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Abstract

This convergent mixed-methods study evaluated the readiness of Nyakasikana Secondary School
in Makonde District, Mashonaland West, to implement Zimbabwe’s mandatory Geographic
Information Systems (GIS) curriculum. The objectives were to audit the availability and
functionality of GIS-specific resources, assess teacher preparedness in delivering GIS content,

and analyse how institutional, socio-economic, and infrastructural factors impede GIS education.

A sample of 15 Geography students, 3 Geography teachers, and 3 school administrators
participated. Data were collected using GIS competency survey questionnaires, interviews,
classroom observations, and a resource checklist. Only 20% of the required GIS-specific
resources were functional. Over 80% of teachers reported no formal GIS training, rendering
curriculum delivery largely theoretical. Findings underscore a significant policy-practice gap in
rural GIS education, with systemic constraints limiting the development of practical GIS
competencies. The study concludes that effective GIS implementation remains superficial
without targeted support. Key recommendations are grouped into three themes: Policy and
Guidelines: The Ministry of Primary and Secondary Education should develop and disseminate
clear, context-sensitive implementation frameworks. Capacity Building: Teachers should be
trained in both theoretical and practical GIS delivery, with emphasis on localized examples.
Resource Mobilisation: Schools and external stakeholders should invest in open-source GIS

tools, digital teaching materials, and community-based GIS initiatives.
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CHAPTER 1 INTRODUCTION

1.0 Introduction
This chapter introduces the study, providing an overview of its background, problem statement,

research questions, significance, delimitations, and limitations, definition of terms, chapter
layout, and summary. The primary focus of the research is to explore the integration of
Geographic Information Systems (GIS) in rural secondary schools, using Nyakasikana

Secondary School in Zimbabwe as a case study.

1.1. Background to the Study

Geographic Information Systems (GIS) have become an important component of education all
over the world. This has enabled students to have spatial literacy and analytical skills to help
them deal with topical issues such as climate change, urbanization, and sustainable resource
management (Kerski, 2020). In most countries, schools have integrated GIS by using ArcGIS
Online and QGIS platforms thereby allowing interactive, project-based learning and providing
students with practical tools for engaging in real-world problem-solving (Sinton et al., 2020).
GIS education has gained traction as a cross-disciplinary tool essential for equipping students
with 21st-century competencies critical for STEM-related careers. However, the incorporation of
GIS in most school’s curriculum in sub-Saharan Africa is low as compared to other countries.
Many rural schools in the region experience challenges like inadequate infrastructure, limited
teacher training, and outdated curricula that fail to incorporate digital tools into teaching (Ndlovu
et al., 2021). These challenges show an imbalance in STEM education as rural students are often

marginalized from opportunities to engage with emerging technologies critical to modern



economies (Sianipar et al., 2022). It has been noted that most of rural schools in Zimbabwe have
no access to computer laboratories or internet connectivity (Mhlanga, 2023). Zimbabwe’s The
Ministry of Primary and Secondary Education in Zimbabwe adopted GIS as part of the
geography curriculum. This is in line with national development goals such as environmental
management and sustainable urban planning (Chakona, 2020). Barriers such as unreliable
electricity, inadequate ICT infrastructure, and a lack of training programs for teachers to
effectively deliver GIS content hinder the implementation of GIS education (Gumbo, 2022).
Consequently, this has led to a more theoretical approach than practical approach in the teaching
of GIS concepts. Most students rely on textbooks and hand-drawn maps, which undermines the
development of practical skills required for GIS-related careers (Ndlovu et al., 2021). Theoretical
frameworks, particularly the decolonial perspective, offer a vital lens for critically examining and
addressing persistent challenges in education. Decolonial theory underscores the imperative to
dismantle systemic inequities by prioritizing local knowledge systems and confronting disparities
in resource allocation (Mignolo & Walsh, 2018; Ndlovu-Gatsheni, 2020). This research adopts a
decolonial framework to reconceptualize GIS education in rural Zimbabwe which emphasizes
the use contextually relevant pedagogical strategies which empower both students and educators
(Chikanda, 2021; Mazibuko, 2022). By centering indigenous epistemologies and addressing
structural barriers, this approach seeks to foster more equitable and inclusive educational

practices.

1.2 Problem Statement

The Heritage Based Curriculum incorporated Geographic Information Systems (GIS) into the

national Geography curriculum as it is crucial for the advancing environmental management and



urban planning (Chakona, 2020; Gumbo, 2022). However, rural schools remain poorly equipped

to meet these expectations.

Rural schools like Nyakasikana Secondary in Mashonaland West are hinders to effectively
implement GIS. Most rural schools in Zimbabwe have no access to computer laboratories or
reliable internet connectivity (Mhlanga, 2023). The majority of teachers have no formal GIS
training and use theoretical methods like textbook readings and hand-drawn maps, which
undermines students' acquisition of essential digital competencies (Ndlovu et al., 2021). This
disconnects between national policy and local practice creates a significant implementation gap.
Hence, rural learners are further marginalized and are not able to access STEM education
opportunities and are ill-prepared for careers requiring spatial literacy and digital skills (Sianipar

etal., 2022).

This study addresses this knowledge gap by evaluating GIS education implementation at
Nyakasikana Secondary School. Using a decolonial theoretical framework, the research
prioritizes participatory and contextually grounded strategies that center local knowledge

systems, empower educators and advocate for equitable resource allocation in rural education.

1.3 Research Objectives

1. To audit the availability and operational status of GIS-related resources such as functioning
computers, appropriate software, and internet access at Nyakasikana Secondary School, and

evaluate their adequacy for GIS instruction.

2. To assess Geography teachers’ preparedness to deliver GIS content, including their formal

training, practical competencies, and use of GIS pedagogical strategies.



3. To analyse how key institutional, socio-economic, and infrastructural factors such as power
reliability, student-to-computer ratios, teacher workload, and curriculum relevance affect the

implementation of GIS education at Nyakasikana.

4. To propose feasible, context-specific strategies for enhancing GIS implementation at
Nyakasikana Secondary School, based on resource audits and feedback from students, teachers,

and administrators.

1.4 Research Questions

1. What GIS teaching and learning resources are currently available and functional at
Nyakasikana Secondary School, and how do infrastructural limitations such as electricity

reliability, availability of GIS software, and internet access affect GIS instruction?

2. To what extent are Geography teachers at Nyakasikana Secondary School competent in

teaching GIS, in terms of training received, confidence levels, and instructional methods used?

3. What contextual factors such as institutional policy, socio-economic constraints, and
curriculum design affect the effective implementation of GIS education at Nyakasikana, and how

can local knowledge systems and place-based examples improve curriculum relevance?

4. What practical strategies can be adopted to enhance the implementation of GIS at

Nyakasikana Secondary School, especially under conditions of limited resources?

1.5 Assumptions

This study operated under several assumptions that informed its research design and data
interpretation. Each assumption was grounded in the specific context of rural GIS education in
Zimbabwe and was monitored through careful methodological choices.

4



1. Contextual similarity assumption

The study focused on a single rural secondary school, with the assumption that Nyakasikana
shares contextual characteristics such as limited ICT infrastructure, staffing shortages, and
budget constraints with other similarly situated schools in Zimbabwe. This allowed the research
to draw insights into broader patterns affecting GIS implementation in rural areas. However, it
was acknowledged that the findings are not statistically generalizable. Instead, they offer
qualitative insight into conditions common in under-resourced educational settings, justified

through supporting national education reports and existing literature.

2. Participant honesty assumption

It was assumed that participants particularly Geography teachers would respond truthfully about
their GIS knowledge, teaching practices, and institutional challenges, despite possible pressure to
align their responses with expected curriculum delivery. This assumption was considered
reasonable because the researcher assured confidentiality and anonymized responses during
interviews and questionnaires. Additionally, triangulation of data across students, teachers, and

administrators helped mitigate potential bias.

3. Infrastructure reporting assumption

It was assumed that observable infrastructure conditions such as electricity availability, internet
access, and equipment functionality could be accurately documented using a checklist and
confirmed through stakeholder interviews. This was justified by the use of direct audits,
walkthroughs, and photographic evidence. Where data gaps or inconsistencies arose,

corroborative input from school administrators helped ensure accuracy.



4. Feasibility of community-driven strategies

It was also assumed that low-cost, community-driven strategies such as participatory mapping
and the use of open-source GIS platforms could be realistically implemented at Nyakasikana
without large-scale investment. This assumption drew on examples of similar interventions in
low-resource African educational settings (e.g., Suleiman, 2021). The viability of these
approaches was further evaluated through discussions with local teachers and education officers

to confirm contextual fit.

Each of these assumptions was aligned with the study’s qualitative case study design, purposive
sampling of key informants, and use of mixed instruments (interviews, checklists, and document

reviews) to cross-validate findings and limit the impact of bias.

1.6 Significance of the study

This study responds directly to the national policy gap identified in the problem statement and
advances the objectives outlined by addressing the readiness of schools to implement the GIS

curriculum.

1.6.1 Teachers

The study equips teachers at Nyakasikana Secondary School with evidence-based strategies to
overcome resource limitations, such as using low-cost mobile GIS applications or integrating
participatory mapping exercises. By identifying gaps in training and access to digital tools, the
study provides a roadmap for targeted professional development programs, enhancing

pedagogical confidence and technical proficiency (Marambanyika, 2020). Additionally, the co-



development of localized teaching materials empowers educators to align GIS instruction with

students’ lived experiences, fostering more engaging and relevant classrooms.

1.6.2 Students

For students, the study directly addresses barriers to spatial literacy, such as limited computer lab
access or abstract curricular content. By advocating for the inclusion of indigenous knowledge
systems (e.g., local land-use practices), the research ensures GIS instruction resonates with
Makonde District’s socio-environmental context, improving comprehension and retention
(Mavhura, 2022). Furthermore, exposure to practical GIS applications prepares students for
STEM careers or community leadership roles, enabling them to address local challenges like

climate adaptation and resource management.

1.6.3 Bindura University of Science Education

Universities involved in teacher training or curriculum design will benefit from the study’s
insights into rural education disparities. Findings can inform the development of GIS-focused
modules in teacher certification programs, emphasizing context-specific pedagogies for under-
resourced schools. The research also strengthens academia-community partnerships, positioning
universities as key stakeholders in bridging the urban-rural education divide (Suleiman, 2021).
Finally, the decolonial framework proposed here contributes to broader scholarly debates on

transforming Eurocentric curricula in African institutions.

1.6.4 The researcher

This study builds methodological expertise in participatory action research and mixed-methods
case study design. It deepens understanding of systemic inequities in GIS education, offering a
foundation for future projects focused on technology access in marginalized communities. The

7



process of co-developing strategies with stakeholders also hones skills in collaborative problem-
solving, while findings contribute to the researcher’s academic portfolio and visibility in

geospatial education discourse (Kerski, 2020).

It contributes to the limited body of empirical research on GIS curriculum implementation in

under-resourced African secondary schools.

1.7 Limitations of the study

This study was subject to several limitations that may have influenced the findings:
1. Single case study design

The focus of the study was Nyakasikana Secondary School only and this allowed for in-depth,
context-specific insights. However, it limited the generalizability of findings to all rural schools
in Zimbabwe. The study still provides a valuable framework that can inform similar contexts

with shared characteristics.
2. Small sample size

The research involved 15 students and 6 staff members and 12 focus group participants. This
relatively small sample may not capture the full range of experiences, perspectives, or variations
in GIS implementation across other schools. Nevertheless, the sample allowed for a manageable

and focused exploration suitable for qualitative analysis.
3. Self-reported data

Teachers and students may have underreported challenges due to fear of implicating school

leadership or reflecting poorly on themselves, resulting in social desirability bias. The study



ensured confidentiality and encouraged open-ended responses to build trust and elicit honest

feedback.
4. Researcher bias

There was a risk of subjective interpretation of data or unintentional influence on participants
because the researcher was familiar with the school and this was mitigated by using a structured
research protocol, peer debriefing, and maintaining reflexive notes throughout the research

process.
5. Infrastructural audit limitations

Observational and administrative data may not fully capture the dynamic nature of infrastructural
challenges such as intermittent electricity or fluctuating internet access which could affect GIS

instruction in real time.
6. Narrow focus on GIS

Issues like STEM education funding or curriculum reform dynamics were not directly addressed
yet these intersecting issues may still have a bearing on GIS implementation. To enhance
credibility and mitigate the above limitations, data triangulation across interviews,
questionnaires, and resource checklists was employed. This approach ensured validation of

findings from multiple sources.

1.8 Delimitations of the study

This study is bounded by several deliberate delimitations to ensure a focused and manageable
inquiry aligned with the research aim to evaluate school-level readiness for GIS curriculum

implementation.



1. Geographic focus on one school

The research was confined to Nyakasikana Secondary School in Makonde District, selected due
to its rural location, which typifies the infrastructural and staffing conditions under which GIS is
expected to be implemented nationally. This narrow scope facilitated deep, contextual analysis

rather than superficial comparisons across multiple sites.

2. Topical focus on GIS

The study specifically investigated GIS education as a representative case of technology-
dependent learning. This focus was chosen because GIS requires both digital infrastructure and
specialized teacher training, making it an ideal lens through which to examine broader ICT

challenges.

3. Time scope

Focus of the study was the current (2025) conditions and no historical trends in education policy
were put into consideration. This ensures that recommendations are grounded in current

challenges and can inform actionable, short-term interventions.

4. Participant selection

Participants include Geography students, teachers, and administrators involved in curriculum
implementation. Other stakeholders such as parents, provincial education officers, or non-
Geography teachers were excluded to maintain relevance to GIS-specific teaching and learning

dynamics.

10



5. Methodological boundaries

The study adopted a mixed-methods study approach using interviews, gquestionnaires, and
checklists. This approach allowed for the collection of perceptions and resource data, though

actual classroom practices or student engagement with GIS tasks were not fully captured.

These delimitations reflect the researcher’s intention to conduct a focused investigation that can

yield actionable insights for improving GIS implementation in rural secondary schools.

1.9 Definition of terms

1.9.1 Geographic Information Systems (GIS): A computer-based tool for capturing, analysing,

and visualising spatial data to solve geographic problems (Kerski, 2020).

1.9.2. GIS education: A structured learning programme that equips students with knowledge and
skills in Geographic Information Systems, including data collection, analysis, and spatial

visualisation (Marambanyika, 2020).

1.9.3. Decolonial framework: An approach to education that centres indigenous knowledge and
challenges Eurocentric curricula, seeking to align content with local contexts and learner realities

(Mavhura, 2022).

1.9.4. Readiness: The extent to which a school is equipped in terms of infrastructure, teacher

training, and institutional support to effectively implement GIS education.

1.9.5. Infrastructure (Educational): The physical and digital resources necessary for delivering
GIS instruction, including functioning computers, internet access, electricity, GIS software, and

learning spaces.
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1.9.6. Teacher preparedness: The degree to which Geography educators possess the required
knowledge, skills, confidence, and pedagogical strategies to effectively teach GIS, including

familiarity with relevant software and curriculum integration methods.

1.9.7. Curriculum pedagogy disconnect: The misalignment between what the curriculum intends
to achieve such as hands-on GIS competencies and the actual teaching methods, which are often

constrained by lack of resources or training (Ndlovu et al., 2021).

1.9.8. Context-Specific Strategies: Locally adapted, practical solutions for improving GIS
instruction that respond to the specific socio-economic, infrastructural, and cultural conditions of

a school or community.

1.10 Chapter Layout

This study is organised into five chapters:

Chapter 1 introduces the research problem and provides the background, problem statement,
research objectives, questions, significance, assumptions, limitations, and delimitations. It frames

the study within the national context of GIS curriculum implementation in rural schools.

Chapter 2 presents the theoretical and conceptual frameworks that underpin the study,
particularly the decolonial lens, and reviews existing literature to identify gaps this study

addresses.

Chapter 3 outlines the research methodology, detailing the case study design, mixed-methods
approach, data collection tools (interviews, questionnaires, focus group discussions, classroom

observations, and document analysis), and ethical considerations.
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Chapter 4 presents and analyses the data collected, drawing connections between the findings

and the research sub-questions outlined in Chapter 1.

Chapter 5 provides an overview of the study, conclusions based on findings, and practical

recommendations for improving GIS education in rural schools.

1.11 Chapter Summary

This chapter laid the foundation for the study by introducing the background, articulating the
problem statement, and defining the purpose of the research. It responded directly to a national
policy gap the integration of GIS into the secondary school Geography curriculum by setting out

to assess the readiness of rural schools like Nyakasikana to implement GIS education.

The chapter presented the study’s objectives and research questions, which guided the inquiry
into infrastructure, teacher preparedness, and context-specific barriers. The significance of the
study was articulated for key stakeholders, including teachers, students, universities, and the
broader research community, with an emphasis on contributing to the limited empirical literature

on GIS curriculum implementation in under-resourced African secondary schools.

Key assumptions were outlined to clarify the study’s perspective and expectations, while
limitations and delimitations defined the scope, potential constraints, and intentional boundaries
of the research. For instance, focusing on a single rural school enabled deep context-specific
analysis, though it limited generalisability. The choice to rely on interviews, questionnaires, and
checklists rather than classroom observations reflected a methodological delimitation shaped by

the study’s emphasis on stakeholder experiences and infrastructural conditions.

Terms central to the research such as GIS education, readiness, and infrastructure were defined
to support clarity and shared understanding. Each element of the chapter contributed to building
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a coherent framework for examining how systemic inequalities affect GIS implementation in

Zimbabwe’s rural schools.

The next chapter reviews theoretical and empirical literature related to GIS education and rural

schooling, further grounding the study’s analytical approach and identifying existing knowledge

gaps.
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CHAPTER II: REVIEW OF RELATED LITERATURE

2.1 Introduction

In the previous chapter, the problem and its setting were articulated. This chapter provides a
critical review of literature that informs the study, focusing on key areas such as the theoretical
foundations underpinning GIS education, the availability and functionality of GIS-specific
resources, teacher preparedness including pedagogical strategies and training gaps, institutional
and socio-economic barriers, and context-specific strategies for implementing GIS in under-

resourced schools.

As Geographic Information Systems (GIS) have recently been incorporated into Zimbabwe’s
secondary school Geography education in the Heritage Based Curriculum. However, many rural
schools experience barriers in effectively delivering GIS content. It is therefore imperative to
understand the educational, infrastructural, and contextual factors affecting GIS education. This

will be essential in identifying requirements for successful implementation.

The chapter is thematically structured to allow for better synthesis of global, continental, and
local findings within each theme. The literature review identifies critical gaps such as the
absence of empirical studies on GIS integration in rural Zimbabwean schools, limited attention to
teacher preparedness in rural schools, and minimal exploration of pedagogical strategies that are

both affordable and contextually relevant.

2.2 Theoretical Framework

A theoretical framework, according to Smith (2023), serves as a guiding structure that links

existing theories to the rationale of a study.
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This study is grounded in constructivism and the Technological Pedagogical Content Knowledge
(TPACK) framework. These frameworks illuminate both how students learn spatial concepts and
how teachers can effectively integrate GIS technologies into pedagogy. While constructivism
provides inquiry-based, learner-centered GIS instruction, TPACK addresses the complex

knowledge teachers require to teach GIS meaningfully.

2.2.1 Constructivist theory

Constructivist theory posits that learners actively construct knowledge through experience,
engagement, and social interaction rather than passively receiving information (Hwang et al.,
2021). This framework is particularly relevant for GIS education, which benefits from inquiry-
based, experiential, and problem-solving approaches. In the context of rural Zimbabwean
schools, where traditional pedagogies often rely on rote memorization, constructivism offers a

more dynamic and contextually responsive model of instruction (Chabaya, 2022).

Constructivist principles align well with the instructional demands of technical and applied
nature of GIS. Thus, GIS environments can facilitate interactive learning and knowledge
construction which allows learners to visualize spatial data, engage with real-world scenarios,

and co-construct meaning from geospatial patterns, (Liu & Zhu, 2021).

Constructivist pedagogy emphasizes the role of prior knowledge (Zidny et al., 2023). Rural
Zimbabwean students have imbedded informal spatial awareness, derived from navigating
terrains daily, tracking seasonal changes, or understanding agricultural layouts (Ajayi, 2023). By
connecting formal GIS concepts to these lived experiences, educators can foster deeper more

meaningful learning (West & Saito, 2021).
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Constructivism also emphasizes the social dimensions of learning, especially within the
framework of Vygotsky’s Zone of Proximal Development (ZPD), which stresses the value of
collaboration in knowledge building (Harris & Hofer, 2021). Rural schools have inadequate GIS
software and digital infrastructure and collaborative methods such as peer instruction, group
mapping activities, and community-based fieldwork can compensate for limited technological
resources (Tondeur et al., 2023). Students mapping their village’s water points or farmland can
learn not only technical mapping skills but also the value of cooperative inquiry (Zimmerman et

al., 2022).

Constructivism supports experiential and inquiry-based learning, both of which are integral to
effective GIS education (Mishra, 2020). Field surveys, GPS data collection, and interactive
digital simulations engage students in real-world problem solving and enhance their spatial
reasoning (Rosenberg & Koehler, 2021). These methods are of immense in rural contexts where

students may have limited exposure to geospatial technologies (Ndlovu et al., 2023).

Constructivist pedagogy allows metacognitive reflection, enabling students to evaluate their
learning process (Graham, 2022). The use of tools like learning journals or project rubrics can
support can support reflective process through activities such as self-assessment, peer feedback,
and iterative project development, which reinforce understanding and critical thinking (Xie et al.,

2023).

The adoption of constructivism for this study is due to the fact that it is its relevant to both the
nature of GIS and the realities of rural education in Zimbabwe. It provides a learner-centered
strategy that promotes interaction, leverages prior knowledge, and enables collaborative and

contextualized learning (Tshuma & Bester, 2022; Mwalongo & Mkonongwa, 2023). By drawing
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from real-world scenarios and community challenges, constructivism makes GIS education

meaningful and locally grounded (Mandina & Moyo, 2023).

Thus, constructivist theory is used to inform how GIS can be taught in ways that are both
pedagogically sound and contextually viable, aiming to empower learners at Nyakasikana

Secondary School with spatial skills applicable to their everyday lives (Chigona et al., 2023).

2.2.2. Technology adoption models: Technology Acceptance Model (TAM)

and Diffusion of Innovations (DOI)

Theories such as the Technology Acceptance Model (TAM) and Diffusion of Innovations (DOI)
were adopted to understand teacher adoption of GIS technology requires insights from
established technology. The TAM, developed by Davis (1989), posits that users’ acceptance of
new technology depends primarily on perceived usefulness and perceived ease of use. Teachers
are more likely to integrate GIS into their instruction if they believe it will enhance their teaching
effectiveness, (Venkatesh, 2021). Furthermore, teachers implement GIS if they find the
technology manageable within their existing skill sets and resources (Bala, 2021). Firomumwe
and Gamira (2023), have highlighted TAM’s utility in explaining barriers to technology uptake

among teachers, such as limited training and low confidence.

Rogers’ (2003) Diffusion of Innovations theory explains how new ideas and technologies spread
within a social system over time. DOI identifies key factors influencing adoption, such as
innovation’s relative advantage, compatibility with existing values and practices, complexity,
trialability, and observability. DOI suggests that teachers’ willingness to adopt GIS depends on
how well the technology aligns with their pedagogical goals and how observable the benefits are

within their classrooms (Suleiman, 2021).
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The use of both TAM and DOI provide a comprehensive framework to analyze both individual
attitudes and systemic factors affecting GIS integration in schools. TAM focuses on individual
perceptions influencing technology acceptance whereas DOI highlights the broader social and
organizational dynamics that enable or hinder diffusion. These models helped to identify
practical interventions such as targeted professional development and peer mentoring so as to

improve teacher readiness and the sustained use of GIS in education.

2.3. Geographic Information Systems (GIS) as a concept

Geographic Information Systems (GIS) refer to computer-based tools that enable users to collect,
store, analyze, manage, and visualize spatial or geographic data. GIS is a framework for
gathering, managing, and analyzing spatial data, integrating location with descriptive
information to produce visual outputs such as maps, charts, and 3D models, (USGS, 2020). GIS
links data to maps, making it a powerful tool for uncovering patterns, relationships, and trends in

geographic space.

GIS holds promotes spatial thinking and data literacy. It enables learners to explore real-world
phenomena by interacting with spatial data, making abstract geographic concepts more concrete
(Elwood, 2020). Integration of GIS in education in the late 20th century, was due to
developments in geospatial technologies and increased recognition of spatial literacy as a critical
skill (Bednarz & van der Schee, 2021). Developed countries such have incorporated GIS into

school curricula to support inquiry-based learning, problem-solving, and critical thinking.

Through integrating GIS into the curriculum, particularly in rural schools like Nyakasikana

Secondary School in Zimbabwe, educators can empower students to engage actively with their
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local environments. Students might map land use patterns, track deforestation, or analyze access

to water sources, thereby connecting classroom learning with community-based challenges.

The introduction of GIS leads to a transformation from traditional learning paradigms to a
competency-based approach that promotes practical skills and critical thinking (Chisholm, 2021).
It encourages students to apply their knowledge in real-world scenarios, thereby enhancing their
understanding of geography and its relevance to everyday life. Furthermore, GIS education can
facilitate collaborative learning experiences, as students collect and analyze data relevant to their

communities, fostering teamwork and problem-solving skills (Mafa, 2022).

GIS supports learner-centered, inquiry-based pedagogy in secondary schools as it prepares
learners for careers in the digital and geospatial economy. Reimagining GIS education in rural
schools not only enhances academic learning but also cultivates essential 21st-century skills,

such as spatial awareness, digital literacy, and evidence-based reasoning.

2.4. Availability and functionality of GIS-Specific resources

The objective of integrating Geographic Information Systems (GIS) into educational curricula
is to upskill learners to be able to reason spatially, think critically, and solve problems (Baker et
al., 2021). GIS implementation hinges on technological infrastructure hardware, software,

geospatial data, and reliable internet connectivity availability.

Developed nations like the United States, Singapore, and South Korea have recorded successful
GIS implementation by providing computer labs, broadband internet, and proprietary or open-
source GIS platforms such as ArcGIS and QGIS (Gonzalez & Ziegler, 2022; Cheng et al., 2021).
These nations have equipped teachers with the relevant pedagogy, modern GPS-enabled devices,

and latest spatial datasets (e.g., satellite imagery, topographic maps), making it easy for inquiry-
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based and project-oriented GIS instruction. Teacher professional development is in tandem with

curriculum goals which has been a major factor in the increase in GIS adoption in the schools.

On the other hand, in marginalized parts of Africa and rural Zimbabwe there is limited access to
technological infrastructure. Despite the introduction of GIS in selected Kenyan and South
African schools through aided programs and reforms in the curriculum reforms (Ochieng, 2021;
Langhans et al., 2021), most schools in rural setting have persistent hindrances. These challenges
include inconsistent electricity supply, poor broadband connectivity, and few functioning

computers and GIS-compatible devices (Adeyemo, 2022).

In Zimbabwe, particularly in rural schools such as Nyakasikana Secondary, resource limitations
significantly hinder GIS adoption. As Chikwanje et al. (2022) note, many of these schools lack
computer laboratories, licensed GIS software, and consistent internet access. Firomumwe and
Gamira (2023) further report that Zimbabwe’s economic instability and power infrastructure
challenges exacerbate the digital divide many rural schools are not electrified and cannot afford
basic ICT equipment. This makes it virtually impossible to implement GIS lessons that require

digital tools or real-time data access.

Even where Zimbabwean educational policy promotes ICT integration, implementation remains
uneven. Moyo et al. (2023) emphasize that without reliable infrastructure and targeted
investment, rural schools remain excluded from the benefits of GIS-based education. This
disparity has implications for the quality of geography instruction and limits students’ exposure
to digital literacy and spatial analysis skills competencies that are increasingly critical in the

modern economy.
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Worldwide there has been a marked rise in the use of open-source GIS software like QGIS which
is likely to reduce costs, not much use QGIS has been recorded rural Zimbabwean schools. The
mismatch between policy aspirations and ground-level realities underlines the importance of
systematic audits and targeted support to make GIS implementation feasible in low-resource

contexts.

The availability and functionality of GIS-specific resources is varied across educational settings.
It can be observed that systems in developed countries benefit from latest technological
infrastructure and trained personnel whereas Zimbabwe rural schools struggle with foundational
deficits. It is imperative to establish realistic, context-sensitive strategies that address not just the

material conditions necessary for GIS education.

2.5 Technical infrastructure and resources

Infrastructural and technical resources play a pivotal role in shaping the readiness and
effectiveness of GIS education in secondary schools. Across diverse contexts, a recurrent
challenge involves inadequate access to reliable electricity, insufficient digital infrastructure, and
limited availability of GIS hardware and software. These factors intersect with broader socio-
economic dynamics, as schools located in lower-income communities often face compounded
limitations that inhibit full curriculum implementation. The availability and functionality of
infrastructure such as internet connectivity, electricity, computer laboratories, and GIS-specific
tools (e.g., ArcGIS or QGIS software) are prerequisites for integrating GIS into educational

programmes meaningfully.

Several studies highlight that where infrastructure is lacking, teachers are less likely to

experiment with or adopt GIS due to both logistical and motivational constraints. The successful
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implementation of GIS requires a foundational layer of hardware (computers, servers, GPS
devices), software (licensing, updates), and stable power supply—all of which are often
unevenly distributed. Even when some of these elements are present, poor maintenance, outdated

technology, and limited technical support can hamper GIS education efforts.

Moreover, connectivity remains a major concern in many rural or underserved schools, where
internet bandwidth is insufficient to support large GIS datasets or cloud-based mapping
platforms. This barrier affects not only access to GIS tools but also to online learning platforms,
professional development resources, and instructional materials. Without adequate digital access,
learners and teachers alike are excluded from contemporary GIS practices that require frequent

data downloads, spatial analysis, and software updates.

The relationship between infrastructure and socio-economic conditions is symbiotic. Electricity
seems to have a direct impact on the national economic performance. In rural schools, the ground
becomes uneven in terms of accessing such resources as there can a reduction in resources
allocation towards educational technology. Rural schools tend to function intermittent electricity
or without alternative power supply, hindering the effective use of computers and projectors.
Infrastructural deprivation cements educational inequity by ensuring that rural and low-income

schools lag behind in curriculum reforms implementation such as GIS.

ICT projects which are aided by partners temporarily bridge infrastructure gaps in the short term
but are not sustainable. The absence of long-term maintenance strategies poses a risk of loss of
functionality of critical equipment. Difficulties with licensing proprietary GIS software has been

reported by teachers as expensive and often unsustainable in the absence of government
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subsidies. Training and ongoing technical support is required in the use of Open-source

alternatives like QGIS even though they offer partial solutions.

It can be observed that the integration of GIS within school curricula is dependent heavily on
systemic infrastructural readiness. To mitigate these infrastructural gaps, teacher training should
be coupled with curriculum adaptation so that technological investment translates into
pedagogical innovation. Technological infrastructure must not be seen as an isolated element but
as an important component of a holistic readiness framework that enables inclusive and effective

GIS education.

2.6 Teacher preparedness in GIS education

Geographic Information Systems (GIS) integration into school curricula is an important driver of
spatial literacy and higher-order analytical skills. Successful implementation is also dependent on
teacher preparedness (Baker et al., 2021). Worldwide, the extent to which educators are equipped
to teach GIS varies markedly, with high-income countries generally showing more progress in
structured professional development compared to resource-constrained regions. Developed
nations like the United States and South Korea, targeted GIS training programmes have been
shown to enhance teachers’ confidence and technical proficiency, enabling them to cultivate
spatial thinking and critical analysis in students (Baker et al., 2021; Cheng et al., 2021).
Nevertheless, even in well-resourced systems, challenges persist. Gonzalez and Ziegler (2022)
and Zhou et al. (2021) note that many educators still feel underprepared, citing a lack of
sustained, adaptive training and limited institutional support, while Schmidt and Voigt (2022)

report that GIS professional development remains marginalised in some European countries.
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The African experience mirrors some of these global constraints but is further shaped by
systemic underinvestment in teacher training and resource provision. GIS remains largely absent
from pre-service teacher education programmes, leaving many educators without the necessary
pedagogical content knowledge (PCK) to integrate the technology effectively (Mkhize, 2019;
Eze et al., 2023). This gap is evident in both urban and rural contexts, but rural teachers are often
doubly disadvantaged due to limited access to training opportunities and technological
infrastructure (Langhans et al.,, 2021). In Kenya, for example, although GIS features in
curriculum policy, practical uptake is undermined by insufficient teacher preparation and scarce
resources (Ochieng, 2021). Comparable patterns are observed in Nigeria, where educators face
difficulties shifting from traditional geography instruction to technology-enhanced approaches
(Adeyemo, 2022). Scholars have therefore proposed blended learning models—combining
online modules with in-person workshops—as a potentially scalable strategy for equipping

teachers in resource-limited areas (Mwangi & Kariuki, 2022).

In rural Zimbabwe, these challenges are intensified by the relatively recent introduction of GIS
into the secondary school curriculum around 2015 which means that many current geography
teachers completed their training without any exposure to the technology. At schools such as
Nyakasikana Secondary, teachers often lack formal GIS training, resulting in low confidence and
limited instructional capacity (Chikwanje et al., 2022). This skills deficit is compounded by
infrastructural barriers such as unreliable electricity, limited or no internet connectivity, and the
absence of GIS software (Ndlovu & Dube, 2023). Even where basic resources exist, attitudes
towards GIS are frequently shaped by a combination of uncertainty, perceived irrelevance, and

systemic neglect (Moyo et al., 2023). The Zimbabwean context, therefore, reflects a convergence
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of factors seen both globally and across Africa—technical skill shortages, insufficient

institutional support, and entrenched pedagogical habits that limit innovation.

Emerging strategies to address these constraints emphasise locally grounded solutions. For
example, Mapfumo et al. (2023) advocate for partnerships between universities and rural schools
to deliver community-based, hands-on GIS training tailored to local realities. Such collaborations
could close the preparedness gap by simultaneously enhancing teachers’ technical competence

and their capacity to integrate GIS into meaningful, context-specific learning activities.

All in all, it has been recorded that teacher preparedness for GIS education does not solely rely
technical training but it’s a challenge that encompasses knowledge, skills, attitudes, and the
systemic conditions in which educators operate. Though there has been marked improvements as
shown by global trends, the persistence of deep disparities especially in rural African settings
demands targeted, context-appropriate interventions that blend technical proficiency with

pedagogical development.

2.7 Institutional factors in GIS education

Institutional frameworks are crucial in shaping the integration of Geographic Information
Systems (GIS) into education systems globally. However, there are challenges that hinder
effective implementation such as policy fragmentation, bureaucratic inefficiencies, and
competing educational priorities as noted by Wilson (2021). These barriers are evident in various
ways across national and local educational settings and are particularly pronounced in rural and

under-resourced schools.
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Of note is absence of GIS in national curriculum mandates in may educational settings.
Fleischmann et al. (2023) noted that in many developing countries, GIS is either entirely absent
from school curricula or only superficially integrated. For example, Wilson's (2021) study of 25
countries revealed that only 40% of school districts in the United States had integrated GIS
technologies into their syllabi. In Japan, Tanaka (2023) identified a 5-7-year lag between the
development of GIS technologies and their adoption in schools, due to bureaucratic inertia and
slow curriculum review cycles. These delays highlight the disconnect between technological

innovation and classroom practice.

Funding limitations further constrain the institutionalization of GIS education. Kerski's (2023)
global education survey found that while 58% of high-income countries include GIS in their
national education strategies, only 12% of low-income countries do so. In many African nations,
GIS is absent from national education sector plans (Adeyemi, 2021), and where it is mentioned,
implementation is often inconsistent. South Africa and Kenya are notable exceptions, with
explicit geospatial education policies at the secondary level (Botha, 2022; Ochieng, 2023), but
even in these countries, implementation tends to favor urban, better-resourced schools, leaving

rural schools behind (Gumbo, 2023).

Curriculum pressures and examination systems also act as institutional barriers. In numerous
countries, GIS competes with traditional subjects for curriculum space. In Zimbabwe, for
example, (Ndlovu & Marongedze, 2023) highlight that GIS constitutes just 8% of the Geography
Heritage-Based Syllabus. Contemporary tools such as QGIS and remote sensing are not
mentioned, and there is no clear implementation strategy to ensure GIS reaches the classroom

level. This marginalization stems from a broader institutional tendency to prioritize examinable,
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foundational subjects such as literacy and numeracy, especially in underfunded systems

(Muzenda et al., 2022; Adeyemi, 2021).

Leadership support and administrative readiness also influence GIS adoption. School leadership
often lacks awareness or training in geospatial technologies, making it difficult to provide
strategic direction or allocate resources appropriately. Muzenda (2022), in an ethnographic study
of Nyakasikana Secondary School in Zimbabwe, notes that teachers often feel unsupported by
school heads and district officials, who prioritize basic education targets over innovation in

subjects like Geography.

In some African countries, policy efforts have emerged to address these challenges. Kenya’s
Competency-Based Curriculum explicitly incorporates GIS skills (Ochieng, 2023), while
Rwanda’s collaboration with the OpenStreetMap Foundation provides ongoing teacher training
and geospatial resource development (Nsengiyumva, 2023). These institutional innovations
suggest that with clear policy frameworks and targeted investment, meaningful change is
possible. However, Mahumane (2023) warns that such policies often fail to reach rural areas due

to logistical and administrative bottlenecks.

In Zimbabwe, while the 2015-2022 Curriculum Framework formally included GIS within the
secondary Geography curriculum (Government of Zimbabwe, 2015), the capacity to implement
this mandate remains limited, especially in rural schools. Most teacher training workshops occur
in urban centers like Harare and Bulawayo (Gumbo, 2023), reinforcing urban-rural disparities.
Dube and Sibanda (2023) emphasize that centralized policy-making rarely considers the on-the-

ground realities of rural schools, where electricity and ICT infrastructure remain unreliable.
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Some NGO or university outreach programmes have tried to fill the gap, but their reach is
limited and inconsistent. In the absence of coordinated national support, many rural educators
resort to improvising GIS lessons with outdated materials and hand-drawn maps (Muzenda,

2022), despite understanding the subject’s potential to engage learners with real-world issues.

In sum, institutional barriers to GIS education are shaped by a complex interplay of policy
omission, leadership capacity, funding inequity, and systemic neglect—particularly in rural
contexts. For GIS to become a functional component of secondary education, these barriers must
be addressed through coherent national policies, inclusive implementation strategies, and

sustained institutional support.

2.8. Socio-economic factors shaping GIS education

Integrating Geographic Information Systems (GIS) education in the school’s curriculum is
crucial as it equips students with 21% century skills for the modern workforce. It can be noted
that socio-economic status of schools and communities pose as great challenge in accessing GIS
resources, particularly in under-resourced and rural contexts. Johnson (2021) noted that global
inequities limit educational opportunities, with marginalized communities facing substantial

barriers.

Socio-economic differences limit access to GIS resources across the world. Johnson (2021)
found that in the United States, 65% of low-income rural students had no access to home
internet, thereby reducing their ability to engage cloud-based GIS platforms such as ArcGIS
Online. Furthermore, Patel et al. (2023) reported the majority of rural households spend more on

agricultural related resources as compared to digital devices, leaving schools to rely on obsolete,
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donated computers for instruction which adversely affects the quality of GIS education and

limiting students' acquisition of relevant skills.

In sub-Saharan Africa, poverty intersects with socio-cultural dynamics to further marginalize
rural learners. For instance, Omondi (2022) reports that Kenyan students in arid regions often
miss school to assist with livestock herding, reducing exposure to GIS practicals. In South
Africa, township schools have GIS dropout rates of 30% among female learners due to families
prioritizing boys' education amid financial constraints (September, 2023). This gendered
inequality mirrors trends across the continent, were socio-economic disparities and cultural

expectations compound barriers to equitable access to GIS education.

The Zimbabwean context reflects these broader regional and global trends. Rural schools face
severe financial constraints, with the majority of students depending on subsistence farming.
Seasonal labor demands often conflict with GIS coursework, reducing consistency in student
engagement (Sibanda, 2022). Furthermore, Firomumwe and Gamira (2021) observed that poor
economic conditions and low levels of development have “dragged the digital revolution,”
severely limiting digital adoption in schools. The inability of schools to subsidize internet data
estimated at $10 monthly per student excludes learners from low-income households (Tshuma,
2023). Additionally, gendered economic roles disproportionately affect girls; Dlamini (2023)
reports that nearly half of female students miss GIS lab sessions to fetch water or care for

siblings, reinforcing low female participation in STEM education.

These dynamics parallel findings in Malawi and Zambia, where rural poverty and patriarchal
norms suppress geospatial education (Banda, 2022). The socio-economic status of communities

and schools directly impacts infrastructure, teacher capacity, and student participation.
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Addressing these intertwined challenges requires a multifaceted approach, including government
support, community engagement, and targeted investment in educational infrastructure. Strategic
partnerships and funding can help facilitate access to necessary GIS resources and promote

equitable opportunities across global, continental, and local contexts.

2.9. Curricular factors in GIS Education

Curricular frameworks play a fundamental role in shaping the quality and accessibility of GIS
education. Across global contexts, curricular obsolescence and misalignment with technological
trends hinder effective instruction. Johnson (2021) notes that many curricula fail to integrate

advancements in GIS, leaving students underprepared for geospatial careers.

In African countries, curricular reform often introduces GIS content without sufficient
implementation guidance. In Nigeria, for example, the 2018 curriculum included GIS but lacked
directives on tools or assessments, leading to inconsistent delivery (Adeyemi & Okafor, 2022).
Moyo et al. (2023) further observed that many educators lacked training in GIS, exacerbating
implementation challenges. In South Africa, the CAPS curriculum limits GIS to basic map
interpretation, omitting applications in climate modeling or disaster preparedness (Van der

Merwe, 2023), thereby restricting students’ understanding of real-world GIS applications.

In Zimbabwe, the 2015 Curriculum Framework officially introduced GIS into the secondary
school Geography syllabus, marking a positive shift in policy. The syllabus specifically states
that learners should “demonstrate basic knowledge of GIS,” acknowledging its educational
value. However, implementation remains uneven. Despite curricular inclusion, textbooks

continue to emphasize outdated mapping techniques while neglecting web GIS and spatial

31



analytics (Nyathi, 2023). Teachers report confusion in assessing GIS-related tasks due to vague

Ministry directives, resulting in inconsistent evaluation standards (Marongedze, 2022).

The disconnect between curriculum content and teacher readiness is evident. Most teachers lack
training in current GIS technologies, weakening the intended curriculum outcomes. Furthermore,
the lack of alignment between syllabus requirements and available school resources raises
concerns about the feasibility of delivering meaningful GIS education. Studies like Mkhize &
Musika (2023) argue that GIS is “not being properly taught” in Zimbabwean schools despite its
inclusion in the curriculum. The curriculum’s largely theoretical approach, paired with outdated

instructional materials, limits learners’ ability to apply GIS in practical scenarios.

To address these gaps, educational stakeholders must update curricular content to reflect
contemporary GIS methodologies, provide modern textbooks, and equip teachers with
professional development. Aligning the curriculum with both technological advances and local
classroom realities is essential for improving the quality and reach of GIS education across

Zimbabwe and beyond.

2.10. Socio-economic factors shaping GIS education

Geographic Information Systems (GIS) education is pivotal for equipping students with essential
skills for the modern workforce. However, the socio-economic status of schools and
communities significantly hinders access to GIS resources, particularly in under-resourced and
rural contexts. As Johnson (2021) notes, global inequities limit educational opportunities, with

marginalized communities facing substantial barriers.

Globally, socio-economic inequities restrict access to GIS resources. In the U.S., Johnson (2021)

found that 65% of low-income rural students lack home internet access, limiting their ability to
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engage with cloud-based GIS platforms such as ArcGIS Online. This digital divide is a critical
barrier to effective GIS education. Additionally, Patel et al. (2023) report that 78% of rural
households prioritize agricultural expenditures over digital devices, leaving schools to rely on
outdated, donated computers for instruction affecting the quality of GIS education and limiting

students' acquisition of relevant skills.

In sub-Saharan Africa, poverty intersects with socio-cultural dynamics to further marginalize
rural learners. For instance, Omondi (2022) reports that Kenyan students in arid regions often
miss school to assist with livestock herding, reducing exposure to GIS practicals. In South
Africa, township schools have GIS dropout rates of 30% among female learners due to families
prioritizing boys' education amid financial constraints (September, 2023). This gendered
inequality mirrors trends across the continent, were socio-economic disparities and cultural

expectations compound barriers to equitable access to GIS education.

The Zimbabwean context reflects these broader regional and global trends. Rural schools face
severe financial constraints, with the majority of students depending on subsistence farming.
Seasonal labor demands often conflict with GIS coursework, reducing consistency in student
engagement (Sibanda, 2022). Furthermore, (Firomumwe & Gamira, 2021) observed that poor
economic conditions and low levels of development have “dragged the digital revolution,”
severely limiting digital adoption in schools. The inability of schools to subsidize internet data
estimated at $10 monthly per student excludes learners from low-income households (Tshuma,
2023). Additionally, gendered economic roles disproportionately affect girls; Dlamini (2023)
reports that nearly half of female students miss GIS lab sessions to fetch water or care for

siblings, reinforcing low female participation in STEM education.
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These dynamics parallel findings in Malawi and Zambia, where rural poverty and patriarchal
norms suppress geospatial education (Banda, 2022). The socio-economic status of communities
and schools directly impacts infrastructure, teacher capacity, and student participation.
Addressing these intertwined challenges requires a multifaceted approach, including government
support, community engagement, and targeted investment in educational infrastructure. Strategic
partnerships and funding can help facilitate access to necessary GIS resources and promote

equitable opportunities across global, continental, and local contexts.

2.11. Curricular factors in GIS education

Curricular frameworks play a fundamental role in shaping the quality and accessibility of GIS
education. Across global contexts, curricular obsolescence and misalignment with technological
trends hinder effective instruction. Johnson (2021) notes that many curricula fail to integrate

advancements in GIS, leaving students underprepared for geospatial careers.

In African countries, curricular reform often introduces GIS content without sufficient
implementation guidance. In Nigeria, for example, the 2018 curriculum included GIS but lacked
directives on tools or assessments, leading to inconsistent delivery (Adeyemi & Okafor, 2022).
Moyo et al. (2023) further observed that many educators lacked training in GIS, exacerbating
implementation challenges. In South Africa, the CAPS curriculum limits GIS to basic map
interpretation, omitting applications in climate modeling or disaster preparedness (Van der

Merwe, 2023), thereby restricting students’ understanding of real-world GIS applications.

In Zimbabwe, the 2015 Curriculum Framework officially introduced GIS into the secondary
school Geography syllabus, marking a positive shift in policy. The syllabus specifically states

that learners should “demonstrate basic knowledge of GIS,” acknowledging its educational
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value. However, implementation remains uneven. Despite curricular inclusion, textbooks
continue to emphasize outdated mapping techniques while neglecting web GIS and spatial
analytics (Nyathi, 2023). Teachers report confusion in assessing GIS-related tasks due to vague

Ministry directives, resulting in inconsistent evaluation standards (Marongedze, 2022).

The disconnect between curriculum content and teacher readiness is evident. As shown in related
sections (e.g., 2.5 and 2.10), most teachers lack training in current GIS technologies, weakening
the intended curriculum outcomes. Furthermore, the lack of alignment between syllabus
requirements and available school resources raises concerns about the feasibility of delivering
meaningful GIS education. Studies like Mkhize & Musika (2023) argue that GIS is “not being
properly taught” in Zimbabwean schools despite its inclusion in the curriculum. The
curriculum’s largely theoretical approach, paired with outdated instructional materials, limits

learners’ ability to apply GIS in practical scenarios.

To address these gaps, educational stakeholders must update curricular content to reflect
contemporary GIS methodologies, provide modern textbooks, and equip teachers with
professional development. Aligning the curriculum with both technological advances and local
classroom realities is essential for improving the quality and reach of GIS education across

Zimbabwe and beyond.

2.12. Chapter summary

This chapter was a review literature on Geographic Information Systems (GIS) education, with
much focus on rural, marginalised educational institutions such as Nyakasikana Secondary
School. Grounded in Constructivist theory, TPACK, and technology adoption models (TAM and

DOIl), the review indicated how student-centered, inquiry-based pedagogy and teacher
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technological competence are important for effective GIS instruction. GIS has the capacity to
equip learners with spatial literacy, critical thinking, and applied problem-solving skills but there
are hindrances to its successful implementation in rural Zimbabwe such as limited hardware and
software, unreliable electricity, inadequate internet connectivity, and scarce teacher training.
Quite a number of teachers did not have GIS as part of their training before GIS and this has led
to low confidence and limited instructional capacity. This is exacerbated by institutional barriers
including policy gaps, curriculum misalignment, insufficient leadership support, and funding
inequities. Though the 2015 Curriculum Framework formally incorporated GIS, outdated
textbooks, unclear assessment guidelines, and lack of resources seem to constrain successful
implementation. Socio-economic factors such as poverty, seasonal labor demands, and gendered
household responsibilities further limit student participation, reinforcing inequities in access to
geospatial education. Globally, research identifies similar barriers, yet little empirical work has
examined the realities of GIS education in rural Zimbabwe, particularly regarding context-
specific teaching strategies. These gaps underscore the need for this study to investigate GIS
readiness, teacher preparedness, and practical strategies for implementing GIS in resource-
limited schools. The next chapter will present the methodology used to collect and analyze data

addressing these issues.
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CHAPTER I1l: RESEARCH METHODOLOGY

3.0 Introduction

This chapter outlines the methodological approach adopted to evaluate Nyakasikana Secondary
School's readiness to implement Zimbabwe’s mandatory GIS curriculum. It introduces and
justifies the research paradigm, approach, design, sampling procedures, data collection tools,

data analysis strategies, and ethical considerations.

The study adopted a convergent mixed-methods design, informed by a transformative pragmatic
paradigm, to address the complex, context-specific realities of GIS implementation in rural

schools. This methodological strategy was suited to:

e Audit the availability and functionality of GIS-specific resources.

e Assess teacher preparedness, including training gaps and pedagogical practices.

e Analyze institutional, socio-economic, and infrastructural factors impeding GIS

education.

Co-develop context-responsive GIS teaching strategies with school stakeholders.

This chapter outlines the methodology employed to operationalize these objectives and ensure
that both the quantitative measurements and qualitative insights integration to provide a holistic

understanding of GIS education readiness in a rural Zimbabwean context.

3.1 Transformative pragmatic Paradigm

A research paradigm acts as a guide for methodological decisions as it provides the philosophical

foundation guiding methodological decisions. Transformative pragmatic paradigm was adopted
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for this study which synthesizes transformative and pragmatic traditions to pursue both social

justice and practical problem-solving (Creswell & Creswell, 2020; Mertens, 2020).

The transformative dimension seeks to address structural exclusion in technological education,
especially in marginalized rural communities. This is in alignment with Mertens’ (2010) who
emphasize on research as being a tool for addressing inequities and advancing human rights.
Mukeredzi et al. (2020, p. 217) is of the view that educational research in such contexts must

confront power asymmetries in knowledge production.

The pragmatic element emphasizes actionable solutions that reflect real-world conditions.
Kusena et al.'s (2020) call for interventions that acknowledge resource constraints in rural
Zimbabwe. Pragmatism accommodates a number of methodological traditions by focusing on
what works best to answer the research questions. It should be noted that transformative
pragmatic implies integrating paradigms to ensure that both community agency and practical

relevance shape the research. This orientation influenced:

e The choice of mixed-methods to balance technical audits with lived experiences.

e The design of participatory instruments, respectful of local knowledge.

e The interpretation of findings, contextualized within the socio-educational realities of

Nyakasikana.

In this way, the paradigm fosters methodological reflexivity and ethical responsiveness,

supporting locally relevant and equity-focused educational change (Jeko et al., 2020).
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3.2 Mixed-methods research approach

e A mixed-methods approach was employed, grounded in the pragmatic tradition, to
triangulate diverse data sources and perspectives. As Creswell (2020) asserts, mixed-
methods research is appropriate when both numerical trends and contextual

understanding are required to answer complex questions.

GIS education in rural Zimbabwe intersects with multiple challenges, including technological
access, teacher capacity, and curriculum relevance (Kerski, 2013). A purely quantitative design
might overlook sociocultural nuances, while a purely qualitative study may lack the
generalizability required for policy guidance. Therefore, this study integrated both approaches

through a convergent mixed-methods design (Johnson et al., 2007).
This approach enabled:
e Quantification of infrastructure and GIS competency gaps.
e Exploration of teacher/student experiences and perceptions.
e Comparison and convergence of findings for deeper insight.

For example, quantitative data from student questionnaires identified trends in GIS skills and
access, while qualitative interviews and focus group discussions with teachers and stakeholders

probed the contextual challenges and opportunities in implementation.

As George (2021) notes, mixed methods allow researchers to “gain a more complete picture” by
integrating both data types. Thus, this approach aligned tightly with the study’s objectives and

rural educational setting.
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3.3 Convergent mixed-methods design

A convergent mixed-methods design was employed, allowing for the simultaneous collection
and separate analysis of quantitative and qualitative data, later merged for interpretation (Fetters,

2021). This design was chosen to address the multi-dimensional nature of GIS readiness.

As Fetters (2021) argues, convergent designs enable triangulation by merging datasets to identify
areas of agreement, contradiction, and elaboration. Similarly, (Molina-Azorin, 2020) emphasizes

this design’s strength in capturing complexity within educational settings.

In this study, quantitative tools such as student surveys measure spatial literacy and technology
access. Qualitative methods including interviews and FGDs, uncovered teacher strategies and

community perspectives (Jo et al., 2022).

Following Makate et al.’s (2020) framework for rural technology adoption studies, this design

incorporates:
e Concurrent data collection:

Both quantitative and qualitative data were collected simultaneously, ensuring consistency in

contextual factors such as seasonal attendance fluctuations (Mukwembi, 2020).
e Multi-level integration:

In line with Chidarikire et al. (2020), integration occurred during sampling (e.g., selecting
interview participants from survey respondents), data collection (e.g., embedding qualitative

prompts in surveys) and in analysis (e.g., using narratives to explain statistical trends).

e Equal prioritization:
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Both data strands were treated with equal importance, reflecting methodological balance as

advocated by Muringaniza (2020).

This design supported comprehensive insights into GIS education challenges by validating
findings across multiple dimensions. For clarity, Table 1 (below) aligns each research question

with its respective data source, confirming coherence between design and inquiry.
3.3.1 Mixed-methods integration strategies

To ensure coherence across data types, integration occurred at three key levels:

1. Design level:

Data collection was conducted concurrently, allowing both quantitative and qualitative data to be
gathered simultaneously. This approach facilitated a holistic view of the research problem and

allowed for cross-validation of findings.
2. Methods level:

Qualitative questions were embedded within quantitative instruments where appropriate. For
instance, after rating their GIS competency, students were invited to briefly describe challenges
they had encountered. This provided contextual depth to the numeric scores. However, these
embedded prompts complemented, rather than replaced, standalone qualitative tools like

interviews and FGDs
3. Interpretation Level:

A side-by-side comparison of statistical results and thematic findings was conducted. For

example, if survey data revealed low technology access, interview transcripts illuminated
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specific barriers such as unreliable power supply or limited teacher training. Divergent findings

were examined through theoretical and contextual lenses, fostering a nuanced interpretation.

These integration strategies enhance validity, applicability and depth of the research findings in
line with (Greene et al,1989). He argues that multi-method approaches produce more

comprehensive insights, especially in complex educational settings.

3.4 Sample and Sampling Procedures

This section outlines the composition of the study sample and the sampling strategies employed.
The sample was drawn from the target population of teachers, students, administrators, and

community members connected to Nyakasikana Secondary School.

3.4.1 Target population and stratification

The study was conducted at Nyakasikana Secondary School, a rural school located in
Mashonaland West Province, Zimbabwe. The school was selected using critical case sampling,
as it exemplifies both the infrastructural challenges and the readiness for innovative interventions
in rural GIS education (Sibanda, 2020). Nyakasikana serves an estimated 340 students from 12
surrounding villages, with the majority of households classified as low-income based on the

Zimbabwe Poverty Assessment Study Survey (ZIMSTAT, 2020).
The target population comprised:

e All 340 students enrolled in Forms 1 to 4.

e Three Geography teachers delivering the GIS curriculum.

e Three school administrators involved in academic planning and ICT resourcing.
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e Twelve community stakeholders, one from each village served by the school.

Not all 340 students were eligible for participation. The sample focused on students enrolled in
Ordinary Level Geography (Forms 3 and 4) who had been introduced to GIS topics through the

syllabus and only 15 students were selected.

Stratification was done by form level (Form 3 and Form 4) and by prior exposure to GIS content,

ensuring proportional representation across technological competencies (Chimhenga, 2021).

All three Geography teachers were included through a census approach, as they represented the
full population of GIS instructors at the school (Etikan et al., 2020). Likewise, the three
administrators overseeing curriculum implementation and digital infrastructure were purposively

included.

Twelve community members were selected through purposive sampling, with one representative
drawn from each of the 12 surrounding villages. These individuals were recommended by
teachers based on their involvement in local governance, agriculture, or land use—domains
where GIS integration is socially and economically relevant (Sultana, 2021). This sampling

ensured socio-spatial diversity and representation across the community.

For focus group discussions (FGDs), a subset of 12 students was drawn from the larger
quantitative sample using stratified purposive sampling, ensuring a mix of form levels and
gender. This strategy allowed triangulation of survey data with in-depth perspectives while

maintaining thematic saturation (Braun & Clarke, 2021).

This sampling framework ensured methodological rigor and alignment with the mixed-methods

design, where the quantitative sample (n=220) provided sufficient statistical power (§ > 0.80) to
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detect moderate effect sizes (Cohen’s d = 0.5) (Faul et al., 2020), while qualitative components

offered depth and contextual relevance (Teddlie & Tashakkori, 2020).

3.4.2 Sampling techniques

A combination of sampling techniques was employed to capture diverse perspectives from

multiple stakeholders while addressing contextual constraints:
a. Stratified Random Sampling (Students)

Students in Forms 3 and 4 were stratified based on form level and GIS exposure. Within each
stratum, participants were selected using a simple random draw of class lists. This minimized

selection bias and ensured equitable representation across key subgroups (Moloi, 2020).
b. Purposive Sampling (Teachers and administrators)

All three Geography teachers and three school administrators were selected purposively due to
their direct involvement in GIS instruction and curriculum implementation. The selection criteria
included active teaching of GIS content participation in curriculum development or school-level
resource allocation and familiarity with institutional challenges affecting GIS rollout. This aligns
with Mandiudza’s (2020) principle of stakeholder centrality which prioritizes the inclusion of

core implementers in education research.
¢. Community stakeholder sampling

Twelve community members were selected using purposive snowball sampling, beginning with
teacher referrals based on community credibility networks locally trusted individuals who hold

leadership or technical knowledge in land use, farming, or education. This approach, inspired by
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Mukwambo (2020), enhances authenticity and ensures that perspectives are grounded in lived

community realities.

3.5 Data collection instruments

3.5.1 Quantitative tools

The study employed three quantitative instruments, each adapted for the rural Zimbabwean

educational context:
a. GIS Competency survey

The study employed A 10-item Likert-scale questionnaire adapted from the Global Spatial
Literacy Assessment developed by Kerski et al. (2020). It was used to measure students’

competencies in map interpretation, spatial data gathering and use of GIS-related software.

The questionnaire looked at simplification of technical language, integration of locally relevant
spatial examples (e.g., village boundaries, farming zones) focus on functional GIS understanding
over advanced digital tools. It sought to assess learners’ ability to solve spatial problems with or
without high-end technology, at the same time putting an emphasis on practical competence in

rural schools’ settings.
b. Infrastructure audit checklist

A 10-item checklist was used to measure access and functionality of computers and mobile
devices, internet connectivity, GIS software and power supply stability. Indicators were drawn
from UNESCO’s ICT in Education Index (UNESCO, 2020) with adaptations based on
Wadesango (2020) functionality gradient model. This model accounts for physical presence,

operational reliability, accessibility to different user groups (e.g., girls, learners with disabilities)
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c. Technology attitude scale

This scale was used to assess students’ attitudes toward GIS technology. It covered dimensions
such as, perceived usefulness, ease of use, confidence in GIS tasks and motivation to learn with
GIS. A 10-item 5-point Likert scale was adopted. The scale was a hybrid of elements from the
GIS Education Perception Inventory (Kerski & Baker, 2020) and contextual features from
Chagwiza et al. (2020), which had a focus on rural youths’ attitudes toward emerging

technologies.

Administration of all quantitative instruments were by paper-administered and the languages that
were used were Shona and English. Validation of the transcripts was done by expert reviewers
and back-translation thereby allowing for semantic equivalence and cultural relevance (Temple
& Young, 2004). A pilot study preceded full deployment to assess item clarity and instrument

reliability.
3.5.2 Qualitative Tools

The study employed several qualitative instruments designed to capture the detailed experiential

dimensions of GIS education in rural contexts:
a) Semi-structured interviews:

Individual interviews were conducted with teachers (n=3) and administrators (n=3) using
protocols developed from a local framework for assessing technology integration challenges. The
interview guide comprised 12 core questions with adaptive probes exploring four domains:
pedagogical barriers, training needs, community engagement, and improvisation strategies.
Contextual validation was conducted, and the interview protocol was reviewed by educational
specialists.
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The interviews allowed participants to respond in English, Shona, or code-mixed language to
ensure conceptual precision and expressive comfort. Interviews averaged 30 minutes (range: 20—

30 minutes) and were audio-recorded with permission for subsequent transcription and analysis.
b) Focus group discussions (FGDs):

Two student FGDs (n=6) was conducted to explore attitudes toward GIS, perceived relevance to
community challenges, and proposed solutions for resource constraints. Each FGD represented a
different form level (Forms 3 and 4), selected based on prior GIS exposure. Student participants
were chosen from the broader quantitative sample using stratified random sampling to ensure a

mix of gender, GIS familiarity, and geographic origin.

The FGD protocol employed participatory techniques such as mapping exercises, technology
dream scenarios, and problem-solution pairing to engage students beyond verbal discussion.
FGDs were conducted in classroom settings during non-instructional hours, with separate

sessions for each selected form.
c) Observation protocol:

Structured observations of two Geography lessons were conducted to assess technology-
integrated pedagogy in resource-constrained environments. The observation instrument focused
on four domains: teacher adaptations to resource constraints, student engagement with spatial

concepts, integration of indigenous spatial knowledge, and community—classroom connections.

3.6 Data collection procedure

The researcher, armed with an introductory letter from Bindura University of Science Education,

Department of Curriculum and Educational Management Studies, sought permission to carry out
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this study at the selected school. Upon being granted permission by the responsible authority,
potential respondents were invited to participate in the study, guided by the relevant ethical
considerations. Data collection occurred over a two-month period (March to April), structured in

two sequential yet overlapping phases:

1. Phase 1 (Quantitative and Qualitative):

Quantitative instruments were administered in person to mitigate internet unreliability and ensure
consistent administration conditions. Surveys were conducted in classroom settings by the
researcher, who was present to clarify questions without influencing responses. The

infrastructure audit was conducted thereafter.

To address potential literacy barriers, an assisted self-completion approach was employed,
whereby the researcher read questions aloud while participants independently marked their

responses. Survey completion averaged 35 minutes per student.

Interviews and FGDs were conducted in both Shona and English based on participant preference,
with transcriptions subsequently translated. Interviews were scheduled during non-teaching
periods to minimize disruption. The scheduling followed the principle of accommodating

participants’ availability while ensuring data quality as suggested by Bayaga (2021).

FGDs were facilitated in classroom settings reconfigured to create deliberative spaces (Tarisayi,
2021). These were physically arranged to minimize hierarchical positioning and encourage

equitable participation.

2. Phase 2 (Validation and Integration):
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Preliminary findings were validated through a community workshop incorporating key
stakeholders including students, teachers, parents and local leaders. This allowed for community
critique and refinement of interpretations and proposed interventions. Notes and insights
generated during the workshop were documented and formally included in the thematic analysis,

serving as an integral component of data triangulation and participatory validation.

3.7 Data analysis

Data is the systematic organization and interpretation of collected information, conducted
according to a structured approach (Meyer et al., 2020). A mixed-method analysis of the data

was performed to allow for triangulation, thereby increasing validity (Fetters-Matero, 2015).

3.7.1 Quantitative Analysis

Quantitative analysis involved the use of statistical techniques to analyse numerical data,
allowing researchers to identify patterns, relationships and differences (Creswell & Creswell,
2021). The analysis involved a multi-stage process designed to extract meaningful patterns while

acknowledging the unique characteristics of the data collected. The analysis included:
a) Descriptive Statistics:

The analysis involved calculation of measures such as means, standard deviations and frequency
to establish baseline GIS competency levels across grades. These statistics were disaggregated
by factors including grade level, gender, home access to technology, and distance from school.
This helped to identify patterns of advantage and marginalization among different student

groups.
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b) Inferential Statistics:

T-tests utilization to compare mean GIS competency scores between two groups (e.g., students
with and without home access to technology) was used to assess whether the means of two

independent groups were statistically different.

An ANOVA (Analysis of Variance) examined differences in GIS competency levels across
multiple grade levels. This method was appropriate as it compared means among three or more

groups, enabling the identification of significant differences in competency levels.

A correlation analysis was conducted to explore the intricate relationships between GIS
competency scores and continuous variables, including distance from school and availability of
learning resources. This analytical approach revealed valuable insights into how environmental
and contextual factors shaped students' GIS learning trajectories, providing a clearer picture of

which conditions most strongly supported or hindered skill development.

Understanding that research findings must be accessible to diverse stakeholders, the quantitative
results were deliberately presented through user-friendly visual representations. Tables and
graphs were selected specifically to communicate complex statistical relationships in ways that
community members, educators and parents regardless of their statistical background could

readily interpret and apply to educational planning decisions.

3.7.2 Qualitative analysis

Quialitative analysis focused on non-numerical data, such as text, interviews and observations
understanding and interpretation. The main thrust was to unearth meanings, themes and patterns
within the data (Braun & Clarke, 2021). The analysis was systematic and flexible designed
allowing for both methodological rigor and contextual detail.
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Thematic analysis identified recurring patterns in pedagogical challenges and adaptation

strategies. The coding process included open coding whereby it was the first stage which

involved identifying and labelling concepts, themes and patterns present in the data. It was

followed by axial coding whereby there was establishment of the interconnectedness

between

identified categories and subcategories and different themes relatedness. The last part involved

selective coding whereby core themes from the analysis were integrated and refined to ensure

coherence and relevance to the research questions.

Table 1. Research questions and analytical techniques

Research question Data Collection | Analytical
Method Technique

1. How do infrastructural limitations (e.g., electricity outages, software | Surveys and Interviews | Descriptive

access) shape GIS teaching practices at Nyakasikana Secondary School? statistics, T-tests,

Thematic analysis

2. How do teacher training gaps and reliance on theoretical methods hinder

student engagement with GIS concepts?

Interviews

Thematic analysis
(Open, Axial,

Selective coding

3. How can indigenous knowledge and local case studies (e.g., community

Interviews and Focus

Thematic analysis

land-use mapping) enhance the relevance of GIS instruction for Makonde | Groups (Open, Axial,
District students? Selective coding
4. What low-cost, community-driven strategies (e.g., mobile GIS apps, | Surveys and Workshops | Descriptive
participatory mapping) bridge the gap between GIS curriculum goals and statistics,

resource constraints? ANOVA,

Thematic analysis
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3.8 Research integrity

The study took into account methodological rigor and ethical accountability to ensure the
credibility and trustworthiness of the study findings. The following sections outline strategies to
uphold validity, reliability and ethical standards across all phases of the research process from

design to dissemination (Rivera, 2022).
3.8.1 Validity and reliability

The mixed methods study acknowledges the importance of validity and reliability thereby
ensuring the robustness of both qualitative and quantitative data (Harris, 2023). The research
instruments were rigorously aligned with the study's objectives and the theoretical framework
outlined in Chapter 1. For instance, there was refinement of survey questions and interview
protocols were through expert consultations and pilot testing to confirm their relevance to the
identified research themes (Nguyen et al., 2021). Triangulation of data from multiple sources
reinforced construct validity through participant interviews and observational records to cross-
verify interpretations (Brown & Wilson, 2023). These steps minimized measurement biases and

enhanced the ability of the instruments to capture the intended variables accurately.

Standardized data collection protocols and statistical validation procedures addressed reliability
assessment for internal consistency on Likert-scale surveys were done using Cronbach’s alpha,
with a threshold of >0.7 indicating acceptable reliability (Adams, 2021). For qualitative
components, inter-coder reliability checks were conducted by involving an independent
researcher who analyzed a subset of the data to ensure consistency in coding (Kim, 2023).
Detailed documentation of methodological steps such as calibration of data collection tools and

training of assistants enhanced reproducibility under similar conditions (Garcia et al., 2022).
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There was validation of the adapted tools which involved a dedicated three-stage validation

process including

e Expert review: The adapted GIS Competency survey underwent a comprehensive review
by two Zimbabwean geography education specialists. Their input ensured cultural

relevance and contextual appropriateness for the rural Zimbabwean environment.

e Cognitive interviews: Five students from a comparable rural school participated in
cognitive interviews to verify item clarity and comprehension. This step confirmed that

the language and phrasing were accessible to the study population.

e Pilot testing: A pilot survey was administered to 10 students to assess internal
consistency via Cronbach’s alpha. A follow-up test two weeks later assessed test-retest

reliability, confirming instrument stability over time.

These validation steps collectively enhanced the trustworthiness of the instruments supporting
the study’s credibility and methodological rigor. While the focus on validity here primarily refers
to quantitative instrument performance, qualitative credibility was supported through
triangulation and inter-coder agreement thus reinforcing the overall dependability and

confirmability of findings (Lincoln & Guba, 1985).

3.9. Ethical Considerations

The study adhered to global ethical standards, prioritizing participant autonomy, privacy and

welfare throughout the research lifecycle (World Medical Association, 2021).
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3.9.1 Informed consent

Informed consent was obtained through a transparent multi-step process. Prior to participation,
individuals received an information packet detailing the study’s purpose, potential risks (e.g.,
emotional discomfort), benefits (e.g., contribution to educational policy reform) and estimated
time commitments (Burkhardt et al., 2023). The packet also clarified that the researcher’s role
was strictly observational and non-evaluative ensuring participants understand their responses

will not be judged or used against them (Dawson, 2023).

Given that some participants are minors (secondary school students), informed consent was
obtained from parents or legal guardians alongside child assent for under-18 participants in

accordance with ethical research standards (UNESCO, 2021).

To accommodate diverse literacy levels, consent forms were available in both Shona and English
and also in audio formats (Martinez, 2022). Participants signed the forms to acknowledge their

voluntary participation and right to withdraw at any stage without penalty.

3.9.2 Privacy and confidentiality

Data privacy was safeguarded through stringent technical and procedural measures. All
identifiable participant information (e.g., names, contact details) was replaced with anonymized
codes prior to analysis. Raw data was securely stored in encrypted cloud storage accessible only

to the researcher (Fillmore et al., 2023).

During interviews, pseudonyms were used in all transcripts and any incidental references to
identifiable details (e.g., school names) were redacted (Toulany, 2023). Recording devices for

observations were disclosed in advance and participants retained the right to request the deletion
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of specific segments (Thompson et al., 2021). Findings were aggregated in all published reports

to prevent indirect identification of individuals or communities (Severin, 2022).

As data was stored digitally, records will be retained for five years post-publication after which
they will be securely deleted. Regular audits by an independent ethics reviewer will ensure

compliance with all ethical protocols (European Commission, 2023).

3.10. Trustworthiness

To ensure the trustworthiness of qualitative data in this study, specific strategies were
implemented to address credibility, transferability, dependability and confirmability as outlined

by Lincoln and Guba (1985).

3.10.1 Credibility

There was sharing of preliminary findings with participants for member checking allowing them
to verify the accuracy of interpretations and offer clarifications where necessary (Harvey, 2021).
Triangulation was used across interviews, focus group discussions and surveys to strengthen the

validity of findings (Fetters et al., 2021).

3.10.2 Transferability

The study provided thick descriptions of the research setting and participant demographics.
Detailed accounts of the research environment, methods and contextual characteristics were

offered to help readers assess whether findings are applicable to similar settings (Morrow, 2021).
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3.10.3 Dependability

The study maintained an audit trail that documented all methodological decisions and
adjustments during the research. This included keeping systematic records of coding protocols,

revisions made after pilot testing and responses to feedback (Hadi & Closs, 2021).

3.10.4 Confirmability

Researcher reflexivity was supported and this involved maintaining a reflexivity journal to
monitor potential biases and the influence of personal perspectives (Berger, 2021). This
reflective documentation helped critically assess assumptions and decisions thereby enhancing

the objectivity and integrity of the study's findings.

By integrating these trustworthiness measures, the study aimed to ensure that qualitative data
was credible, transferable, dependable and confirmable thus reinforcing the overall integrity of

the findings.

3.11. Chapter summary

This methodology chapter was a detailed account of the research methods and procedures
employed for data collection and analysis guiding the interpretation of results. It outlined the
transformative pragmatic paradigm and a mixed-methods approach integrating both qualitative

and guantitative techniques.

The study used various data collection instruments and among them were GIS competency
survey questionnaire, attitude scale, infrastructure audit and semi-structured interviews. There

was also a description of sampling procedures so that there was representative participation and a
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detailed the convergent data analysis approach incorporating both descriptive and inferential

statistics.

The chapter also discussed considerations of research integrity including validity and reliability,
ethical protocols such as informed consent (including parental/guardian permission for minors),
confidentiality and data security. Trustworthiness in qualitative research was discussed through
strategies aligned with Lincoln and Guba’s criteria that is credibility, transferability,

dependability and confirmability.

Of note is that even though the intended sample size was 220 students, only 15 students
ultimately participated. This may affect the statistical power and generalizability of some

findings and is acknowledged in the methodology to ensure transparency.

The following methods were carefully selected to address the study’s four objectives that is:

e Examining infrastructural constraints affecting GIS instruction,

¢ Investigating teacher preparedness and instructional strategies,

e Exploring the integration of indigenous knowledge and local examples,

e Identifying viable, low-cost GIS teaching strategies suitable for rural Zimbabwean

schools.

The next chapter presents the findings and provides in-depth analysis and interpretation in line

with these objectives.
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CHAPTER 4:

DATA ANALYSIS AND INTERPRETATION

4.1 Introduction

This chapter presents the findings of the study titled Evaluating the Readiness of Nyakasikana
Secondary School to Implement Zimbabwe’s Mandatory GIS Curriculum. The analysis
integrates qualitative and quantitative data collected through three core instruments: a student
skills and confidence questionnaire (n=15), a GIS infrastructure and capacity audit checklist
completed by three administrators and semi-structured interviews with three geography
educators. The data were thematically organized based on the research questions and the

theoretical orientation drawn from the TPACK framework and Constructivist learning theory.

To ensure alignment with the actual section headings and research focus, this chapter explores

the following themes:

e Theme A: Students’ GIS confidence and foundational skills — addressing research

question 2 on learner readiness.

e Theme B: Teacher preparedness, pedagogical approaches and instructional challenges —

addressing research question 3 on educator capacity.

e Theme C: Infrastructure and technological capacity for GIS implementation — addressing

research question 1 on institutional readiness.

e Theme D: The role of educational leadership and stakeholder collaboration — addressing

Research Question 4 on strategic enablers and constraints.
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The analysis reflects a triangulated approach that merges self-reported competencies,
institutional realities and pedagogical insights. As recommended by Creswell & Plano Clark
(2021), such mixed-method integration offers a comprehensive perspective on readiness and

gaps allowing for both generalization and deep contextual understanding.

It is also important to acknowledge that the sample size particularly the 15 student responses out
of a larger school enrolment limits statistical generalizability. This purposive sampling approach
was selected to capture depth rather than breadth. A brief reflection on sampling limitations is

necessary to promote methodological transparency.

4.2 Demographic characteristics of respondents

4.2.1 Demographic profile of learners

Table 4.1: Demographic Characteristics of Students (n=15)

Attribute(s) Category Frequency (n) Percentage (%0)
Sex Female 9 60%
Male 6 40%
Age Range 14-15 5 33.3%
16-17 10 66.7%
Form Level Form 3 6 40%
Form 4 9 60%

The student demographic profile highlights a slight gender skew toward female learners 9 out of
15 students (60%) which is notable given global patterns of underrepresentation of girls in
STEM-related disciplines, including geospatial technologies (UNESCO, 2024). This distribution

may present a strategic opportunity for gender-inclusive capacity-building in GIS especially as
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girls tend to be underrepresented in spatial reasoning tasks due to historically biased pedagogical

approaches (Mutizwa & Moyo, 2023).

Age-wise, the majority of learners 10 out of 15 students (66.7%) fall within the 16-17 bracket.
This aligns with Zimbabwe’s upper secondary curriculum stage where students prepare for
Ordinary Level examinations. These learners are developmentally more prepared to grasp
abstract GIS concepts including spatial thinking and layered data interpretation which supports

their readiness to engage in constructivist project-based GIS learning activities (Jonassen, 2022).

The form-level composition (Form 3 = 6 students; Form 4 = 9 students) implies a balanced
sample with a slightly higher representation of terminal class learners. Form 4 students (60%)
may have had more curriculum exposure to GIS than Form 3 (40%) which could influence their
responses. Furthermore, as these students approach public examinations, their engagement with
GIS may reflect a curriculum coverage bias toward theory over practical skills as reported in

rural contexts (Zhou & Nhundu, 2024).

Although these demographics do not directly answer the research questions, they provide critical
background context. Age and form level may influence learners’ GIS confidence and

foundational skills which are directly relevant to Research Question 2.

4.2.2 Demographic profile of geography educators
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Table 4.2: Demographic characteristics of Geography teachers (n=3)

Attribute(s) Category Frequency (n)
Sex Female 2
Male 1
Age Range 25-29 1
30-39 2
Qualifications DipEd 1
BSc Ed Geography 2
Teaching Experience | Below 5 years 2
6-10 years 1
GIS Training None 2
Certificate-based 1

The majority of educators 2 out of 3 are female, which aligns with broader trends in Zimbabwe’s
rural secondary school staffing patterns (MoPSE, 2023). Their dominant age range (30—39 years)
suggests they are in the mid-career phase potentially balancing traditional pedagogical
approaches with growing openness to technology integration. This demographic positioning
enhances their suitability as change agents in the diffusion of innovations like GIS in education

(Rogers, 2021).

In terms of qualifications, 2 teachers hold a Bachelor of Science in Education (Geography)
signaling strong content knowledge. However, limited exposure to formal GIS training only one
teacher had received certificate-level instruction raises concerns about pedagogical content
knowledge (PCK) gaps. This confirms findings by (Mlambo & Sibanda, 2024), who argue that
without targeted GIS training even well-qualified teachers struggle to translate spatial concepts

into learner-centered practices.

Notably, 2 out of 3 teachers have less than five years’ experience suggesting a relatively new
teaching cohort that may still be acclimating to the demands of the updated curriculum. While

this might suggest a need for mentorship, it may also represent an opportunity early-career
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teachers often show greater adaptability to technology-enhanced and constructivist methods

particularly in data-poor environments (Ndhlovu, 2024).

The GIS training variable is a critical bottleneck and this is evident by the fact that only 1 out of
3 teachers reported receiving any form of GIS-specific instruction. This significant shortfall in
technical preparedness suggests a misalignment between curriculum policy and classroom
capacity. It further underscores the urgency of embedding GIS modules in teacher training
programs and professional development courses as advocated by recent policy reviews

(Chikomba & Dube, 2024).

This section directly informs Research Question 3 on teacher preparedness and instructional

capacity.

4.2.3 Demographic profile of school administrators

Table 4.3: Demographic Characteristics of Administrators (n=3)

Attribute(s) Category Frequency (n)
Sex Male 2

Female 1
Age Range 40-49 1

50 and above 2
Administrative 1
Position Headmaster

Deputy Head 1
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ICT Coordinator 1

Years 1
in Administration 6-10 years

Over 10 years 2

ICT/GIS Awareness Basic familiarity 2

Advanced knowledge 1

The demographic profile of school administrators reveals that 2 out of 3 participants are male
reflective of broader patterns in Zimbabwe's educational leadership landscape especially in rural
schools (Chisaka & Tanyanyiwa, 2023). While efforts to promote gender equity in school
administration are ongoing, the underrepresentation of women in leadership may have
implications for inclusive decision-making particularly around the adoption of emerging subjects

like GIS (Dzimbo, 2024).

Age distribution indicates that 2 administrators are over 50 years old suggesting a leadership
cohort with deep institutional memory and experience managing resource-constrained
educational settings. However, this older demographic may also present barriers to rapid digital
transformation due to limited exposure to newer technologies or reluctance to change established
routines (Mapolisa, 2024). Conversely, the ICT Coordinator aged between 40-49 reflects an

important bridge between traditional management and modern digital literacy.

The roles are evenly distributed across the Headmaster, Deputy Head and ICT Coordinator. This
balance ensures that GIS-related discussions include pedagogical oversight, policy decisions and
infrastructure management directly aligning with the resource audit focus of Research Question
1. In terms of GIS awareness, 2 administrators reported only basic familiarity while only the ICT
Coordinator reported advanced knowledge. This finding highlights a strategic weakness in

leadership-level readiness and confirms critiques within the TPACK model that the
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administrative domain is often the most overlooked dimension of successful technology
integration (Mishra et al., 2023).

4.3 Theme A: Students’ Confidence and competence in foundational GIS and
mapping skills.

This theme examines how learners at Nyakasikana Secondary School perceive their confidence
and competence in core mapping and Geographic Information Systems (GIS) skills. These
findings offer insight into learner readiness for Zimbabwe’s recently introduced mandatory GIS

curriculum. Analysis draws from questionnaire responses from 15 students supported by teacher

interviews.

Table 4.4: Respondents’ confidence and competence in foundational GIS and

mapping skills (n = 15)

Attribute Strongly Agree  Neutral Disagree  Strongly
Agree (%) (%0) (%) (%0) Disagree (%0)

Interpreting map symbols and | 46.7 (7) 33.3(5) 13.3(2) 6.7 (1) 0.0 (0)

legends

Using tools to collect map data  33.3 (5) 40.0(6)  20.0(3) 6.7 (1) 0.0 (0)

(GPS, phones, hand-drawn)

Understanding purpose of GIS  26.7 (4) 40.0 (6) 20.0 (3) 13.3 (2) 0.0 (0)

software

Experience using GIS software  13.3 (2) 20.0(3) 33.3(5) 20.0 (3) 13.3(2)

in class

Understanding how maps 46.7 (7) 40.0(6) 6.7 (1) 6.7 (1) 0.0 (0)

represent real-world

geography

Confidence using maps to 33.3(5) 46.7 (7) 13.3(2) 6.7 (1) 0.0 (0)

solve real-life problems
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4.3.1. Interpreting map symbols and legends

Twelve out of fifteen students (7 strongly agree, 5 agree) reported confidence in interpreting map
symbols and legends, including roads, rivers and land-use classifications. This suggests a strong
baseline in cartographic literacy likely built through prior exposure to map work in the
geography curriculum that can be leveraged in GIS instruction. This aligns with TPACK’s
“content knowledge” domain, which recognises that conceptual mastery of core subject matter is

a prerequisite for effective technology integration (Mishra & Koehler, 2022).
A geography teacher explained:

“Most of my students can explain what the symbols mean on a physical map, but they struggle to

relate them to digital applications.”

While only one student disagreed, indicating low overall concern, this small group will require

targeted scaffolding to ensure equity in GIS learning outcomes.

4.3.2. Collecting map data using tools

Eleven students (5 strongly agree, 6 agree) felt confident collecting map-related data using GPS
devices, mobile phones or hand-drawn maps. This readiness for participatory field-based GIS
tasks in a rural setting reflects constructivist principles that learning is deepened through real-

world application (Mutasa, 2023).
One teacher noted:

“Even when we lack computers, students still collect land-use information with their phones or

paper maps. It’s a good start for data literacy.”
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Given that later results (Table 4.6) show only 46.7% own smartphones, this confidence possibly
reflects that some students bring personal devices to class. Such low-cost community-driven
strategies align with RQ4’s focus on leveraging existing resources for GIS implementation and

with UNESCO’s (2024) advocacy for context-sensitive geospatial learning in the Global South.

4.3.3. Understanding GIS software and purpose

Ten students (4 strongly agree, 6 agree) indicated they understood the purpose of GIS software
approximately two-thirds of the sample. However, only five students (2 strongly agree, 3 agree)

reported ever using such software in class highlighting a clear theory—practice gap.

While conceptual understanding is moderate, practical competence is far more limited echoing
Sigauke’s (2024) observation that rural learners often receive abstract instruction without

adequate experiential learning opportunities.
A teacher explained:

“I explain GIS in theory—what layers are, how maps are made—but the software is hardly

)

available for practical use.’

This reinforces links to Theme B (teacher preparedness) where limited professional training and

insufficient hardware restrict software-based learning.

4.3.4. Confidence in solving real-life problems with maps

Twelve students (5 strongly agree, 7 agree) reported confidence in applying maps to real-world
challenges such as borehole placement or route planning. This reflects applied spatial thinking—
a valuable foundation for GIS learning within the constructivist paradigm (Vygotsky, 1978;

Sibanda, 2023).
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A teacher illustrated this potential:

“When students mapped their own school environment for a flood-risk project, you could see

how real and important geography became to them.”

Although no formal GIS-based problem-solving tasks were attempted during this study, the
enthusiasm observed suggests an opportunity for future curriculum delivery to harness this

motivation linking classroom projects to community needs.

4.3.5. Experience with GIS software in class projects

Only five students (2 strongly agree, 3 agree) reported any experience using GIS software in
projects, compared with earlier findings where 11 collected map data manually or with basic
tools. This contrast underscores the resource gap between informal data collection and formal

GIS analysis.

The shortfall is consistent with the resource audit (Section 4.4.3), which found only 3 of 10
school computers operational, two with QGIS installed forcing students to work in large groups

with limited hands-on time. As one teacher explained:

“We have QGIS installed on only two computers. Students work in groups, but it’s not enough

for real mastery.”

This links directly to Objective 1 (resource availability) and highlights the need for both

hardware upgrades and targeted teacher professional development.

Learners at Nyakasikana Secondary School display strong confidence in traditional mapping and
basic data collection, moderate conceptual understanding of GIS software, but limited hands-on

digital skills due to infrastructure and training constraints. These patterns suggest that while the
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foundational knowledge base exists for GIS curriculum implementation, bridging the theory—
practice gap will require investment in functional hardware, teacher upskilling and pedagogical

strategies that connect real-world problem-solving enthusiasm to digital GIS tools.

4.4 Theme B: Teacher training gaps and theoretical delivery challenges

4.4.1 Limited teacher training and GIS pedagogical knowledge

The findings from both the questionnaire and interview data indicate that one of the major
constraints to effective GIS education at Nyakasikana Secondary School is the lack of
comprehensive teacher training. Based on n = 15 student responses), only 6.7% of learners
strongly agreed that their teachers were confident in using GIS software, while 33.3% disagreed
and 26.7% strongly disagreed. This underscores a significant knowledge and skills gap with

implications for both pedagogical delivery and learner engagement. Key responses included:

o Teacher A: “At college, GIS was introduced in theory only. We never touched any
software. I only knew of ArcGIS from textbooks but I've never used it in practice.”

o Teacher B: “Most of what I teach is what I read from the textbook. We don’t have models
nor have we received any proper GIS training from the ministry.”

o Administrator 2: “When the GIS syllabus came into effect, there was no corresponding

upskilling programme. Our teachers are committed but they need formal support.”

This lack of formal training is consistent with studies such as (Mupfiga & Nyandoro, 2023) who
argue that many Zimbabwean educators particularly in rural areas are thrust into the GIS
teaching role without being adequately equipped with practical or technological competencies.

From a TPACK perspective (Mishra & Koehler, 2006), these teachers are deficient in the
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Technological Pedagogical Knowledge (TPK) component the ability to integrate digital tools

effectively within a pedagogically sound framework.

The absence of such knowledge compromises curriculum fidelity. For example, the GIS
curriculum expects delivery of practical lessons using QGIS or ArcGIS. Without the requisite
skills, teachers revert to theoretical instruction undermining GIS education goals. Furthermore,
the failure to equip teachers through continuous professional development (CPD) contributes to a
reluctance or inability to embrace constructivist epistemology (Vygotsky, 1978), which

emphasizes guided exploration and active learning.

These findings directly confirm the teacher preparedness gap identified in Objective 2.

4.4.2 Overreliance on Theory-Based Teaching Methods

Another major theme is the dominance of theoretical instruction in GIS education with minimal
practical application. According to Table 4.4 (n = 15), 60% of students strongly agreed and
26.7% agreed that GIS lessons were primarily theory-based. This confirms that practice-oriented

GIS learning is rare.

Lesson observations and interviews supported this pattern:

e Teacher B: “Much of my teaching ends up being chalk and talk. We simply draw
diagrams on the board and label layers, rather than demonstrating using software.”
o Student open-response: “We just memorize notes about GIS tools like GPS and Google

Earth, but we never see or use them.”
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The overemphasis on rote learning contradicts the constructivist epistemology outlined in
Chapter 2, which posits that learners construct meaning through active participation (Bruner,
1996; Vygotsky, 1978). This theory-heavy approach exemplifies how training gaps force
teachers to rely on familiar lecture methods thereby hindering student engagement (RQ?2). In all
three observed GIS lessons, no computer use was noted instruction relied on chalkboard sketches

and oral explanation of GIS tools.

Teachers attributed their reliance on theory to poor access to resources, lack of training and
syllabus time pressures. This reflects the misalignment between intended curriculum (which calls

for experiential learning) and enacted curriculum (predominantly lecture-based).

4.4.3 Resource Constraints and Their Effect on Pedagogical Practice

Resource inadequacies significantly constrained GIS education delivery. All three interviewed
teachers indicated shortages in functional computers, licensed GIS software, reliable internet and

electricity.

The infrastructure audit (Appendix B) found that only 3 of 10 available computers were
functional meaning they could power on, run basic programs and connect to the network. The
other seven were either broken or lacked GIS software entirely. No GIS software was installed
on any device and internet access was limited to administrative offices with frequent outages.
The GIS lab lacked backup power, leaving staff and students vulnerable to disruptions. These

findings confirm Objective 1, which called for an audit of GIS resources.

The scarcity of hardware, unreliable electricity and lack of digital learning platforms severely

hindered the implementation of TPACK-aligned constructivist pedagogy. As Teacher 1 stated:

70



“Even if  want to teach GIS practically, I can’t. We don’t have the tools. We need stable power,

GIS software and internet. Otherwise, we re just drawing imaginary maps.”

4.4.4 Student motivation and classroom engagement in GIS Lessons

Despite constraints, students demonstrated high intrinsic motivation for GIS. From the

questionnaire (n = 15),

e 81% expressed enthusiasm for map-based learning.

e 73% were curious about GIS applications in solving real-world problems.

The representative open-ended comments were:

o Student #10: “I'm very interested in GIS. I want to use Google Earth to see my home
area but we don’t get the chance in class.”
o Student #7: “We only hear about GIS. We never get to use computers or maps ourselves.

It feels like we are missing out on something important.”

Two of the three quoted students also mentioned wanting to explore GPS or mapping their local
area showing this interest is representative of broader learner sentiment. Teachers corroborated
this enthusiasm but noted that structural and pedagogical limitations often prevented practical

engagement:

Teacher 3: “These learners are very excited about GIS. They ask about mapping their villages,
about the environment, even about using apps. But | have nothing to offer them except chalk and

theory.”
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This theme is a direct consequence of earlier themes on teacher training gaps and lack of
resources. Despite structural and pedagogical limitations, learners remain eager to engage with

GIS. This suggests unmet potential demand.

4.5 THEME C: CONTEXTUAL BARRIERS TO EFFECTIVE GIS

IMPLEMENTATION

The third major theme emerging from the triangulated data pertains to the contextual barriers that
hinder the implementation of Zimbabwe’s mandatory GIS curriculum at Nyakasikana Secondary
School. Despite the presence of modern technological infrastructure, a range of school-specific
and community-rooted obstacles emerged. These include institutional constraints, policy gaps,
and socio-cultural influences. The analysis draws from student questionnaire data, the GIS

capacity audit, and in-depth teacher interviews. This section focuses on five subthemes:

e Institutional and administrative constraints

e Policy-practice disjuncture

e Socio-cultural perceptions of GIS

e Technological access gaps and

e Curriculum rigidity and assessment constraints.

4.5.1 Institutional and Administrative Constraints

A recurrent concern across all data sets was the role of institutional limitations particularly in
relation to school-level administration, coordination of resources and prioritization of GIS

instruction. The GIS capacity audit revealed critical gaps such as no ICT or GIS coordinator,
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minimal technical support and little prioritisation of GIS in the school’s budgeting and planning

processes (see Table 4.5).

Table 4.5: Institutional GIS Capacity Constraints (n=3 administrators)

Audit Item Yes (%) Partial (%)
GIS software installed and functional | 33.3 33.3
Availability of ICT/GIS coordinator | 0.0 0.0
Availability of technical support (ICT | 33.3 0.0

technician/NGO)

Resource allocation prioritizes GIS 0.0 33.3
education

Regular maintenance of ICT 0.0 33.3
infrastructure

The absence of a GIS or ICT coordinator at the school represents a significant structural

bottleneck. One educator highlighted:
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“Sometimes we have the computer, but without anyone designated to manage or repair them,

they become liabilities rather than assets” (Teacher C).
Another teacher lamented the inconsistent leadership support:

“GIS is often sidelined in resource allocation meetings. The focus is more on core subjects like

Maths and English” (Teacher A).

This subtheme directly responds to Objective 3 and Research Question 1, showing how

institutional-level factors like leadership, planning and support roles affect GIS implementation.

4.5.2 Policy-practice disjunctures in GIS implementation

Another prominent subtheme that emerged from interviews and document analysis relates to the
disconnection between national curriculum mandates and on-the-ground realities. In fact, the
GIS audit indicated 0% of respondents reported any formal MoPSE training programmes (100%

No), highlighting the gap.
A teacher explained:

“The syllabus says we should teach GIS but it doesn 't tell us what tools we must use or how to

assess it—there’s no uniformity” (Teacher B).
An administrator echoed:

“We were only told during a workshop that GIS was now part of the curriculum. NO equipment

and no training plan followed” (Administrator 2).

This confirms the policy-practice barrier hypothesized in Chapter 1 and explicitly relates to
Research Questions 1 and 4 particularly in terms of how infrastructure and policy frameworks

affect GIS adoption.
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4.5.3 Socio-cultural perceptions of GIS

An important contextual barrier identified relates to the socio-cultural perceptions of GIS
particularly in rural school settings like Nyakasikana. This section addresses Research Question
3 by exploring how GIS content aligns with or diverges from indigenous and local knowledge

systems.

From the student survey (n=15):

7 students (46.7%) agreed GIS was “important for future careers”

6 students (40%) were unsure

2 students (13.3%) disagreed, citing that GIS was “not useful for rural life.”
A teacher noted:

“When I introduce GIS concepts, some students ask, ‘How does this help me in farming or cattle

herding?’ It’s like we re teaching them about foreign worlds” (Teacher B).
An administrator added:

“There’s a belief among some parents that GIS is only for those who want to become town

planners. It doesn’t resonate with daily realities here” (Administrator 1).

These findings suggest that Question 3 (integration of indigenous knowledge) is not yet realized.
Learners view GIS as abstract so curricula must embed local context. This reflects literature by

Makoni (2023), who argues that geographic literacy in Zimbabwe must be localized.
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4.5.4 Technological access gaps

Another dominant barrier was unequal and inconsistent access to G1S-related technology. This
section directly relates to Research Question 1, particularly in regard to “electrical and

connectivity issues.”

Table 4.6: Student Access to GIS-Related Technology (n=15)

Attribute Yes (%) No (%)
Regular access to computer  40.0 60.0
lab

Access to internet during 26.7 73.3
geography class

Able to operate GIS tools 20.0 80.0
independently

Owns or has access to 46.7 53.3

smartphone/tablet

Only 40% have regular lab access and even fewer can use GIS tools independently. A teacher

noted:

“Sometimes the lab is locked or the network is down. Even when we plan GIS lessons, we may

not be able to implement them” (Teacher C).
A student shared:

“We take turns on one computer. If you're in the last group, sometimes the period ends before

you even touch the mouse” (Student 5, Form 4).

4.5.5 Curriculum rigidity and assessment constraints

This section reflects how curriculum structure affects learner outcomes and engagement, tying

back to earlier themes and aligning with RQ3 and Objective 2. Since GIS practice is not
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examinable, students and teachers perceive it as low priority as evidenced from the following

excerpts

“The syllabus has GIS as a topic but the time we are given doesn’t match the complexity of what
we are supposed to teach. It’s treated like any other topic but GIS needs hands-on practice”

(Teacher A).

“Unless GIS becomes part of national practical assessments, teachers will not prioritize it. They

follow what’s examinable” (Administrator 2).

Table 4.7: Teachers' perceptions of GIS curriculum and assessment constraints (n = 3)

Curriculum-Related Attribute Agreement (%)

GIS content is too brief for deep engagement 100%

Current assessments undervalue practical GIS | 100%

skills

Teachers lack autonomy to modify the GIS 66.7%
syllabus

GIS lessons often rushed or skipped due to 100%

exam pressure

Students corroborated this:
“We only did GIS for two lessons. Our teacher said it’s not asked much in the exam” (Form 4

Student, Response #11).

“It felt rushed and we didn’t do any map work using software—just theory on the board” (Form

3 Student, Response #6).

This confirms that because GIS is not prioritized in exams, teachers and learners treat it as
secondary. Curriculum reform should consider integrating GIS projects into final exams to

incentivize deeper engagement.
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4.6 THEME D: The role of educational leadership and stakeholder

collaboration in enhancing GIS Readiness

The following section explores how school leadership and inter-institutional collaborations shape
the implementation of GIS education at Nyakasikana Secondary School. This theme responds to

Research Question 4, which focuses on stakeholder efforts to support GIS readiness.

4.6.1 Leadership vision and prioritization of GIS integration

This subtheme addresses how the school leadership perceives the importance of GIS and how
this perception influences prioritization in school planning and resource allocation. Interview
data revealed that while school heads were generally aware of the new GIS curriculum
requirements, there was a noticeable variation in the degree to which it was considered a

strategic educational priority.
One school administrator stated:

“We understand GIS is now compulsory but we 're still treating it like an extension of geography.
It’s not yet fully in our school improvement plans because the policy came faster than we could

adjust.” (Administrator 1)

This reflects a leadership gap in aligning institutional vision with curricular transformation.
Although the school has access to modern technology, audit responses showed that GIS-specific
infrastructure such as designated GIS lab spaces, regular software updates and mapped budget

lines were either missing or inadequately provisioned.

Table 4.12: Presence of strategic GIS Leadership provisions (n=3)

Attribute Yes No Partial
GIS integrated in school development plan 1 1 1
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Designated GIS budget 0 3 0
GIS recognized in official school timetable 2
Leadership provided CPD on GIS 1 2 0

[N
o

Only one administrator reported that GIS was reflected in the school development plan and none
indicated the existence of a dedicated GIS budget. This suggests that GIS is not yet an
institutional priority. While some effort exists in scheduling GIS into the timetable, financial and
developmental neglect limits implementation depth. This leadership gap directly impacts the

school’s readiness for GIS integration.

Without visible leadership support, teachers lack the scaffold for inquiry-based GIS learning.
The constructivist perspective emphasizes the importance of institutional scaffolding to promote
inquiry-driven and collaborative educational practices. In the absence of such direction, there is
minimal drive to support GIS as a transformative and constructivist learning tool. Although
strategic leadership was not an explicit objective in this study, its deficiency undercuts the

operationalization of curricular reforms and institutional readiness.

The leadership’s limited prioritization of GIS at Nyakasikana reflects a disconnect between
national curriculum mandates and school-level operational strategies. Strengthening school
leadership vision will be vital for ensuring GIS integration becomes both sustainable and

impactful.

4.6.2 Collaboration with external stakeholders

This subtheme explores the extent and nature of collaboration between Nyakasikana Secondary

School and external stakeholders such as NGOs, district offices, local planners and higher
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education institutions in support of GIS education. Data from both interviews and the audit tool

indicated that such collaborations are sporadic and largely informal.

One geography teacher remarked:

“We had one workshop from the district about GIS but it didn’t go deep enough. There are no
ongoing partnerships. Sometimes I download free materials online and just improvise.”

(Teacher 2)

Another administrator shared:

“We tried to reach out to the local council to use their maps for teaching but there was no
formal response. Without a Memorandum of Understanding or something official, it’s difficult to

collaborate.” (Administrator 2)

This indicates an absence of institutional frameworks for sustained collaboration. The audit

checkilist also confirmed that partnerships for GIS enrichment were non-existent or ad hoc:

Table 4.13: Collaboration with GIS-Enabling Stakeholders (n=3)

Collaboration Area Yes No Partial
Existing MoUs with GIS-supportive NGOs 0 3 0
Collaboration with local planning departments 0O 3 0
Participation in external GIS trainings/workshops 1 2 0
Student involvement in external GIS projects 0 3 0

These findings align with Research Question 4’s focus on stakeholder-driven strategies. They are
also supported by (Mahlangu and Nyoni, 2024) who argue that rural schools often struggle to

develop meaningful partnerships due to bureaucratic barriers, lack of initiative and mutual
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mistrust. In contrast, studies such as (Zhou and Mavhunga, 2022) emphasize that collaboration
between schools and geospatial industries can significantly improve GIS instruction by providing

access to real-world datasets, mentorship and resource-sharing.

The constructivist framework advocates for authentic learning where learners engage in real-
world problem-solving tasks. The current absence of stakeholder involvement undermines this
experiential component leading to decontextualized and often theoretical GIS education—
contrary to the goals of Zimbabwe’s Education 5.0 agenda which prioritizes innovation and

application.

To address this, formal partnerships should be pursued. For instance, local organizations such as
the district planning office, the mining cooperative or a conservation NGO could share spatial
datasets, offer guest lectures or host student field visits. Without these networks, the school
misses critical opportunities for teacher support, learner engagement and access to current

geospatial information.

4.6.3 Capacity building through professional development

This subtheme explores how leadership facilitates teacher capacity development through formal
and informal professional development initiatives focused on GIS education. The responses from
educators and administrators suggest a fragmented and insufficient approach to GIS-focused

capacity building.
Only one out of the three interviewed administrators confirmed that a GIS-specific professional

development session had been organized at the district level:

“There was a short training session arranged by the district but it was not deep enough.
Teachers need more hands-on workshops with GIS software.” (Administrator 3)

81



Teachers expressed similar sentiments. One geography teacher reported:

“The training was very theoretical. It focused on curriculum content, not on the practical use of

GIS tools like ArcGIS or QGIS. I'm still unsure how to teach this in the lab.” (Teacher 1)

Only one administrator reported that any district-level GIS training occurred and none of the
teachers received software training. Moreover, 100% of teachers reported inadequate confidence

using GIS tools following training.

Table 4.14: Professional Development in GIS Integration (n=3)

Attribute Yes | No Inadequate
GIS-focused CPD organized by district/province 1 2 -
Access to GIS software training for teachers 0 3 -
Teachers confident using GIS tools post-CPD 0 - 3
CPD included curriculum-linked GIS applications 1 2 -

This subtheme continues the story outlined in Objective 2 regarding teacher preparedness.
Without capacity building, technological and pedagogical readiness remain low. The absence of
sustained and context-relevant professional development contradicts the TPACK framework,

which emphasizes integration of content, pedagogy and technology.

Leadership must therefore play a proactive role in organizing, sourcing and institutionalizing

these CPD programs into school culture to ensure GIS becomes a practical instructional tool.

4.6.4 Leadership support for resource mobilization

The GIS infrastructure audit revealed that while the school is relatively well-equipped
technologically, leadership has not aggressively pursued resource mobilization targeted at GIS.

One administrator admitted:
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“We have a few computers and internet but GIS needs more than that. We haven’t requested GIS

software licenses or external support yet.”” (Administrator 1)

A teacher echoed this limitation:

“Sometimes I want to demonstrate map layering or spatial queries but we don’t have updated

GIS software. I use online simulations, but they are not always reliable.” (Teacher 3)

Table 4.15: GIS Resource mobilization and availability (n=3)

Resource Mobilization Effort No Efforts Some Efforts
Initiated (%)

Application for GIS software licenses 3 0

0.0

Fundraising for GIS hardware or data subscriptions 2 1

Requests to Ministry/District for GIS resources 1 1
Partnerships for free/discounted GIS tools 3 0.0

No administrators reported actively applying for software licenses and all efforts for partnerships
with tool providers were non-existent. Although resource mobilization was not explicitly part of
the research objectives, this lack undermines all previous findings. The absence of formal action
plans or funding applications weakens teacher support and results in low GIS exposure for

students.
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Within the constructivist paradigm, learners require authentic, hands-on engagement with real
tools and real data. This cannot be achieved when availability is inconsistent or dependent on

improvisation.

To align with Zimbabwe’s GIS policy directive and TPACK-aligned leadership practices, school
leaders must champion targeted resourcing efforts. Resource mobilization is not just about
funding it involves initiating partnerships, lobbying district offices and applying for software

access that supports effective GIS teaching and learning.
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CHAPTER FIVE:

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1 Introduction

Chapter Five draws’ conclusions from the findings in light of the four research questions
outlined in Chapter One and derives recommendations accordingly. It synthesizes key insights
from the analysis and interpretation of data presented in Chapter Four. This chapter also presents
conclusions tied to the study's objectives, proposes actionable recommendations and highlights

potential areas for future research.

5.2 Summary

This study explored the readiness of Nyakasikana Secondary School, a rural institution in
Zimbabwe, to implement the country’s mandatory GIS (Geographic Information Systems)
curriculum. The study was guided by TPACK (Technological Pedagogical Content Knowledge)
and Constructivist learning theories. Its aim was to assess institutional, pedagogical and
infrastructural readiness for GIS instruction and to explore opportunities for low-cost, context-

relevant integration strategies.

Chapter One introduced the rationale and significance of the study, emphasizing the
transformative potential of GIS in fostering spatial literacy and critical thinking among 21st-
century learners. The study aimed to evaluate readiness along four dimensions that is, teacher
preparedness, instructional approaches, the integration of indigenous knowledge systems and

stakeholder-driven strategies to enhance GIS implementation.
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Chapter Two reviewed global and regional literature, highlighting barriers to GIS integration
such as limited technological infrastructure, inadequate teacher training and rigid curricula. It
also noted the lack of contextualized GIS models that incorporate indigenous knowledge

particularly in rural settings.

Chapter Three explained the methodology which adopted a mixed-methods case study design.
Triangulated data were drawn from 15 student questionnaires, 3 interviews with Geography
teachers, infrastructure audits, lesson observations and document reviews. Although the student
sample was relatively small in relation to the school's total enrolment (~340 learners), it provided

indicative insights into learner experience and motivation.

Chapter Four presented the study's findings under four thematic areas:

e Teacher Training Gaps and Pedagogical Challenges: In addressing Research Question 1
and Objective 1, the study found that most teachers lacked Technological Knowledge
(TK) and Technological Pedagogical Knowledge (TPK) to effectively implement GIS.
Lessons remained mostly theoretical, due to limited CPD, lack of GIS software
familiarity, and inadequate hardware. Teachers expressed discomfort with digital tools,

and few had received any GIS-specific training.

e Contextual Barriers to GIS Implementation: Aligned with Objective 2 and Research
Question 2, the study identified major barriers including unreliable electricity,
insufficient computer access, a rigid curriculum, and policy-practice misalignments.
Teachers were constrained by fixed syllabi and lacked administrative support to
experiment with GIS integration. Socio-cultural factors, such as resistance to new

technologies and gendered expectations, further hindered innovation.
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e Educational Leadership and Stakeholder Collaboration: The findings in relation to
Objective 4 revealed limited leadership prioritization of GIS and weak external
partnerships. The school lacked formal CPD structures and had not engaged universities
or NGOs for technical support. No GIS-specific goals were included in school

development plans, reflecting a gap between national policy and local leadership.

e Student Motivation and Engagement: Although learners showed interest in GIS as
highlighted in responses to Research Question 2, their enthusiasm was limited by the
absence of interactive learning tools and opportunities. Moreover, in response to
Research Question 3, there was no evidence of integrating local examples or indigenous
knowledge into GIS lessons. Research Question 4 was also under-answered in practice:

no low-cost, community-based GIS strategies were in place at the time of the study.

Collectively, these findings underscore a persistent implementation gap between GIS policy

intentions and rural educational realities.

5.3 Conclusions

In response to Research Question 1, the study concludes that GIS implementation at
Nyakasikana is hindered by major infrastructural constraints including limited computer access

and inconsistent electricity which compel teachers to rely on purely theoretical instruction.

Regarding Research Question 2, the pedagogical approaches adopted do not reflect TPACK-
aligned strategies. Teachers lack confidence and professional training to design lessons that
integrate GIS tools making it difficult to realize the constructivist learning outcomes intended by

the curriculum.
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For Research Question 3, the study found that indigenous knowledge and localized GIS
examples were absent from instruction. No Geography teacher reported incorporating
community-based case studies, environmental histories or traditional spatial practices despite

their potential to enrich GIS learning.

As for Research Question 4, the study revealed that no low-cost or community-driven GIS
strategies had been co-developed or piloted. There were no partnerships with local stakeholders

to support such innovation nor any grassroots approaches using mobile GIS or participatory
mapping.

At Nyakasikana, GIS remains largely theoretical in practice. Teachers are unprepared,
infrastructure is limited and leadership lacks a clear vision for GIS integration. Without systemic
support and targeted intervention, GIS will remain an underutilized subject. This is in contrary to
the Education 5.0 agenda which emphasizes innovation, problem-solving and industry-aligned

learning.

5.4 Recommendations

a. For School leaders and administrators

e Integrate GIS into School Development Plans by creating clear budget lines, setting
measurable goals (e.g., acquiring 5 functional computers) and allocating funds to ICT

capacity-building over a 3-year plan.

e Appoint or share an ICT/GIS coordinator among a cluster of rural schools to manage
training, equipment maintenance, and GIS lab scheduling. This can be implemented on a

rotational basis and supported through district-level planning.
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Pursue resource mobilization by building partnerships with NGOs, local authorities and
private GIS firms to acquire software, hardware and technical assistance. These

partnerships can fill leadership and infrastructure gaps identified in the study.

b. For the Ministry of Primary and Secondary Education (MoPSE)

Develop and circulate national GIS implementation guidelines, including assessment
rubrics, minimum equipment standards and integration models. These are currently

absent and needed to support uniform rollout.

Partner with universities (e.g., Bindura University) and GIS professionals to run annual
CPD workshops targeting rural teachers and focusing on open-source software like

QGIS.

Review curriculum and assessment rigidity, allowing flexibility for local case studies and

project-based learning consistent with constructivist pedagogy.

c. For geography teachers

Use open-source GIS tools like QGIS and Google Earth to teach mapping skills,
especially where budgets constrain access to commercial software. These tools support

interactive, student-centered learning.

Integrate localized and indigenous knowledge into GIS lessons such as mapping
community rainfall patterns or traditional land use to improve learner engagement and

contextual relevance.

d. For external stakeholders (NGOs, Local Councils, Universities)
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e Formalize support partnerships through Memoranda of Understanding (MoUs), providing

schools with GIS data, student mentorship, and technical support.

e Develop participatory GIS projects, such as mapping school facilities or community
resources with learners. These initiatives not only teach spatial skills but also build

student-community links and address Research Question 4.

Priority Actions

1. MoPSE: Develop GIS guidelines and pilot flexible assessment.

2. Teachers: Integrate local knowledge into lessons.

3. NGOs/Universities: Launch participatory mapping projects.

4. School Leaders: Revise development plans to prioritize GIS.

5.5 Areas for further research

Future studies could explore comparative GIS readiness between urban and rural schools in
Zimbabwe, to inform context-specific policy. Longitudinal studies tracking the impact of
sustained CPD on teacher performance in GIS are also recommended. Research should further
examine culturally responsive GIS curriculum models that integrate indigenous spatial
knowledge, especially in rural settings. Additionally, action research on community-based GIS
strategies, co-developed with stakeholders, can test practical models for low-cost GIS integration

in schools.
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APPENDIX A: QUESTIONNAIRE

Evaluating the readiness of Nyakasikana Secondary School to implement Zimbabwe’s

mandatory GIS curriculum

My name is Milcent Tafadzwa Madzudzo. | am a final year student at Bindura University of
Science Education and | am doing a research project entitled: Evaluating the readiness of
Nyakasikana Secondary school to implement Zimbabwe's mandatory GIS curriculum. May
you please kindly assist this research by responding to the questions by ticking the appropriate
answer. The information obtained from this research will be used solely for academic purposes
and be treated with confidentiality and it will also be processed namelessly. Your participation in

this study is based on your consent.

Please do not write your name on the questionnaire.

Your answers will help us improve geography education. Please answer honestly. If a question
does not apply to you (for example, if you’ve never used a computer for mapping), choose Not

Applicable.

1. How confident are you in your ability to interpret map symbols and legends (e.g.,
roads, rivers, land use)?
a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5) f. Not Applicable (N/A)
2. How confident are you in collecting location or map-related data using tools like
GPS devices, mobile phones, or hand-drawn maps?
a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5) f. Not Applicable (N/A)
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10.

I know what GIS software is used for (e.g., making digital maps, analyzing location-
based problems).

a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5)
I have used GIS software (such as Google Earth, QGIS, or ArcGIS) to complete a
class project or assignment.

a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5) f. Not Applicable (N/A)
I understand how maps show the real world on a flat surface (for example, how
maps represent distance, direction, or shape).

a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5)
How confident are you in using maps to solve real-life problems (e.g., choosing a
good place for a borehole, finding a route)?

a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5)
I have used hand-drawn or paper maps to collect or record information in my area
(e.g., marking school zones, land use, or hazards).

a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5)
How confident are you in working with basic map features like direction (north),
scale (distance), or coordinates (location points)?

a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5)
I am familiar with digital file types used in maps (like images or shapefiles) and how
to use them in simple ways.

a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5) f. Not Applicable (N/A)
| feel confident explaining a map to someone else (e.g., showing land use patterns or

movement of people).
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a. Strongly Disagree (1) b. Disagree (2) c. Neutral (3) d. Agree (4) e. Strongly
Agree (5)

Screening Question:
Have you ever used any GIS or mapping software (e.g., ArcGIS, QGIS, Google Earth)?

[ Yes 0 No

If you answered No, please answer questions about map skills only. You may mark "Not

Applicable” for questions about GIS software.

Optional Open-Ended Question:
What GIS or map-related topic would you most like to learn about?
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APPENDIX B: GIS infrastructure and capacity audit checklist for 3 administrators

My name is Milcent Tafadzwa Madzudzo. | am a final year student at Bindura University of
Science Education and | am doing a research project entitled: Evaluating the readiness of
Nyakasikana Secondary school to implement Zimbabwe's mandatory GIS curriculum. May
you please kindly assist this research by responding to the questions by ticking the appropriate
answer. The information obtained from this research will be used solely for academic purposes
and be treated with confidentiality and it will also be processed namelessly. Your participation in

this study is based on your consent.

Instructions: Tick the appropriate answer. For items marked "Partial” or "No," briefly explain
the limitations in the space provided.
Observation Source: [1 Observation O Administrator Report O Teacher Report (Tick

one)

Are there sufficient computers available for students during GIS classes?
J Yes (1)
[ No (0)
O Partial (0.5) — Please specify:

* Total number of computers:

* Average student-to-computer ratio:

UNESCO recommends a maximum 15:1 student-to-computer ratio. If the ratio is higher, mark as

Partial.

2. Do the computers meet minimum specifications for running GIS software (e.g., 4GB
RAM, dual-core processor, 500GB storage)?
O Yes (1)
0 No (0)
[ Partial (0.5) — Please describe:
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* Common issues (e.g., crashes, lagging, limited storage):

Is internet access reliable and sufficient for GIS activities (e.g., downloading data,
using online maps)?

O Yes (1)

1 No (0)

O Partial (0.5) — Please specify limitations:

* Is internet restricted to staff areas only?

* Data costs for students? (e.g., prohibitively expensive, shared mobile data):

Is GIS software (e.g., QGIS, ArcGIS) installed and functional on school computers?
O Yes (1)
[ No (0)
O Partial (0.5) — Please indicate:
* Installed software and version (e.g., ArcGIS 9.3, QGIS 2.x):

* How many machines have it installed?

Is the power supply stable and reliable during school hours?
O Yes (1)
0 No (0)
O Partial (0.5) — Please describe:

* Typical weekly power outages:

* Time of day when power is most unreliable:

Is there a backup power source (e.g., generator, solar panels) to support GIS use
during outages?

O Yes (1)

[ No (0)

[ Partial (0.5) — Please specify:
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* Type (solar/generator):

* Functionality status (e.g., inverter damage, partial coverage):

7. Is the school’s network infrastructure (Wi-Fi or LAN) sufficient for GIS tasks like
data sharing and group projects?

O Yes (1)
0 No (0)
O Partial (0.5) — Please explain:

» Connectivity issues (e.g., no Wi-Fi in lab, slow speeds):

8. s there enough storage space available for GIS data and student projects (e.g., local
servers, external drives)?

O Yes (1)
O No (0)
O Partial (0.5) — Indicate method of storage and issues:

» Are external drives used?

* Is data routinely deleted due to limited space?

9. Is technical support available for maintaining GIS hardware and software?
O Yes (1)

0 No (0)
O Partial (0.5) — Please specify:
* Full-time ICT technician: J Yes /O No

* ICT support from district or NGO: O Yes / O NO

10. Are the classrooms used for GIS instruction equipped with supportive teaching tools
(e.g., projectors, whiteboards, screens)?

J Yes (1)
0 No (0)

O Partial (0.5) — Note limitations:
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* Equipment outdated or shared?

* Projectors without bulbs or cables?
Additional Items on Human and Local Contextual Capacity

11. Is there at least one teacher at the school who has received formal GIS training

(certificate, workshop, or university course)?
O Yes (1)
[ No (0)
12. Does the school have a designated ICT or GIS coordinator responsible for managing
digital learning infrastructure?
O Yes (1)
[ No (0)
13. Are peripheral tools like GPS devices, printers, or scanners available for GIS-
related tasks?
O Yes (1)
[ No (0)
O Partial (0.5) — Indicate type and functionality:

14. Ts the school’s solar power system (if present) sufficient to support GIS learning

throughout the school day?
O Yes (1)
O No (0)

O Partial (0.5) — Specify uptime or issues (e.g., only charges in mornings):

15. Are local GIS or geography-related resources accessible for student enrichment
(e.g., community mapping projects, visits to local planning offices)?
J Yes (1)
[ No (0)
O Partial (0.5) — Describe:
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APPENDIX C: Interview Questions for Geography Educators

Interview Guide for Geography educators

My name is Milcent Tafadzwa Madzudzo. | am a final year student at Bindura University of
Science Education and | am doing a research project entitled: Evaluating the readiness of
Nyakasikana Secondary School to implement Zimbabwe's mandatory GIS curriculum.
May you please kindly assist this research by responding to the questions. The information
obtained from this research will be used solely for academic purposes and be treated with
confidentiality and it will also be processed namelessly. Your participation in this study is based

on your consent.

Target Participants: Geography teachers and/or school administrators involved in GIS
education delivery and decision-making.

Language: Interviews will be conducted in English or Shona, depending on participant
preference. A trained translator will be available if necessary.

Duration: Approximately 45 minutes.

Probing Guidance: Probes are included to elicit rich responses. Use probes when initial answers
are brief or unclear, but avoid leading participants. Allow time for elaboration and follow-up
based on participant cues.

Interview Flow: Background — Current Practices — Challenges — Community Integration —
Capacity and Support — Forward-looking Reflections

Note: Where relevant, questions are aligned with specific research objectives and the decolonial

inquiry framework.

QUESTIONS

1. Can you tell me about your background in geography and GIS education?

Probe: What inspired you to teach geography or take an administrative role in GIS education?
2. What does GIS education currently look like at your school?

Probe: What topics are typically covered, and how are lessons structured?
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3. What challenges do you face in implementing GIS education in a rural, resource-

constrained setting? (Research Objective 3: Institutional barriers)
Probes:
e Can you give specific examples of challenges you’ve encountered?
o How do these challenges relate to institutional policies or curriculum mandates?

4. What kinds of training or support would help you deliver GIS education more
effectively? (Research Objective 2: Capacity-building)

Probes:
o Are there specific GIS areas or tools you feel less confident using?
e Have you had any formal or informal GIS training?

5. How do you integrate local or indigenous geographic knowledge into your GIS lessons?

(Decolonial framework: Epistemic justice)
Probes:

« Can you describe any tensions between national curriculum guidelines and local

knowledge systems?
e How do students respond to lessons that focus on their own communities?

6. How do you adapt your teaching methods to overcome limited infrastructure or

technological resources?
Probes:
e What creative strategies or low-tech solutions have you found effective?
e Have you repurposed non-GIS tools for GIS concepts?
7. How do you keep students engaged and motivated during GIS lessons?
Probes:

e What activities or projects have sparked the most interest?
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e How do students respond to mapping their own communities?

8. In what ways do you believe effective GIS education could empower students or the

wider Nyakasikana community? (Transformative potential — aligns with Objective 4)
Probes:

e Have you seen any community changes or student-led projects resulting from GIS

knowledge?
e What local problems could GIS help solve?

9. How do you collaborate with other educators, NGOs, or local organizations to support
GIS education?

Probes:
e Can you describe any successful or ongoing partnerships?
e What have been the benefits or limitations of these collaborations?

10. How is GIS education resourced in your school, and how are priorities set for resource

allocation? (Objective 3: Institutional infrastructure)
Probes:
e What resources are considered essential?
o How decisions are made about spending or equipment use?
11. How do you assess student learning in GIS?
Probes:
e What tools, assignments, or projects do you use?
e How do you evaluate students’ understanding of spatial thinking or technical skills?

12. What plans or ideas do you have for improving GIS education at your school or in your

district? (Objective 4. Co-development of strategies)

Probes:
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o What steps are necessary to enhance GIS learning, especially in low-resource contexts?
« If funding or support were available, what would you prioritize?

13. Is there anything else you'd like to share about your experience teaching or supporting

GIS education? (Concluding invitation to elaborate)

Probe (if needed): Any final thoughts on how GIS could better serve your students and

community?
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