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Abstract
Employers continue to seek students who possess 

problem solving skills. This need has implications for 
how higher education faculty teach their classes. This 
study focused on determining how using student-
centered teaching techniques, such as think-pair-
share and peer-instruction, impacted students’ (both 
graduates and undergraduates) levels of confidence 
and competence in performing STEM skills in a college-
level course. In general, graduate students experienced 
higher levels of confidence at performing tasks related 
to the class than did their undergraduate counterparts. 
However, self-efficacy was a poor predictor of student 
success in the class, as weak correlations existed 
between their confidence and competence. When 
asked to perform simpler tasks, such as defining key 
terms, students were over-confident in their ability to 
do so correctly. When asked to perform more complex 
tasks, such as mathematical calculations to quantify a 
property or process of interest, students were under-
confident in their ability. Overall, however, in-class 
interactions using student-centered teaching techniques 
helped improve student performance in the class, 
especially with undergraduate students, whose quiz 
scores improved more than graduate student scores 
following such interactions. This study supports the use 
of student-centered teaching on students’ confidence 
and competence at performing STEM-related processes 
in higher education settings.

Introduction
Students’ inability to solve problems has been an 

ongoing dilemma and a primary area in need of improve-
ment for years (Candy and Crebert, 1991; Carnevale et 
al., 1990; Coplin, 2003; Espinoza, 1999; Evers et al., 
1998; Stogdill, 1974). The need to help students solve 
problems in the agricultural industry has been especially 
important and well documented (Andelt et al., 1997; 
Robinson, 2009; Robinson and Garton, 2008a; Robin-
son and Garton, 2008b; Robinson et al., 2007). 

One reason students at the college level struggle 
to solve problems could be because instructors are 
more concerned about teaching technical content 
than they are about how students learn best or prefer 
to receive information (Knight and Yorke, 2003). As 
such, college instructors should consider altering their 
styles of teaching to fit the needs of their students better 
(Fuhrmann and Grasha, 1983) so that cognitive transfer 
can exist when learning about, developing skills in and 
applying technical competencies (Parr et al., 2006; Parr 
et al., 2008; Young et al., 2009).

Solving problems is a skill that is inherent to under-
standing and applying science. Because science, tech-
nology, engineering and mathematics (STEM) con-
tinue to garner much attention in the education arena, 
instructors should focus on ways to teach it best (Fox 
and Hackerman, 2002). It has been recommended that 
to enable students to solve problems and transfer their 
knowledge from one context to another, college instruc-
tors should strive to be more student-centered and less 
teacher-centered (Schuck et al., 2003). Becoming more 
student-centered can help students in becoming pre-
pared for a vastly changing world where innovation, cre-
ativity and problem solving will be imperative to success-
ful employment (Bransford, 2007). As such, methods of 
effective instruction should encompass active, cooper-
ative, small group learning strategies (Springer et al., 
1999) because they allow for higher levels of student 
engagement (Cooper and Robinson, 2000) and interest 
(Santrock, 2004) in learning the content. Springer et al. 
(1999) concluded that small-group learning has promise 
for helping students learn STEM principles at a higher 
level. Smith et al. (2009) concluded that:

More supportive and engaging learning environments 
can help us accomplish our most important outcomes 
for STEM graduates: stronger thinking and reasoning 
skills, problem formulation and problem-solving skills, 
skills for working together cooperatively with others and, 
especially, skills and confidence for figuring things out 
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in complex environments and situations. We need the 
courage to relax our coverage compulsion and reach out 
to engage and involve students in their learning. (p. 30)

One active, cooperative learning strategy is think-
pair-share. “Think-pair-share is a collaborative learning 
exercise in which students discuss a question in pairs 
and then share their ideas with the larger class” (Butler 
et al., 2001, p. 257). Think-pair-share (TPS) is an excel-
lent strategy to get students actively involved in the 
lesson (McTighe and Lyman, 1988). Further, because 
of the dialogue encouraged through TPS, the strategy 
holds students more accountable for and encourages 
them to take more ownership in their learning (Butler et 
al., 2001).

Another active, cooperative learning strategy is peer-
instruction (Rao and DiCarlo, 2000). Smith et al. (2009) 
stated that, “breaking up lectures with short cooperative 
processing times results in slightly less lecture time 
but reengages the students” (p. 25). Rao and DiCarlo 
(2000) found that allowing three to four peer-instruction 
points during a one-hour course improved students’ 
breadth and depth of understanding the course material, 
their interest in learning course concepts and their quiz 
scores.

As students discuss STEM content with their peers 
in small groups or pairs (i.e., peer-instruction), it is 
plausible that they will become more confident with and 
competent in performing the material, which impacts 
their overall self-efficacy. Self-efficacy is the belief that a 
person possesses regarding his or her ability to perform 
specific tasks (Bandura, 1977, 1993). Self-efficacy is 
dependent on students observing effective models as 
they perform tasks and then having the opportunity to 
replicate them under the guidance of the model (Bandura, 
1994). As students’ levels of self-efficacy increase, their 
competence at performing a particular skill also should 
elevate. However, because self-efficacy is a based on 
a person’s self-perceived abilities, research has shown 
that students tend to misjudge their capacity to perform 
tasks (Hoy and Spero, 2005). Therefore, a standard 
measure (i.e., grade in a class) is warranted to evaluate 
against students’ self-efficacy perceptions. To that 
end, what is the impact of using student-centered tools 
(i.e., TPS and peer-instruction) on students’ levels of 
confidence and competence in performing STEM skills 
in a college-level course?

Purpose of the Study
The purpose of the study was to deter-

mine how a 16-week, plant and soil science 
course titled, Soil, Weather, and Water, 
impacted graduate and undergraduate stu-
dents’ confidence and competence in per-
forming various technical, content skills from 
the beginning of the course to its end. The fol-
lowing objectives guided the study.

1. Determine how students’ confidence 
levels changed regarding their technical 

skills related to the course content from the 
beginning of the semester to the end.

2. Evaluate the extent of congruence between the 
students’ confidence and competence at perform-
ing technical skills at the end of the course.

3. Determine how in-class interactions (i.e., think-
pair-share) impacted students’ competencies in 
the course.

Materials and Methods
The Soil, Water, and Weather course at Oklahoma 

State University exists to provide students with an intro-
duction to the physics of the soil-plant-atmosphere con-
tinuum. The focus is on soil, its physical properties, and 
their interactions with water and weather in terrestrial 
ecosystems. Quantitative analysis is emphasized with 
applications in soil and environmental science, agron-
omy, ecology, hydrology and climatology. This course is 
taught each fall semester. Data from 2009 and 2010 were 
used for this study. During those two semesters, there 
were a total of 25 graduate students and 31 undergrad-
uates enrolled (Table 1). Male students outnumbered 
female students 38 to 18. The instructor and instruc-
tional procedures were held constant in both years.

Students completed identical confidence assess-
ments at the beginning and end of the course to allow 
evaluation of changes in student confidence levels over 
time. The researcher-developed confidence assessment 
consisted of 15 elements aligned with the course learn-
ing objectives (see Figure 1). Students were instructed to 
choose one of five confidence levels to best describe their 
confidence in their own ability to correctly complete the 
technical task required in each element. This confidence 
level was interpreted as an indicator of self-efficacy.

Student competence at the end of the course was 
assessed by student responses to eight questions on 
the in-class, closed-book final exam. Those questions 
corresponded to eight of the 15 elements on the confi-
 Table 1. Classification and sex of students in SOIL 4683  

“Soil, Water, and Weather” during 2009 and 2010

Year Classification Sex n
2009 Graduate F 3

M 12
Undergraduate F 4

M 11
2010 Graduate F 5

M 5
Undergraduate F 6

M 10

 Figure 1.  Instructions and first three elements of the  
15-element confidence assessment given to students in SOIL 4683  

“Soil, Water, and Weather” in Fall 2009 and Fall 2010
 

Figure 1.  Instructions and first three elements of the 15-element confidence assessment given to 
students in SOIL 4683 “Soil, Water, and Weather” in Fall 2009 and Fall 2010 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dence assessment. The extent of congruence between 
competence and confidence was determined by com-
paring individual students’ confidence at the end of the 
semester regarding those eight elements with the cor-
rectness and completeness of those students’ responses 
to the corresponding exam questions. To explore factors 
affecting the relationship between confidence and com-
petence further, technical tasks from the confidence 
assessment and final exam were classified into one of 
three categories: define, relate and quantify. These cat-
egories represent increasing levels of intellectual com-
plexity from defining terms, to relating one concept to 
another, to solving a quantitative problem using mathe-
matical analysis.

Peer interaction in the course was based on think-
pair-share and peer instruction strategies, incorporat-
ing a mobile phone-based audience response system 
(Poll Everywhere). Near the beginning of a typical class 
period, students were required to complete a single 
multiple-choice question over the assigned reading or 
a concept previously discussed in the classroom. Stu-
dents submitted answers using their mobile phone and 
the answers were stored by the servers of the audi-
ence response system. No information was revealed 
to the students at this stage regarding the correct-
ness of their answer or the distribution of answers 
from their classmates. This first response was the think 
response because it was submitted after the student’s 
own reflection on the question. Next, students were 
instructed to discuss the question and their response to 
it with one or more classmates sitting nearby. Students 
were instructed to explain to each other the reason for 
their answer. After a short time of peer interaction (<5 
minutes), all students were required to respond to the 
same multiple-choice question again using the audi-
ence response system. This second response served 
as the pair response because it was submitted after 
discussion in pairs or small groups. Once all answers 
were received, the instructor led a class discussion in 
which the distribution of student answers was displayed, 
selected students shared the rationale for their answer, 
and the instructor revealed, and if necessary explained, 
the correct answer. This phase of the lesson served as 
the share portion of the class. 

The effects of the peer interaction on student 
competency were assessed by analyzing the think and 
pair responses. Responses from each student for each 
quiz (~1400 responses) were classified into one of four 
categories: correct twice (when the student answered 
correctly both before and after peer interaction); incorrect 
to correct (when the student changed to the correct 
answer after peer interaction); incorrect twice (when the 
student gave incorrect answers before and after peer 
interaction); and correct to incorrect (when the student 
changed to an incorrect answer after peer interaction). 
The quiz responses counted for 20% of a student’s total 
grade in the course.

Analysis of variance was used to test for effects 
of year (2009 versus 2010), classification (graduate 

versus undergraduate) and sex (male versus female) 
on student confidence. Linear regression was used to 
evaluate the extent of congruence between confidence 
and competence. Analysis of variance was used to test 
for the effects of year, classification, sex and task type 
(define, relate, or quantify) on the discrepancy between 
confidence and competence. 

Cross-tabulation and chi-squared tests were used 
to test for effects of year, classification and sex on the 
distribution of responses across the categories correct 
twice, incorrect to correct, incorrect twice, and correct to 
incorrect. All calculations and statistical tests were per-
formed using Matlab (R2014b, Mathworks, Natick, MA).

Results and Discussion
Confidence Levels

As expected, the confidence levels of students 
enrolled in the Soil, Water, and Weather course 
increased from the beginning of the semester to the end 
(see Figure 2). Similarly, Besterfield-Sacre et al. (1998) 
found confidence increases from the beginning to end of 
the freshman year for engineering students at some uni-
versities, but not all. Confidence increases throughout 
a semester-long class also have been reported for first 
year medical students (Butter et al., 2007). In the current 
study, male and female students had similar initial con-
fidence levels (P=0.90), similar final confidence levels 
(P=0.80) and similar confidence increase (P=0.92). 
Likewise, Lundeberg et al. (1994) found little evidence 
for gender differences in confidence among students 
enrolled in three psychology courses when confidence 
was assessed by item-specific confidence judgments as 
in the present study. They reported that the few confi-
dence differences which existed were dependent on the 
context and the domain of knowledge being tested.

 Figure 2. Initial confidence, final confidence,  
and confidence increase for students in SOIL 4683  

“Soil, Water, and Weather” in Fall 2009 and Fall 2010

!  

Figure 2. Initial confidence, final confidence, and confidence increase for students in SOIL 4683 
“Soil, Water, and Weather” in Fall 2009 and Fall 2010.  Students completed a confidence 
assessment at the beginning and end of the course each semester.  The researcher-developed 
confidence assessment included 15 elements focused on instructor-defined learning objectives 
for the course. Graduate and undergraduate students had similar initial confidence levels (P = 
0.20), but graduate students had higher final confidence levels (P = 0.018) and a greater 
confidence increase (P = 0.0084). 
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Students completed a confidence assessment at the beginning and end of the 
course each semester. The researcher-developed confidence assessment includ-
ed 15 elements focused on instructor-defined learning objectives for the course.
Graduate and undergraduate students had similar initial confidence levels (P = 
0.20), but graduate students had higher final confidence levels (P = 0.018) and a 
greater confidence increase (P = 0.0084).
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Despite graduate and undergraduate students 
having similar initial confidence levels (P=0.20), the 
graduate students in our study had higher final con-
fidence levels (P=0.018) and a greater confidence 
increase (P=0.0084). Few prior studies have compared 
confidence levels or other learning outcomes for under-
graduate versus graduate students participating in the 
same classroom environment. Bruce et al. (2009) found 
confidence increases for graduate nursing students 
participating with undergraduate nursing students in a 
clinical simulation scenario, although the confidence 
increases were statistically significant for only three out 
of 16 survey items. No confidence data were collected 
for the undergraduate students in that study. 

Artino Jr. and Stephens (2009) found that, among 
students enrolled in online courses at a large public uni-
versity, graduate students and undergraduate students 
reported similar levels of self-efficacy during the last 
three weeks of the semester long courses. That finding 
contrasts with our results, which show higher final con-
fidence levels for graduate students than undergradu-
ates. These differing results may be partially explained 
by the fact that a slight majority of the undergraduates in 
the study by Artino Jr. and Stephens were non-traditional 
students (ages 25-47) whereas none of the undergrad-
uates in our study were non-traditional. The increased 
age and experience of non-traditional undergraduates 
may contribute to them learning in ways that are more 
like graduate students than to traditional undergradu-
ates. This hypothesis is consistent with the results of 
Wilkinson et al. (2004) who studied undergraduate and 
graduate students in a medical course and found that 
student age may be more important than having a prior 
degree in explaining student learning qualities (e.g., 
confidence in becoming a good doctor).

Congruence between Confidence and 
Competence

Students’ self-efficacy was not a good indicator of 
their actual ability (see Figure 3). Linear regression indi-
cated only a weak positive relationship between compe-
tence and confidence for the graduate students (r2=0.14, 
P=0.067) and no relationship for the undergraduate stu-
dents (r2=0.02, P=0.50). Students’ competence in defin-
ing key terms, relating important concepts and solving 
quantitative problems was largely independent of their 
confidence level, a result consistent with prior studies. 
For example, for freshman engineering students at 
three schools, students’ self-assessed confidence levels 
showed generally weak or no correlations with their aca-
demic performance (Besterfield-Sacre et al., 1998). 
Similarly, for medical students attending an educational 
session, there was no correlation between level of confi-
dence and performance in a standardized test (Morgan 
and Cleave-Hogg, 2002). 

To explore the factors contributing to this discrepancy 
between student confidence and technical competence, 
we considered the intellectual complexity of the 
technical task assigned. We found that the discrepancy 
between confidence and competence was influenced 
by the intellectual complexity of the specific problem 
(P<0.001) and differed between years (P=0.019). When 
asked to perform simpler tasks such as defining key 
terms, students were over-confident in their ability to 
do so correctly (see Figure 4). In contrast, when asked 
to perform more complex tasks such as mathematical 
calculations to quantify a property or process of interest, 
students were under-confident in their ability (see Figure 
4). The students’ under-confidence in quantitative 
tasks may be related to math anxiety (Ashcraft, 2002). 
The responses for intermediate complexity tasks, i.e. 

 Figure 3. Competence versus confidence for students in  
SOIL 4683 “Soil, Water, and Weather” in Fall 2009 and Fall 2010

Competence was measured by student performance on eight questions on the 
final exam, which were linked to course learning objectives. Students’ confi-
dence in their ability to correctly answer those questions was measured by the 
end of semester confidence assessment, taken prior to the final exam.  Linear 
regression indicated only a weak positive relationship between competence 
and confidence for the graduate students (r2 = 0.14, P = 0.067) and no relation-
ship for the undergraduate students (r2 = 0.02, P = 0.50).
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Figure 3. Competence versus confidence for students in SOIL 4683 “Soil, Water, and Weather” 
in Fall 2009 and Fall 2010. Competence was measured by student performance on eight 
questions on the final exam, which were linked to course learning objectives. Students’ 
confidence in their ability to correctly answer those questions was measured by the end of 
semester confidence assessment, taken prior to the final exam.  Linear regression indicated only 
a weak positive relationship between competence and confidence for the graduate students (r2 = 
0.14, P = 0.067) and no relationship for the undergraduate students (r2 = 0.02, P = 0.50). 
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 Figure 4. Discrepancy between student confidence and compe-
tence for three task types of increasing complexity (“Define”, 

“Relate”, or “Quantify”) at the end of the course in 2009 and 2010

Positive values indicate over-confidence and negative values indicate under- 
confidence. Competence was assessed based on student performance on eight 
questions on the final exam. Those questions were linked to eight of the 15 
learning objectives which were included in the student confidence assessment. In 
both years, students were over-confident in their ability to perform simpler tasks 
like defining key terms and were under-confident in their ability to perform more 
complex tasks like numerical calculations. 
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Figure 4. Discrepancy between student confidence and competence for three task types of 
increasing complexity (“Define”, “Relate”, or “Quantify”) at the end of the course in 2009 and 
2010. Positive values indicate over-confidence and negative values indicate under-confidence. 
Competence was assessed based on student performance on eight questions on the final exam. 
Those questions were linked to eight of the 15 learning objectives which were included in the 
student confidence assessment.  In both years, students were over-confident in their ability to 
perform simpler tasks like defining key terms and were under-confident in their ability to 
perform more complex tasks like numerical calculations.  
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describing the relationships between key concepts, 
indicated the best agreement between confidence and 
competence. These findings suggest that considering 
the intellectual complexity of assigned technical tasks 
may be helpful toward understanding and addressing 
discrepancies between the confidence and competence 
of students.

Impact of Interaction
Students who answered a multiple-choice question 

incorrectly before peer interaction typically answered 
the same question correctly after a brief period of 
in-class peer interaction, even though they received 
no feedback from the instructor about their own or their 
classmates’ first answers (Table 2). This is evidence that 
the peer interaction facilitated learning at some level. 
The increased percentages of correct responses after 
peer interaction in the current study (21% for graduate 
students and 26% for undergraduates) are typical of 
results observed in prior studies. For example, correct 
responses increased up to 26% after peer interaction in 
a study involving first-year medical students (Rao and 
DiCarlo, 2000) and gains of up to 33% were observed in 
introductory physics courses (Crouch and Mazur, 2001).

A chi-squared test indicated significant differences in 
the categorical distribution of responses between grad-
uate students and undergraduate students (P=0.001) 
and between years (P<0.001). Graduate students more 
frequently answered the in-class quiz question correctly 
before peer interaction than did undergraduate students 
(73% versus 65%). As a result, undergraduate responses 
improved more following interaction, with undergrad-
uates switching from an incorrect to a correct answer 
26% of the time after interaction compared with 21% of 
the time for graduate students. We are not aware of any 
prior studies examining differences in peer instruction 
outcomes between graduate and undergraduate stu-
dents. Based on the higher final confidence levels for 
graduate students than undergraduate students (see 
Figure 2) and on the greater frequency of graduate stu-
dents answering the in-class quiz question correctly prior 
to interaction (Table 2), we hypothesize that the partici-
pation of graduate students is beneficial for undergrad-
uate students in a classroom environment that includes 
peer interaction. Further research to explore this hypoth-
esis may be helpful in efforts to improve the design of 
upper-division undergraduate courses in which gradu-
ate students commonly enroll.

Summary
The upper-division Soil, Water, and Weather course 

with its student-centered teaching strategies resulted 

in increased student confidence levels regarding their 
technical skills from the beginning to the end of the 
semester. The confidence gains were larger for graduate 
(58%) than undergraduate students (42%). However, 
student confidence showed weak to no correlation with 
student competence at the end of the course, a result 
that is at odds with Bandura’s self-efficacy theory. The 
discrepancy between confidence and competence 
was influenced by the intellectual complexity of the 
assigned technical task. Students were over-confident 
on the simpler tasks and under-confident on the more 
complex, quantitative tasks. In-class interactions using 
active, cooperative learning approaches (think-pair-
share/peer instruction) improved student performance 
on quizzes by >20%, with undergraduate student scores 
improving more than graduate student scores following 
interactions. Results from this study lead to several new 
research questions including: why do graduate students 
appear to benefit more than undergraduate students 
in the same classroom environment?; to what extent 
can discrepancies between student confidence and 
competence be reduced by approaches that account 
for the intellectual complexity of the assigned task?; and 
how much does the participation of graduate students 
benefit undergraduates in mixed, upper-division courses 
with substantial peer interaction? Taken as a whole, the 
results of this study provide clear support for the view that 
student-centered approaches in a college course have 
positive impacts on student confidence and competence 
in performing STEM skills.
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