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ABSTRACT

Aim/Purpose This review analyzes the causes and effects of programming anxiety in higher
education, evaluates existing assessment tools, and explores mitigation strategies
to guide interventions that improve student outcomes.

Background Programming anxiety impairs educational outcomes by reducing student en-
gagement, performance, and retention. Prior studies have typically focused on
its correlations with performance, programming language selection, and gender;
a more comprehensive investigation of this topic is demanded.

Methodology Following PRISMA guidelines, this systematic review analyzed 21 empirical
studies from databases including ScienceDirect, Springer, Scopus, WOS, ACM
Digital Library, and IEEE Xplore, based on predefined inclusion critetia.

Contribution This review summarizes existing knowledge about programming anxiety, identi-
fies key gaps, establishes its causes and effects, evaluates measurement tools,
and proposes interventions that have not previously been systematically re-
viewed.

Findings Both intrinsic and extrinsic factors contribute to programming anxiety. It harms
learning outcomes and may lead to lower course completion rates. The current
approaches for evaluating programming anxiety lack standardization and valid-
ity. In addition, findings suggest that effective interventions require a supportive
learning environment combined with pedagogy to alleviate programming anxi-
ety.
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Impact on Society

Future Research

Practitioners are advised to use instructional strategies that reduce programming
anxiety, such as collaborative learning, supportive interactions, appropriate
IDEs (Integrated Development Environments), and anxiety-specific assessment
tools to tailor educational approaches.

Researchers are encouraged to develop validated, reliable instruments for evalu-
ating programming anxiety and investigating the efficacy of specific solutions in
a variety of educational settings.

Mitigating programming anxiety has significant implications for educational
practices, as it can improve the quality and accessibility of computer science ed-
ucation, potentially enhancing diversity and inclusion in technology-related dis-
ciplines.

Future research should investigate the long-term impacts of programming anxi-
ety, design interventions that target both psychological and pedagogical compo-
nents of anxiety and evaluate the effectiveness of these interventions across dif-
ferent demographic groups.

Keywords programming anxiety, cause and effect, assessment tool, instructional interven-
tions, higher education, systematic literature review
INTRODUCTION
BACKGROUND

Computer science, which is a vital skill in the 21st century, has permeated technology, business, and
even everyday life, bringing about significant transformations in our way of life. All these transfor-
mations are built on the same foundation: programming (Dirzyte et al., 2021; Wang et al., 2019). Be-
yond being a technical skill, programming also represents a problem-solving methodology. Learning
programming can foster learners’ logical thinking, creativity, and ability to tackle complex problems,
thus enhancing their learning capabilities and computer thinking (Huang et al., 2021). As a result,
many higher education institutions have added introductory programming courses to their curricula
(Cawthorne, 2021; Xu & Correia, 2023).

However, as computer programming courses rapidly expand to meet industry demands, many stu-
dents have little exposure to programming concepts before taking these classes, exacerbating the
challenge of mastering this skill (Inventado, 2019). Failure rates in introductory programming courses
range from 25% to 33%, underscoring the urgency of addressing potential difficulties in program-
ming education ( Bennedsen & Caspersen, 2007, 2019; F. Demir, 2022; Nolan & Bergin, 2016). For
college students, beyond the need to comprehend and apply a wide array of new concepts, terminol-
ogy, and syntactic rules (Figueiredo & Garcia-Penalvo, 2018), psychological obstacles to the abstract
concepts being learned may arise due to a lack of understanding of how programs work. This can
lead to students becoming anxious about, and even afraid of, programming (Connolly et al., 2007;
Melcer & Isbister, 2018).

PROGRAMMING ANXIETY AND ITS EFFECTS

Spielberger (2013) defined anxiety as an unpleasant emotional state marked by tension, apprehension,
and worry. Anxiety comprises two types: state anxiety, which is temporary and situation-specific, and
trait anxiety, which is stable and reflects a persistent tendency to feel anxious across situations. Pro-
gramming anxiety, a subset of computer anxiety (itself a form of general anxiety), occurs when stu-
dents incorrectly assess their ability to learn computer programming (Connolly et al., 2007, 2009).
Figure 1 illustrates the relationship between these forms of anxiety.
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Figure 1. The relationship between anxiety, computer anxiety, and programming anxiety

Psychological research consistently identified anxiety as a prominent factor in psychological prob-
lems, hindering learning and reducing both motivation and performance (Li et al., 2022; Suren &
Kandemir, 2020). In programming contexts, according to the Cognitive Model of Programming
Anxiety (Connolly et al., 2007), most students perceive programming to be difficult at the beginning,
which in turn creates a fear of programming (referred to as core beliefs). In a classroom learning en-
vironment, these inherent beliefs are exacerbated by the fear of how others will perceive one’s pro-
gramming abilities, which results in negative automatic thinking about programming. In addition,
other external factors such as the laboratory equipment, the instructor's teaching style, and the overall
teaching methodology can further contribute to these automatic thoughts, triggering a cascade of
negative thoughts and self-reflection, as shown in Figure 2.
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Figure 2. Cognitive model of programming anxiety (Connolly et al., 2007)

Moreover, introducing novel concepts and materials during the early stages of programming learning
will increase the risk of triggering programming anxiety among students, thus hindering program-
ming learning and reducing retention rates (Connolly et al., 2009; Scott & Ghinea, 2014). Forrester et
al. (2022) have found that low levels of anxiety can enhance student motivation, whereas moderate to
high levels of anxiety adversely affect learning. Therefore, overcoming programming anxiety is key to
helping students succeed and grow in programming. Students can attain more programming progress
by comprehending, recognizing, controlling, and dealing with programming anxiety (de Siqueira et
al., 2022).

RESEARCH GAP AND OBJECTIVES

At the time of writing, there was only one published review on programming anxiety, which focused
on its relationship with factors such as programming languages, syntax, math anxiety, computer use,
and test anxiety (Nolan & Bergin, 2016). However, with the evolving landscape of programming edu-
cation, driven by new tools, technologies, and pedagogy, there is a greater need to investigate a
broader range of causes and impacts, assess reliable tools for measuring programming anxiety, and
identify effective strategies for alleviating it. This systematic review seeks to bridge these gaps and
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provide a more comprehensive understanding of programming anxiety in higher education. To fur-
ther this investigation, the following research questions guided this study:

1. What are the causes of programming anxiety among college students?

2. What are the effects of programming anxiety on college students?

3. What are the tools for assessing programming anxiety among college students?

4. What coping mechanisms and educational strategies effectively alleviate programming anxiety?

METHODOLOGY

A systematic review was used to identify, select, and analyze relevant literature on programming anxi-
ety in higher education settings. The publications cited in this study contain those that met the
screening criteria for the research questions, while additional works related to programming anxiety
were included to further enrich the content.

RESEARCH STRATEGY

This study followed the PRISMA (Page et al., 2021) guidelines for conducting and reporting a litera-
ture review. ScienceDirect, Springer, Scopus, and Web of Science (WOS) were selected for their ex-
tensive coverage of peer-reviewed journals in both education and computer science disciplines. In
addition, as noted by Pears and Seidman (2007), “programming” frequently gets "hidden" under the
"Computer Science" title in literature, which makes it more challenging to conduct a literature search,
so the ACM Digital Library and IEEE Xplore were also searched so that relevant articles would not
be omitted.

Table 1. Articles identified and included in the review of databases

Number of articles
Database Search Terms Initial | Reviewed | Included
Count | Abstracts Articles

TITLE-ABS-KEY ("programming” OR "cod-
ing"y AND TITLE-ABS-KEY ("anxiety")

SCOPUS | AND  TITLE-ABS-KEY ("teach*" OR | '°! H 8
"learn*”)
TS = ("programming" OR "coding") AND TS

WOS = ("anxiety") AND TS = ("teach*' OR | 250 37 9
"learn*")
"Alll Metadata™: "programming" OR "All

IEEE Metadata™: "coding") AND ("All Metadata": 57 g 4

"anxiety") AND ("All Metadata": "teach" OR
"All Metadata": "learn"

[Abstract: "programming'] OR [Abstract: “cod-
ACM ing”] AND [Abstract: "anxiety"] AND [[Ab- 34 9 0
stract: "learn*"] OR [Abstract: "teach*"]
"Programming" AND "anxiety" AND ("learn"

Springer OR "reach”) 269 16 7
. "Programming" OR "coding") AND "anxiety"

Blsevier EﬁNDg("teach"gOR "learn") € ’ 145 3 0

Others Citation searching 27 6 3

Articles

with Du- - 1473 123 31

plicates
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The search strategy used various terms, which were combined into the following search statements:
("programming" or "coding™), "anxiety," and (teach* or learn*). Searches were limited to document
titles, abstracts, and keywords. This approach ensured the inclusion of studies exploring the intersec-
tion of programming anxiety with approaches to learning or teaching. Table 1 illustrates the data-
bases used, search strings, initial search results, articles left after title and abstract screening, and the
final number of articles that met the inclusion criteria. The article will include the selected research
that meets the inclusion criteria, but the citations may also include other publications about program-
ming anxiety.

INCLUSION AND EXCLUSION CRITERIA

All studies that appeared to meet the inclusion criteria were screened based on document type, lan-
guage, peer review status, study population, page number, and relevance to research questions, as
shown in Table 2. The full text was reviewed if the title or abstract did not provide enough infor-
mation to decide.

Table 2. Inclusion and exclusion criteria

Criteria Included Excluded
Document Type | Primary rescarch Reports, letters, editorials, abstracts, re-
views
Language English Written in other languages
Population College students All other population settings
Peer Reviewed Peer-reviewed papers Not peer-reviewed papers
Databased anhtative, quantitative, or Without empirical dat.a,.such. as theoreti-
mixed methodology cal, conceptual, or opinion pieces
Page Number >4 <=4
Research Ques- | Articles addressing at least one | Articles not related to any of the four
tions related of the four research questions research questions

DATA EXTRACTION AND REFINEMENT

To systematically manage and analyze the literature, Zotero, a free, open-source reference manage-
ment software (https://www.zotero.org) (Courraud, 2014), was used to organize and categorize the
studies, and an Excel spreadsheet was created to extract and record key data. A standardized screen-
ing checklist based on the inclusion and exclusion criteria (Table 2) was developed and pilot-tested
on a subset of records to guarantee clarity and consistency. To maintain consistency and reduce se-
lection bias in research inclusion, two authors independently screen the title/abstract and full-text,
and any disagreements can be addressed through discussion and, if needed, contact with a third re-
viewer. Initially, 1,446 records were identified from six major databases, with an additional 27 records
obtained through citation searches. After removing irrelevant, non-empirical, or duplicate entries, 437
records moved to the title and abstract screening stage. Following the review process above, only 21
studies met the inclusion criteria aligned with the research questions. This careful selection and analy-
sis process ensured the rigor and comprehensiveness of the review, as illustrated in the PRISMA
flowchart in Figure 3.

DATA ANALYSIS

After data extraction, both macro-descriptive and thematic approaches were used to establish a firm

foundation for synthesis. In the macro-descriptive analysis, publication trends by year, database
source, and country of origin were quantified using Excel to produce clear frequency distributions. In
the thematic analysis, a coding framework, which was directly derived from the four research ques-
tions, was applied to each study’s “Focus” and “Key Findings Related to this Study” items. Initial
codes (such as causes, effects, assessment tools, and interventions) were iteratively refined. Any dif-
ferences were then settled by discussion or, if required, a third reviewer. Finally, the themes for each
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research question were synthesized by grouping similar codes across studies, ensuring that the result-
ing answers present a thorough explanation of the causes, impacts, assessment techniques, and miti-
gation measures of programming anxiety.

¢

Identification studies via databases

D ¢

Identification studies via other methods

>
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from citation
searching

n=27)

h 4

Reports sought
for retrieval
(n=27)
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h 4

=2
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(n=25)

BN
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Review, abstract only (n=2)
The target population 1s not
college novice students (n= 5)
Does not address the question
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WOS || Scopus || IEEE || ACM || Springer Sg’if;‘;e
=2 =7 =27 =34 =
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| | | | | |
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? Less than 4 pages (n=4)
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— (n=41)
2
h 4
=
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Figure 3. Flowchart of the study selection process
RESULT

PUBLICATION DISTRIBUTION AND TRENDS ANALYSIS

Table 3 summarizes 21 primary studies on programming anxiety, detailing author and publication
year, geographic region, sample size with population characteristics, thematic focus, and key findings
related to this review. The studies cover a variety of areas, including the effects of programming anxi-
ety, instructional strategies, and technology tools, providing valuable insights into the factors that in-
fluence programming anxiety and suggesting possible interventions to improve students' learning ex-

periences.
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Table 3. Systematic review articles on programming anxiety

Author, Be- Sample Size (.:lta- Focus | Key Findings Related to this Study
data gion tions
Durak 76i?hsni§;ntio_ Cause | Programming anxiety affects high per-
and Bulut | Japan Wramlrjn i Ex . 12 | /Im- formers but not those with lower per-
(2024b) & & xp pact formance levels.
rience.
A proposed SOP for computational
T thinking helps delineate logical steps
Chang et 149 college stu- Peda- | before coding, significantly improving
wan, 16 . .7
al. (2024) Chin dents gogy learning outcomes, motivation, and
2 anxiety reduction, particulatly in fe-
male students.
Durak 76.3 Stu.dents No statistical difference in program-
with prior pro- Cause/ . . \
and Bulut | Japan ammine exbe. 1 Impact | MiNg anxiety scores based on students
(2024a) sra & xXpe pac performance levels was observed
rience.
Decentralized platforms that enhance
Fernalld . . .
et al United | 42 undergradu- 6 Tools stability and focus on learning goals
(202'3) States | ate students help lower technical issues and pro-
gramming anxiety.
High anxiety in students correlates
with poor performance. Simplified er-
Charles . .

d United 149 collese stu. ror messages and supportive measures
P King- 8 8 | Tools | like ERROR EXPLAINER, mastery-
Gwilliam dents . . . .

dom oriented grading, and retesting options
(2023) . .
effectively lower anxiety and boost
performance.
>7 unIversity Students' anxiety may stem from a
Paredes- students in an . . .
. . Peda- | sense of difficulty in programming,
Velasco et | Spain | introductory 8 . . .
1 (2022) programming gogy and interventions should simplify the
A task and increase confidence.
course
Integration of online technology and
Cheng et Tai- 184 undergrad- Peda- | pedagogy enhan.ces programming skills
al. (2022) wan, ate students 15 | gogy / | and reduces anxiety, while Content-

' China Tools | based Knowledge Awareness (CoKA)

did not meet expectations.
de $1— United | 29 college stu- A blqck—based programming environ-
queiraet | ¢ | dents 23 | Tools | ment is proposed to reduce college
al. (2022) students' programming anxiety
Yildirim A newly developed programming anxi-
and aban 687 university 4 Assess- | ety scale for college students measures
Ozdener Jap students ment the impact of classmates and self-con-
(2022) fidence through 11 items.
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Author,

Re-

Cita-

data o Sample Size tions Focus | Key Findings Related to this Study
The Sonic Pi programming platform
. o s significantly reduced programming
gl(’)(;tzr;e, E 1;1 d Zfobeiifszrs 34 | Tools | anxiety for all students and eliminated
progt initial anxiety gaps between experi-
enced and novice programmers.
Demir §t7 ggzsr(sgtly Peda- | Using Scratch with a blend of theory
(2022) Japan mzles and 26 fe- 30 | gogy/ | and practice improves programming
males) Tools | outcomes and reduces anxiety.
Forrester In an undergraduate R class, women
etoal United | 362 undergrad- 1 Cause/ | showed higher programming anxiety
' States | uate students Tools than men, but novices benefited most
(2022)
from frequent tool support.
348 students
Olivas. et | Philip. enrolled in the Cause/ A negative correlation was found be-
1 pZOZ’ 1 : p Computer Pro- 3 Impact | TVEen student performance and pro-
al ( ) | pines gramming 2 pac gramming anxiety.
course
. Gender and high school types affect
gllilpas Philin. %j?oiff:tli?;lore Cause/ | programming anxiety. Regular practice
Luciano I p Technol . 14 | Peda- | reduces anxiety, while countdown tim-
pines ccanology st ogy ers increase it, especially for students
(2020) dents 808y peciaty
unused to timed tasks.
Figueroa An online interactive platform in an
and adan 141 sopho- 4 Tools introductory programming course ef-
Amoloza Jap mores fectively reduces anxiety in non-com-
2015 uter science students.
p
Technology-enhanced teaching strate-
: 93 non-com- ies, like Rain Classroom, reduce pro-
iang et al Peda- | & P
Jiang et al. China | puter major stu- 12 caa amming anxiety, with extensive prac-
dents 8O8Y tice and out-of-class study improving
learning outcomes.
Owolabi Nice- 160 Com- Age is negatively correlated with pro-
etal. ria& puter/Mathe- 58 | Cause | gramming anxiety; older students ex-
(2014) matics students perience less anxiety.
Programming anxiety impacts novice
Ore- Croa. acceptance of tools like verifiers, mak-
hovacki et fa 89 sophomores 11 | Tools | ing it important to develop user-
al. (2012) friendly environments that reduce anx-

lety.
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Author, Be- Sample Size (.:lta_ Focus | Key Findings Related to this Study
data gion tions
86 first-year Programming anxiety results from
Connolly ; novices misjudging their abilities,
Ire- computing un- Cause/ Y
etal. 91 worsened by programming's abstract
land dergraduate stu- Impact . .
(2009) dents nature. Strategic learning and a sup-
portive environment can alleviate it.
86 first-year The compl.exlty and ..abstrac.non of
Connolly ; programming, combined with a mis-
Ire- computing un- Cause/
etal. 27 match between student needs and re-
land dergraduate stu- Impact X . .
(2007) dents sources, trigger anxiety, which nega-
tively affects performance.
Choo and | Ma- 20.0 Computer Assess- | Development of the Computer Pro-
Cheung cau, Science stu- 13 ment ammine Anxietv Scal
(1991) China | dents c srating Anxiety scaie.

The distribution of this research by region is relatively diverse, with particularly notable contributions
from countries in Asia, Burope, and North America. Specifically, Japan and China have the most
publications, with five and four articles, indicating a significant academic interest in programming
anxiety in these regions. Regarding citation impact, Ireland comes out with an average of 59 citations
per piece, highlighting the considerable influence of its few contributions. Other areas, such as Nige-
ria and Finland, also have a high average number of citations per article, despite their low overall
publication rate.

Figures 4 and 5 further illustrate the distribution of articles in terms of publication year and database. The an-
nual trend in the number of reseatrch atticles published on programming anxiety in Figure 4 shows a tise after
2022. This indicates a growing academic interest in this field and the expansion of such investigations.

8

Number of Studies

1990 1995 2000 2005 2010 2015 2020 2025
Years

Figure 4. Publication year distribution

To determine the distribution of articles across different academic databases, a specific counting method was
used to avoid duplication. If an article first appeared in an eatlier database on the list (e.g., Springer), it was not
recounted if it appeared in subsequent databases (e.g., WOS). This approach highlights the unique contribu-
tions of each database while acknowledging overlaps, particulatly between WOS and Scopus. Figure 5 shows
that Springer (34%) and IEEE (24%) dominate the literature, indicating that most empirical studies on pro-
gramming anxiety appear in these repositories. This concentration guides future research toward the most in-
fluential sources in this field.
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RQI: WHAT ARE THE CAUSES OF PROGRAMMING ANXIETY AMONG
COLLEGE STUDENTS?

Of the 21 primary studies, 2 (9.5%) identified intrinsic causes, such as cognitive load and negative
self-assessment. In contrast, 10 (48%) provided empirical support for extrinsic influences, such as
learning environments, tool characteristics, and demographic variables (see Figure 6). Thus, factors
contributing to programming anxiety can be broadly categorized into intrinsic and extrinsic factors,
representing the authors’ thematic synthesis of the primary studies rather than an existing classifica-
tion used by any source. Table 4 summarizes the factors that influence programming anxiety.

12 10
'g 10
-]
é 8
% 6
3,
E 2
N |

0

Intrinsic Extrinsic
Factor Type

Figure 6. Distribution of studies by factor type

Intrinsic factors

Intrinsic causes of programming anxiety can be attributed to students' incorrect self-assessment of
their ability to learn computer programming, combined with the abstract structure of programming
languages, which increases students' fear of programming (Connolly et al., 2009). More specifically,
students often struggle to develop effective mental models—conceptual frameworks that include
skills such as debugging, understanding data structures, and algorithms. This increases their cognitive
load, making it challenging for them to complete programming tasks (Rosenberg-Kima et al., 2022).
Additionally, the non-negotiable nature of syntax errors and the continuous feedback from compil-

ers, which often result in frustrating error messages, further exacerbate programming anxiety (For-
rester et al., 2022; Rosenberg-Kima et al., 2022).

Extrinsic factors

Demographic characteristics such as gender and age play significant roles in influencing program-
ming anxiety. Studies indicate that females have higher levels of programming anxiety than males

10
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(Olipas & Luciano, 2020; Yildirim & Ozdener, 2022). Aside from gender, age also influences pro-
gramming anxiety among students, with older learners experiencing it at lower levels (Owolabi et al.,

2014).

Academic background is another key factor. Math achievement has been consistently linked to
programming anxiety, with students who perform well in mathematics usually displaying lower levels
of anxiety (Nolan & Bergin, 2016; Owolabi et al., 2014). Meanwhile, Forrester et al. (2022) noted that
computer anxiety may overlap with math anxiety, subsequently triggering programming anxiety. Fur-
thermore, being a particular type of high school graduate also affects programming anxiety, with stu-
dents graduating from public high schools having higher programming anxiety than those graduating
from private high schools (Olipas & Luciano, 2020). Programming language selection is also crucial,
as choosing a proper programming language can effectively reduce programming anxiety (Demir,

2022).

Environmental factors, including computer configuration and the choice of IDE, further contrib-
ute to programming anxiety. IDE is a collection of processes and tools used for software develop-
ment. It facilitates the use of numerous tools on one platform, which simplifies the software develop-
ment process (Althar & Samanta, 2021; Chopra, 2017). Local IDEs generally take up more memory
and require higher computer configurations (Mesihovic et al., 2020). When performing programming
tasks in an IDE, a responsive computer during programming tasks can alleviate or, at the very least,
not exacerbate anxiety levels (Nolan & Bergin, 2016).

Numerous educational programming environments have been developed to cater to students of vari-
ous age groups. As a result, Lin and Weintrop (2021) build upon Weintrop and Wilensky's (2015)
concept of modality and categorize programming languages and environments into two main groups
based on the presentation of code and the method of input, namely block-based (or visual) and text-
based. In a block-based programming environment (BBE), programming consists of dragging visual
blocks into a script area and adhering to syntax rules to construct a program (Noone & Mooney,
2018), which can alleviate anxiety by abstracting away traditional code structure (Paredes-Velasco et
al,, 2022). Additionally, Unal and Topu (2021) indicate no significant difference in programming anx-
iety between students using a BBE and those using a traditional text-based programming environ-
ment (TBE), which introduces students to syntactic, semantic, and type errors from the outset, re-
quiring them to write plain-text scripts and follow exact conventions without visual aids (Sayginer &
Tiztn, 2023).

Table 4. Factors contributing to programming anxiety

Aspect | Category | Factors Reference(s)
Intrinsic Characteristics of Programming Learning g%gg)nouy et al., 2009; Forrester et al.,
. (Olipas et al., 2021; Yildirim &
Demegopic | Gender oo, 02
Age (Owolabi et al., 2014)
Math achievement (Forrester et al., 2022; Owolabi et al.,
2014)
Academic Programming language (Demir, 2022)
Extrin- | Background Computer anxiety (Forrester et al., 2022)
sic Type of high school grad-

uated (Olipas & Luciano, 2020)

(de Siqueira et al., 2022; Forrester et

Learning En-— 1 e Cection al., 2022; Paredes-Velasco et al., 2022;

vironment Petrie, 2022; Unal & Topu, 2021)
Pedagogical . (Demir, 2022; de Siqueira et al., 2022;
Approaches Instructional methods Forrester et al., 2022; Petrie, 2022)

11
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Specific coding tools, such as the block-based fableBlocks environment and the music-integrated
Sonic Pi programming platform, have been shown to reduce programming anxiety through innova-
tive teaching environments (de Siqueira et al., 2022; Petrie, 2022). Additionally, seeking tool support
more frequently can effectively alleviate student programming anxiety (Forrester et al., 2022).

Finally, pedagogical approaches can also influence programming anxiety. Educators can break the
negative cycle in which some students fall by developing learning strategies and creating encouraging
and supportive environments that reduce programming anxiety (Ayersman & Michael Reed, 1995;
Connolly et al., 2009). Collaborative teaching strategies, in particular, have been found to effectively
alleviate programming anxiety and create more positive learning experiences for students (Forrester
et al., 2022).

RQ2: WHAT ARE THE EFFECTS OF PROGRAMMING ANXIETY ON COLLEGE
STUDENTS?

Current research on the effects of programming anxiety has focused on how anxiety affects program-
ming performance and retention. Five major studies have directly addressed this issue, with four
(80%) suggesting that anxiety negatively affects academic performance, and one (20%) reporting no
significant difference between anxiety and academic performance. Olipas et al. (2021) found a signifi-
cant negative correlation between anxiety levels and student performance, suggesting that higher lev-
els of anxiety were associated with lower performance. Connolly et al. (2007) showed that the com-
plexity and abstraction of programming exacerbate anxiety, which in turn affects task completion.
Similarly, Connolly et al. (2009) linked increased anxiety to decreased course retention, demonstrating
that strategic learning support mitigates these effects. Durak and Bulut (2024b) observed that pro-
gramming anxiety predominantly affects high-achieving students. Although their peer study (Durak
& Bulut, 2024a) utilized categorical achievement bands, they did not find differences in overall anxi-
ety among students at different achievement levels. Differences between these findings likely reflect
differences in analytic methodology, but the overwhelming evidence suggests that increased pro-
gramming anxiety typically affects student achievement and retention.

RQ3: WHAT ARE THE TOOLS FOR ASSESSING PROGRAMMING ANXIETY
AMONG COLLEGE STUDENTS?

Several programming anxiety measurement tools have been developed and refined over time. These
tools vary in the dimensions assessed, number of items, and target population. Table 5 provides a
comparative overview of the four main tools used to assess programming anxiety. More specifically,
the Computer Programming Anxiety Scale (Choo & Cheung, 1991) is the foundational measure, con-
sisting of 19 items across three dimensions: error responses, influence of significant others, and self-
confidence, and has demonstrated validity among novice learners. Building on this work, the Pro-
gramming Anxiety Scale (Yildirim & Ozdener, 2022) offers a more streamlined, 11-item version tai-
lored to students with prior programming experience; it focuses on peer influence and self-confi-
dence to capture anxiety in more advanced cohorts.

In contrast, the Programming Anxiety Survey developed by Figueroa and Amoloza (2015) targeted
non-computer science college students and consisted of 6 items. The instrument explores the posi-
tive and negative effects of programming-related anxiety but lacks validation evidence. Similarly, the
Computer Programming Anxiety Questionnaire (Connolly et al., 2009) measutes anxiety among stu-
dents by focusing on their acquisition of initial computing skills, sense of control, and computer self-
concept. Although the instrument, with 15 items, is comprehensive, its validity has not been demon-
strated.

These tools provide distinct lenses through which programming anxiety can be understood. Firstly,
the tools developed by Yildirim and Ozdener (2022) and Choo and Cheung (1991) measure both
state and trait anxiety, recognizing that while programming anxiety primarily manifests as state anxi-
ety, an underlying trait anxiety can significantly influence it. Moreover, the Programming Anxiety
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Survey developed by Figueroa and Amoloza (2015) distinguishes between the positive and negative
impacts of anxiety, emphasizing how both programming triumphs and obstacles can notably affect
anxiety levels. Finally, the Computer Programming Anxiety Questionnaire developed by Connolly et
al. (2009) focuses on basic programming skills and personal control as pivotal elements that shape
programming anxiety levels.

Table 5. Tools for assessing programming anxiety

Tool Name Tool Dimensions Tool Target Population
Items

Programming Anxiety Scale -Classmates 1 S?(l)di:rir:ilrih szeii—
(Yilditim & Ozdener, 2022) Self-confidence s &P
Programming Anxiety Survey -Positive contribution 6 Non-computer science
(Figueroa & Amoloza, 2015) -Negative contribution students

-Gaining initial computing
Computer Programming Anxi- sklls

puter Frogr & A -Sense of control Computer Science ma-

ety Questionnaire (Connolly et 15 .

-Computer self-concept jors
al., 2009) S

-State of anxiety in com-

puter situations
Computer Programming Anxi- | -Errors Students without prior
ety Scale (Choo & Cheung, -Significant others 19 programming experi-
1991) -Confidence ence

In summary, these tools capture the multifaceted nature of programming anxiety, considering peer
influence, confidence, errors, computer skill acquisition, and sense of control. However, the focus
remains fragmented, emphasizing particular aspects rather than establishing a unified framework for
understanding how learning environments and personal traits influence programming anxiety. Thus,
developing a unified programming anxiety scale that integrates self-efficacy, emotional state, peet in-
fluence, and error perception would enhance the comprehensiveness of anxiety assessment.

RQ4: WHAT COPING MECHANISMS AND EDUCATIONAL STRATEGIES
EFFECTIVELY ALLEVIATE PROGRAMMING ANXIETY?

Several studies have examined approaches to alleviating programming anxiety, particularly using dif-
ferent development environments and pedagogical strategies.

Proper development environment selection

The primary studies have investigated how employing various development environments impacts
learner programming anxiety. de Siqueira et al. (2022) combined storytelling with a tangible BBE to
reduce programming anxiety among college students who had never programmed before. The study
revealed a significant reduction in programming anxiety for students using fableBlocks but an in-
crease in programming anxiety for students using Google Blockly, indicating that the type of devel-
opment environment plays a crucial role in learners' emotional responses to programming. Similarly,
Demir (2022) found that the use of a block-based programming language (Scratch) and a combina-
tion of theoretical and practical teaching methodologies could help improve learning outcomes in
programming and alleviate programming anxiety. This suggests that a balanced approach combining
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hands-on practice with a programming environment can help learners cope with programming-re-
lated challenges.

An alternative approach combining programming and creative arts was investigated by Petrie (2022).
In this study, programming learning was combined with music making by teaching programming us-
ing the Sonic Pi programming platform. The results showed that students with prior programming
experience had significantly lower levels of programming anxiety at the start of the unit. Despite
these initial lower levels of anxiety, both novice and experienced students showed substantially de-
creased anxiety levels by the end of the experiment. This suggests that engaging learners in creative
and nontraditional programming activities can foster positive attitudes and alleviate anxiety, regard-
less of their prior experience.

In addition to these approaches, Forrester et al. (2022) investigated the correlation between program-
ming anxiety and gender in an undergraduate R language classroom and the corresponding mitigation
strategies. The findings revealed that programming anxiety among students was more substantially
mitigated when instrumental support was sought more frequently.

Pedagogical approaches

Pedagogy has also been used to alleviate programming anxiety. Shang (2024) indicated that traditional
teaching methods lack flexibility and are more likely to make students anxious about programming
learning. In contrast, teaching methods incorporating collaborative elements can effectively mitigate
programming anxiety. For example, Cheng et al. (2022) compared the efficacy of two pedagogical ap-
proaches—content-based knowledge awareness and team-based learning—in alleviating program-
ming anxiety during an online programming course. While the former approach yielded unexpected
outcomes, team-based learning was notably successful in reducing programming anxiety, improving
programming skills, and managing cognitive load. Furthermore, collaborative learning environments
in programming education have demonstrated the potential to reduce anxiety in learners and foster
problem-solving skills development (Erdei et al., 2017; Jiang et al., 2020).

DISCUSSION

This study analyzed 21 academic papers and showed that annual publications on programming anxi-
ety increased from an average of less than 1 per year during the 2010-2021 period to 4 per year dur-
ing the 2022-2024 period (see Figure 4). The growth in the number of studies can be attributed to the
demand for technical skills and the expansion of programming into different fields involving diverse
learners (Yildirim & Ozdener, 2022). As programming becomes an essential part of various fields, it
has become increasingly important to understand the psychological obstacles that learners face
(Zhang, 2017). While earlier studies focused on the factors and impact of programming anxiety re-
garding programming learning, more recent studies have shifted toward mitigation strategies.

Countries like Japan, China, the United States, and the Philippines are leading contributors to re-

search in this field, reflecting the widespread international interest in programming anxiety. Many of
these studies were published in highly reputable databases such as Springer and IEEE and have been
indexed in WOS or Scopus. The results of these studies confirm that programming anxiety is a prev-
alent challenge that requires international and interdisciplinary collaboration to address it effectively.

FACTORS IMPACTING ANXIETY AND MITIGATION

This review summarizes five primary factors that contribute to programming anxiety: learning envi-
ronments, instructional methods, the inherent nature of programming, demographic characteristics
(such as gender and age), and academic background (including math achievement, choice of pro-
gramming language, computer anxiety, and high school type). Importantly, the first two factors are
changeable, while the last two are largely immutable.
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Current research on the impact of programming anxiety focuses on programming performance, with
most studies suggesting the negative character of this relationship. However, education should not be
limited to knowledge acquisition; it should also focus on students' mental health and broader skills
development (Bennedsen & Caspersen, 2019; Lai & Wong, 2022; Melcer & Isbister, 2018). Interven-
tions that address the multifaceted nature of anxiety, including the selection of user-friendly IDEs
and the adoption of collaborative teaching methods, can significantly reduce programming anxiety.

A more comprehensive understanding of how programming anxiety is affected by particular factors
could provide evidence for strategies that would better support student learning. Future research re-
ferring to anxiety research in other disciplines (Archambault et al., 2022; Liu, 1997; Wu et al., 2022),
employing longitudinal designs to explore how programming anxiety interacts with self-efficacy, en-
gagement, and problem-solving skills over time, thereby providing evidence for strategies that more
comprehensively support student learning.

EFFECTIVENESS OF TOOLS FOR MEASURING PROGRAMMING ANXIETY

The instruments used to measure programming anxiety vary in their target populations. For instance,
the Programming Anxiety Scale, designed by Yildirim and Ozdener (2022), specifically addresses stu-
dents with programming experience, while other scales are generally intended for those without prior
programming exposure. The four tools reviewed assess programming anxiety from various angles
and lack standardized critetia, highlighting the diversity yet inconsistency of the current approaches.
Despite advancements being made, the limited cross-validation of these instruments suggests the
need for more rigorous, standardized measurement tools that can be applied to different settings and
populations.

Despite the existence of four distinct instruments to assess programming anxiety (Table 5), their dif-
ferent measurement properties and target populations hinder cross-study comparisons. The Pro-
gramming Anxiety Inventory (Yildirim & Ozdener, 2022) is more suitably applied to experienced
learners. Moreover, the Programming Anxiety Survey (Figueroa & Amoloza, 2015) remains unvali-
dated, and its limited number of items (6) may lack the sensitivity needed to detect subtle anxiety
changes. The Computer Programming Anxiety Questionnaire (Connolly et al., 2009) and the Pro-
gramming Anxiety Inventory (Choo & Cheung, 1991) encompass a wider range of dimensions but
are tailored to groups with differing programming experiences.

Instrument rigor affects the reported results. Studies using well-validated scales produce more con-
sistent and interpretable results, whereas using untested questionnaires tends to produce ambiguous
results (Svensson, 2011). In addition, the overlap of measurement dimensions, such as self-efficacy,
emotional state, misperceptions, and peer influence, suggests that a unified instrument can simplify
assessment and improve comparability. Standardizing measurement tools using a single, reliable scale
can contribute to more reliable tracking of programming anxiety across educational contexts. This
provides an opportunity for future research to refine these tools to ensure an accurate capture of the
nature of programming anxiety in a variety of ways.

MITIGATION STRATEGIES FOR PROGRAMMING ANXIETY

The findings suggest the great promise offered by strategies that aim to reduce programming anxiety
through learning environments and pedagogical approaches. The effectiveness of creative program-
ming platforms such as BBEs, storytelling platforms, and Sonic Pi suggests that engaging students in
novel and interactive ways can mitigate anxiety. These findings reinforce the idea that nontraditional,
collaborative, and flexible learning environments can reduce the anxiety associated with program-
ming tasks (Demir, 2022; Forrester et al., 2022; Jiang et al., 2020).

Pedagogical strategies that emphasize collaboration and teamwork have also proven particularly ef-
fective. This suggests that anxiety stems not only from technical challenges but also from the isola-
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tion that students often experience while learning to program. Collaborative learning approaches, en-
couraging peer-supported problem-solving, could mitigate these emotional challenges, fostering more
supportive and positive learning experiences (Cheng et al., 2022).

To translate these findings into practice, programming instructors should prioritize IDEs that are
user-friendly and those with low technical barriers. Additionally, embedding structured pair program-
ming or group coding exercises further reduces student isolation and builds confidence. Implement-
ing a formative anxiety self-assessment during the course progression allows for early identification
of students in need of support, which can lead to targeted interventions such as instructor-led or
scaffolded coding tutorials. Moreover, providing teachers with specialized training on instructional
practices related to programming anxiety and designing lessons with gradual complexity and reflec-
tive prompts can help students gradually develop adaptability and self-efficacy as they progress
through the programming process. Future investigations should compare the effects of different
types of IDEs (e.g., BBE and TBE) on students' anxiety levels and qualitative interviews with learn-
ers from underrepresented backgrounds to identify which instructional combinations yield the great-
est anxiety reduction and learning gains.

CONCLUSION

This review was guided by four research questions that led to the following findings: (1) intrinsic fac-
tors, such as cognitive load and negative self-assessment, and extrinsic factors, including de-
mographics, academic background, learning environment, and instructional methodology, all contrib-
ute to programming anxiety; (2) higher levels of anxiety are associated with lower grades and reten-
tion in programming courses; (3) assessment instruments vary widely in terms of dimensionality,
items number, and validation, indicating a lack of standardization; and (4) mitigation strategies in-
volving supportive technology and collaborative pedagogy hold great promise for reducing program-
ming anxiety and improving outcomes.

The findings emphasize the importance of using holistic teaching strategies that not only convey pro-
gramming knowledge but also address the emotional well-being of students to mitigate anxiety. To
put this approach into practice, higher education institutions could conduct workshops on anxiety
evaluation and mitigation strategies for programming teachers. Teachers are encouraged to adopt col-
laborative and flexible learning models to create supportive learning environments that meet the
emotional needs of their students, as well as to monitor their students' programming anxiety levels
and take early action when needed. The review also emphasizes the significance of selecting an IDE
that is appropriate for the backgrounds and learning requirements of students because the choice of
IDE can directly affect their programming experience and anxiety levels.

We further encourage educators to integrate these evidence-based strategies into their curricula. We
also urge researchers to address identified gaps in this field, such as conducting longitudinal studies,
comparative assessments of IDEs, qualitative interviews, and cross-cultural validation.

Overall, this review contributes to the field by synthesizing current research on programming anxiety,
identifying key gaps, and providing practical recommendations for educators and researchers. It pro-
vides the first comprehensive systematic review of programming anxiety in higher education, thus
filling an important gap in literature.

LIMITATIONS OF THE STUDY

Despite its strengths, this review has three main limitations. First, this review only considered Eng-
lish-language publications from six major databases, which may have omitted relevant non-English-
language studies and studies from less-indexed sources. Second, although two authors independently
screened titles, abstracts, and full texts, formal inter-rater reliability statistics (e.g., Cohen's %) were
not computed, which may have affected the consistency of study selection. Finally, all theme coding

16



Pan & Harun

was done independently by the author team and was not externally validated, possibly leading to in-
terpretive bias during the theme identification and categorization process.
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