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Introduction
Investigation of STEM career development of URM students is 

an important start of this exploration because it helps us develop 
strategies to intervene the process and attracts more URM 
students into STEM. Context & Problem. It has been reported that 
URM students have a low share of STEM workforce, and there 
is also a lack of diversity in agricultural sciences education and 
workforce US Census Bureau [1]. Moreover, it’s been indicated 
that African American populations can potentially face academic, 
Psychological, social and financial barriers in STEM careers Perna 
[3]. Moreover, Lent and his colleagues found that discrepancies 
between aptitudes and self-efficacy or between values and 
outcome expectations could impact STEM career development 
of minority groups. To date, there have been no studies focusing 
on personal characters, career self-efficacy and career outcome 
expectations of underrepresented minority students majoring 
in STEM-intensive agricultural sciences disciplines. Byars-
Winston et al. [4] conducted a multi-group study examining 
how social cognitive variables interact with cultural and 
contextual variables and impact career decision making of URM 
students pursuing biological sciences and engineering majors. 
Their results indicated that for URM students who study in  

 
Predominantly White Institutions, it’s equally important for 
them to feel confident about their academic tasks and perceive 
positive consequences of obtaining the degree. More studies are 
needed to examine how personal characteristics can influence 
social cognitive career development of URM students Lent et al. 
[5].

Theoretical Framework
Social Cognitive Career Development Theory Bandura 

[6] has proposed the concept of “self-efficacy” in his social 
cognitive theory. Social cognitive theory also recognizes a close 
relationship between self-efficacy and outcome expectations 
in predicting behaviors Bandura [7]. He described how human 
functioning is determined by the interactions among behaviors, 
personal, cognitive and environmental factors. According to 
Bandura [7], outcome expectations play an important role 
in determining how much effort an individual would exert 
to pursue certain career goal. Lent, brown and Hackett [8] 
extended Bandura’s concept of self-efficacy to describe social 
cognitive career development process. Social cognitive career 
theory (SCCT) demonstrated a triadic model among career 
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behaviors, social cognition and environmental factors. In the 
SCCT model, personal and contextual factors would influence 

career outcomes and behaviors through self-efficacy, outcome 
expectations and career goals (Figure 1).

Figure 1: The SCCT Model.

There are three interconnected models within SCCT. First, 
the interest model describes how academic or career interests 
are developed. Then choice model focuses on how people make 
career choices and performance model focuses on how people 
attain different levels of career performance in the career 
development process Lent and Brown [9]. Self-efficacy is a key 
factor in the models that it can impact career interests, career 
goal and career behaviors Lent, Brown and Hackett [10]; Lent, 
Brown and Hackett [11], Lent et al. [12]. Outcome expectations 
are another critical variable in SCCT that can influence career 
interests, interplay with career goals and career performance 
and it can be partially influenced by self-efficacy. Lent, Brown 
and Hackett [10] defined outcome expectations as people’s 
perceptions about consequences of their behaviors. The 
concept of Outcome expectations has also been studied in STEM 
education Quimby et al. [13] Byars-Winston and Fouad [14]. 
Several previous studies have provided evidence that outcome 
expectations can explain unique variance in career interests 
Sheu et al. [15] and career goals Ferry [16]. 

Person Input Factors
Lent, Brown and Hackett [10] also stated that person input 

factors would play important roles in Shaping individual self-
efficacy and outcome expectations through learning experiences 
Lent and Brown [9]. Lent and Brown [9] suggested in their study 
that cognitive factors can function in concert with person input 
factors including gender. Furthermore, SCCT has been extensively 
validated on different populations, including different gender 
groups Lent et al. (2003); Lent et al. (2015), different majors 

Lent et al. (2013); Navarro et al. [17] and different racial or 
ethnic groups Navarro [18]; Booth and Myers [19]. For example, 
a study of Lent et al. (2003) has validated SCCT on both male and 
female engineering students. However, there was more variance 
was explained for female than male students, and there are 
gender differences on scores of certain social cognitive variables 
(e.g., social supports) for female and male college groups. Thus, 
Lent et al. (2013) have suggested that more studies are needed 
to provide more details about what are the personal factors that 
can influence career decision making of different gender groups.

With regard to racial and ethnic differences in career 
development process, Booth and Myers [19] conducted a study 
and found out that African American female students had 
significantly higher career commitment and more motivated 
to advance their career than caucasian female college students. 
However, there are few studies focusing on career development 
of African American college students. Generally, the academia is 
concerned about under representation of URM students in STEM 
and how we can increase participation of minority students in 
STEM areas.

Purpose & Hypotheses
This study would extend understanding of the original SCCT 

model proposed by Lent et al. [10]. The purpose of this study 
was to use conditional inference tree technique to examine 
the influence of instrumentality and expressivity on the career 
choice actions of African American undergraduate students who 
were enrolled in STEM-intensive agricultural sciences majors at 
HBCUs. This study was to examine Lent et al. [10] 
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Social cognitive career model by testing three research 
hypotheses:

Hypothesis 1: Career self-efficacy will significantly influence 
career outcome expectations.

Hypothesis 2: Instrumentality will significantly influence 
career outcome expectations.

Hypothesis 3: Expressivity will significantly influence career 
outcome expectations.

Methods
This study used a conditional inference tree quantitative 

research design to examine the social cognitive career 
development of African American undergraduate students 
pursuing STEM-intensive agricultural sciences majors. Previous 
studies on social cognitive career development have extensively 
used Path Analysis or Structural Equation Model Ullman and 
Bentle [20]. Path analysis and structural equation model (SEM) 
can provide unbiased effect estimates if proposed structured 
relationship is correct. However, SEM is assuming linear 
relationship among the variables, and if the structure is more 
complicated than what’s depicted in the model, or some of the 
paths are not fully valid, the true relationship would be hard to be 
discovered. In this case, other methodologies should be utilized 
to further validate or modify the model. In this study, conditional 
inference tree as a non-parametric machine learning algorithm 
is an example of providing extra data-oriented evidence to 
support or contrast the SCCT model proposed by Lent et al 
(1987). It can also provide new perspectives on exploring the 
relationship among social cognitive career variables and test 
whether those relationships are valid or not. Moreover, it avoids 
variable selection bias which tends to pick variables with lots 
of missing values and it validates the significance by bootstrap 
permutation test which is more robust than other significance 
tests. Furthermore, it ranks the significance of each variable and 
it can build the decision process based on the importance of the 
independent variables.

Participants
This study utilizes a survey research design, which allows 

the participants to report their perceptions, cognitions, attitudes 
and behaviors as defined and operational by the SCCT. To 
protect the rights of the participants, the researcher submitted 
the IRB application, research survey instrument, a description 
of the research purpose, participants consent forms, survey 
administration script, and the institutional correspondence 
letters to the Institutional Review Board of Purdue University. 
Five HBCUs participated in the study: Kentucky State University 
(KSU), University of Arkansas-Pine Bluff (UAPB), North Carolina 
A & T State University, University of Maryland-Eastern Shore 
(UMES), and Virginia State University (VSU). As requested by 
KSU and UAPB, independent IRB applications were submitted 
for their requirements.

Participants of this study are African American college 
students who are enrolled in Historically Black college and 
institutions, who are pursuing a bachelor’s degree in STEM-
intensive agricultural sciences. Thus, to be included in the 
analysis, the participants must be: 1) African American domestic 
students; 2) full-time enrolled in a bachelor’s degree program 
in STEM-intensive agricultural sciences. This study has a sample 
size of 313 participants who met the criteria. In addition, 
the percentage of STEM courses for each degree program in 
agricultural sciences in our collaborative organizations has been 
calculated. STEM-intensive agricultural sciences majors are the 
bachelor’s degree programs that a majority (50% or more) of 
their course requirements are Science, Technology, Engineering 
and Mathematics courses.

The participants of this study (N = 313) include about 1) 
33% (N = 103) freshmen, 16% (N = 49) sophomores, 22% (N = 
70) juniors, and 28% (N = 88) seniors; 2) 28% (N = 89) male and 
72% (N = 225) female; 3) 61% (N = 190) were 10-20 years old, 
37% (N = 114) were 21-30 years old, 3% (N = 8) were above 30 
years old and the age range of the participants was from under 
20 to over 30 year old ( M = 21, SD = 3.88). In addition, 58.5% 
(N = 183) of the participants were attending North Carolina A&T 
State University, 14% (N = 54) were attending the University 
of Arkansas-Pine Bluff, 12% (N = 38) were attending Virginia 
State University, 11% (N = 34) were attending the University 
of Maryland-Eastern Shore, and 5% (N = 15) were attending 
Kentucky State University. And 43% of the participants were 
animal science major, 9% were food, nutrition, medical and 
dietetics major, 9% were pre-vet major, 1% were agriculture, 
food and environment major, 2% were agricultural engineering 
major, 8% were general agricultural sciences major, 4.2% were 
agriculture and environmental studies major, 3.5% were plant 
and soil science major, 1.9% were fisheries major, 1.3% were 
family and consumer science major, 1.9% were horticulture 
major, 8% were landscape major, 3.2% were regulatory science 
major, and 0.3% were urban forestry major.

Measurement and Instruments
There was no single instrument that was found to cover the 

scope of this study, so different methods were utilized to develop 
different sections of the instrument.

Gender Role
The Gender role variable was measured using the 16-item 

Personal Attributes Questionnaire (PAQ; Spence, Helmreich 
and Stapp (1974) that contains 16 pairs of bipolar adjectives. 
PAQ measures how individuals’ rate their gender related 
social and emotional attributes Caldera et al. (2003). The 
original PAQ includes female subscale, male subscale and 
male-female subscale. For the purpose of this study, only male 
(instrumentality) scale and female (expressivity) scale were 
utilized. A typical item would be: Not at all independent & Very 
independent. The participants would be asked to rate how 
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they perceive themselves on the continuum between pairs of 
contradictory characteristics. Higher scores on the gender role 
scale would indicate either a high level of instrumentality or a 
high level of expressivity. The gender role scale was validated 
by a study of Caldera et al. (2003) on minority participants. 
They reported a Cronbach’s alpha of .81 for the instrumentality 
subscale and .79 for the expressivity subscale for the Mexican 
American participants. In current study, the post-hoc reliability 
coefficient was .61for the subscale of instrumentality, and .79 for 
the subscale of expressivity.

Career Decision-making Self-Efficacy Scale
Career decision making self-efficacy scale asked the 

participants’ confidence in their ability of making career 
decisions. The 9-item measurement was developed by Restubog 
(2010) based on the 25-item full scale developed by Betz (1996). 
The 25-item scale of Betz (1996) has a reliability index of 0.94. 
Also, for the 9-item scale, Restubog (2010) reported a Cronbach’s 
alpha of 0.83. This instrument is on a five-point liker format and 
contains nine items that describe specific career decision making 
activities. The participants were asked to rate their confidence 
in accomplishing each task: 1 = No Confidence at All, 2 = Very 
Little Confidence, 3 = Moderate Confidence, 4 = Much Confidence, 
5 = Complete Confidence. Two sample items were: “Make a plan 
of your goals for the next five years.” or “Determine the steps 
to take if you are having academic trouble with aspect of your 
chosen major.” Participants’ scores on the items were summed as 
their total score of career decision making self-efficacy. Higher 
scores indicate a higher level of confidence in making career 
decisions. This study has a post-hoc Cronbach’s alpha of 0.88.

Coping Efficacy Scale 
The coping efficacy scale is a seven-item; 10-point liker type 

of measurement was modified from the coping efficacy scale of 
Lent et al. [5]. It measures people’s confidence in their ability 
of coping with career barriers. Each item of this scale describes 
a barrier or problem that people have to cope with if they are 
pursuing a degree in the agricultural sciences. For example, 
a typical barrier would be to cope with lack of support from 
professor or your advisor. The participants need to rate their 
confidence from 0 = No Confidence to 9 = Complete Confidence. 
The average score of each participant was calculated, so higher 
scores mean higher confidence in their ability of coping with 
career barriers. For the purpose of current study, the major 
“engineering” in the original scale of Lent et al. [5] was replaced 
with “agricultural sciences.” For example, a typical item would 
be “Find ways to overcome communication problems with 
professors or teaching assistants in your agricultural sciences 
courses.” This measurement was also validated by Lent et al. [5] 
with a Cronbach’s alpha of 0.91. The current study reported that 
the post-hoc reliability of this scale was 0.89.

Outcome Expectations Scale 
The outcome expectations scale is a 10-item, like type scale 

that measures to what extent that the participants believe 

a career in agricultural sciences would bring them positive 
outcomes. This scale was modified from the Engineering 
Outcome Expectations scale of Lent et al. [5]. Each item would 
ask the participants to rate how strongly they agree that a career 
in STEM-intensive agricultural sciences would bring them the 
positive outcomes (e.g., “Receive a job offer quickly”) on the 
following scale: 1 = Strongly Disagree to 10 = strongly Agree. 
The sum score of this scale would be divided by 10, with higher 
scores indicating higher outcome expectations. The study of Lent 
et al. [5] on undergraduate engineering students validated the 
scale that it has an internal consistency reliability index (alpha) 
of 0.89. The current study has a post-hoc reliability coefficient of 
0.92 for this measurement.

Procedure
There were several steps that were taken to coordinate 

this research with the collaborative organizations. First of 
all, emails containing the detailed research plan were sent 
to the institutions and their liaisons. The researcher worked 
with department chairs, secretaries and faculty to develop 
the campus visit itinerary and class visit agenda. Students 
from the University of Maryland-Eastern Shore, Virginia State 
University, University of Arkansas-Pine Bluff and Kentucky 
State University were surveyed in their classrooms. During the 
survey process, the researcher introduced the research study 
to the participants by describing the purpose, content and the 
confidentiality agreement. Furthermore, the participants got a 
hard copy of the survey and an information sheet that contains 
detailed information about the study. The Associate Dean for 
Undergraduate Education of North Carolina A&T State University 
sent the survey and information sheet to the students due to the 
conflicts between class schedules and the researcher’s class 
visits agenda. The researcher used the open source R package 
3.4 and its party package to code and analyze the participants’ 
responses on all quantitative items, utilizing a researcher-
developed codebook.

Descriptive statistics such as frequencies, means and 
standard deviations were used to report demographic

Characteristics of the participants.

Results
In this study, conditional inference tree was conducted 

to determine how instrumentality, expressivity and career 
self-efficacy influence career outcome expectations of African 
American college students pursuing STEM-intensive agricultural 
sciences majors. The party package Hothorn et al. [21], Hothorn 
et al [22] that implemented conditional inference tree Strasser 
and Weber [23] process is to determine whether instrumentality, 
expressivity and career self-efficacy can create an information 
gain in predicting career outcome expectations. This process 
does a greedy search through all the variables and selects the 
one which creates the most changes in sum of squares as the first 
branch SE_average in Figure 1. 
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Then it continues the process on the other variables and put 
the next most significant variable beside the previous one until 
there is no more significant sum of squares changes by adding 
more variables. At the end, the model generates a decision process 
and presents it as a tree-like diagram Therneau 2015 (Figure 
1). In the greedy search procedure, the algorithm calculates 
the decision bound and p-value by performing a permutation 

test, which is to justify whether response variable’s conditional 
distribution by given a predictive variable is different from its 
original distribution against arbitrary alternatives. If there is a 
significant difference, we can state that the predictive variable 
is influencing the response variable. After the variable selection 
and model fitting process, the CTree algorithm returned the 
results and created the decision tree (Figure 2). 

Figure 2: Decision tree model for influences of Expressivity, instrumentality and self-Efficacy on outcome expectations.

In this study, there were 313 black students who were chosen 
from 5 different schools. However, there were 12 of them with a 
missing outcome expectation score. As a result, there were 301 
valid samples which were trained in this model. As shown in 
the result figure, self-efficacy was the most significant variable 
in distinguishing students’ outcome expectations. If the average 
score of self-efficacy was less or equal to 5.062 (p < 0.001), the 
students should be categorized into four groups, ranked from 
the lowest level of outcome expectations to the highest level of 
outcome expectations. There were 86 students in the group with 
the lowest level of outcome expectations, they had a self-efficacy 
score lower than 5.062, and their average outcome expectation 
score was 7.599. 

If the participants had a self-efficacy score higher than 
5.062, and their expressivity scores were less or equal to 34 
(p < 0.001), the students would be identified as the second 
lowest level of outcome expectations, with an average outcome 
expectation score of 8.661. There were 133 students in this 
group. In addition, for 44 participants with a self-efficacy score 
of higher than 5.062 and an expressivity score of higher than 34, 

but with their instrumentality score lower than 31 ( p = 0.011), 
they would have their outcome expectation level higher than the 
previous group. The average outcome expectation score of this 
group was 8.989. The other 38 students with a self-efficacy score 
higher than 5.062, an expressivity score higher than 34, and an 
instrumentality score higher than 31 would have the highest 
level of outcome expectations, indicated by an average outcome 
expectation score of 9.508 [24-29].

Conclusion and Discussions
This study has the following conclusions regarding how 

career self-efficacy and gender roles influence outcome 
expectations. First, career self-efficacy plays the most essential 
role in influencing outcome expectations. African American 
students attending HBCUs who don’t have confidence in their 
ability to make career decisions or coping with career barriers 
would also have negative expectations on their career outcomes 
in STEM intensive agricultural sciences. Second, expressivity is 
more important than instrumentality in significantly influencing 
students’ career outcome expectations for African American 
students who are enrolled in STEM intensive agricultural 
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sciences majors. For this group of students, if they have 
confidence in their ability of making career decisions and coping 
with career barriers, but don’t perceive themselves as having 
feminine personal characters (e.g., being supportive, be able 
to sympathize with others, etc.), they might also somewhat 
low expectations on their career outcomes in STEM intensive 
agricultural sciences. Third, instrumentality is not as significant 
as expressivity and self-efficacy in influencing career outcome 
expectations, but it can still significantly influence outcome 
expectations of students who are enrolled in STEM intensive 
agricultural sciences majors in HBCUs.

This study examined URM students’ success in STEM-
intensive agricultural sciences, which can broaden the 
educational pipeline in agricultural sciences and increase 
URM student’s participation in agricultural sciences. Also, 
this study provided a new perspective of understanding URM 
student’s career development and attracts more students into 
STEM careers. In addition, this study extended the scope of 
social cognitive career development theory by examining how 
gender role would play a role in influencing career development 
of URM students. Meanwhile, student’s career development 
in HBCUs was not studied before. This study provided an in-
depth examination of students attending HBCUs, especially 
who enrolled in STEM-intensive agricultural science majors. 
This study provided insights for educators and practitioner in 
other types of institutions on how to provide a nurturing and 
supportive environment for URM students who are pursuing a 
degree or career in STEM-intensive agricultural sciences.

Limitations
There are several limitations of this study that future 

researchers should consider when applying or generalizing the 
results of this study in future research. First, the researcher 
self-selected the participating universities and participants 
of the study based on accessibility and availability. Thus 
individual characteristics may impact the results of this study. 
Second, this study relies on self-reported data, which is based 
on self perception. Individual self-perception and be biased 
and jeopardize the internal validity of the study. Third, the 
participants are from racial and ethnic minority groups, so 
the results and conclusions should be generalized to the other 
populations cautiously. Fourth, this study only surveyed college 
students, and career development is an ongoing process, so the 
stage of maturation can be a potential threat to the internal 
validity of the study.
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