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Abstract - The focus of this paper is adult learning, with
regard to understanding how adults learn computer
programming. Some computing students learning
programming for the first time often have ineffective
mental models for how a program operates and theyafl
to transfer their programming knowledge beyond whatis
taught. They lack appropriate cognitive skills thatare a
prerequisite to learning computer programming, and
have a mental block when it comes to understandinthe
abstract constructs involved. This can cause thewgients
to become anxious, or even fear programming. As
performance is negatively affected by anxiety, this
consequently impacts on their academic performance.
This paper explores programming anxiety and the
construction of mental schemas necessary for leang
computer programming.

presents the prevalence of programming anxiety gston
first year undergraduate students. The paper cdeslun
examining how adults learn and the necessity feating
learning strategies to overcome programming anxiety

COMPUTER AND PROGRAMMING ANXIETY

Anxiety is a feeling of apprehension or fear, iigomplex
phenomenon which may be a generalized persongdityfor
some individuals, while for others it is quite algacontext
bound and stressful in particular situations [2, Bhxiety
may be distinguished from fear in that the formgrain
emotional process while fear is a cognitive one When
fear becomes activated one experiences anxiety, and
prolonged anxiety can lead to a state of stfZks

Computer anxiety prevents students from learnirg th
simplest of computing task, as it has been foundt th

Index Terms— Computer Programming, Mental Schema,negative feelings and attitudes intrude on the ld@weent of

Anxiety.
INTRODUCTION , ADULT LEARNING

Negative cognitions and attitudes to learning a reiy
generally accompany such feelings of anxiety, idicig

formal reasoning. It is suggested that in someuaistances
test anxiety and computer anxiety bear similar att@ristics
[5]. It has been demonstrated that computer anxmgtsn
important predictor of student achievement in cotimgu
skills [6]. Furthermore, the higher the initial &v of
computer anxiety, the lower the computer achievernf@n

worry about embarrassment and looking foolish. dt i In developing a standardized test of computer ayxige

hypothesized that students’ introductory

computerComputer Anxiety Index (CAIN) similarly demonstrdtthat

programming courses are perceived by some first yeastudents with higher computer anxiety scores hageto

students as demanding and stressful because a@b#ieact
and complex components involved. Computer progrargmi
is an ab-initio skill for the majority of first yea
undergraduate students and their mental schemassway
in programming may not be developed sufficientlyt b
particularly apparent for adult learners. Studieavenh
investigated the factors that indicate studentibtato learn
programming which include mathematical ability, gegesing
capacity, analogical reasoning, conditional reaspni
procedural thinking and temporal reasoning [1] aathe of
these skills are underdeveloped prior to the studtnting
their undergraduate computing degree programmesirmgu
them enter a state of apprehension and uneasdelt that a
situation specific anxiety occurs for students whey have
to learn programming for the first time. This anyje
Programming Anxiety, is a constituent of computexiaty
and occurs for students when a mistaken or dysfurait
assessment of their ability to learn computer pogning
occurs.

This paper will firstly explain anxiety and definesw
programming anxiety occurs for computing studeRessults
from research conducted at Dundalk Institute offihetogy

scores on an achievement test of computer litef@gy
Speier found significant correlation between higtitial
levels of anxiety and decreased skills performance
throughout computer learning [8]. Honeyman conctutieat
students perform more poorly and develop negatitieides

as a result of computer anxiety [9].

Among the early literature on the psychologicatestaf
individuals who have negative affective reactions t
computers, researchers in the area of computeregnxi
suggested that a major influence is the lack ofilfarity
with computers [10], and with increased experieaoriety
should decrease. The subsequent research gavessppert
to this hypothesis [11]. However Rosen et al. agdgua
contrast, that during repeated exposure to the atenpthe
subject is being reconditioned at increased legélanxiety
which, thus increases discomfort and anxiety [1R-14
conclusion, they found that experience with compute
interaction did not reduce computer anxiety nor riove
attitudes [13, 14]. Marcoulides concluded that catap
anxiety significantly influences the degree to whic
computers can be utilized effectively by third lestudents
and that although computer experience does dimithgh
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anxiety to some extent, varying degrees of comparmeiety  situations, automatic thoughts are activated, wharie
remain [6]. Corroboration for such assertions corfiesn  directly influenced by their core and intermedidigliefs.
Mahmood who found that even after an extensive ederp Automatic thoughts then influence reactions. A entd
literacy course, initial negative attitudes anduesl towards most fundamental beliefs impact their thoughts iaeq
computer technology persisted, though somewhatniimed  situations. For a student susceptible of computer
[15]. Similarly Leso reported that in both computerprogramming anxiety, their core belief, a fear eérhing
applications and programming courses, significannipers programming may commence when they first engage in
of students reported anxiety at the end of fourteeeks, learning this new computer programming skill. Their
one third in the former case, and over two-thirdshie latter  intermediate thoughts could arise as a fear of vdiber
[16], despite the fact that most students had m@nputer students might think. The automatic thought oceutien the
experience. This affirmed simply but pointedly, ttlsuch  student is in the influential environmental and bamed with
courses alone do not guarantee reduction in anigetwall  their beliefs and trigger negative thoughts andtieas.
individuals [16]. It is clear from this literaturthat computer B
anxiety is prevalent and can persist in individuals et
irrespective of exposure to computers [17].
Meier believes that computer anxiety can be undedst e — ,
within a social learning model and is a result ofvl sometning they think [

expectations of efficacy, outcome or reinforcem§ts]. Emotions  EESed
Therefore, anxiety and related components maybeemad Behaviours LA
better or more tolerable by enhancing self-efficimpugh

skill building and success experiences. Anotherergwas

Situations / Events Automatic Thoughts -Physinlogical FREEN R

Responses Adistraction

Lecture # Tutonal ! This I3 tdo hakd i
presented by Rosen and Weil who perceived computer SRR BN e ~Reactions  [CIURIeN
anxiety as a clinical entity wherein anxiety mayrwa
anywhere from mild discomfort to severe ‘phobid’3[ 14]. FIGURE 2
The cause of such phobia is prior uncomfortable maer THE COGNITIVE MODEL [4] AMENDED FORPROGRAMMING ANXIETY
interactions which make future computer and even ) _ ] ) o
mechanical experiences appear to be negative fegardf This notion of a mismatch between internal/indiatu

their outcome [19] and may perhaps lead to withdirom  demands and resources is central to the majorignafety
educational courses. An intervention for computelated —conceptualizations. The subjective appraisal oémahding
anxieties needs to be strategic and may includeusieeof ~€nvironment, a realization that demands may opstri

desensitization, relaxation and analytic intervamdi [20, resources and that the consequences of not copire,
21]. important in defining programming anxiety in thegimér

In this research, it is hypothesized that Studentseducational_ environment. Corres.,pond.ing to Fh_e r_ntisma
introductory computer programming courses would bebetwgen skill and ch.allenge relationship in gainiogtimal
perceived by some first year students as demandingy €Xperience’ [22]. It is key to ensure that the emd are
stressful especially due to the abstract and comple@hXious to learn programming but not anxious about
components involved. As such, programming anxitigrm  learning.
of computer anxiety would occur (as depicted inuFégl).

For the purpose of this research, originating from PROGRAMMING ANXIETY PREVALENCE AMONG FIRST
MclInereny’s definition of computer anxiety, prognang YEAR COMPUTING STUDENTS

anxiety is proposed as “a psychological state etgexl

when a student experiences or expects to loseeslem in  Research carried out at Dundalk Institute of Tetsmp

confronting a computer programming situation.” Ireland shows that there are high levels of prognarg
Programming anxiety evident amongst the first year undergrasluat
computing cohort [23].
Computer The evaluation cycles took place during the 2008620
A Ariety Academic Year and 79% of the first year total péptited in
' the initial Pre-CPAQ, (N = 86). Of the sample fravhom
data was collected 74 were male and 12 female.aNhdny
FIGURE 1 respondents used their personal computer for aetyaof
RELATIONSHIP BETWEENANXIETY, COMPUTERANXIETY AND applications, programming was selected by only 7he
PROGRAMMING ANXIETY students. 52.3% of students indicated that theyewer

Anxiety is maintained by mistaken or dysfunctional |ntermediate in terms of computer experience anc%6
appraisal of a situation and therefore programnangiety  said they were Advanced. There wasnt a significan
occurs for students because of a mistaken assessfiteeir  relationship between PC ownership and computer
ability to learn computer programming. This mistake experience, with the majority of students who did own a
assessment can be because the process of acticatioot  computer claiming they were Intermediate in ternfs o
take place, and the students’ mental schemas céomothe  computing experience. Of the 12 female students, 11
foundation from which they will deconstruct the indicated they were either Intermediate or Advanoeith
programming problem and develop a solution. Thentd®  one selecting Beginner. Students indicated thay there
model conceives that when people find themselves iperformance rather than learning oriented. 64%tadents
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(N=55) had chosen the course they were registere@so
their first choice of degree programme at highencation.
Of the 36% who had not chosen the course as tiveir f
preference, 50% had intended registering on a rdifte
computing degree course. The student demograpidisate
their interest in computers and the range of expeg in use
of computers is vast across a broad range of atjlits.

The first scale of the Computer Programming Anxiety —Vory

Questionnaire administered, Gaining Initial Comp\8kills,
refers to experiences related to computers, artests were
asked to indicate the extent to which the situatidescribed
would make them anxious at this point in their.liteis clear
that all students at the start of their third leeelucation
express considerable anxiety, with the greatestienx

COMPUTING SELF CONCEPT
Computing Self
Concept (positive

items) 1.75 0.75 1.66 1.66
Computing Self
Concept (negative
items) 4.60 1.00 4.20 1.70
STATE OF ANXIETY IN COMPUTING SITUATION

1.04 0.37 1.16 0.68
Happiness 4.00 0.87 3.50 0.93
Physiological
Symptoms 1.00 0.35 1.00 0.20
Distractibility 1.00 1.00 1.00 0.37

The results from the research show students egterin
first year undergraduate computing courses havepaten
programming anxiety tendencies at the start of teome of

shown in the area of demonstrating Competence withvhich diminish throughout their first year at cgiée Rather

Computers, which decreased considerably by theoérie
semester.

Two factors relating to Positive and Negative Seofse
Control when using a computer were identified. Téetors
reflect an individual's sense or lack of personatcol, as
indicated in their cognitions. Students Positivensge of
Control in computing situations decreased by tte @frtheir
first year at college. Their Negative Sense of @urdn the
other had increased, shown in Table 1.

With regard to Computer Self Concept, and for eaich

surprisingly student’s negative sense of controkelf-talk
increases and their fear increases and their negaglf-
concept becomes more apparent by the end of faat.y
Anxiety in computing situations doesn’t improve,thwithe
student’'s sense of worry increasing and their seofe
happiness decreasing. Student's positive self-qunce
improves in post analysis, but their positive seofseontrol
(positive cognition) doesn’t improve. These finding
highlight important information with regard to the
psychological stance of the students and theirti@ado

the two factors Positive Computing Self-Concept anddrogramming.

Negative Computing Self Concept,
different responses in relation to student selaffy or
confidence in computing. Students positive Computself
Concept decreased at the end of the year andNlegative
Computing Self Concept decreases, indicating that have
more negativity with regard to self confidence in
computing situation at the end of the year.

The fourth scale, ‘State of Anxiety in Computing distinguishing characteristics of adult
andfrequently advanced by theorists are firstly theuled

Situations’ examined the cognitive, emotional
physiological states of anxiety students may faceomputer
programming situations and the results reflectalividual’s
level of state anxiety. The difference in pre andtgesults
of the student cohort is interesting. All studantlicated that
their sense of Worry increased in the post-CPAQthWi
regard to Happiness students answers in the po&QG#ere
slightly more negative compared to their answerth@pre-
CPAQ. Students Physiological Symptoms and Distodityi
remained the same with minimal changes in theibigion.

TABLE 1
MEDIAN AND INTERQUARTILE RANGE FORCOMPUTERPROGRAMMING
ANXIETY QUESTIONNAIRE, PRE AND POST RESULTS

PRE POST

Median IQR Median IQR
GAINING INITIAL COMPUTING SKILLS
Competence with 2.28 1.14 171 1.28
Computers
Handling Computer 150  3.00 1.25 2.50
Equipment
Receiving Feedback on
Computing Skills 1.80 1.80 1.40 2.00
Learning about
Computer Functions 2.08 1.66 1.58 2.83
SENSE OF CONTROL
Positive Control 3.92 1.10 3.50 3.32
Negative Control 1.27 0.55 1.50 0.77

Coimbra, Portugal

guestions assessed

ADULT LEARNERS LEARNING PROGRAMMING

The basic principles of learning applied to childrare as
relevant in relation to adults learning new skitlaterial, as

achildren. The differences are of emphasis ratheanth

Research has shown the two
learning sino

fundamental principle.

autonomy of direction in the act of learning andoswlly the
use of personal experience as a learning resoéde [

Effective self-regulated learning is linked to asul's
subscription to a self-concept of themselves asaankr. In
his overview on self-regulated learning and achieset,
Zimmerman, defines  self-regulated learners
metacognitively, motivationally, and behaviorallyctiae
participants in their own learning. In terms of mational
processes, these learners report high self-efficagjf-
attributions and intrinsic task interest [25]. Agwde, adult
learners like their learning activities to be pehl centered
and meaningful to their life situation, and theynivahe
learning outcomes to have some immediacy of applica
One therefore can assume that adults seem tobdeatrwhen
they do not rely on memorizing, but when they cearm
through activity at their own pace, with materidlat is
relevant to their daily lives and can utilise theiwn
experience. It is also important to recognize havethat
self-direction in learning is not an empirically rifable
association of adulthood and that there are madiyiguals
who are chronologically adult, but who show a r&dace to
behave in a self-directed manner.

The past experiences of adults affect their current
learning, sometimes serving as an enhancemenndrérice
[26]. In higher education it is vital that the stunds past

as
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experiences and prior knowledge are encompasséein
learning. Prior knowledge is also referred to acldrative’
knowledge [27], and refers both to the quantitkmdwledge
(what is known) and the quality of knowledge (howilit is
known, organized and structured) [28]. Of impor&atw this
research, is the way in which students’ prior krenge is
organized and structured. Bransford suggests that
effective use of cognitive and metacognitive sgags can
assist in the appropriate organization of knowledgel
therefore in its effective retrieval and applicati@9]. Well
structured knowledge is easily and spontaneoustessed,
supported by many internal and external connect|{G03%
and through the activity of schemas and scripts, asca
guide to comprehension, inference, reasoning aontlgm
solving.

INFORMATION PROCESSING AND MENTAL M ODELS

Information Processing is a theory of learning thgplains
how stimuli enter one’s memory system, are selected
organized for storage and retrieved from memory §Q. In
order to design and develop an appropriate apprdach
students susceptible of programming anxiety, tostot a
mental model for learning programming, an awarerass
how students process information is importahtformation
processing, a common theoretical approach used
cognitive psychologists, is not simply a unifiecedhy, but
rather an approach to understanding human knowledgde
action. The approach analyses cognitive processes i
sequence of ordered stages; each stage reflecting
important step in the processing of cognitive infation
[32]. Meaningful learning occurs during

sense and place any new information or experieites
context. Once formed, the hierarchical schemas egoidr
information processing and behavior [37]. In congput
programming students translate a program spedditanto
programming language code, drawing heavily on abstm
skills and developed schemas in memory.

t The practice of describing people’s beliefs andoast
in terms of mental schemas has been used extensivel
cognitive psychology and cognitive science, forrpimraena
as diverse as how people solve brainteasers to thew
troubleshoot steam boilers [38]. In the case ohietogy
and organizations ‘“individuals mental models teondbe
oriented around established practices and nornts, naay
limit perception and understanding of an innovatign23).

DiscussioN

In the developed countries worldwide there has lzeprajor
increase in the number of adults returning to tHedel
education in recent years. These adults are emgolin
courses varying from the social sciences to enginge
disciplines. Many such adults enroll on computirmyrses
and the prospect of studying programming can be
overwhelming. This is especially the case in refatio
Ireland whose government is pursuing an economic
bgevelopment strategy based on the knowledge society
Developing learning strategies is very important no
alone for the traditional student who enters highduication
after finishing their second level education, bebdor those
atudents re-entering the education system aftenwtate,
working in industry. As governments invest in knedde

information economies and support life-long learning, structussmd

processing when the student connects new mateiithl w support systems to facilitate the up-skilling amdfessional

knowledge already existing in memorylhe existing
knowledge in memory is called a schema [33, 34].

As experience is acquired, one is forced to adapt
function effectively. Adaptation is the processaafjusting

development of the workforce at all levels is calieind need
to be develop within education. The findings présenin
tthis paper highlight once again that the psychalligheeds
of the individual should be recognized and supmbvtéhin

schemas and experiences of each other to maintathe higher education system. The results from then@iter

equilibrium, and consists of two reciprocal proesss
accommodation and assimilation. Accommodation fierm
of adaptation in which an existing schema is medifand a
new one is created in response to the experiertee |atter
assimilation is the process of connecting new mfgion to
an existing schema [33, 34]. If new experiences arly
assimilated into existing schemas, the schemastwbange
and development doesn't occur. On the other hahd,

existing schemas can’t be made to work, a perscesfa 2]

constant disequilibrium.

The concept of mental schemas has been used in[3&
number of research areas as an effective and ifisigh

approach to studying the behaviors and beliefaidif/iduals
and organizations. Schemas are abstract mentaidsetioat
serve as guides to action, as structures for reragngpand
interpreting information, and as organized frameksofor
solving problems [35]. Piaget used the concepthbémas to
refer to a narrow range of abstract operationsvamdh form
content perspectives [36]. All the contents, ppies, rules
and procedures that students learn are organizéa

schemes that allow them to make sense of the world.

Humans adopt a vast range of schemas, enabling mske

Coimbra, Portugal

Programming Anxiety Questionnaire re-emphasizest tha
education needs to be individualized, supported emslire
that student perceptions are met.
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