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Abstract

This quantitative study examined the impact of teaching practice on students’ self-efficacy at the
outset of their undergraduate STEM programmes, considering prior academic performance and
class setting. Data were collected through a self-efficacy survey (n = 483) and 15 non-
participatory classroom observations at a large, modern university in Ireland. Observed classes
included lectures, laboratories, and tutorials across physics (n = 3), computing and digital skills
(n = 3), engineering (n = 2), biology (n = 3), chemistry (n = 2), and mathematics (n = 2).
Statistically significant connections were identified between students’ past academic
performance, the week of instruction, and their self-efficacy. Didactic teaching methods were
linked to a higher prevalence of students with low confidence levels, both within lectures and
practical classes, although this tendency was less pronounced in the case of lectures.
Classification and Regression Tree (CRT) analysis indicated that optimal time management and
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engagement in active learning exercises were the strongest predictors of higher student
confidence in lecture settings. The study’s findings hold significant implications for instructional

strategies and practices, and these are briefly explored.

Keywords: self-efficacy, undergraduate STEM, student-centred teaching and learning

Introduction

Although interest in undergraduate STEM fields remains high in Ireland (Higher Education
Authority, 2024) and worldwide (Australian Government, 2023; Burke et al., 2022; HESA,
2024), the challenge of high attrition rates persists (Gunter & Polidori, 2024; Seymour & Hunter,
2019). Notably, studies investigating the reasons behind undergraduate students’ departure from
STEM fields have yielded remarkably consistent findings over the years: the core issues
identified by STEM students, ranging from an unwelcoming programme climate to deficiencies
in course design and teaching quality, frequently lead to decisions to transition to non-STEM
study paths (Hunter, 2019; Seymour & Hewitt, 1997). More recently, a decline in confidence has
emerged as a significant factor contributing to this trend (Hunter, 2019). Addressing issues
relating to student confidence in undergraduate STEM is therefore essential to help retain talent

and ensure the development of a skilled workforce in STEM disciplines.

Various self-concepts related to students’ confidence and motivational beliefs have been
explored in relation to increasing student motivation and persistence in STEM fields. Among
these, student self-efficacy, defined as perceived capability to utilise skills to successfully

perform academic tasks, has received considerable attention. Self-efficacy has been found to
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predict academic and professional aspirations, enhance motivation, increase persistence in
achieving goals, foster perseverance when faced with obstacles, and improve the ability to cope
with challenges (Bandura, 1977, 1986, 1997), all of which have been linked to favourable
academic outcomes. Notably, students with robust self-efficacy view obstacles in their academic
journeys as conquerable hurdles and dedicate greater effort to their pursuits (Bandura, 1986; Lent
etal., 1994; Zeldin et al., 2008). Therefore, self-efficacy is often associated with increased
persistence in STEM fields (Kalender et al., 2017; MacPhee et al., 2013; Zeldin & Pajares,
2000), and improved performance, in both general STEM (Lent et al., 1984; MacPhee et al.,
2013), and individual disciplines, such as chemistry (Moreno et al., 2021; Villafafie et al., 2016),
astronomy (Bailey et al., 2017), physics (Fencl & Scheel, 2005; Kalender et al., 2020), and
engineering (Mamaril et al., 2016). Evidently, self-efficacy plays an important role in increasing
students’ chances of achieving their academic goals and progressing through their study
programmes successfully, highlighting its importance for pedagogical practice in undergraduate

STEM.

Self-efficacy is known to stem from four main sources: performance accomplishments, vicarious
experience, verbal persuasion, and physiological states. While all four sources are important,
performance accomplishments in particular have been widely explored in pedagogical research.
Often seen as the most direct proof of one’s ability (Bandura, 1997), performance feedback can
reinforce students’ confidence in their suitability and potential for success in their chosen field.
Therefore, study courses designed to actively engage students in the learning process and provide
multiple achievement opportunities, such as frequent formative assessments, can significantly

improve students’ self-efficacy (Bailey et al., 2017; Dunlap, 2005; Fencl & Scheel, 2005). This
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is particularly true when achievement opportunities are coupled with ample feedback and support
(MacPhee et al., 2013), helping students gain self-efficacy through verbal persuasion.
Additionally, considerate assessment practices that reduce stress, such as low-stakes assessments
(Malespina et al., 2024; Malespina & Singh, 2022), can help address the physiological states

aspect of self-efficacy.

Vicarious experience is often less easily influenced through self-efficacy interventions, as it
relates to students’ perceptions of their own potential for success through comparisons to similar
others, which is often affected by perceivable inequalities in the educational environment
(Greaves et al., 2022; Sheu et al., 2018). However, research suggests that pedagogical practice
related to self-efficacy increases can also affect perceived course climate (Fencl & Scheel, 2005)
and social belonging (Ballen et al. 2017). Therefore, previous research demonstrates that
pedagogical self-efficacy interventions can effectively address all four sources of self-efficacy
beliefs, making them attractive contenders for enhancing STEM confidence and providing

optimal support to students at the beginning of their STEM journeys.

This study aimed to examine how pedagogical practice influenced students’ confidence in their
capabilities to succeed in their STEM courses during the early stages of their undergraduate
programmes, a critical period during which students’ confidence is often in flux (Casanova et al.,
2022). Particular emphasis was placed on identifying instructional strategies that fostered
confidence in diverse learning environments. In light of previous findings linking previous

academic performance to self-efficacy beliefs (Ainscough et al., 2016; Dalgety & Coll, 2006;
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Kalender et al., 2020) and regarding decreasing student self-efficacy among lower-performing
student groups in undergraduate STEM (Obrentz, 2012), this study also considered prior
academic performance to identify whether specific student groups relied more heavily on
pedagogical interventions targeting self-efficacy. By exploring the relationships between
previous performance, class setting, pedagogical practice, and self-efficacy, this study sought to
contribute to the growing body of literature on self-efficacy in STEM education and to inform

teaching practices that promote student success and support retention in STEM fields.
Consequently, this study focused on addressing the following research questions:

1. How robust is the initial self-efficacy of students embarking on their undergraduate
STEM programmes?

2. How is student self-efficacy influenced by their previous academic achievements?

3. How is student self-efficacy affected by different class settings (class type, class size, and
instructional week)?

4. Which teaching and learning approaches have a positive impact on student self-efficacy

during the initial stages of their undergraduate STEM programmes?

Methods

This study employed a case study methodology to explore the relationships between previous
performance, class setting, pedagogical practices, and self-efficacy at a single higher education
institution. Case studies are known to help provide specific examples to more global issues and
facilitate exploration of causal relationships (Cohen et al., 2018). Following a quantitative design

and utilising a combination of survey data and structured classroom observations, this study
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sought to provide insights into context-specific practices while contributing to broader

discussions on STEM education.

A survey assessing the self-efficacy of students during the early weeks (weeks 2, 3 and 4) of
their programmes was used to address RQ1. The survey also included a question on students’
prior academic performance to address RQ2. Classroom observations, which captured data on
both the classroom setting and teaching and learning activities, were combined with survey
responses to address RQ3 and RQ4. Purposive sampling was utilised to recruit participants.
Instructors from 15 first-year undergraduate courses, including physics (n = 3), computing and
digital skills (n = 3), engineering (n = 2), biology (n = 3), chemistry (n = 2), and mathematics (n
= 2), voluntarily agreed to participate in the study. Students and academic staff both received
study information sheets outlining the nature of the research, including the researcher’s contact
details for any questions or concerns. Informed consent, covering both survey participation and
classroom observations, was obtained from all participants. The survey was administered during
class time, at the beginning of each session, to encourage high participation, and it was followed

by a classroom observation.

The survey received a total of 483 responses from students across 27 different study
programmes, which were broadly categorised into biology and health, engineering and
computing, chemistry, physics, and interdisciplinary fields. The exact response rate could not be
determined due to the large size of some lecture classes and the digital format of the survey,
which did not allow for a definitive count of non-participants. Students were explicitly informed
that their participation in the study was entirely voluntary, though highly appreciated. The

researcher collecting data had no prior acquaintance with either the teaching staff or the students
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involved. To maintain objectivity, observation data were not shared with instructors. While some
classes were taught by the same teaching staff, and some students may have participated in
multiple observed sessions, this is unlikely to have affected validity, since this study measured
class-specific self-efficacy, with instructors employing different teaching practices across
courses and students rating their confidence differently depending on the subject and setting of

the class.

Instruments
Self-efficacy survey

The self-efficacy survey consisted of four Likert-type scale questions designed to gauge class-
specific self-efficacy. Recognising the validity of simplified Likert-type scales in capturing
confidence differences (Maurer & Andrews, 2000), the survey utilised a four-point Likert scale
developed and validated by Han et al. (2021). Originally designed for both humanities and
quantitative classes, Han et al.’s survey proved versatile for various STEM contexts. Minor
adjustments were made to two items related to assessment modes to ensure clarity for
participants. Survey items were tailored to the specific class context (see Table 1). The scale was
tested for internal consistency using Cronbach’s alpha. Internal consistency helps identify
whether the items on the scale are related to each other and thus can be assumed to measure the
same construct. The coefficient alpha value was 0.887, which suggested that the items were

strongly related to each other and that the adapted scale was internally consistent.

In selecting the optimal approach for gathering information about students’ previous academic
achievements, two primary considerations emerged: the reliability of self-reported prior
performance and the most appropriate performance indicator. Previous research investigating the

7
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Table 1 Self-Efficacy survey items

Original (Han et al., 2021) Adapted

How confident are you that you can do the How confident are you that you can do the
following tasks in your [quantitative/humanities] | following tasks in your [class name] class?
classes, which include subjects such as [subject

names]?

1. understand the most difficult concepts 1. understand the most difficult concepts
taught in my [quantitative/humanities] taught in your [class name] class
classes

2. master the skills taught in my 2. master the skills taught in your [class
[quantitative/humanities] classes name] class

3. dowellon the assignments in 3. do well on the assignments (continuous
[quantitative/humanities] subjects assessment, as well as ungraded

homework and in-class activities) in your
[class name] class

4. do well ontestsin 4. do well on exams in your [class name]

[quantitative/humanities] subjects class

connection between academic self-efficacy and prior academic performance revealed that both
performance in relevant academic subjects and standardised achievement test scores could
predict self-efficacy in undergraduate courses (Hackett 1985). Despite certain doubts expressed
in prior meta-analyses of self-efficacy studies regarding the accuracy of self-reported
achievement scores, Honicke and Broadbent (2016) determined that the nature of student
achievement reporting, whether self-reported or official, did not significantly impact the
relationship between performance and self-efficacy. Furthermore, although examination scores
are not always the most appropriate measures of student performance, Marshman et al. identified
substantial disparities between self-efficacy and performance that persisted “regardless of

whether performance was measured through research-validated instruments or through the
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performance indicators provided to students (i.e., grades)” (2018, p. 12). Based on this evidence,
the question relating to students’ previous performance was designed to capture data on self-
reported Leaving Certificate scores, and the self-efficacy survey was supplemented with the
question: “Irish Leaving Certificate points (if applicable).” Recognising that not all students
would have completed the Leaving Certificate examinations, answering this question was
optional. In total, 394 students provided valid responses regarding their Leaving Certificate

performance.

Class observations

Fifteen non-participatory observations were conducted in undergraduate STEM courses,
covering lectures, laboratories, and tutorials. A structured approach was adopted for the
observations due to its systematic nature, which facilitates the collection of numerical data for
subsequent quantitative analysis (Cohen et al., 2018). In keeping with guidelines for structured
observations, a non-participatory role was adopted by the researcher during data collection. This
approach helped enhance the validity and reliability of the data, as “although data collected
through observation is always selective to a certain degree, it is generally agreed that low

interference observation is ‘safest’ in terms of objectivity” (Cohen et al., 2018, p. 182).

The Classroom Observation Protocol for Undergraduate STEM (COPUS) was employed to
guide the observations. This protocol “captures the actions of both instructors and students but
does not attempt to judge the quality of those actions for enhancing learning” (Smith et al., 2013,
p. 621). Observations about teaching and learning activities were coded at fixed two-minute
intervals. In addition, data regarding class type, class size, and instruction week were collected as

part of the observation.
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Data analysis

Survey and observation results were analysed using IBM SPSS Statistics. Chi-square tests were
utilised to explore relationships between self-efficacy and past performance, class type, class
size, and instruction week. Classification tree analysis was employed to explore which teaching
practice can predict a larger number of confident students in a lecture setting. The student self-
efficacy variable was transformed into a new variable consisting of two categories only (‘not
confident’ and ‘confident’) to help provide a more distinctive analysis of what pedagogical
approaches lead to the student classification into the target group (‘confident’). CRT
(Classification and Regression Tree) was selected as the growing method, for its acknowledged
applicability to pedagogical research (Seftor et al., 2021). The analysis was cross validated with
10 sample folds and produced seven nodes (minimum number of cases in parent node = 100,
minimum number of cases in child node = 50, minimum improvement = 0.0001). To estimate the
tree’s predictive accuracy, the risk estimate was calculated. The risk estimate was 0.331, which
means that the teaching practices listed in the nodes of the model could accurately predict

student confidence in 66.9% of the cases.

Results

Each research question is addressed in turn in this section, with the relevant results presented and
discussed. Quantitative analyses focus on two primary data sources: the self-efficacy survey and
classroom observations. The survey results are analysed to examine initial self-efficacy levels
among students, as well as the influence of their prior academic performance. Observational data

are then integrated to assess the effects of class setting and teaching practices on self-efficacy.
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RQ 1: How robust is the initial self-efficacy of students embarking on their undergraduate STEM
programmes?

Participants in the survey (n = 483) were asked to rate their confidence on a 4-point scale (1 - not
at all confident, 2 - somewhat confident, 3 - mostly confident, 4 - completely confident). The
survey items assessed students’ confidence in understanding the most difficult concepts,
mastering the skills, doing well on the assignments, and doing well on exams in their classes.
Due to a very low number of ‘not at all confident’ responses, categories ‘not at all confident’ (4-
5/16 total points on the self-efficacy scale) and ‘somewhat confident’ (5-9/16) were collapsed
into a ‘low confidence’ category (4-9/16). Categories ‘mostly confident’ (10-13/16 points) and
‘completely confident’ (14-16/16) were relabelled ‘moderate confidence’, and ‘high confidence’,
respectively. The cumulative results of student answers to the self-efficacy survey are illustrated
in Figure 1. On average, the survey participants were rather confident. The mean self-efficacy
score among all participants was 10.94 out of 16 (SD = 2.702), and most students (50.51%) fell

into the moderate confidence category.

Figure 1 Results of the self-efficacy survey (n = 483) showing the extent of confidence among all
participants

All Participants (n = 483)

high confidence [} 16.77%
moderate confidence 50.52%

low confidence 32.71%

11
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Regarding the individual items on the self-efficacy survey, students displayed the highest
confidence in their capability to do well on continuous assessment tasks, and the lowest
confidence in their capability to do well on exams (Figure 2). Student self-efficacy towards
understanding the most difficult concepts and mastering the skills taught in their classes was

similar.

Figure 2 Results of the self-efficacy survey (n = 483) showing the extent of student confidence
for understanding the concepts, learning the skills, and performing well on assignments and
exams in undergraduate STEM classes

Concepts Skills
high confidence - 16.56% high confidence - 15.94%
moderate confidence 43.89% moderate confidence 45.34%
low confidence 39.54% low confidence 48.72%
0 10 20 30 40 50 0 10 20 30 40 50
Assignments Exams
high confidence ] 18.84% high confidence || 13.87%
moderate confidence 48.65% moderate confidence 43.89%
low confidence 32.51% low confidence 42.24%
0 20 40 60 0 10 20 30 40 50
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RQ 2: How is student self-efficacy influenced by their previous academic achievements?

To explore how student self-efficacy is influenced by their past performance, students were
asked to indicate their Leaving Certificate results when filling in the self-efficacy survey. To
utilise as many responses as possible, and to include those indicating an approximate number of
points in the analysis, student answers were assigned to four distinct performance categories,
guided by the theoretical upper limit of the Leaving Certificate score, which stood at 625 points
at the time of this study. These performance categories were defined as ‘very high’ (>525
points), ‘high’ (426-525 points), ‘average’ (326-425 points), and ‘low’ (<326 points), yielding a
dataset comprising 394 valid responses. Eighty-nine participants either did not respond to the
question, indicated completing terminal post-primary school exams abroad, or provided invalid
values (double digits), presumably either by mistake, or by confusion as whether to report total

points or subject-specific scores.

A clear indication of an association between previous performance and academic self-efficacy
could be observed in the student responses. The low-performing student group had the largest
share (50%) of low confidence and the lowest share (20%) of high-confidence students, while
the very-high-performing group had the lowest share (24%) of low-confidence students and the
highest share (26%) of high-confidence students (Figure 3). The relationship between previous
performance and student self-efficacy was statistically significant (x? (6, n = 394) = 15.866, p =
0.014, ¢ = 0.201). Students who did not provide valid prior performance data most resembled the

students in the average performance group.

13

Published by ARROW@TU Dublin, 2025 13



Irish Journal of Academic Practice, Vol. 13 [2025], Iss. 1, Art. 2

Figure 3 Results of the self-efficacy survey (n = 483) showing the extent of student confidence
across low, average, high, and very high prior performance groups, including students with
missing prior performance data

Student
Confidence
100
low confidence
moderate confidence
24 36% M high confidence
32.58% 34.71% 32.12%
S0
50.00%
50
50.00%
47.19%
40 49.59% 36.97%

30.00%

IMissing Data Low (n=30) Average High (n=165) Wery high
n=289) m=120 n=T8)

Leaving Certificate Performance

RQ 3: How is student self-efficacy affected by different class settings (class type, class size, and
instructional week)?

In total, 15 class observations were performed. Observed classes included the following subjects:
physics (n = 3), computing and digital skills (n = 3), engineering (n=2), biology (n = 3),
chemistry (n = 2), and mathematics (n = 2). The means of student self-efficacy scores were

subsequently compared with regard to class characteristics (Table 2).

14
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Table 2 Means of student self-efficacy across various subject areas, class types (lecture,
laboratory, tutorial), class sizes (small, medium, large), and instructional weeks (2, 3, 4)

Self-Efficacy: Means Mean? N Std. Deviation
Subject area Physics 10.35 108 2.533
Computing & digital skills 11.62 90 2.758
Engineering 11.15 33 2.373
Biology 11.27 153 2.659
Chemistry 10.10 61 2.580
Mathematics 10.79 38 3.121
Class type Lecture 11.00 375 2.720
Laboratory 10.46 84 2.539
Tutorial 11.58 24 2.858
Class size Small (240 students) 10.42 104 2.538
Medium (41-70 students) 10.88 133 2.666
Large (>70 students) 11.19 246 2.767
Instruction week 2 12.14 80 2.690
3 10.81 221 2.638
4 10.57 182 2.654

Students were least confident in a laboratory setting, although class type had no significant

Note 1: The maximum possible self-efficacy score is 16.

correlation with student self-efficacy. Students were most confident in large size classes, but this

relationship, again, was not statistically significant. A decline in mean self-efficacy scores could

be observed as the semester progressed, with students scoring lowest on the 4" week of

instruction: a statistically significant relationship was found between instruction week and

student self-efficacy (x? (4, n = 483) = 25.699, p = 0.000, ¢ = 0.231).

Published by ARROW@TU Dublin, 2025
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RQ 4: Which teaching and learning approaches have a positive impact on student self-efficacy
during the initial stages of their undergraduate STEM programmes?

The observational data collected were compared with the self-efficacy survey results for each
class. To explore how well the instructional practices employed in each of the observed classes
work for the majority of the students and help identify practices that contribute to higher
percentages of confident students, classes were compared by the percentage of students in the

‘low confidence’ category.

Practice-based classes

In practice-based classes (laboratories/tutorials), many more students fell into the ‘low
confidence’ category if the structure of the class resembled a lecture. The classroom activities for
the laboratories and the tutorials with the highest and lowest numbers of low-confidence students
are presented in Figure 4 and Figure 5. The laboratory with the lowest share of low-confidence
students (15%) was primarily based on group work (students were engaged in group work for
91% of the class time). The instructor, although engaged in some administrative tasks, offered a

wide range of support to students, including extended one-on-one discussions.

The laboratory with the most low-confidence students (63%) primarily focused on lecturing and
real-time writing as means of instruction. Here, students spent the majority of the class time in a
passive role—listening and taking notes, which accounted for 90% of the class duration. While
students were given tasks that required individual thinking (the student code ‘individual
thinking’ (Ind) was present for 14% of the class time), these exercises lacked instructor feedback.
The instructor moved around the class (MG) for 5% of the class time, which meant minimal

supervision was offered on individual tasks. While there was some communication between the

16
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students and the instructor in this class, not a single instance of one-on-one discussion was

recorded.

Figure 4 A comparison of the prevalence of codes (from COPUS) in high and low-efficacy

laboratories

High SE: Students High SE: Instructor(s)

O (other) N 12.62%
W (waiting) 6.80%
Adm (administration) N 33.01%
10l (one-on-one) D /2%
ANQ (ans_wering L% MG (moving/guiding) I 19.42%
question) AnQ (answering...l 4.85%
PQ (posing question) B 2.91%
FUp (follow -up) M 4.85%
RtW (real-time writing) 8.74%

Lec (lecturing) Wl 8.74%

o (other) | 7.77%

SQ (student question) I 4.85%

OG (other groupwork) 91.26%

L (iistening) [ 15.53%

Low SE: Students Low SE: Instructor(s)

W (waiting) ~ 9.52% O (other) W 9.52%

MG (moving/guidin 4.76%
SQ (student question) I 9.52% ( o 9 I ’

AnQ (answering

- 9.52%
AnQ (answering question) P

X 9.52%
uestion
q ) PQ (posing question) [l 19.05%
Ind (individual
S 14.29%
thinking) . ’ RtW (real-time writing) 80.95%
L (tistening) - NG 42 Lec (tecturing) - NS <5

17
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Figure 5 A comparison of the prevalence of codes (from COPUS) in high and low-efficacy

tutorials

High SE: Students

W (waiting) 3.70%

SQ (student question) I 11.11%

AnQ (answering
question)

Ind (individual
thinking. I 66.67%
L (listening) [N <6.30%

51.85%

Low SE: Students

W (waiting) 4.17%

High SE: Instructor(s)

Adm (administration) W 7.41%
101 (one-on-one) M 22.22%
MG (moving/guiding) [l 18.52%
AnQ (answering.. ] 11.11%
PQ (posing question) [N 59.26%
FUp (follow-up) [ 25.93%
RtW (real-time writing) 77.78%
Lec (lecturing) NGO, 9 %0

Low SE: Instructor(s)

RtW (real-time writing) 91.67%

Student confidence within tutorial classes also heavily depended on the degree of class

interactivity. The tutorial that had the lowest percentage (20%) of low-confidence students,

despite including a notable amount of lecturing (Lec), presented numerous opportunities for

individual thinking (Ind). This tutorial exhibited substantial student-instructor interactions, with

the instructor code ‘posing questions’ (PQ) present for 59% of the class time and the student
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code ‘answering questions’ (AnQ) present for 52% of the class duration. Supervision of
individual thinking tasks was evident (the instructor code ‘moving and guiding’ (MG) was
present for 19% of the class time), followed by instructor feedback (the instructor code “follow-
up’ (FUp) was present for 26% of the class time). Tasks involving individual thinking received
individualized attention (the student code ‘one-on-one discussion’ (1onl) was present for 22% of

the class time).

Conversely, the tutorial with the highest percentage of low-confidence students (50%) stood out
for its lack of interactivity. ‘Lecturing’ (Lec) and ‘real-time writing’ (RtW) were the only
instructor codes used when observing this tutorial. The students in this class were engaged in
listening and taking notes (L) for the majority of the class time. Not a single (non-rhetorical)

student-instructor interaction regarding the class topic was observed.

Lectures

Interestingly, the lectures with the highest and the lowest number of low-confidence students
were in the same subject of computing and digital skills. In these lectures, employment of active
learning approaches and student-instructor interaction were found to be of vital importance to
student confidence. In the lecture with the lowest percentage (18%) of low-confidence students,
students were asked to apply the material learnt in class to practice by completing an individual
assignment (student code ‘individual thinking’ (Ind) was present for 8% of the class time) in the
middle of the lecture and a quiz (student code ‘test or quiz’ (TQ) was present for 8% of the class
time) before the end of the class (Figure 6). Both the individual assignment and the quiz were
followed up with instructor feedback (instructor code “follow-up’ (FUp) was present for 8% of

the class duration).

84
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Figure 6 A comparison of the prevalence of codes (from COPUS) in high and low-efficacy

lectures
High SE: Students High SE: Instructor(s)

W iti . 0,
TQ (test/quiz) 7.50% (waiting) 0.00%

Adm (administration) [l 22.50%
AnQ (answering

0,
guestion) $2.50% PQ (posing question) [l 30.00%
Ind (individual I - ow FUp (follow-up) [l 7.50%
thinking) P
RtW (real-time writing) 52.50%

L (listening) _'OO% Lec (lecturing) (GG
Low SE: Students Low SE: Instructor(s)

W (waitin 5.00% RtW (real-time writing) 95.00%
g

The instances of student-instructor interaction in this class involved instructor questions
(instructor code ‘posing question’ (PQ) was present for 30% of the class time) and student
answers (student code ‘answering question’ (AnQ) was present for 13% of the class time).
Although this lecturer primarily relied on lecturing as an instructional approach (instructor code
‘lecturing’ (Lec) was present for 75% and ‘real-time writing’ (RtW) was present for 53% of the
class time), it seems that any use of student-centred practices makes a notable difference to

student self-efficacy in lectures concerning computing and digital skills in this study. In
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comparison, the computing and digital skills lecture that did not involve active learning and had
no recorded instances of (non-rhetorical) student-instructor interaction, had a much higher
percentage of low-confidence students (50%). The lecture with the second highest number of
low-confidence students (47%) was a high-engagement physics class, while the class with the
second lowest number of low-confidence students (24%) was rather instructor-centred, although
students in this class were provided with opportunities to engage with the lecturer (instructor
code ‘posing question’ (PQ) was present for 32% of the class duration, ‘answering question’
(AnQ) was present for 24% of the class time and student codes ‘student question’ (SQ) and
‘answering question’ (AnQ) were both present for 24% of the class time). Given that the
relationship between pedagogical practices and student self-efficacy appeared to vary among
lectures in different disciplines, further data analysis was deemed necessary to draw conclusive

findings and CRT analysis was employed.

Lectures: CRT Analysis

Pedagogical practices within the observed lectures underwent further investigation through the
application of the decision tree method to the data collected. The analysis produced seven nodes
(minimum number of cases in parent node = 100, minimum number of cases in child node = 50,
minimum improvement = 0.0001). Gains for each node are represented in Table 3. Two student
codes (‘waiting’ and ‘individual thinking/problem solving’) and one instructor code (‘real-time

writing’) helped predict the category of student confidence (Figure 7).
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Table 3 Gains for node?

(target category: confident)

Node Gain
Node N2 Per cent N3 Per cent Response Index ¥
4 (Ind > 3.8%) 66 17.6% 54 21.5% 81.8% 122.2%
3 (Ind £3.8%) 153 40.8% 109 43.4% 71.2% 106.4%
5 (RtW £ 60.8%) 70 18.7% 43 17.1% 61.4% 91.8%
6 (RtW > 60.8%) 86 22.9% 45 17.9% 52.3% 78.2%

Note 1: Only terminal nodes which represent the best classification predictions are listed in the table.
Note 2: Total number of cases in the node
Note 3: Number of cases classified as ‘confident’
In instances where the student code ‘waiting’ (instructor late, working on fixing AV problems,
instructor otherwise occupied, etc.) exhibited minimal presence (<2.5% of the class), students
were predicted to be much more confident than in classes where the students had to wait more,
signifying that the effective utilisation of class time significantly influenced student confidence
in this study. In classes where the students waited less, individual thinking/problem solving
activities could also predict student confidence. Low prevalence of the ‘individual
thinking/problem solving’ code (<3.75%) could predict lower percentage of confident students.
The use of individual thinking and problem-solving activities in the classroom could predict the
highest percentage of confident students (Table 3). In classes where student code ‘waiting” was
more prevalent (>2.5%), the prevalence of the instructor code ‘real-time writing’ (real-time
writing on board, doc. projector, etc.) was of significance. When ‘real-time writing’ dominated a
substantial portion (>60.8%) of the class duration, students were predicted to exhibit
significantly lower confidence levels, revealing that students were less likely to hold high

confidence beliefs in lectures based on traditional lecturing methods in this study.
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Figure 7 CRT Analysis: Pedagogy x Student Confidence: Lectures

not confident 33.1%. 124
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}
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not confident 25.6%. 56 not confident 43.6%. 68
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,‘¥\ ﬁ/‘. .
:3;_;\,0” : 3.8% 60.8% . 60.8%
not confident 28.8%, 44 not confident 18.2%, 12 not confident 38.6%. 27 | not confident 47.7%. 41
confident 71.2%. 109 confident 81.8%. 54 confident 61.4%.43 ! confident 52.3%.45 |
Discussion

This study sought to identify self-efficacy patterns among students in the early stages of their
undergraduate STEM programmes. While students participating in the study were fairly
confident overall (M = 10.94/16, SD = 2.702), student confidence was found to depend on their
previous academic performance as well as the pedagogical approaches employed in their

courses.

Students who self-reported achieving higher scores in their Leaving Certificate (LC) were also
more confident about their capabilities to perform well in their university classes, while those
who reported low scores exhibited significantly lower self-efficacy, with the relationship
between previous performance and academic self-efficacy being statistically significant (x? (6, n
=394) = 15.866, p=0.014, ¢ = 0.201). The low-performing student group (<326 LC points) had

the largest share (30%) of low confidence, while the very-high-performing group (>525 LC
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points) had the lowest share (14%) of low-confidence students and the highest share (31%) of

high-confidence students.

While students had highest self-efficacy for large-enrolment classes and lowest self-efficacy for
laboratories, neither class size nor class type had a statistically significant relationship with self-
efficacy. Instruction week, however, had a statistically significant modest relationship with
student self-efficacy (X (4, n = 483) = 25.699, p = 0.000, ¢ = 0.231) and students’ confidence
levels were found to decline progressively with each new week between the 2nd and the 4th
week of the semester. Previous studies have similarly observed that self-efficacy levels can
decline over time, particularly among average- and low-performing students (Obrentz, 2012), as
well as among groups underrepresented in STEM, such as racial and ethnic minorities (Hood et
al., 2020). Given the established links between self-efficacy and academic persistence, future
research should investigate the impact of pedagogical methods on the development of self-
efficacy in these groups over extended periods and focus on ensuring that pedagogical practices
actively support and sustain these students’ self-beliefs, particularly in the early stages of their

academic journeys.

Lower proportions of low-confidence students could be observed in laboratories and tutorials
that were student-centred and in which students were engaging with individual and group tasks
for the majority of the class. Conversely, laboratories and tutorials with the highest percentages
of low-confidence students were based on didactic instruction. While large enrolment settings
can present challenges for effective student engagement, research indicates that transitioning

from traditional lecturing to active learning can significantly improve student confidence.
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Strategies such as incorporating pre-lecture assignments and quizzes, implementing collaborative
problem-solving activities, using personal response systems, and rewarding ongoing
participation rather than relying solely on exams have been shown to yield substantial gains in

self-efficacy (Ballen et al., 2017).

Lecture observations, however, produced less decisive results, with a highly interactive physics
class having one of the lowest average self-efficacy scores among all observed classes and a low-
participation biology lecture having one of the highest self-efficacy scores and one of the lowest
shares of low-confidence students. It is worth noting that biology consistently ranks as the most
popular higher-level Leaving Certificate science subject in Ireland (CareersPortal.ie, 2023),
which may partly explain these higher self-efficacy scores. Nevertheless, a more comprehensive
analysis of pedagogical practices within the lecture context was deemed imperative to help

establish generalisable conclusions across different STEM subjects.

The classification and regression tree analysis was employed to help gain a better insight into
which pedagogical practice can best predict the share of confident students in first-semester
STEM lectures. Three codes were found to predict student confidence in a lecture setting:
student codes ‘waiting” and ‘individual thinking/problem solving,” and instructor code ‘real-time
writing.” Reduced waiting and more individual thinking/problem solving opportunities correlated
with higher confidence. Students were predicted to be the least confident in classes in which
ineffective use of class time (prevalence of code ‘waiting’ >2.5%) collated with instructor-
centred teaching methods (prevalence of code ‘real-time writing’ >60.8%). Although the lower

self-efficacy results observed in the highly interactive physics class could partly be attributed to
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the class being at a fundamental level, likely meaning that students in this class lacked prior
experience in physics, the CRT analysis provided additional explanation. Despite the presence of
diverse instructional strategies and ample individual-thinking opportunities (student code
‘individual thinking/problem solving’ present for 65% of the class), the prevalence of the student
code ‘waiting’ (5% of the class) and the instructor code ‘real-time writing’ (65% of the class)

indicated that the session was not as well-structured, or student-centred, as it could have been.

For undergraduate students in STEM, negative learning experiences often result in a loss of
confidence (Seymour & Hunter, 2019), which can have severe implications for their academic
and professional development. Based on the findings of this study, STEM students lose
confidence progressively during the first weeks of their undergraduate programmes, highlighting
the importance of early intervention. Engaging students through effective pedagogical practices
during this critical period is essential to help sustain and further develop their self-efficacy.
Moreover, the significant relationship observed between prior academic performance and self-
efficacy suggests that lower-performing students are particularly likely to benefit from targeted

self-efficacy supports.

Implications for Learning and Teaching Practice

Instructors concerned with facilitating positive learning experiences among their students and
promoting student retention should be aware of instructional practices identified as relating to
student disengagement. Instructor-centred teaching has been found to cause student disinterest,
lack of motivation, and difficulties in engaging with the course content (Seymour & Hunter,

2019) and result in lower self-efficacy (Bailey et al., 2017) in previous research and this is
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echoed in this study also. Conversely, student-centred pedagogies were found to positively

correlate with student confidence beliefs in all class types.

This study ascertains that a heightened prevalence of pedagogical approaches centred around
students, including collaborative group tasks, individual thinking and problem-solving exercises,
as well as evaluative assessments such as tests and quizzes, correlates positively with elevated
self-efficacy levels among students. Furthermore, classes characterised by ample student-
instructor interactions and instructor support manifesting as active oversight of both individual
and group activities, engaging in follow-up discussions about class activities, and providing
individual feedback, contribute significantly to fostering enhanced self-efficacy among students.
Conversely, classes centred around instructor-driven methodologies like didactic instruction and
instructional writing on board, coupled with an absence of student-instructor interaction, and
suboptimal use of class time, tend to correlate with reduced student confidence. Practical

considerations for learning and instruction based on these findings are presented in Table 4.
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Table 4 Implications for learning and instruction

Student-
centred
teaching

Student-
instructor
interactions

Providing

support

Effective
use of class
time

Findings

Student-centred teaching
methodologies exert a
positive influence on
student self-efficacy in
introductory STEM classes
across different disciplines
and in all class types
(lectures, tutorials, and
laboratories).

Introductory STEM classes
characterised by ample
student-staff interactions
exhibit diminished shares
of low-confidence students
and can be especially
effective in classes in which
didactic delivery of
instructional material
cannot be avoided.
Student-centred
pedagogical practices have
the best effects on student
self-efficacy in classes in
which the students receive
timely feedback and
support.

Suboptimal class-time
management can predict
higher proportions of low-
confidence students in
introductory STEM classes.
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Recommendations for
instruction

Avoid over-reliance on
instructor-centred teaching
methods such as traditional
lecturing and unilateral delivery
of content; incorporate diverse
instructional strategies that
encourage active student
participation and interaction;
prioritise integrating
collaborative group activities,
individual thinking, and
problem-solving tasks into
introductory classes;
incorporate evaluative
assessments (tests and quizzes)
to foster a more engaged and
confident student body.
Create an environment that
facilitates open dialogue, where
students feel comfortable
asking questions and
participating in discussions.
Make time for conversation and
welcome student questions to
help students feel more
engaged in the learning
process.

Examples of effective practices
in undergraduate STEM
Problem based learning
activities (Mataka & Kowalske,
2015)
Collaborative learning activities,
especially ones promoting
equitable distribution of tasks
(Doucette & Singh, 2022)
Frequent low-stake quizzes,
especially with a retake
element (Vyas et al., 2023), or
based on mastery-based testing
approach (Collins et al., 2019)

Interactive question sessions,
including online inquiry
(Jansson et al., 2021)

Guided collaborative inquiry
tasks (Kiselyov & Schunn, 2024)

Be actively involved in
overseeing and guiding both
individual and group activities.
Follow-up learning activities
with discussions to help
promote student learning and
engagement.

Include personalised feedback
opportunities to help address
individual learning needs and
provide timely guidance.
Optimise the productive use of
class time by maintaining a
seamless flow of activities,
thereby minimising instances of
student waiting and ensuring
sustained active student
engagement.

Supplementing scaffolded
activities with formative
feedback (Vijayan et al., 2024)
Providing positive, rather than
only objective personalised
feedback (Park et al., 2024)

Flipped classroom model
(Lahdenpera et al., 2019)
Lecture chunking (Grando,
2023); multimedia approach,
e.g. recorded lectures and
online quizzes (Dimas et al.,
2014) or quick reference videos
(Thompson et al., 2024)
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Conclusion

The demand for STEM professionals remains high (European Comission, 2024), making it a
priority to retain undergraduate students in STEM fields. However, research suggests that there
is significant uncertainty among undergraduate STEM students regarding their academic and
professional trajectories. Many students report contemplating switching to a different STEM
subject (Rosenzweig et al., 2024) or leaving STEM altogether (Seymour & Hunter, 2019), while
a substantial number of graduates pursue careers only indirectly related or entirely unrelated to
STEM (Deitz & Freyman, 2024). Enhancing self-efficacy does not only affect student motivation
and persistence, but also positively influences their performance, and higher performance in
STEM subjects has been linked to better STEM employment opportunities after graduation
(Meoli et al., 2024), suggesting that self-efficacy interventions can play a critical role in

addressing the loss of STEM talent.

Attracting students to STEM fields is already a significant challenge, and universities must make
concerted efforts to maintain students in these programmes by supporting their progress and
success. With previous research suggesting that the majority of students (96%) who leave STEM
cite problems with teaching, particularly in introductory STEM courses (Hunter, 2019), it is
imperative to adopt effective pedagogical practices early in students’ academic journeys to
support their transition to university education. This study reveals that students’ confidence at the
beginning of their studies is significantly affected by their previous academic experiences, and
therefore pedagogical interventions aimed at improving self-efficacy, while offering benefits to
all students, are especially critical for students at the highest risk of attrition, namely those with

lower prior academic performance and lower initial self-efficacy. By equipping these students
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with the skills and confidence to persevere through early challenges, self-efficacy-focused

teaching can contribute significantly to reducing dropout rates and fostering equitable success.

We hope that the findings of this study, along with the practical recommendations for instruction
provided, will inspire instructors in undergraduate STEM to adopt pedagogical approaches that
actively support self-efficacy development and, in turn, contribute to the retention and success of

students in STEM fields.
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