes in the personal influencing factors
Xi1 or general trends (changes in the determinants Zi). Kalpazidou Schmidt et al. (2017)
also point out that, in the field of gender equality, it is fundamentally difficult to assign
changes to a specific program and thus to rule out the possibility that general context-
related trends change reality. However, the shorter the observation period, and the more
stable the other determinants Z1 of study and career choices are, the less significant this
problem becomes. Furthermore, the success indicators can also be affected by short-term
fluctuations throughout the semester. It is conceivable, for example, that study satisfaction
and self-assessment are higher at the beginning of the semester than just before or during
the exam period, when the stresses of studying are significantly higher. These effects can
distort the results of a simple before-and-after comparison, although the problem could be
mitigated by the clever selection of survey timing.

In view of the temporal persistence of gender stereotypes in the context of study and
career choice, it is not to be expected that (within the typical project duration of a mentoring
program) serious distortions will arise due to rapid social change. Furthermore, it can
be assumed that the personal influencing factors Xi1 (e.g., the personal competencies, the
gender-specific socialization of the female students, and associated influences, such as the
attitudes of friends and family) are mostly very stable over time, so that no serious changes
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are to be expected during the relatively short observation period, and a simple before-and-
after comparison can certainly lead to comparatively reliable results. To conclude, this
study design can be implemented in practice without much effort and therefore represents
a good and pragmatic solution.

Nonetheless, the survey results must be interpreted with caution. For example, the sur-
vey of female students, which often takes place directly after participation in the measure,
increases the probability of socially desirable answers. This is especially true if the partici-
pants fill out the questionnaires in the presence of the project coordinators, whose project
they may not want to rate badly. Even if the students do not intend it, the Hawthorne effect,
which is caused by the special attention given to the participants, leads to an overestimation
of the measured effects in a pre-post survey (Colbjørnsen 2003). However, this bias is
inherent in all surveys and can only be mitigated by designing a professional interview
situation, ideally without interviewers who are somehow personally involved in the men-
toring program. On the other hand, it is conceivable that the effect of the support measure
is greater directly after the last event than at a later point in time, so that the long-term
effects in particular may be overestimated.

In summary, in our view, before-and-after surveys provide quite valid information for
recording the effects of mentoring programs on the study and career choices of female STEM
students, even without comparison with a control group. Nevertheless, when designing a
program or an evaluation, project managers and evaluators should explore all possibilities
to collect complementary information on non-participants. Even if random assignment
is not fully possible, these data can provide valuable information on the selectivity of
participants, which, in turn, might have implications for addressing the intended target
group in the marketing. In practice, however, theoretically more valid evaluation designs
may not be applicable due to the small number of cases and the project context.

5. Collecting and Interpreting the Data

For a comprehensive assessment of an intervention, evaluations should capture im-
pacts at all three levels of our Logic Chart. Questions on the content and organization of
the mentoring program (output) can, of course, only be asked in the final questionnaire
and primarily serve to fine-tune the content of the program and ensure acceptance, as well
as the subjective satisfaction of the participants. Questions on the success indicators at the
outcome and impact level must be asked in both questionnaires, as conclusions about the
effects of the program can only be drawn by comparing the answers. Typically, responses to
questions about the various outcome and impact indicators are captured using Likert scales,
which offer respondents the opportunity to express their exact degree of agreement with a
statement (see questions in Section 3.2). Since attitudes or behavioral and personality traits
(e.g., gender stereotypes or self-efficacy) often cannot be addressed by only one statement,
multiple items are used in the questionnaire and then aggregated into an appropriate
indicator. To compare before and after answers (e.g., of the Likert scale), evaluators can
either decide between or combine three descriptive measures: (1) comparison of group
mean values, (2) differences in the individual answers (illustrated by a frequency count of
positive and negative changes)4, and (3) difference in the share of agreement (defined as
the share of individuals who (totally) agree with the statement).

Whatever metrics are calculated, the question of how to interpret the data is still open
and not straightforward. What does the data tell us about the success of a mentoring
program? Is the mentoring program fruitful, even if only some of the success indicators
change in the desired direction? Do all indicators have the same importance for the
assessment of the mentoring program? There are no clear answers to these questions.
Basically, it is much easier and more harmless to focus on the partial effects, instead of
trying to make a general and comprehensive assessment of the whole program. If at all, the
weighting of the partial results should always be in line with the goals of the respective
mentoring program, as well as the goals expressed by the mentees. In the end, the evaluator
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must decide (in alignment with the goals) which criteria are relevant for the success of the
mentoring program.

However, undetectable effects on one or more dimensions do not necessarily mean
that the project is totally ineffective. Even if only one indicator at the outcome level is
switched in a positive way, long-term changes in behavior are nonetheless conceivable. For
example, the mentees’ assessment of the compatibility of work and family life in a STEM
job (see 2.2. in the Logic Chart) may be revised thanks to a mentor with family duties. This
insight could make the decisive contribution to the choice of a STEM profession. Concerning
stereotypes (see 2.4. in the Logic Chart), activities to increase self-efficacy, whether through
personal exchange with the mentor or personality-building workshops with other mentees,
curb the power of stereotype threat and may turn the decision towards STEM.

What does the deterioration of an indicator say about the success of a mentoring
program? First, it should be kept in mind that, on average, more self-confident and career-
oriented women opt for the mentoring program. That is, most mentees already start the
program with better grades, higher scores in terms of career orientation, and greater self-
efficacy and interest (Brenning and Wolf 2022; Stöger et al. 2016). Due to this positive
selection, the fruits of success tend to hang high. Secondly, negative effects may also be
triggered by the fact that the concrete examination of the situation of women in STEM
professions makes the potential hurdles in the career process even more visible, so that
the attitudes of the female students might become more pessimistic, albeit more realistic.
Nevertheless, undesirable changes should be taken as an opportunity to take a closer look
at the suitability of the mentors (in terms of gender competence and knowledge of how to
promote mentees) as well as the quality of the mentoring relationship, as these factors also
contribute significantly to the success of a program (Stelter et al. 2021).

However, the weaknesses of the pre-experimental design discussed above (overesti-
mation due to socially desirable answers and temporary effects) can and must be taken into
account when interpreting the results.

6. Summary and Outlook

Despite the many measures by colleges and universities to increase the proportion of
women in STEM courses, empirical evidence about their effectiveness is very patchy. Given
the enormous challenge of applied evaluation research, this is not surprising. Ideal textbook
methods cannot be applied 1:1 to the evaluation of STEM projects, since case numbers are
usually very small and the long-term impact may not become apparent until years later. We
have therefore developed an evaluation concept that best applies the scientific requirements
for a valid evaluation and impact measurement of mentoring programs for female STEM
students at colleges and universities. Our concept is based on the knowledge that career
decisions are influenced by numerous factors. Some of these determinants or barriers to
pursuing STEM studies or choosing a STEM career can be positively changed through
targeted information and experiences from role models within mentoring programs. These
interrelationships are presented in a scientifically based impact model. The evaluation
concept thus consider that gender equality measures do not have a monocausal effect in
principle, but rather contribute to the project goal via various paths. By observing the
various partial effects on the level of outcome, it is also possible to make statements about
the exact impact mechanism of a specific mentoring program. The program manager can
use the evaluation results not only to promote the program, but also to adapt the content
to the needs of the female students, and to develop the program as well as the mentees.
Especially mediocre or very diverse feedback on the content and organization of the project
(see indicators at the output level) give reason to critically reflect on the conception and the
operational implementation.

The stronger the effect of the mentoring program on the diverse determinants of aca-
demic success and career choice, the greater the likelihood that mentees will actually decide
to pursue a career in STEM fields as a result of participation. Changing all determinants in
the desired way is not required to call a mentoring program successful. For one student,
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getting a clearer idea of possible career paths may be enough, and, for another student, a
better assessment of her self-efficacy will lead to the desired outcome.

In general, low case numbers and the individual effects by the mentors and trainers
will make it difficult to derive general statements from one single evaluation of a specific
mentoring program. Nevertheless, in order to generate more knowledge about the effects
of programs to increase the proportion of women in STEM professions, there is no way
around taking a closer and routine look at even small-scale projects and measuring their
effects using standardized methods. The evaluation concept presented here is very flexible
and can be used as a prototype for the evaluation of very different measures, also for
younger female students. If necessary, additional indicators can be added at the outcome
level. Our evaluation concepts hence contribute to gaining knowledge about the effects
with STEM projects in the long term.
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Notes
1 Of course, mentoring programs can not only impact participants, but also contribute to structural change within a university or

faculty. Although these cultural changes are most valuable to women’s opportunities in STEM, measuring these changes is far
more difficult and goes beyond our goal.

2 The choice of the concrete questions is fundamentally important to gain valid results. Note, however, that the list of questions
for the empirical measurement of self-efficacy and stereotypes should always be adapted to the concrete program, the specific
target group of the mentoring program, and the cultural context. A universal valid questionnaire for all mentoring programs
is not available, though. Herce-Palomares et al. (2022), Luo et al. (2021), and Verdugo-Castro et al. (2022) describe different
methodologies to develop and validate instruments to quantify the concepts of self-efficacy and gender stereotypes in the context
of STEM professions, and can serve as a blueprint for designing an adequate questionnaire.

3 The pre-tests within our pilot studies revealed that statements that formulate a very specific and certain intention better capture
personal differences in terms of credibility of intention. We therefore followed the example of Fellenberg and Hannover (2006)
and formulated very clear statements regarding the future studies and career plans.

4 This measure requires a matching of before and after responses on an individual level and reveals individual effects that might
remain invisible in the group means.

References
Ajzen, Icek. 1991. The theory of planned behavior. Organizational Behavior and Human Decision Processes 50: 179–211. [CrossRef]
Armitage, Christopher J., and Mark Conner. 2001. Efficacy of the theory of planned behaviour. A meta-analytic review. British Journal

of Social Psychology 40: 471–99. [CrossRef] [PubMed]
Bandura, Albert. 1997. Self-Efficacy. The Exercise of Control. New York: Freeman.
Beck, Makini, Jillian Cadwell, Anne Kern, Ke Wu, Maniphone Dickerson, and Melinda Howard. 2021. Critical feminist analysis of

STEM mentoring programs: A meta-synthesis of the existing literature. Gender, Work & Organization 29: 167–87.
Blackburn, Heidi. 2017. The Status of Women in STEM in Higher Education: A Review of the Literature 2007–2017. Science & Technology

Libraries 36: 235–73. [CrossRef]
Bong, Mimi, and Einar M. Skaalvik. 2003. Academic self-concept and self-efficacy: How different are they really? Educational Psychology

Review 15: 1–40. [CrossRef]

https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1348/014466601164939
https://www.ncbi.nlm.nih.gov/pubmed/11795063
https://doi.org/10.1080/0194262X.2017.1371658
https://doi.org/10.1023/A:1021302408382


Soc. Sci. 2023, 12, 508 13 of 16

Brenning, Stefanie, and Elke Wolf. 2022. MINT-Mentoring zwischen Breiten- und Elitenförderung: Eine Diskussion anhand der
Karriereorientierung und -einstellungen von Mentees und anderen Studierenden. In Geschlechtergerechtigkeit und MINT: Irritationen,
Ambivalenzen und Widersprüche in Geschlechterdiskursen an Hochschulen. Edited by Clarissa Rudolph, Sophia Dollsack and Anne
Reber. Leverkusen: Verlag Barbara Budrich, pp. 129–48.

Byars-Winston, Angela M., Janet Branchaw, Christine Pfund, Patrice Leverett, and Joseph Newton. 2015. Culturally diverse undergrad-
uate researchers’ academic outcomes and perceptions of their research mentoring relationships. International Journal of Science
Education 37: 2533–54. [CrossRef]

Callies, Nathalie, and Elke Breuer. 2010. Going Diverse 2009: Innovative Answers to Future Challenges. Bericht über die internationale
Abschlusskonferenz des EU-Projektes TANDEMplusIDEA zu Gender und Diversity in Wissenschaft und Wirtschaft am 29.-30.
Oktober 2009. Journal Netzwerk Frauenforschung 26: 66–70.

Cartwright, Nancy. 2007. Hunting Causes and Using Them. Cambridge: Cambridge University Press.
Cheryan, Sapna, Allison Master, and Andrew N. Meltzoff. 2015. Cultural stereotypes as gatekeepers: Increasing girls’ interest in

computer science and engineering by diversifying stereotypes. Frontiers in Psychology 6: 49. [CrossRef]
Colbjørnsen, Tom. 2003. Der Hawthorne-Effekt oder die Human-Relations-Theorie. Über die experimentelle Situation und ihren

Einfluss. In Theorien und Methoden in den Sozialwissenschaften. Edited by Stein Ugelvik Larsen and Ekkart Zimmermann.
Wiesbaden: Westdeutscher Verlag, pp. 131–43.

Cook, Thomas D. 2007. Describing what is special about the role of experiments in contemporary educational research: Putting the
“gold standard” rhetoric into perspective. Journal of Multidisciplinary Evaluation 3: 1–7. [CrossRef]

Correll, Shelley J. 2001. Gender and the Career Choice Process. The Role of Biased Self-Assessments. American Journal of Sociology 10:
1691–730. [CrossRef]

Correll, Shelley J. 2004. Constraints into Preferences. Gender, Status, and Emerging Career Aspirations. American Sociological Review 69:
93–113. [CrossRef]

Deaton, Angus, and Nancy Cartwright. 2018. Understanding and misunderstanding randomized controlled trials. Social Science and
Medicine 210: 2–21. [CrossRef] [PubMed]

Dennehy, Tara C., and Nilanjana Dasgupta. 2017. Female peer mentors early in college increase women’s positive academic experiences
and retention in engineering. Proceedings of the National Academy of Sciences 114: 5964–69. [CrossRef] [PubMed]

Derboven, Wibke, and Gabriele Winker. 2010. Tausend Formeln und dahinter keine Welt. Eine geschlechtersensitive Studie zum
Studien-abbruch in den Ingenieurwissenschaften. Beiträge zur Hochschulforschung 32: 56–78.

Diekman, Amanda B., Elisabeth R. Brown, Amanda M. Johnston, and Emily K. Clark. 2010. Seeking congruity between goals and roles:
A new look at why women opt out of science, technology, engineering, and mathematics careers. Psychological Science 21: 1051–57.
[CrossRef]

Diekmann, Andreas. 2012. Empirische Sozialforschung. Grundlagen, Methoden, Anwendungen. Reinbek bei Hamburg: Rowohlt
Taschenbuch Verlag.

Döring, Nicola, and Jürgen Bortz. 2016. Forschungsmethoden und Evaluation in den Sozial- und Humanwissenschaften. Berlin/Heidelberg:
Springer.

Duflo, Esther, Rachel Glennerster, and Michael Kremer. 2007. Using randomization in development economics research. A toolkit. In
Discussion Paper Nr. 6059. London: Centre for Economic Policy Research.

Eccles, Jacquelynne S. 2005. Subjective task value and the Eccles et al. model of achievement-related choices. In Handbook of Competence
and Motivation. Edited by Andrew J. Elliot and Carol S. Dweck. New York: Guilford Press, pp. 105–21.

Edzie, Rosemary L. 2014. Exploring the Factors that Influence and Motivate Female Students to Enroll and Persist in Collegiate STEM
Degree Programs: A Mixed Methods study. Ph.D. thesis, The University of Nebraska—Lincoln, Lincoln, NE, USA.

Ertl, Bernhard, Silke Luttenberger, and Manuela Paechter. 2014. Stereotype als Einflussfaktoren auf die Motivation und die Einschätzung
der eigenen Fähigkeiten bei Studentinnen in MINT-Fächern. Gruppendynamik und Organisationsberatung 45: 419–40. [CrossRef]

Fellenberg, Franziska, and Bettina Hannover. 2006. Kaum begonnen, schon zerronnen? Psychologische Ursachenfaktoren für die
Neigung von Studienanfängern, das Studium abzubrechen oder das Fach zu wechseln. Empirische Pädagogik 20: 381–99.

Festinger, Leon. 1957. A Theory of Cognitive Dissonance. Stanford: Stanford University Press.
Findeisen, Ina. 2006. Evaluation 2005. Mentoring-Programm. Konstanz: Universität Konstanz, Germany.
Fischer, Vanessa, Maik Walpuski, Martin Lang, Melanie Letzner, Sabine Manzel, Patrick Motté, Bianca Paczulla, Elke Sumfleth, and

Detlev Leutner. 2020. Was beeinflusst die Entscheidung zum Studienabbruch? Längsschnittliche Analysen zum Zusammenspiel
von Studienzufriedenheit, Fachwissen und Abbruchintention in den Fächern Chemie, Ingenieur- und Sozialwissenschaften.
Zeitschrift für empirische Hochschulforschung 1: 55–80.

Fleischer, Jens, Detlev Leutner, Matthias Brand, and Hans E. Fischer. 2019. Vorhersage des Studienabbruchs in naturwissenschaftlich-
technischen Studienfächern. Zeitschrift für Erziehungswissenschaften 22: 1077–97. [CrossRef]

Gates, Emily, and Lisa Dyson. 2017. Implications of the Changing Conversation About Causality for Evaluators. American Journal of
Evaluation 38: 29–46. [CrossRef]

Gilbert, Anne-Francoise. 2008. Sind technische Fachkulturen männlich geprägt? Hi-Tech, Das Magazin der Berner Fachhochschule Technik
und Informatik 2: 22–23.

https://doi.org/10.1080/09500693.2015.1085133
https://doi.org/10.3389/fpsyg.2015.00049
https://doi.org/10.56645/jmde.v3i6.36
https://doi.org/10.1086/321299
https://doi.org/10.1177/000312240406900106
https://doi.org/10.1016/j.socscimed.2017.12.005
https://www.ncbi.nlm.nih.gov/pubmed/29331519
https://doi.org/10.1073/pnas.1613117114
https://www.ncbi.nlm.nih.gov/pubmed/28533360
https://doi.org/10.1177/0956797610377342
https://doi.org/10.1007/s11612-014-0261-3
https://doi.org/10.1007/s11618-019-00909-w
https://doi.org/10.1177/1098214016644068


Soc. Sci. 2023, 12, 508 14 of 16

Glick, Peter, and Susan T. Fiske. 1999. Sexism and other “isms”: Independence, status, and the ambivalent content of stereotypes.
In Sexism and Stereotypes in Modern Society: The Gender Science of Janet Taylor Spence. Edited by William B. Swann Jr., Judith H.
Langlois and Lucia Albino Gilbert. Washington, DC: American Psychological Association, pp. 193–221. [CrossRef]

González-Pérez, Susana, Ruth Mateos de Cabo, and Milagros Sáinz. 2020. Girls in STEM: Is It a Female Role-Model Thing? Frontiers in
Psychology 11: 2204. [CrossRef]

Herce-Palomares, Maria Pilar, Carmen Botella Mascarell, Esther de Ves, Emilia López-Inesta, Anabel Forte, Xaro Benavent, and Silvia
Rueda. 2022. On the Design and Validation of Assessing Tools for Measuring the Ompact of Programs Promoting STEM Vocations.
Frontiers in Psychology 13: 937058. [CrossRef] [PubMed]

Hernandez, Paul R. 2018. Landscape of Assessments of Mentoring Relationship Processes in Postsecondary STEMM Contexts: A
Synthesis of Validity Evidence from Mentee, Mentor, Institutional/Programmatic Perspectives. Commissioned paper prepared for
the National Academies of Sciences, Engineering, and Medicine Committee on the Science of Effective Mentoring in Science, Technology,
Engineering, Medicine, and Mathematics (STEMM) 10: 24918.

Hernandez, Paul R., Brittany Bloodhart, Rebecca T. Barnes, Amanda S. Adams, Sandra M. Clinton, Ilana Pollack, Elaine Godfrey,
Melissa Burt, and Emily V. Fischer. 2017. Promoting professional identity, motivation, and persistence: Benefits of an informal
mentoring program for female undergraduate students. PLoS ONE 12: e0187531. [CrossRef]

Hessisches Koordinationsbüro des MentorinnenNetzwerks. 2010. Mentoring Wirkt! Evaluation des MentorinnenNetzwerks für Frauen in
Naturwissenschaft und Technik, Frankfurt. Frankfurt: Hessisches Koordinationsbüro des MentorinnenNetzwerks.

Heublein, Ulrich, Christopher Hutzsch, Jochen Schreiber, Dieter Sommer, and Georg Besuch. 2010. Ursachen des Studienabbruchs in
Bachelor- und in herkömmlichen Studiengängen. Ergebnisse einer bundesweiten Befragung von Exmatrikulierten des Studienjahren 2007/08.
Projektbericht. Hannover: HIS.

Höppel, Dagmar. 2016. Aufwind mit Mentoring. Wirksamkeit von Mentoring-Projekten zur Karriereförderungen von Frauen in der Wissenschaft.
Baden-Baden: Nomos.

Hughes, Roxanne. 2014. The evolution of the chilly climate for women in science. In Girls and Women in STEM: A Never Ending Story.
Edited by Janice Koch, Barbara Polnick and Beverly Irby. Charlotte: IAP, pp. 71–94.

Ihsen, Susanne, and Antje Ducki. 2012. Gender Toolbox. Berlin: Gender und Technik Zentrum (GuTZ) der Beuth Hochschule für Technik
Berlin.

Ihsen, Susanne. 2006. Von der homogenen technischen Fachkultur zu Mixed Teams—Gender –Diversity. In Hochschuldidaktik und
Fachkulturen. Gender als didaktisches Prinzip. Edited by Anne Dudeck and Bettina Jansen-Schulz. Bielefeld: UVW, Webler, pp. 33–45.

Ihsen, Susanne. 2010. Technikkultur im Wandel: Ergebnisse der Geschlechterforschung in Technischen Universitäten. Beiträge zur
Hochschulforschung 32: 80–97.

Kalpazidou Schmidt, Evanthia, Susanne Bührer, Martina Schraudner, Sybille Reidl, Jörg Müller, Rachel Palmén, Sanne Haase, Ebbe K.
Graversen, Florian Holzinger, Clemens Striebing, and et al. 2017. A Conceptual Evaluation Framework for Promoting Gender Equality
in Research and Innovation. Toolbox I—A Synthesis Report. Stuttgart: Fraunhofer-Gesellschaft.

Kessels, Ursula, and Bettina Hannover. 2006. Zum Einfluss des Image von mathematisch-naturwissenschaftlichen Schulfäch-
ern auf die schulische Interessenentwicklung. In Untersuchungen zur Bildungsqualität von Schule. Abschlussbericht des DFG-
Schwerpunktprogramms. Edited by Manfred Prenzel and Lars Allolio-Näcke. Münster: Waxmann, pp. 350–69.

Kessels, Ursula. 2015. Bridging the gap by enhancing the fit: How stereotypes about STEM clash with stereotypes about girls.
International Journal of Gender, Science and Technology 7: 280–96.

Kim, Min-sun, and John E. Hunter. 1993. Relationships among attitudes, behavioral intentions, and behavior. A meta-analysis of past
research, part 2. Communication Research 20: 331–64. [CrossRef]

Kingsley, Isabelle. 2020. Evaluating STEM Gender Equity Programs. A Guide to Effective Program Evaluation. Office of the Women in STEM
Ambassador. Available online: https://womeninstem.org.au/national-evaluation-guide (accessed on 9 July 2023).

Kosuch, Renate. 2006. Modifikation des Studienwahlverhaltens nach dem Konzept der Selbstwirksamkeit—Ergebnisse zur Verbreitung
und Effektivität der «Sommerhochschule» in Naturwissenschaft und Technik für Schülerinnen. In Hochschulinnovation. Gender-
Initiativen in der Technik. Gender Studies in den Angewandten Wissenschaften 3. Edited by Carmen Gransee. Hamburg: LIT,
pp. 115–31.

Lee, Jennifer A. 2008. Gender Equity Issues in Technology Education: A Qualitative Approach Touncovering the Barriers. Raleigh: North
Carolina State University.

Leicht-Scholten, Carmen, and Henrike Wolf. 2009. Vergleichende Evaluation von Mentoring-Programmen für High Potentials mit
disziplinärem Schwerpunkt. In Mentoring: Theoretische Hintergründe, empirische Befunde und praktische Anwendungen. Edited by
Heidrun Stöger, Elisabeth Ziegler and Diana Schimke. Lengerich/Westfalen: Pabst Science Publishers.

Lent, Robert W., Steven D. Brown, and Gail Hackett. 1994. Toward a unifying social cognitive theory of career and academic interest,
choice and performance. Journal of Vocational Behavior 45: 79–122. [CrossRef]

Lins, Cornelia, Sabine Mellies, and Barbara Schwarze. 2008. Frauen in der technischen Bildung—Die Top-Ressource für die Zukunft.
In Technische Bildung für Alle. Ein vernachlässigtes Schlüsselelement der Innovationspolitik. Berlin: VDI iit, pp. 257–327.

Löther, Andrea, and Jana Girlich. 2011. Frauen in MINT-Fächern: Bilanzierung der Aktivitäten im hochschulischen Bereich. Materialien der
Gemeinsamen Wissenschaftskonferenz 21. Bonn: Gemeinsame Wissenschaftskonferenz.

Löther, Andrea, Nina Steinweg, Anke Lipinsky, and Hanna Meyer. 2021. Wie gut die Maßnahmen zur Gleichstellung wirken. Forschung
und Lehre 28: 3.

https://doi.org/10.1037/10277-008
https://doi.org/10.3389/fpsyg.2020.02204
https://doi.org/10.3389/fpsyg.2022.937058
https://www.ncbi.nlm.nih.gov/pubmed/35859828
https://doi.org/10.1371/journal.pone.0187531
https://doi.org/10.1177/009365093020003001
https://womeninstem.org.au/national-evaluation-guide
https://doi.org/10.1006/jvbe.1994.1027


Soc. Sci. 2023, 12, 508 15 of 16

Löther, Andrea. 2019. Is It Working? An Impact Evaluation of the German “Women Professors Program”. Social Sciences 8: 116.
[CrossRef]

Luo, Tian, Winnie Wing Mui So, Wai Chin Li, and Jianxin Yao. 2021. The Development and Validation of a Survey for Evaluating
Primary Students’ Self-efficacy in STEM Activities. Journal of Science Education and Technology 30: 408–19. [CrossRef]

MacPhee, David, Samantha Farro, and Silvia Sara Canetto. 2013. Academic Self-Efficacy and Performance of Underrepresented STEM
Majors: Gender, Ethnic, and Social Class Patterns. Analysis of Social Issues and Public Policy 13: 347–69. [CrossRef]

Master, Allison. 2021. Gender Stereotypes Influence Children’s STEM Motivation. Children Development Perspectives 15: 203–10.
[CrossRef]

Meinefeld, Werner. 1999. Studienabbruch an der technischen Fakultät der Universität Erlangen-Nürnberg. In Studienerfolg und
Studienabbruch. Beiträge aus Forschung und Praxis. Edited by Manuela Schröder-Gronostay and Hans-Dieter Daniel. Neuwied:
Luchterhand Verlag, pp. 181–93.

Meyer, Thomas, Markus Diem, Remy Droz, Francoise Galley, and Urs Kiener. 1999. Hochschule –Studium—Studienabbruch.
Synthesebericht zum Forschungsprojekt “Studienabbruch an schweizerischen Hochschulen als Spiegel von Funktionslogiken”.
In Nationales Forschungsprogramm 33. Zürich: Rüegger.

Miller, David I., Kyle M. Nolla, Alice H. Eagly, and David H. Uttal. 2018. The Development of Children’s Gender-Science Stereotypes:
A Meta-analysis of 5 Decades of U.S. Draw-A-Scientist Studies. Child Development 89: 1943–55. [CrossRef]

Miner, Kathi N., Samantha C. January, Kelly K. Dray, and Adrienne R. Carter-Sowell. 2019. Is it always this cold? Chilly interpersonal
climates as a barrier to the well-being of early-career women faculty in STEM. Equality Diversity and Inclusion 38: 226–45.
[CrossRef]

Minks, Karl-Heinz. 2004. Wo ist der Ingenieurnachwuchs? In HIS Kurzinformation A54. Hannover: HIS-Hochschul -Informations-
System GmbH, pp. 15–30.

Müller, Christoph E., and Maria Albrecht. 2016. The Future of Impact Evaluation is Rigorous and Theory-Driven. In The Future of
Evaluation. Global Trends, New Challenges, Shared Perspectives. Edited by Reinhard Stockmann and Wolfgang Meyer. New York:
Basingstoke, Hampshire: Palgrave Macmillan, pp. 283–93.

National Academy of Science, Engineering and Medicine. 2019. The science of effective mentorship in STEMM, Online Guide V1.0.
Available online: https://www.nap.edu/resource/25568/interactive/ (accessed on 11 May 2021).

National Center for Women & Information Technology. 2011. Evaluating a Mentoring Program. Guide. Boulder: National Center for
Women & Information Technology.

Nationales MINT Forum. 2018. Wirkungsvolle Arbeit außerschulischer MINT-Initiativen. Ein praktischer Leitfaden zur Selbstanalyse:
Nationales MINT Forum e. V. Berlin: Nationales MINT Forum e. V.

Nickolaus, Reinhold, and Svitlana Mokhonko. 2016. In 5 Schritten zum Zielführenden Evaluationsdesign, Eine Handreichung für Bildungsini-
tiativen im MINT-Bereich. München: Acatech–Deutsche Akademie für Technikwissenschaften.

Palmén, Rahel, and Evanthia Kalpazidou Schmidt. 2019. Analysing facilitating and hindering factors for implementing gender equality
interventions in R&I: Structures and processes. Evaluation and Program Planning 77: 101726. [CrossRef]

Paulitz, Tanja. 2014. Fach und Geschlecht. Neue Perspektiven auf technik- und naturwissenschaftliche Wissenskulturen. In Vielfalt
der Informatik: Ein Beitrag zu Selbstverständnis und Außenwirkung. Edited by Anja Zeising, Claude Draude Heide Schelhowe and
Susanne Maaß. Bremen: Universität Bremen, pp. 95–105.

Pennington, Charlotte R., Derek Heim, Andrew R. Levy, and Derek T. Larkin. 2016. Twenty Years of Stereotype Threat Research: A
Review of Psychological Mediators. PLoS ONE 11: e0146487. [CrossRef]

Petersen, Renate, Mechthild Budde, Pia Simone Brocke, Gitta Doebert, Helga Rudack, and Henrike Wolf. 2017. Praxishandbuch
Mentoring in der Wissenschaft. Wiesbaden: Springer Fachmedien Wiesbaden GmbH. [CrossRef]

Pohlenz, Philipp, and Karen Tinsner. 2004. Bestimmungsgrößen des Studienabbruchs—Eine empirische Untersuchung zu Ursachen und
Verantwortlichkeiten. Servicestelle für Lehrevaluation an der Universität Potsdam. Potsdam: Universitätsverlag.

Randall, Donna M., and James A. Wolff. 1994. The time interval in the intention-behaviour relationship. Meta-analysis. British Journal
of Social Psychology 33: 405–18. [CrossRef]

Rea, Jessica N. 2015. See Your Way to Success: Imagery Perspective Influences Performance Understereotype Threat. Ph.D. thesis, The
Ohio State University, Columbus, OH, USA.

Reid, Jackie, Erica Smith, Nansiri Iamsuk, and Jennifer Miller. 2016. Balancing the Equation: Mentoring First-Year Female STEM
Students at a Regional University. International Journal of Innovation in Science and Mathematics Education 24: 18–30.

Reinholz, Daniel L., and Tessa C. Andrews. 2020. Change theheory anf theory of change: What’s the difference anyway? International
Journal of STEM Education 7: 2. [CrossRef]

Scriven, Michael. 2008. A summative evaluation of RCT methodology: & An alternative approach to causalresearch. Journal of
Multidisciplinary Evaluation 5: 11–24.

Seemann, Maika, and Wenke Gausch. 2012. Studienabbruch und Studienfachwechsel in den mathematisch-naturwissenschaftlichen
Bachelorstudiengängen der Humboldt-Universität zu Berlin. In Schriftenreihe zum Qualitätsmanagement an Hochschulen 6. Berlin:
Humboldt-Universität zu Berlin.

Shaffer, Emily S., David M. Marx, and Radmila Prislin. 2013. Mind the gap: Framing of women’s success and representation in STEM
affects women’s math performance under threat. Sex Roles 68: 454–63. [CrossRef]

https://doi.org/10.3390/socsci8040116
https://doi.org/10.1007/s10956-020-09882-0
https://doi.org/10.1111/asap.12033
https://doi.org/10.1111/cdep.12424
https://doi.org/10.1111/cdev.13039
https://doi.org/10.1108/EDI-07-2018-0127
https://www.nap.edu/resource/25568/interactive/
https://doi.org/10.1016/j.evalprogplan.2019.101726
https://doi.org/10.1371/journal.pone.0146487
https://doi.org/10.1007/978-3-658-14268-1
https://doi.org/10.1111/j.2044-8309.1994.tb01037.x
https://doi.org/10.1186/s40594-020-0202-3
https://doi.org/10.1007/s11199-012-0252-1


Soc. Sci. 2023, 12, 508 16 of 16

Shapiro, Jenessa R., Amy M. Williams, and Mariam Hambarchyan. 2013. Are all interventions created equal? A multi-threat approach
to tailoring stereotype threat interventions. Journal of Personality and Social Psychology 104: 277–88. [CrossRef]

Shapiro, Jenessa R., and Amy M. Williams. 2012. The Role of Stereotype Threats in Undermining Girls’ and Women’s Performance and
Interest in STEM Fields. Sex Roles 66: 175–83. [CrossRef]

Shin, Jiyun Elizabeth L., Sheri R. Levy, and Bonita London. 2016. Effects of role model exposure on STEM and non-STEM student
engagement. Journal of Applied Social Psychology 46: 410–27. [CrossRef]

Solga, Heike, and Lisa Pfahl. 2009. Doing Gender im technisch-naturwissenschaftlichen Bereich. In Förderung des Nachwuchses in
Technik und Naturwissenschaft. Edited by Joachim Milberg. Berlin/Heidelberg: Springer, pp. 155–218.

Spencer, Steven J., Claude M. Steele, and Diane M. Quinn. 1999. Stereotype threat and women’s math performance. Journal of
Experimental Social Psychology 35: 4–28. [CrossRef]

Steffens, Melanie C., and Irena D. Ebert. 2016. Berufswahl. In Frauen—Männer—Karrieren. Edited by Melanie C. Steffens and Irena D.
Ebert. Berlin/Heidelberg: Springer, pp. 129–39.

Steiner, Peter M., Angela Wroblewski, and Thomas D. Cook. 2009. Randomized Experiments and Quasi-Experimental Designs in
Educational Research. In The International Handbook of Educational Evaluation. Edited by Katherine E. Ryan and J. Bradley Cousins.
Los Angeles: SAGE, pp. 75–79.

Stelter, Rebecca L., Janis B. Kupersmidt, and Kathryn N. Stump. 2021. Establishing effective STEM mentoring relationships through
mentor training. Annals of the New York Academy of Sciences 1483: 224–43. [CrossRef]

Stöger, Heidrun, Manuel Hopp, and Albert Ziegler. 2017. Online mentoring as an extracurricular measure to encourage talented girls
in STEM (science, technology, engineering, and mathematics): An empirical study of one-on-one versus group mentoring. Gifted
Child Quarterly 61: 239–49. [CrossRef]

Stöger, Heidrun, Sigrun Schirner, Lena Laemmle, Stephanie Obergriesser, Michael Heileman, and Albert Ziegler. 2016. A contextual
perspective on talented female participants and their development in extracurricular STEM programs. Annals of New York Academy
of Science 1377: 53–66. [CrossRef]

Stöger, Heidrun, Xiaoju Duan, Sigrun Schirner, Teresa Greindl, and Albert Ziegler. 2013. The effectiveness of a one-year online
mentoring program for girls in STEM. Computers & Education 69: 408–18.

Stout, Jane G., Nilanjana Dasgupta, Matthew Hunsinger, and Melissa A. McManus. 2011. STEMing the tide: Using ingroup experts to
inoculate women’s self-concept in science, technology, engineering, and mathematics (STEM). Journal of Personality and Social
Psychology 100: 255–70. [CrossRef] [PubMed]

Strayhorn, Terrell Lammont. 2012. College Students’ Sense of Belonging: A Key to Educational Success for All Students. New York: Routledge.
Su, Rong, and James Rounds. 2015. All STEM fields are not created equal: People and things interests explain gender disparities across

STEM fields. Frontiers in Psychology 25: 189. [CrossRef] [PubMed]
Thébaud, Sarah, and Maria Charles. 2018. Segregation, stereotypes, and STEM. Social Sciences 7: 111. [CrossRef]
Verdugo-Castro, Sonia, M. Cruz Sánchez-Gómez, and Aicia Garcia-Holgado. 2022. University students’ view regarding gender in

STEM studies: Design and validation of an instrument. Education and Information Technologies 27: 12301–36. [CrossRef]
Weinhardt, Felix. 2017. Ursache für Frauenmangel in MINT-Berufen? Mädchen unterschätzen schon in der fünften Klasse ihre

Fähigkeiten in Mathematik. DIW Wochenbericht 84: 1009–14.
W.K. Kellogg Foundation. 2004. Logic Model Development Guide. Battle Creek: W.K. Kellogg Foundation.
Wolf, Elke, and Stefanie Brenning. 2019. What works? Eine Meta-Analyse von Evaluationen von MINT-Projekten für Schülerinnen und

Studentinnen, Hochschule München. Available online: https://www.oth-regensburg.de/en/faculties/social-and-health-care-
sciences/mint-strategien-40.html (accessed on 19 February 2020).

Wolf, Elke, and Stefanie Brenning. 2021a. Wirkung messen. Handbuch zur Evaluation von MINT-Projekten für Schülerinnen. München:
Hochschule München.

Wolf, Elke, and Stefanie Brenning. 2021b. Wirkung messen. Handbuch zur Evaluation von Mentoring-Programmen für MINT-
Studentinnen. München: Hochschule München.

Wooldridge, Jeffrey. 2013. Introductory Econometrics: A Modern Approach. Mason: Nelson Education.
World Economic Forum. 2019. Global Gender Gap Report 2020. Cologny: WEF.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1037/a0030461
https://doi.org/10.1007/s11199-011-0051-0
https://doi.org/10.1111/jasp.12371
https://doi.org/10.1006/jesp.1998.1373
https://doi.org/10.1111/nyas.14470
https://doi.org/10.1177/0016986217702215
https://doi.org/10.1111/nyas.13116
https://doi.org/10.1037/a0021385
https://www.ncbi.nlm.nih.gov/pubmed/21142376
https://doi.org/10.3389/fpsyg.2015.00189
https://www.ncbi.nlm.nih.gov/pubmed/25762964
https://doi.org/10.3390/socsci7070111
https://doi.org/10.1007/s10639-022-11110-8
https://www.oth-regensburg.de/en/faculties/social-and-health-care-sciences/mint-strategien-40.html
https://www.oth-regensburg.de/en/faculties/social-and-health-care-sciences/mint-strategien-40.html

	Introduction 
	The Basic Idea of Our Evaluating Concept for Mentoring Programs 
	The Change Theory of Mentoring Programs of Female STEM Students 
	The Output of a Mentoring Program 
	The Outcome of a Mentoring Program 
	The Impact of a Mentoring Program 

	The Empirical Evaluation Design 
	Collecting and Interpreting the Data 
	Summary and Outlook 
	References

