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Abstract. This study examines self-reported programming difficulties among 247 pre-service mathematics teachers
in Algeria. By using a context-adapted Arabic questionnaire, the paper found that difficulties were better described
as conceptual and application/debugging-related patterns. Debugging, theory-to-practice transfer, and coding frus-
tration were the main challenges. The findings point to guided practice, explicit debugging support, mathematics-
linked tasks, and differentiated support. The study contributes to teacher education and programming education
research by highlighting how programming difficulties in non-specialist mathematics teacher education are shaped
more by application and debugging challenges than by conceptual understanding alone.

Keywords: Programming education, mathematics teacher education, learning difficulties, motivational orientation,
instructional design, Algeria.

Biisimy matematikos mokytojy patiriami programavimo mokymosi
sunkumai: Alzyro mokytojy rengimo programos duomenys

Santrauka. Siame tyrime analizuojami 247 biisimy matematikos mokytojy Alzyre patiriami programavimo sunku-
mai. Naudojant kontekstui modifikuota klausimyna araby kalba nustatyta, kad tyrimo dalyviams kylantys sunkumai
daugiausia susij¢ su teoriniais principais, jy taikymu ir klaidy Salinimu. Pagrindiniai isStkiai buvo klaidy taisymas,
teorijos perkélimas j praktika ir nusivylimas kodavimu. Rezultatai rodo, kad svarbiausia dalyviams yra vadovauja-
ma praktika, ai$ki pagalba taisant klaidas, su matematika susietos uzduotys ir diferencijuota pagalba. Sie radiniai
prisideda prie mokytojy rengimo ir programavimo mokymy tyrimy ir atskleidzia tai, kad programavimo sunkumai
nespecialisty matematikos mokytojy rengimo programoje labiau susij¢ su taikymo ir klaidy taisymo sunkumais, o
ne vien tik su teoriniy principy supratimu.
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1. Introduction

Programming currently plays a broader educational role beyond specialist computing,
serving as a medium for modelling, representing procedures, exploring patterns, and
supporting problem solving. This is especially relevant in mathematics teacher educa-
tion, where programming can support algorithms, numerical methods, simulation, and
dynamic representation. Difficulty in learning programming in this context is therefore
not only a technical issue, but also an instructional design issue affecting how future
teachers engage with programming as part of their disciplinary preparation.

At the same time, learning to program remains difficult for many beginners. Prior
research has shown that novice learners often struggle with basic structures, tracing,
translating ideas into algorithms, debugging, and persisting when the code does not work
as expected (Robins et al., 2003; Derus & Zamzuri, 2012; Luxton-Reilly et al., 2018).
These challenges are shaped not only by learners’ knowledge, but also by how program-
ming activities are sequenced, scaffolded, practised, and supported.

The issue becomes more acute in non-specialist settings. When students’ primary ac-
ademic identity lies outside computer science, programming is often positioned within
a broader professional curriculum, with limited exposure, constrained practice time, and
competing disciplinary priorities. In such contexts, learners may understand examples dur-
ing explanation while still struggling to apply concepts independently, interpret errors, or
debug incomplete solutions (Jenkins, 2002; Putri et al., 2024; Ngadengon et al., 2025). For
teacher education and programming education research, the key question is therefore not
only whether students report difficulty, but what kind of difficulty they report, and what this
pattern suggests for the design of programming learning environments.

A design-oriented perspective is useful here. If the main bottleneck lies in conceptual
access to basic structures, instructional responses may need to prioritize sequencing, ex-
planation, and representational clarity. If the larger bottleneck lies in the theory-to-prac-
tice transfer, debugging, and coping with coding breakdowns, different priorities follow:
guided application, continuous practice, explicit debugging pedagogy, and tasks that
connect programming to meaningful disciplinary purposes (Lister et al., 2004; Krpan et
al., 2015; Ou et al., 2023). This distinction matters because different self-reported diffi-
culty patterns imply different educational responses.

Within Algeria and in the wider Arab/North African context, programming learn-
ing in teacher education remains underrepresented in the international literature. Ex-
isting work has more often addressed educational technology, institutional reform, or
school-level initiatives than the ways in which future teachers experience programming
as learners. Against this background, the present study examines one Algerian Higher
School for Teachers as a context-bound case of non-specialist programming education.
It asks whether reported difficulty is better understood as one broad tendency or as a
distinction between conceptual difficulty and application/debugging-related difficulty,
and it considers motivation, support indicators, and student-reported instructional prefer-
ences. The aim is not to generalize prevalence, but to clarify difficulty patterns that may
inform the instructional design.
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The study was guided by the following research questions:

* RQ1. What difficulty patterns are reported at the item and subscale levels, and
does exploratory factor analysis distinguish conceptual difficulty from application/
debugging-related difficulty?

* RQ2. What are the levels of motivation and support indicators reported in this
context, and what preferred learning methods and suggested instructional improve-
ments do students identify?

* RQ3. Do conceptual difficulty, application/debugging-related difficulty, and moti-
vation differ according to gender, second-year versus third-year programme con-
text, and prior programming experience?

* RQ4. Which student characteristics are associated with conceptual difficulty, appli-
cation/debugging-related difficulty, and motivation after simultaneous adjustment?

2. Literature Background and Instructional Design Framing

Programming learning is widely recognized as a multidimensional educational chal-
lenge. Research on introductory programming has shown that learners struggle not only
with the syntax and basic control structures, but also with tracing program behaviour,
translating problems into algorithmic steps, debugging errors, and applying abstract
concepts in executable form (Derus & Zamzuri, 2012; Luxton-Reilly et al., 2018; Rob-
ins et al., 2003). Difficulty in programming therefore spans conceptual understanding,
procedural execution, and learners’ responses to repeated breakdowns during problem
solving.

This complexity is especially important in non-specialist settings. For learners whose
primary academic identity is not computing, programming is often encountered within
a broader professional curriculum rather than a dedicated computer science pathway.
Under conditions of limited exposure, constrained practice time, and competing dis-
ciplinary priorities, the fragile point is often the transition from explanation to imple-
mentation and from correct examples to independent problem solving (Jenkins, 2002;
Ngadengon et al., 2025; Putri et al., 2024).

Learning to program involves more than acquiring knowledge of syntax or lan-
guage-specific commands. Research on novice programmers suggests that programming
requires learners to construct mental models of program behaviour, decompose problems
into manageable steps, and translate abstract reasoning into executable procedures. Dif-
ficulties often emerge not because students fail to memorize concepts, but because they
struggle to coordinate conceptual understanding, algorithmic thinking, and procedural
implementation. As a result, programming learning is increasingly viewed as a process
of knowledge construction and problem solving rather than the simple acquisition of
technical skills (Robins et al., 2003; Luxton-Reilly et al., 2018).

From this perspective, successful programming learning depends on the learners’
ability to move between understanding and action. Students may understand a concept
when it is explained or demonstrated, yet still experience difficulty when required to
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apply it independently, diagnose errors, or revise unsuccessful solutions. Debugging,
tracing, and iterative problem solving are therefore not peripheral activities but central
components of programming competence. These processes require persistence, logical
reasoning, and the ability to reflect on the relationship between intended and actual pro-
gram behaviour.

This perspective is particularly relevant in teacher education. Pre-service mathemat-
ics teachers typically engage with programming within a broader professional curriculum
whose primary focus is not computer science. Consequently, programming learning oc-
curs alongside disciplinary, pedagogical, and professional demands. In such contexts, the
educational value of programming extends beyond technical competence, as program-
ming can support mathematical reasoning, modelling, procedural thinking, and future
pedagogical practice. Understanding how pre-service mathematics teachers experience
programming difficulties is therefore important not only for improving programming
instruction, but also for informing the design of teacher-education curricula that seek to
integrate computational thinking, mathematical modelling, and digital problem-solving
practices into future teaching.

The literature also suggests that programming difficulty is sensitive to instructional
design. When teaching emphasizes syntax in relative isolation and provides insufficient
guided application, learners may understand examples in principle while still struggling
to construct, test, and debug solutions on their own. Worked examples, tracing activities,
deliberate debugging practice, smaller authentic tasks, and repeated guided application
can help reduce this gap between explanation and execution (Hundhausen et al., 2002;
Krpan et al., 2015; Lister et al., 2004; Ou et al., 2023). Evidence from online program-
ming environments further indicates that task difficulty and sequencing can shape pro-
gramming-learning outcomes (Wang et al., 2023). Programming difficulty should there-
fore be understood not only as a learner deficit, but also as a question of instructional
sequencing, practice opportunities, feedback structures, and technological support.

This design-sensitive view is particularly relevant in teacher education. Future teach-
ers who learn programming are not simply acquiring another university subject; they
may also be developing a resource for later classroom practice. In mathematics teacher
education, programming has been discussed as a way to support modelling, representa-
tion, procedural reasoning, and conceptual exploration rather than as a purely technical
end in itself (Brandsaeter & Berge, 2025; Munthe & Naalsund, 2024). For pre-service
mathematics teachers, programming is therefore both content to be learned and a poten-
tial pedagogical tool.

The distinction between conceptual and application/debugging-related difficulty is
central to the present study. If the main bottleneck lies in access to basic concepts, in-
structional responses should prioritize explanation, sequencing, and representational
clarity. If the bottleneck lies more strongly in transfer, debugging, and coping with un-
successful attempts, then different responses are needed: denser practice, guided appli-
cation, explicit error interpretation, and tasks that connect programming to meaningful
disciplinary activity.
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The study adopts this design-oriented stance cautiously. It does not test a formal the-
ory or a full motivational model. Motivational orientation is treated as a brief descriptive
index, with competence, value, and motivational-support literature used to interpret why
challenge and positive orientation may coexist (Guay, 2022; Keller, 2010; Ryan & Deci,
2017, 2020). Support is approached through concrete indicators rather than assumed to
form a latent construct.

Within Algeria and the wider Arab context, research on programming learning in teach-
er education remains limited, with existing work focusing more often on ICT integration,
educational technology, school-level initiatives, or institutional challenges (Al-Buainain,
2024; Bensafa, 2015). This study therefore examines whether the stronger reported bot-
tlenecks lie in conceptual access or in application, debugging, and sustained engagement.

The present study also recognizes that some reported programming difficulties may
overlap with broader cognitive processes. In particular, the item referring to perceived
difficulties in logical problem solving should not be interpreted as a purely program-
ming-specific construct. However, introductory programming requires learners to an-
alyse problems, decompose tasks into smaller steps, formulate algorithmic procedures,
and evaluate the correctness of solutions. Difficulties in logical problem solving may
therefore become visible during programming activities, especially when students at-
tempt to implement, test, and debug a code. For this reason, the item was included as a
potential indicator of programming-related difficulty while acknowledging that it may
also reflect broader perceptions of the reasoning ability beyond programming itself.

3. Method
3.1. Setting and participants

The study was conducted at one Algerian Higher School for Teachers. The accessible
population comprised 282 pre-service mathematics teachers, including 185 second-year
students and 97 third-year students. By using convenience sampling, all students who
were present during the data-collection period were invited to participate. Data were
collected in June 2025, near the end of the 2024-2025 academic year and before final
examinations. A total of 247 valid questionnaires were collected, corresponding to a re-
sponse rate of 87.6%. The final sample included 150 second-year students (60.7%) and
97 third-year students (39.3%).

Programming was encountered across both years of the programme, but in differ-
ent programme contexts. In the second year, students took a Computer Science course
whose practical component focused on algorithm writing and implementation in For-
tran. Whereas, in the third year, students encountered programming within Numerical
Analysis through the implementation of numerical methods in Fortran. Accordingly, the
second-year versus third-year comparison was treated as a programme context indicator
reflecting different curricular experiences rather than a developmental year effect.

In this programme, Fortran should be understood primarily as a curricular and institu-
tional choice. It appears in both the second-year computer science course and numerical
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analysis, functioning as a shared computational medium linking algorithmic reasoning,
procedural implementation, and mathematically oriented computation. The study does
not assume that the language choice alone explains students’ reported learning diffi-
culties; rather, Fortran is treated as one element of the local instructional environment.
Beyond its institutional presence in the curriculum, Fortran has educational relevance in
mathematics-oriented programmes because of its long-standing association with scientif-
ic computing, numerical methods, and mathematical modelling. Its use enables students
to connect algorithmic reasoning with computational approaches frequently encountered
in applied mathematics. In this sense, the language functions not only as a programming
tool but also as a medium through which mathematical procedures can be translated into
executable computational processes. By the time of data collection, some second-year
practical groups had not yet reached the Fortran programming component because of
time constraints, syllabus density, and delays in practical coverage, and had therefore
remained focused mainly on algorithms.

3.2. Instrument

The data were collected by using a structured questionnaire developed and adminis-
tered in Arabic. The questionnaire was a literature-informed, context-adapted instru-
ment rather than a previously standardized scale. Its domains and item content reflected
recurring themes in programming-education research, including conceptual difficul-
ty, application/debugging difficulty, support conditions, and learner orientation, and
were tailored to the participating teacher-education context. The adaptation was also
informed by long-term teaching experience in the same programme. Before adminis-
tration, the Arabic version was reviewed by three experts in computer education and
teaching methods in order to support face and content appropriateness. No separate pi-
lot psychometric testing, cognitive interviewing, or external validation was conducted
before the main administration.

The questionnaire included background items, 13 five-point Likert-type items used in
the measurement analyses, and additional descriptive, preference, and open-ended items.
The Likert-type items comprised seven difficulty items, three support items, and three
motivation items. The item content is reported in Table 2 through English content labels
corresponding to the Arabic questionnaire items used in data collection. The question-
naire used for data collection was in Arabic.

Since the questionnaire was locally adapted for exploratory use, the measurement
analyses were treated as supportive rather than instrument-validating. Internal consist-
ency estimates, inter-item correlations, and exploratory factor analyses were used to
organize the observed response pattern, not to establish a finalized psychometric in-
strument. Participant-level means were computed for conceptual difficulty, application/
debugging-related difficulty, and motivational orientation. The support items were re-
tained as separate indicators because their internal coherence was too weak to justify a
composite score.
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3.3. Data analysis

Likert responses were coded from ‘1’ to 5’ by using the original Arabic response labels.
Binary variables were coded as follows: gender (‘0’ = male, ‘1’ = female), programme
context (‘0” = second year, ‘1’ = third year), prior programming experience (‘0’ = no,
‘1’ = yes), and self-learning of programming (‘0 = no, ‘1’ = yes). In interpretation,
however, the second-year versus third-year variable was treated as a programme context
indicator rather than as a developmental measure.

Descriptive statistics were computed for individual items, support indicators, and
exploratory score summaries. As the main substantive focus was reported programming
difficulty, the measurement analysis was organized in two layers. First, the seven dif-
ficulty-related items were examined through item-level descriptives, inter-item corre-
lations, and a restricted exploratory factor analysis in order to determine whether they
were better represented as one broad difficulty score or as two interpretable patterns.
Second, a broader questionnaire-level exploratory factor analysis of all 13 Likert-type
items was retained only as a secondary descriptive mapping exercise.

For the restricted difficulty-focused analysis, factors were extracted by using princi-
pal-axis factoring with oblimin rotation. The number of factors retained was judged by
using the scree pattern, eigenvalues, and interpretability of the rotated solution. Based
on these exploratory analyses, participant-level means were computed for conceptual
difficulty and application/debugging-related difficulty as cautious descriptive summaries
of the seven difficulty items. A brief motivational orientation index was also computed
for descriptive purposes. These summaries were used for group comparisons and supple-
mentary association analyses, and not as validated scales.

Welch’s independent-samples t-tests were used as preliminary bivariate checks of
group differences, while HC3-robust regression models were used as the main inferential
analyses because they allowed simultaneous adjustment for the gender, programme con-
text, and prior programming experience. To examine whether these patterns remained
after simultaneous adjustment, multiple linear regression models with HC3 robust stand-
ard errors were estimated for the same three outcomes. Prior programming experience
was retained in the main models as the primary indicator of pre-entry exposure, whereas
self-learning of programming was examined in sensitivity models because the two vari-
ables were strongly related but not identical.

Missing data were handled by listwise deletion for the EFA and regression analyses,
whereas descriptive statistics and correlations were based on all available responses for
the variables involved. Open-ended responses were analysed in Arabic through brief
author-led inductive coding in two passes. Due to the fact that the qualitative material
was used only to contextualize the survey findings, coding was conducted by the author
alone, no intercoder reliability coefficient was computed, and selected short excerpts
were translated into English for illustrative reporting.
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3.4. Ethical considerations

The study involved an anonymous, minimal-risk questionnaire administered with insti-
tutional permission in a routine higher-education setting. No formal ethics committee
operated at the institution at the time; therefore, no approval number or exemption doc-
ument was available. Participation was voluntary, and the students were informed that
participation or non-participation would not affect grades, instructor relations, or access
to learning activities. Completion of the questionnaire was taken as informed consent.
No identifying information was collected, only anonymized data were analysed, and all
the respondents were adults.

4. Results

4.1. Participant profile and programming background

The sample was predominantly female (168 of 247, 68.0%) and had a mean observed age
0f 20.56 years (SD = 1.07; range = 18-24; age available for 230 respondents). The final
sample included 150 second-year students (60.7%) and 97 third-year students (39.3%).
Prior programming experience was uncommon: 46 students (18.6%) reported prior ex-
perience, and the same number reported self-learning of programming. Cross-tabulation
showed that these two variables were related but not identical: 186 respondents reported
neither prior experience nor self-learning, 31 reported both, 15 reported prior experience
without self-learning, and 15 reported self-learning without prior experience.

Among the respondents who answered the Fortran usefulness item with either ‘yes’ or
‘no’ (n=135), 76.3% considered Fortran useful. By contrast, 78.7% of valid responses stat-
ed that the current instruction was judged as insufficient. This suggests that many students
valued Fortran while also perceiving the current instructional provision as inadequate.

Table 1. Sample characteristics and programming background

Variable Category n %
Male 79 32.0
Gend
ender Female 168 68.0
Second year 150 60.7
Academi
cademic year Third year 97 39.3
Prior programming experience No 201 81.4
prog & exp Yes 46 18.6
Self-learning of programmin No 201 81.4
- i i
£ oL prog g Yes 46 18.6
Fortran usefulness, valid yes/no No 32 23.7
responses only Yes 103 76.3
N 188 78.7
Current instruction sufficient? °
Yes 51 21.3

Note. Percentages are based on valid responses. Fortran usefulness excludes “I did not study
Fortran” responses.
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4.2. Item-level patterns, support indicators, and design preferences

The strongest reported difficulties were concentrated on the application/debugging-related
side of programming learning. Debugging had the highest mean (M = 3.67), followed
closely by frustration during coding (M = 3.64), theory-to-practice transfer (M = 3.63),
and lack of logical problem-solving skills (M = 3.63). The conceptual items were lower
overall: arrays/tables (M = 3.37), loops (M = 3.24), and conditional constructs (M = 2.62).

Support indicators were moderate, ranging from M = 3.02 for learning resources to
M = 3.22 for instructor support. Motivational orientation was consistently high, with
perceived professional benefit being the highest (M = 4.34), followed by confidence
(M = 4.14) and enthusiasm (M = 4.13). Thus, students reported substantial difficulty
while still expressing positive orientation toward learning programming.

Table 2. Item-level descriptive statistics for difficulty, support indicators, and motivational
orientation

Domain Item Mean SD N
Conditional constructs 2.62 1.22 245
Conceptual difficulty Loops 3.24 1.30 245
Arrays/tables 3.37 1.22 243
Lack of logical problem-solving skills 3.63 1.25 241
Application/debugging- | Theory-to-practice transfer 3.63 1.09 246
related difficulty Debugging 3.67 1.09 245
Frustration during coding 3.64 1.17 241
Support from instructors 3.22 1.10 246
Support indicator Discussion with peers 3.15 1.13 244
Learning resources are sufficient 3.02 1.25 245
Confidence 4.14 1.00 246
Motivational orientation | Enthusiasm 4.13 0.99 246
Perceived professional benefit 4.34 0.98 246

Note. Means are based on a 1-5 response scale. Higher values indicate stronger agreement with
each statement.

Table 3. Design preferences reported by students

Panel Response option Frequency | Percentage
Individual exercises 100 40.5
Preferred learning Educational videos 84 34.0
method Practical projects 68 27.5
Other 67 27.1
More practice time 189 76.5
'Suggested More practical exercises 164 66.4
improvement . . o
Better interaction with instructors 147 59.5
Modern languages 146 59.1
More projects 124 50.2
Additional self-study materials 112 45.3

Note. Percentages are based on the full sample (N = 247). As the respondents could select more
than one option, percentages do not sum up to 100% within each panel.
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Students’ design preferences reinforced this pattern. They most often requested more
practice time (76.5%), more practical exercises (66.4%), better interaction with instruc-
tors (59.5%), and more modern languages or tools (59.1%). The preferred learning
methods were more dispersed, with individual exercises (40.5%) and educational videos
(34.0%) selected more often than practical projects (27.5%).

4.3. Measurement analysis: exploratory score summaries and factor structure

The measurement analysis was used to examine whether the seven difficulty-related
items were better represented as one broad difficulty score or as a distinction between
conceptual difficulty and application/debugging-related difficulty.

The exploratory score summaries supported this distinction. The broad difficulty
summary had acceptable internal consistency (o = .76), but the two-pattern interpreta-
tion was more informative: conceptual difficulty had a mean of 3.08 (SD =1.04, a.=.79),
whereas application/debugging-related difficulty had a higher mean of 3.64 (SD = 0.82,
o = .66). Motivational orientation was high (M = 4.20, SD =0.77, o = .67). The support
items were not retained as a composite because their internal consistency was too low
(a=.22).

Table 4. Exploratory score summaries and internal consistency evidence

9
Score summary / index | Items | N | Mean | SD Cr(:ll:l?;h s Interpretive status
Broad difficulty 7 247 | 340 | 078 76 Descriptive benchmark
summary only
Conceptual difficulty 3 |247| 308 |104| 79 | Exploratoryscore
summary
Appllcatl_on/debuggmg- 4 247 | 364 | 082 66 Exploratory score
related difficulty summary
Br.16f mptlvgtlonal 3 246 | 4.20 |0.77 .67 Brief descriptive index
orientation index
Support indicators 3 — — — 22 Not reta.med asa
composite

Note. Scores were computed as mean item responses. Support indicators were not combined be-
cause internal consistency was low.

The restricted seven-item exploratory factor analysis provided the clearest measure-
ment signal. The three conceptual items loaded primarily on one factor, whereas theo-
ry-to-practice transfer, debugging, frustration during coding, and self-perceived logical
problem-solving difficulty loaded primarily on a second factor. Sampling adequacy was
acceptable (KMO = 0.76), Bartlett’s test was significant, ¥*(21) = 395.87, p<.001, and
the first two eigenvalues were 2.94 and 1.20.

A broader 13-item questionnaire-level exploratory factor analysis was also inspected
as a secondary descriptive mapping exercise. It showed interpretable clustering for con-
ceptual difficulty, motivational orientation, and application/debugging-related difficulty,
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whereas the support indicators showed weak communalities and no coherent retained
factor. Accordingly, support was reported separately, and motivation was retained only
as a brief descriptive index.

Taken together, the measurement evidence supports a distinction between conceptual
difficulty and application/debugging-related difficulty, while motivation is treated as a
brief descriptive index and support as separate indicators.

Table 5. Restricted exploratory factor analysis of the seven difficulty items

Item Fl: dC."“cept“a' diﬁhggﬁgf::;:?gd h?
ifficulty difficulty
Conditional constructs 0.84 -0.10 0.72
Loops 0.87 0.06 0.76
Arrays/tables 0.77 0.06 0.60
Lack of logical problem-solving skills 0.21 0.65 0.46
Theory-to-practice transfer 0.02 0.76 0.58
Debugging -0.09 0.72 0.53
Frustration during coding -0.07 0.67 0.46

Note. Principal-axis factoring with oblimin rotation; n = 228 complete cases. All loadings are
shown. Future validation should examine the structure in independent samples.

4.4. Group differences and adjusted associations

The exploratory score-summary structure revealed a differentiated pattern. There were
no statistically significant gender differences for conceptual difficulty, application/de-
bugging-related difficulty, or motivational orientation.

The preliminary Welch tests showed the same substantive pattern as the adjusted
models reported in Table 6; therefore, the text summarizes the bivariate findings while
Table 6 presents the main adjusted estimates.

The programme context and prior-experience differences were selective. Concep-
tual difficulty was higher in the second-year programme context and among students
without prior programming experience, whereas application/debugging-related difficul-
ty showed no statistically significant bivariate difference. Motivational orientation was
higher in the second-year programme context and among students with prior program-
ming experience.

In the HC3-robust models, the same pattern remained: conceptual difficulty was
lower in the third-year programme context and among students with prior experience,
the application/debugging-related model explained little variance and had no significant
predictors, and motivational orientation was lower in the third-year programme context
but higher among students with prior experience. Sensitivity models replacing prior pro-
gramming experience with self-learning yielded the same substantive pattern.
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Table 6. HC3-robust regression models examining associations with exploratory score
summaries

Outcome Covariate B SE (HC3) | 95% CI P R? N
Female -0.14 0.13 [-0.39,0.12] | 0.297 | 0.186 | 247
Conceptual Third-year
difficulty programme -0.83 0.12 [-1.07,-0.58]| <.001 | 0.186 | 247
context
Prior experience -0.50 0.16 [-0.82,-0.19]| 0.002 | 0.186 | 247
o Female 0.12 0.12 [-0.12,0.36] | 0.317 | 0.018 | 247
gfbpl:lgc;::;l/ Third-year
related prO%rainme -0.12 0.11 [-0.33,0.09] | 0.260 | 0.018 | 247
difficulty contex
Prior experience -0.21 0.13 [-0.46, 0.04] | 0.106 | 0.018 | 247
Female 0.09 0.11 [-0.13,0.30] | 0.423 | 0.072 | 246
A Third-year
Motivational | & & amme 2026 | 011 |[-0.46,-0.05]| 0.015 | 0.072 | 246
orientation
context
Prior experience 0.39 0.10 [0.19,0.60] | <.001 | 0.072 | 246

Note. Models included gender, programme context, and prior programming experience. Program-
me context should not be interpreted as a pure developmental year effect.

4.5. Correlations, categorical associations, and qualitative evidence

Conceptual difficulty and application/debugging-related difficulty were moderately pos-
itively related (r = 0.433, p<.001). Neither difficulty subscale was significantly associ-
ated with motivational orientation: conceptual difficulty, r =-0.019, p = 0.761; applica-
tion/debugging-related difficulty, r = -0.056, p = 0.383. Prior programming experience
was not significantly associated with gender, ¥*(1) = 0.18, p = 0.671, or academic year,
(1) = 0.27, p = 0.600, but was strongly associated with self-learning, ¥*(1) = 84.80,
p<.001, Cramer’s V = 0.586.

Out of the 247 respondents, 120 provided non-empty open-ended answers. Their
comments echoed the quantitative pattern by highlighting the need for more curricular
time, stronger guided application, authentic projects or real problems, modern tools, and
stronger instructional support.

To make this supplementary evidence more transparent, Table 7 presents short trans-
lated excerpts from the open-ended responses. These excerpts are used only to contex-
tualize the survey findings and are not treated as an independent qualitative strand or as
evidence of formal triangulation.
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Table 7. lllustrative translated excerpts

Theme Illustrative translated excerpt Instructional implication

. “Programming should be taught as a regular . .
More curricular . . Provide more continuous
course in the curriculum rather than as

time and . exposure and avoid long gaps
- practical work only once every 15 days; P . 18 £ap
continuity between practical sessions.

otherwise, students forget what they learn.”

More guided « . . . Increase guided exercises and
anplication and I want more attention to the practical side scaffolded implementation
PP than to the theoretical side.” P

exercises tasks.

Authentic @ L. . Use meaningful,
projects and real There should be application domains or mathematics-linked, or

problems solutions to real problems. authentic programming tasks.
“Add more modern languages than Fortran, | Combine tool/language

such as C++, and provide enough support and | updating with stronger

time for students to study programming.” instructional support.

Modern tools and
stronger support

Note. The original comments were written in Arabic and translated into English for reporting. The
excerpts are illustrative, anonymized, and used only as supplementary contextual evidence.

5. Discussion

The findings should be read as a context-bound but internationally relevant case of program-
ming learning in non-specialist teacher education. In this sample, reported programming
difficulty was more informatively described through item-level evidence and a distinction
between conceptual difficulty and application/debugging-related difficulty than through
one broad undifferentiated score. The strongest pressure points concerned theory-to-prac-
tice transfer, debugging, frustration during coding, and self-perceived weakness in logical
problem solving. This pattern is broadly consistent with previous programming-education
research indicating that novice learners often experience greater difficulty when moving
from conceptual understanding to independent implementation and debugging (Robins et
al., 2003; Lister et al., 2004; Luxton-Reilly et al., 2018). Rather than suggesting a lack of
conceptual exposure alone, the findings point to the challenge of translating knowledge
into executable procedures and managing the iterative process of testing and correcting a
code. From an instructional perspective, this reinforces the importance of learning envi-
ronments that provide opportunities for guided application, error diagnosis, and structured
practice beyond the presentation of programming concepts.

A second key result is that conceptual difficulty and application/debugging-related
difficulty did not behave identically. Conceptual difficulty showed clearer differences
across the second-year and third-year programme contexts and by prior programming
experience, whereas application/debugging-related difficulty showed less differentiation
across the compared groups after adjustment. This pattern may reflect differences in cur-
ricular exposure rather than developmental change alone. In this context, some reported
programming difficulty may be linked not only to the intrinsic challenge of program-
ming, but also to limited opportunities to engage fully with the programming language
because of time constraints and syllabus density. At the same time, the weaker differen-
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tiation of application/debugging-related difficulty suggests that applying, testing, and
repairing a code may require sustained instructional support across programme contexts.
Due to the study being cross-sectional, these contrasts should not be interpreted as direct
developmental change.

The distinction between these two patterns is also educationally meaningful. Much of
the literature on introductory programming treats programming difficulty as a relatively
unified phenomenon. The present findings suggest that, in mathematics teacher-educa-
tion settings, difficulties related to conceptual understanding may not necessarily co-
incide with difficulties related to implementation, debugging, and sustained problem
solving. This distinction may help teacher educators identify more targeted instructional
responses rather than treating all programming difficulties as manifestations of the same
underlying challenge.

The motivation findings should be interpreted more cautiously than the difficulty
findings because motivation was represented only through a brief three-item descriptive
index. Even so, the coexistence of high perceived value and substantial reported difficul-
ty suggests that difficulty in this context did not simply reflect disengagement. In profes-
sionally oriented programmes, students may continue to value programming while still
needing stronger scaffolding for application. Mathematics-linked tasks and small pro-
jects may therefore help preserve perceived relevance while supporting implementation.

The support findings should also be interpreted at the indicator level rather than as
evidence of a unified support construct, because the three support items did not show
sufficient internal coherence to justify combination. Nevertheless, the student-preference
and open-ended evidence gives these indicators practical design meaning: students re-
peatedly asked for more practice time, more exercises, stronger interaction, projects, and
more contemporary tools. The Fortran finding points in the same direction: many stu-
dents viewed the language as useful, but most judged the current instruction insufficient.
Taken together, the data suggest that the stronger issue lies less in the language choice
alone than in continuity, guided application, and instructional interaction.

These implications should be interpreted in line with the study design. The results
are based on self-reports from a single site and identify perceived instructional pressure
points rather than objective programming competence. Future research should combine
self-report evidence with performance-based measures, course achievement data, class-
room observation, or think-aloud problem-solving protocols.

5.1. Contribution to teacher education and programming education

The contribution of this study lies in extending programming-education research to a
teacher-education context that remains underrepresented in the international literature.
While much of the existing evidence originates from computer science or engineering
programmes, the present study focuses on pre-service mathematics teachers learning
programming within a broader professional curriculum. The findings suggest that ap-
plication and debugging challenges may represent more salient instructional pressure
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points than conceptual understanding alone. By distinguishing between conceptual diffi-
culty and application/debugging-related difficulty, the study provides a more differenti-
ated view of programming learning challenges and highlights the importance of instruc-
tional design in supporting future teachers’ engagement with computational approaches.
The study also contributes empirical evidence from an Algerian and Arabic-speaking
educational context, by adding geographical and contextual diversity to the program-
ming-education literature.

6. Limitations

Several limitations should be acknowledged. First, the study was conducted in a single
institution and used convenience sampling; the findings should therefore be interpret-
ed as context-specific rather than broadly representative. Second, the evidence is based
primarily on self-report data and does not include direct performance measures of pro-
gramming competence, classroom observation, or intervention data. The results should
therefore be read as identifying perceived instructional pressure points rather than meas-
uring objective programming ability.

Third, the questionnaire was literature-informed and author-adapted in Arabic for a
specific local context. Although it was reviewed by three experts for face and content
appropriateness, it was not a previously standardized scale and was not subjected to
separate pilot psychometric testing, cognitive interviewing, or external validation before
the main administration. Accordingly, the retained summaries should be interpreted as
exploratory and context-specific rather than as validated constructs. The support items
did not justify a composite score, and the application/debugging-related grouping should
be interpreted in light of the exploratory nature of the analysis.

Fourth, the same sample was used both to derive the exploratory score summaries
and to examine their group differences and adjusted associations. Although a broader 13-
item questionnaire-level exploratory factor analysis was inspected, the clearest measure-
ment signal came from the restricted analysis of the seven difficulty items. The broader
analysis was therefore used only as a descriptive mapping exercise, and not as a basis for
strong construct-level inference.

Fifth, the qualitative component was coded by the author alone and used only as
supplementary contextual evidence. No intercoder reliability coefficient was computed,
and the illustrative quotations were translated from Arabic into English, which adds an
additional interpretive step.

Finally, because the study is cross-sectional, differences by prior programming expe-
rience and by second-year versus third-year programme context should not be interpreted
causally. The two groups of different study years differed in their immediate curricular
setting, and some second-year practical groups had not yet completed the planned Fortran
component because of time constraints, syllabus density, and delays in practical coverage.
The observed group differences therefore cannot be disentangled from uneven exposure to
the programming content and should not be interpreted as a pure extra-year effect.
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7. Conclusion

This study used one Algerian teacher-education setting to examine how pre-service
mathematics teachers report programming learning difficulties in a non-specialist cur-
riculum. The findings suggest that the most salient difficulties were concentrated in the-
ory-to-practice transfer, debugging, and frustration during coding rather than in basic
concepts alone. Conceptual difficulty differed more clearly by the programme context
and prior programming experience, whereas application/debugging-related difficulty
showed no clear adjusted group differences. This contrast should be interpreted as a
programme context pattern rather than as a developmental year effect.

The main contribution of the study is to highlight an instructional design issue in
non-specialist programming education: conceptual explanation alone may be insufficient
if learners are not also supported in applying, testing, and repairing the code. The find-
ings point toward denser practice, guided application, explicit debugging support, and
mathematics-linked tasks in teacher education, particularly in non-specialist program-
ming contexts where implementation challenges may outweigh conceptual difficulties.
As a single-site self-report study, these findings should be replicated through multi-site,
performance-linked, and instrument-development research.
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