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ABSTRACT

Impact assessments are crucial for measuring the effectiveness of developmental projects. However, 
hurdles such as the complexity, limited applicability, and lack of empirical evidence of impact 
assessments are hinderances to use impact assessments more widely. Computer-based tools could 
help ease these problems as they can help the implementation process and foster usage. However, 
currently there are no computer-based tools available to support ICT for development (ICT4D) impact 
assessments in the educational domain. For this research, a computer-based tool was developed to 
support impact assessments of ICT4D projects in education (EDU4D). A literature study was performed 
and interviews with field experts were conducted to decide upon the requirements. Subsequently, a 
computer-based tool was developed that aims to guide the user to accurately perform a situational 
impact assessment method for EDU4D (SIAM-Ed) and to work in low resource environments. Finally, 
a small pilot study was conducted that showed positive results on the effectiveness of the tool.
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INTRODUCTION

With the rise of Information and Communication Technologies (ICT) came the opportunity for 
countries to obtain substantial growth on many aspects ranging from economic aspects, such as 
monetary growth, but also social aspects including growth in human development. This growth can, 
however, only be achieved by those countries that have the funds to invest in ICT. This makes it quite 
difficult for developing countries to harvest the fruits that ICT can bring so this further increases the 
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gap between them and developed countries (Touray et al., 2013). Hamel (2010, p. 5) defines ICT 
for development (ICT4D) as: “[...] a framework for the application of tools and techniques to the 
practice of development”. In other words, using ICT to aid development. One of the areas that can 
help in stimulating development is education. Education helps with preventing and escaping poverty 
traps by increasing the chances to find a stable income (Tilak, 2002). ICT can be used to improve 
the quality and engagement of lectures which can increase the chances of students staying in school 
(Heeks & Alemayehu, 2009).

While there have been many educational ICT4D projects, from this point onwards abbreviated as 
EDU4D, there have not been many methods to perform impact assessments specifically for educational 
projects. Many of the approaches are described rather broadly and lack a clear implementation plan 
since they aim for the educational sector as a whole (Heeks & Alemayehu, 2009). Every EDU4D 
project can be different, making it difficult to develop a one-size-fits-all method with a clear execution 
plan. Smulders (2020) developed a situational impact assessment method to contribute to tackling 
this problem. The proposed method by Smulders (2020) is adaptable to a specific EDU4D project 
by selecting relevant method fragments consisting of metrics that are used as input for the impact 
evaluation. However, implementing all the steps of the aforementioned method is challenging since 
it requires to first read a sizable amount of documentation to understand how to perform each step. 
This can be overwhelming and discourage adoption and implementation. Also, there is no pre-
determined way to collect and combine all data, such as documents and survey data, for future use. 
Furthermore, there is no support for re-using a chosen set of method fragments and metrics from a 
similar EDU4D project. This can be time consuming and error prone, especially for organizations 
who want to perform impact assessments for multiple projects.

The aim of this research is to improve the usability of the aforementioned impact assessment 
method, by designing and implementing a tool that simplifies the data collection and the application 
of the impact assessment method. The aim of the tool is to improve the ease of use of the method 
and decrease its application time. To test this, we perform an experiment in which participants are 
asked to use the tool and afterwards fill in a survey. The research environment is discussed further 
on in the paper.

MOTIVATION

The goal of this research is to design and implement a tool that supports the application of an impact 
assessment method. The main research question is therefore:

What computer-based tool can be developed to support the application of an impact assessment 
method for EDU4D projects?

To answer the main research question, the following sub-questions are defined:

•	 SRQ1: What is the current-state-of-the-art of impact assessment tools within the domain of 
ICT4D?

•	 SRQ2: Which requirements should an impact assessment tool fulfill in order to increase the 
usability and decrease application time of an impact assessment method?

•	 SRQ3: How to validate a tool which supports the application of an impact assessment method?
•	 SRQ4: How to evaluate usability improvement and decrease application time of a tool-supported 

impact assessment method?

This paper is structured as follows: First the research approach used for this study is described. 
This is followed by the outcome of the literature review. Next, we present the newly developed impact 
assessment tool and explain its functionalities. Subsequently, we discuss the implications and the 
limitations of this research, before the conclusions and ideas for future research are presented.
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RESEARCH APPROACH

This research will be conducted based on the design science methodology as described by Wieringa 
(2014). The major activities are designing and investigating an artifact in the intended context. Each 
phase in the approach emphasizes the importance of being aware of the intended context. This research 
aims to develop a tool and therefore the engineering cycle will be used.

A literature study, of which the protocol can be found in Appendix 1, was conducted to understand 
the current-state-of-the art about impact assessments and computer-based tools relevant to the topic. 
Based on the literature study, we engineered the requirements for the computer-based tool. The 
computer-based tool is created with the programming language Python, with the tkinter1 module as 
graphical interface.

To validate the computer-based tool, an experiment is conducted in cooperation with a NGO 
called Maxim Nyansa. Maxim Nyansa is a non-profit organization located in Accra, Ghana, that aims 
to improve the job prospects of underprivileged young Africans through learning transformation and 
training programs (Maxim Nyansa IT Solutions, 2021). They strive to transform the African learning 
system by providing and supporting high schools across Africa with ICT infrastructure and educational 
software. An example is helping schools to setup ICT labs to increase the accessibility of computers. 
Maxim Nyansa also provides professional ICT training for young graduates to help prepare them for 
the job market. These boot camps are given by experienced ICT professionals aimed at giving the 
graduates more practical experiences which are needed for the job market.

The participants of this experiment are employees of Maxim Nyansa who are involved in 
performing the impact assessment method such as setting goals and collecting the data. The survey 
results after the experiment are analyzed to see whether the tool meets the requirements set beforehand. 
The experiment protocol can be found in Appendix 2.

LITERATURE OVERVIEW

Impact Assessment Approaches
In this section the current state-of-the-art of impact assessment approaches is discussed. Several 
impact assessment approaches are analyzed, and their pros and cons are addressed.

In the current era of ICT4D, the emphasis lies on the uptake and sustainability (Heeks, 2008). 
Uptake refers to the implementation and the application of ICT whilst sustainability refers to using 
ICT to create the most developmental impact possible. This contrasts with the early phases of ICT4D 
where the focus was more on short term gains with physical benefits, such as tele-centers, that were 
more easily presentable to the stakeholders. As the focus shifted more towards long-term gains, the 
importance of correctly assessing the impact of ICT4D projects arose. In their compendium, Heeks and 
Alemayehu (2009) describe several frameworks to perform ICT4D impact assessments. A summary 
of the frameworks is given as well as their suggestions for improvement.

Cost-Benefit Analysis
The Cost-Benefit Analysis or CBA (Commonwealth, 2006) focuses heavily on the financial aspect of 
ICT4D projects as it aims to identify and quantify the costs and benefits of the projects. The framework 
gives a simple quantitative overview of an ICT4D project which is in turn also the downside. When 
assessing developmental issues, such as social and political issues, financial performance is generally 
not an appropriate way to evaluate ICT4D projects. Quantifying the cost and benefit items in an 
ICT4D project can also be a very tricky task and potentially subjective.

The Project Goals Framework
The project goals framework is a simple framework aimed at assessing ICT pilot studies against the 
goals set for the project (Batchelor, 2007). It is a straightforward approach focused on the single 
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project at hand which makes it vulnerable for fluctuations in results as it is heavily dependable on 
how the project goals are specified. These two frameworks are applicable for most situations but 
makes them too open. They do not provide enough guidance which makes them susceptible for 
misunderstandings.

The Capabilities Framework
The capabilities framework (Robeyns et al., 2000) addresses how ICTs can contribute to freedom 
and empowerment. This framework is a different approach on evaluating development as it looks 
at individual freedom as an indicator for development. The capabilities of a person represents 
their freedom while their achievements are represented as their functioning. The framework 
describes five areas of capabilities: Economic, political, social, informational and security. An 
example of a capability would for instance be knowledge, i.e., the freedom to obtain knowledge. 
This framework has as benefit that it takes the individual needs, choices and inspirations in 
consideration while also recognizing that the same technology can lead to different outcomes. 
The downside is however that the framework is not explicit and rather complex to apply. There 
are no guidelines for its application which makes the application depend on the interpretation 
of the framework. Which aspect of freedom to include is also a rather tricky task as they need 
to be defined and are vulnerable for subjectivity.

The Outcome and Impact Assessment Framework
The outcome and impact assessment framework (Mthoko & Khene, 2018) identifies five critical 
themes: Strategic value, empowerment, livelihoods, most significant change and sustainability which 
are needed to evaluate outcome and impact of rural ICT4D programs. Each theme is interdependent 
and interrelated as they reinforce and build on each other to show the impact of the ICT4D project. 
The paper provides general suggestions on how to evaluate each theme but does not give explicit 
guidelines on how to perform them.

The Sustainable Livelihoods Framework
The sustainable livelihoods framework is a people-centric holistic approach originally developed 
to reduce poverty. Livelihood, as proposed by Chambers and Conway (1991, p. 6), is described as: 
“A livelihood comprises the capabilities, assets (stores, resources, claims and access) and activities 
required for a means of living: A livelihood is sustainable which can cope with and recover from 
stress and shocks, maintain or enhance its capabilities and assets, and provide sustainable livelihood 
opportunities for the next generation; and which contributes net benefits to other livelihoods at the 
local and global levels and in the short and long term”. The framework consists of six components: 
Vulnerability context, assets, structures, processes, strategies, and outcomes (Heeks & Alemayehu, 
2009). The vulnerability context is the external environment that can influence someone’s life 
through shocks, trends and seasonality. Assets refer to the capital that a person has. The capital is 
subdivided into five types: Human, natural, financial, social and physical. Structures are the public, 
private and NGO sector organizations that can influence how someone can utilize their asset portfolio 
through for instance their delivery of services and goods (Mwenda & Turpin, 2016). Processes are 
the forces that dictate the behavior of organizations and individuals such as government laws and 
policies. Strategies are the plans that people make and follow in order to achieve their livelihood 
goal. Outcomes are the result of someone following the strategy such as having an increased 
income. The framework works from the perspective of the poor and acknowledges that it requires 
the interaction among various factors. This has as benefit that it can be more flexible and more 
realistic when trying to capture something as complex as human lives. This is, however, also one 
of the downsides of the framework. Due to its complexity implementation can be costly and time 
consuming. Due to its broad view it is also difficult to directly link the results to ICT4D projects 
(Heeks & Alemayehu, 2009).
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Situational Impact Assessment Method for Education (SIAM-Ed)
Smulders (2020) proposed the situational impact assessment method for education (SIAM-Ed). This 
situational method is adaptable for specific EDU4D projects through the usage of method fragments. 
This flexibility makes it more widely applicable as it can react to new developments. The method 
consists of four phases: 1) Project purpose definition, 2) data collection, 3) data analysis, and 4) impact 
evaluation. For each of these phases, a document with practical guidelines is provided, facilitating 
its application. As mentioned before, this method is generalizable for other educational projects 
by selecting the relevant method fragments for that project. The method has, however, still several 
downsides. Firstly, it is still a newly developed method and, due to the COVID-19 pandemic, it has 
not yet been tested extensively. The research included a small pilot study but as the data is limited 
more tests are needed. Secondly, the application of the method needs to be performed manually. This 
can be seen as a hurdle due to the many manual steps such as selecting the method fragments. Despite 
the downsides, the method is quite promising as it seems to be the only one that can be applied in 
different ICT projects in the educational domain.

This research can contribute to the current literature by providing more empirical evidence for 
SIAM-Ed. There are currently a wide variety of impact assessment approaches available with each 
having their own perspective. However, many are still lacking in providing enough empirical evidence. 
By developing a tool, the difficulty of implementing SIAM-Ed will decrease making the method 
more accessible. This in turn can lead to the method being more appealing and seeing more use in 
real world situations proving the method more empirical evidence. By providing more empirical 
evidence SIAM-Ed can strengthen its claims or at the minimum get improved as there is more data.

Computer-Based Impact Assessment Tools
In this section we discuss the state-of-the-art of computer-based tools for impact assessments, both 
related to the ICT4D field in general and to the education domain in particular.

In current literature, we could not find a single computer-based tool that supports the full 
application process of impact assessments in the ICT4D domain. As it is a relatively new domain, 
most of the literature focuses on creating and evaluating impact assessments rather than tooling. The 
available literature about tooling focuses primarily on monitoring.

Computer-Based Tool for Effective Monitoring of Livelihoods
Belcher et al. (2013) describes their case study where they created a computer-based tool for effective 
monitoring of livelihoods. In their paper they focused on the approach used and experiences with 
the development and usage of their tool. Based on simple low cost data a livelihood monitor tool 
was developed to give a general idea of the livelihood status and change on a village level scale. The 
technical details of the tool were not discussed or made publicly. Nevertheless, the paper provides a 
good insight for the practical side. They argue that their case study demonstrates the feasibility for 
low cost tool creation on a village scale.

Leximancar
Ashraf (2009) describes the usage of a content analysis software tool called Leximancar to analyze 
interviews for impact assessment. The study aims to demonstrate the impact of ICT on the lives of 
rural woman on the individual level. Rural women who were participating in the “Village Phone” 
program, an income generating program for poor rural self-employed women, were asked for interviews 
to identify core themes. Afterwards, the data was analyzed with Leximancar to extract the concepts 
and their relationship with each other. The research did found a positive impact of the project on 
the areas such as empowerment but due to the low amount of participants, only six, the study could 
not provide any deeper insights on why the process led to greater empowered work. The previously 
mentioned tools have a different approach to contribute to performing an impact assessment. What 
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both tools do have in common is that they tackle a part of the impact assessment application process. 
The method that implemented the monitoring tool (Belcher et al., 2013) focused on the data collection 
part whilst the method that implemented the content analysis software tool (Ashraf, 2009) focused 
on the interpretation of the data in a qualitative manner.

Offset Portfolio Analyzer and Locator (OPAL)
There is a wide variety of impact assessments in other domains. The Offset Portfolio Analyzer 
and Locator (OPAL) tool is an open-source software tool (the version mentioned in the paper) for 
integrating biodiversity and ecosystem services into impact assessment and mitigation decisions 
(Mandle et al., 2016). This tool maps and quantifies the impacts of development on habitat and 
ecosystem services and helps with selecting the mitigation activities to neutralize losses. This makes 
the OPAL an interesting tool as it has estimation and monitoring capabilities. The tool helps making 
development projects, such as making roads, more transparent as it helps estimating the impacts and 
helps selecting the options to mitigate environmental losses. The tool does require some basic skills 
in geographic information systems and spatial data but only to prepare the inputs for the tool. The 
graphical user interface (GUI) is straightforward and intuitive with help buttons to provide the user 
with additional information. Whilst the tool has a different aim and goal, it provides a good example 
for this research. It is an intuitive tool with options to load in data, monitor progress, perform analyses, 
starting open-source and used in real life situations by organizations such as the World Wildlife Fund 
after publication.

The Tool for Sustainability Impact Assessment (ToSIA)
The ToSIA tool, standing for the tool for sustainability impact assessment, is an impact assessment tool 
for assessing sustainability impacts in Forest-Wood-Chains (Lindner et al., 2010). Forest-Wood-Chains 
are defined as “chains of production processes (e.g., harvesting–transport–industrial processing), 
which are linked with products (e.g., a timber frame house)” (Lindner et al., 2010, p. 1). The tool 
looks at three dimensions of sustainability: 1) environmental, 2) economic, and 3) social. Indicators 
are linked to the production process and used to describe the sustainability impact. The tool uses a 
data-driven approach that can be used in a flexible manner for analysis and selection of indicators. 
It provides a way to analyze in a transparent manner how new policies, changes in the market or 
new technologies can affect the sustainability in the Forest-Wood-Chains. As in the tool each part of 
the chain has to be linked with each other in a logical way. This tool is less intuitive than the OPAL 
tool as it provides less information about how to use the tool and being packed with functions. The 
tool is however relevant to explore as it provides the flexibility to choose different indicators and 
the possibility to evaluate the sustainability impact. The OPAL and ToSIA tool have each their own 
way of performing an impact assessment, either in a predictive or evaluating manner. OPAL is open 
for public use and is still getting updates to the tool. It is however not open-source anymore but the 
code for the version as described in their paper is still available for the public. ToSIA on the other 
hand only provides a demo and while it got a successor named ToSIA 2.0, both got discontinued. 
Nevertheless, both tools provide insights that are theoretical and technical relevant for this research.

This research will contribute to the current literature by developing one of the first computer-
based tools for impact assessments. This tool provides insights on whether computer-based tools can 
contribute in supporting the implementation process of impact assessment methods.

SIAM-ED COMPUTER-BASED SUPPORT TOOL

Situational Impact Assessment Method for Education (SIAM-Ed)
In this section, we explain SIAM-Ed in depth and discuss how the tool supports the implementation 
process. As explained previously, SIAM-Ed is a situational impact assessment, meaning that it is a 
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dynamic method that can be adjusted based on the project. The visual representation of a situational 
method is done with a process deliverable diagram or PDD (van de Weerd and Brinkkemper, 2009). A 
PDD consists of two integrated diagrams, the process view diagram on the left side and the deliverable 
view diagram on the right side. The process view diagram is based on the UML activity diagram and 
shows the activities of a method and the flows among them. The deliverable view diagram shows the 
inputs and outputs of each activity, which are referred to as concepts in the technique. The PDD of 
SIAM-Ed can be seen in Appendix 3.

The SIAM-Ed method consists of the following four phases:

1. 	 Project purpose definition
2. 	 Data collection
3. 	 Data analysis
4. 	 Impact evaluation

Phase 1 – Project Purpose Definition
The first phase focuses on defining the project and getting the context of the project. This phase 
consists of seven steps: 1) Define project goal, 2) create goal model, 3) select relevant method 
fragments, 4) provide metric definitions, 5) add additional metrics, 6) define targets for each metric, 
and 7) determine demographics of interests.

The first step, define project goal, requires the user define the project goal. The method provides 
additional documentation to guide the user. The documentation consists of a set of questions that can 
help the user with coming up with the project goals.

Afterwards, the user needs to create a project goal model to be aware of the different goals and 
priorities for the evaluation at the end of the project. The goal model is created with the GoalML 
modeling language (Overbeek, Frank, & Köhling, 2015) and the method provides supporting 
documentation on how to create such a model.

When the project goals and the goal model are created, the relevant method fragments are selected 
from the method base of SIAM-Ed. Method fragments are parts of other methods that are selected 
to fit a specific project. In this context a method fragment is a category of metrics or indicators. For 
instance, the method fragment ‘security’ consists of metrics that would be used to indicated the security 
of the project. SIAM-Ed combines the method fragments that could be relevant for development 
projects in a method base. So far, the method base has 29 method fragments and it can be expanded 
by the user by adding additional method fragments if needed.

The next step is to provide metric definitions for the metrics that are no clear and add metrics if 
necessary for the project. After all the metrics are known, a target needs to be defined for each of the 
metrics and determined whether there are demographics of interests such as more focus on women.

Phase 2 – Data Collection
The second phase, data collection, focuses on frequent monitoring to get an overview of the entire 
process. This phase consists of six steps: 1) Determine sampling strategy, 2) collect context data, 3) 
perform survey with community/school leader, 4) perform survey with teacher(s), 5) perform survey 
with students, and 6) process data in collective dataset.

The first step of this phase is to determine the sampling strategy or in other words the approach with 
which the sample for the implementation of the evaluation is designated. Additional documentation 
to guide the user is included in SIAM-Ed. The next few steps are about collecting the relevant data 
through surveys. From each target group, the project provider, community/school leader, teacher and 
student, data needs to be collected. All the metrics from the previously selected method fragments 
have survey questions which need to be answered by their respective target group. Lastly, the collected 
data is then combined in a collective dataset.
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Phase 3 – Data Analysis
The third phase, data analysis, focuses on analyzing the previous collected data. This phase consists 
of four steps: 1) Perform data analysis in results, 2) create general data visualizations, 3) visualize 
specific demographic data, and 4) insert data in spreadsheet.

The first step for this phase is analyzing the collected data such as for example performing 
statistical tests. As the collected data can be very diverse no specific type of data analysis is specified 
by SIAM-Ed. Afterwards the collected data needs to be visualized. General data visualizations are 
created based on what kind of data analysis has been performed. This also needs to be done for 
demographics of interests if the user has pre-defined them in the previous phase. The last step of this 
phase is entering the data analysis results in the collective dataset that has been created in phase 2.

Phase 4 – Impact Evaluation
In the fourth and final phase, impact evaluation, the project is evaluated to see if the pre-determined 
goals were achieved. This phase consists of five steps: 1) Evaluate in metric results, 2) evaluate on 
project goals and targets, 3) evaluate with evaluation questions, 4) write impact assessment report, 
and 5) create or change project plans.

The first step for this phase requires the user to evaluate the metric results based on the data 
analysis performed in the previous phase. This evaluation is fairly superficial as the user can look 
at the results just to conclude if the project is on the right path. This is followed by a more in-depth 
evaluation where the user uses the project goals and the metric targets, both defined in phase 1, to 
evaluate the progress of the project. Afterwards, a set of evaluation questions needs to be answered to 
make the user aware of the potential pitfalls of the achieved impact. SIAM-Ed provides a document 
with the questions to guide the user through this step. The conclusions and impact results are then 
gathered in an impact assessment report. The final step is deciding whether to create new or adjust 
project plans based on the impact assessment report. This step can be skipped if the project went as 
intended.

The method provides documentation for each of the phases to help the assessor perform the steps. 
Even though SIAM-Ed is quite detailed and provides documentation, the method can be overwhelming. 
To better support the application of the method, a tool is developed.

Tool Development
A computer-based tool for impact assessment needs a minimum digital infrastructure and availability 
of personnel with basic ICT skills to implement and use it in the field as well as the office of the 
organization that is managing the EDU4D projects. Given the development of Africa, the approach 
that is being presented in this paper should be able to be applied and further developed everywhere 
in the world. Our requirements need to be designed in such a way that hardware of restricted capacity 
is enough to run the software. Also, internet connectivity should not be a necessity to run the tool 
and it should be possible to use old tablets or smartphones in remote areas using small solar panels 
and power banks.

The requirements are listed in table 1. Besides the functional requirements, defining the actual 
functionalities that the tool should have, non-functional requirements have been defined as well, based 
on the current literature and interviews with domain experts. Resources are more scare in developing 
countries which makes it important for the tool to be able to run on as minimal hardware as possible. 
Therefore, the requirements R13, R14, R15, R16 and R17 have been defined.

The requirements that are bolded are validated through the surveys of the experiment which will 
be explained later in this paper. These requirements focus on user interaction with the tool, which is 
the main focus of this research.

Based on requirements the impact assessment tool is created from the ground up with the 
programming language Python and the module Tkinter as the graphical interface2. The functionalities 
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of the tool which will be described in the upcoming sections are not limited to Python only and can 
be generalized to other programming languages that allow for the use of graphical user interfaces.

The layout of the tool is as follows, each phase of SIAM-Ed is represented in the tool as a tab. 
At the top of each tab the relevant documentation, for the phase can be viewed by clicking on the 
button with the desired topic. The relevant documentation can be either documentation provided by 
SIAM-Ed to perform a certain step or documentation created specifically for the tool that provides 
more information about the interface or technical details of the tool.

Table 1. Tool requirements

R1 - Load in goal model R2 - Display goal model

R3 - Select method fragments R4 - Select questions

R5 - Be able to generate the survey list R6 - Load in survey data

R7 - Perform basic data analysis R8 - Generate basic data visualizations

R9 - Give overview data R10 - Save the current progress in the tool

R11 - Easy to execute in a timely matter R12 - Intuitive to use

R13 - Affordable R14 - Easily accessible and, if possible, open-source

R15 - Be able to run on with low hardware 
requirements

R16 - Depend little on technology available

R17 - Able to run on Windows 10 laptops and 
computers

R18 - Give a overview of the data that is even interpretable 
for novices

R19 - Accurately perform the method R20 - Decrease the time to collect the data

R21 - No ambiguity about the functions and 
interface of the tool

R22 - Be an easily accessible central place for the relevant 
data

R23 - Have documentation

Figure 1. Tool window



International Journal of ICT Research in Africa and the Middle East
Volume 11 • Issue 1

10

Below the documentation are the required steps that need to be taken to complete the phase. The 
main window can be seen in Figure 1.

The interface of the tool is aimed to be performed from the top to the bottom. The user is 
encouraged to read the documentation first before performing the respective step. By keeping the 
structure of each phase tab the same, the user can easily find the documentation if needed as it is 
always located at the top of the tab. The documentation buttons at the “View help documentation” 
sections only show the documentation of one specific topic, but the user has the option to view all 
documentation in one document by opening it through the “Help” option in the menu at the top of 
the tool.

Tool Overview
Phase 1 – Project Goals
The first phase of SIAM-Ed, project purpose definition, consists of seven steps: 1) Define project 
goal, 2) create goal model, 3) select relevant method fragments, 4) provide metric definitions, 5) 
add additional metrics, 6) define targets for each metric, and 7) determine demographics of interests.

The steps are grouped into three parts in the tool which can be seen below. The method steps 
can be seen in the brackets.

1.1 - Identify project goals (1)
1.2 - Create goal model (2)
1.3 - Select method fragments (3, 4, 5, 6, 7)

In the tool, the groups are grouped as blocks as can be seen in Figure 1 which is also the first 
window of the tool. After the user reads the help documentation, located under the “View help 
documentation” section, they can create the required documentation for step 1.1 and step 1.2 and 
upload the documents to the tool for further reference. Based on the help documentation and the 
documentation the user created at step 1.2 and step 1.2 the method fragments can be selected as seen 
in Figure 2. The mandatory method fragments are already pre-selected, and the user can choose to 
select additional fragments relevant for the project.

After confirming the relevant method fragments, the tool gives a popup summary window 
with two tabs, one for all the metrics and one for all the survey questions as seen in Figure 3 and 
Figure 4. On the metrics tab the user can see all the metrics from the selected method fragments 

Figure 2. Method fragment selection window
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and add or delete (only user made) metrics depending on their project. The survey questions tab 
shows the user the survey questions per target group. This is needed later to make the surveys with 
the online survey tool mWater3, which is explained in phase 2 – data collection. The user can view 
the summary window again later by clicking on the show button under “select method fragments” 
on the main window.

The last part of the select method fragments step is to give each metric a definition, target and 
whether it has a demographic scope. This window as seen in Figure 5, can be viewed by clicking on 
the “Add / remove” button under add metric definition & set targets on the main window.

Phase 2 – Data Collection
The second phase, data collection, focuses on frequent monitoring to get an overview of the entire 
process. This phase consists of six steps: 1) Determine sampling strategy, 2) collect context data, 3) 
perform survey with community/school leader, 4) perform survey with teacher(s), 5) perform survey 
with students, and 6) process data in collective dataset.

Figure 3. Metrics tab

Figure 4. Survey questions tab
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The steps are grouped into two parts in the tool, which can be seen below and visually in Figure 
6. The steps from SIAM-Ed can be seen in the brackets. The last step of the phase is automatically 
done by the tool when the user saves the project.

2.1 - Determine sampling strategy (1)
2.2 - Upload survey data (2, 3, 4, 5)

After the user reads the help documentation, located under the “View help documentation” 
section, they can create the required documentation for step 2.1 and upload to the tool for further 
use and reference. The survey questions that were generated in phase one are put in the external 
survey tool mWater. The survey data from mWater can be exported to a CSV file which can be used 
in the tool. That CSV file needs to be uploaded for step 2.2. Further explanation about mWater can 
be found in the help documentation in the tool and on the mWater website. Like how the survey 
questions are grouped by the target group, the survey data also needs to be uploaded per time frame 
as shown in Figure 7.

Figure 5. Metric definition window
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Phase 3 – Data Analysis
The third phase, data analysis, focuses on analyzing the previous collected data. This phase consists 
of four steps: 1) Perform data analysis in results, 2) create general data visualizations, 3) visualize 
specific demographic data, and 4) insert data in spreadsheet.

The steps are grouped into two parts in the tool which can be seen below and visually in Figure 
8. The steps from SIAM-Ed can be seen in the brackets.

3.1 - Load in data
3.2 - View summary data

The first step 3.1 is manually loading in the CSV data by pressing the “Load in data” button and 
notifying the tool that you have selected the relevant CSV files in phase 2.

After notifying the tool the user can view a summary of the data in the forms of summary tables 
and visualizations which are shown in Figure 9 and Figure 10 respectively. The summary tables and 

Figure 6. Data collection tab

Figure 7. Survey data load in window
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visualizations can be generated per target group and time frame. The user is able to zoom in or out 
and download the visualizations by using the toolbar located below the visualization.

Phase 4 – Evaluation
In the fourth and final phase, impact evaluation, the project is evaluated to see if the pre-determined 
goals were achieved. This phase consists of five steps: 1) Evaluate in metric results, 2) evaluate on 
project goals and targets, 3) evaluate with evaluation questions, 4) write impact assessment report, 
and 5) create or change project plans.

The steps are grouped into two parts in the tool which can be seen below and visually in Figure 
11. The steps from SIAM-Ed can be seen in the brackets.

Figure 9. Summary tables tab

Figure 8. Data analysis tab
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4.1 - View metric results (1)
4.2 - Answer evaluation questions (2, 3)

For the last phase the user needs to look at the data so far and evaluate the project. By pressing 
the “Show metric results” button a popup window appears with a summary table of the latest data 
input. This window show the progress towards the targets of all metrics which can be seen in Figure 
12. The window can be generated at all time frames as long as there is data. Step 4.2 is more aimed 
towards the end of the project. For this step the user is asked to evaluate all the data with the guidance 
of evaluation questions. These questions are explained in the tool documentation. The last two steps 
of the evaluation phase, writing the impact assessment report and create or change project plans, is 
done based on the results in the tool.

Figure 10. Visualizations tab

Figure 11. Evaluation tab
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PILOT STUDY

A small pilot study was conducted with the tool in collaboration with the NGO Maxim Nyansa. The 
protocol can be seen in appendix 2. The experiment participants consist out of two executive board 
members, both being the founders of the NGO, and an employee who is responsible for the execution 
of their ongoing projects, including collecting monitoring data. Two of the participants are located 
in Ghana, while one participant is located in the Netherlands.

Results
The participants were asked to fill in a survey containing statements about using the tool and open 
questions. The participants were free to comment on what they thought were the strengths and 
weaknesses of the tool. The survey results of the Likert scale questions can be seen in Figure 13.

The survey shows that, overall, the participants were positive that the tool would support the 
implementation process. The average time setting up the tool was on average around 18 minutes, which 
participants deemed appropriate. They believe that in a low resources environment the tool would be 
able to accurately perform the impact assessment. Participants commented that the tool strengths lied in 
its ability to provide a clear overview of the project and the ability to adjust depending on the project.

However, the survey results also show that the tool could be more intuitive. Two of the participants 
responded that the weaknesses of the tool lied in knowing when to perform which step. Even though 
the main phases and main steps were clear, the difficulty lied in performing the smaller steps and 
specifically in when and how, as the steps were scattered through several documents. The participants 
preferred more clarification beforehand and an overview of what was to come. They recommended 
the creation of an instruction manual to prepare the user beforehand and to guide the user through 
the steps.

Based on these results all the requirements were fulfilled except for R12 (Intuitive to use) and R21 
(No ambiguity about the functions and interface of the tool). To meet these requirements adjustments 
have been made to the tool which will be discussed in the next section.

Adjustments
Based on the survey, minor adjustments were made to the tool. Afterwards, a small demo was given 
with these adjustments to the participants. The participants agreed that these adjustments indeed 
increased the clarity sufficiently.

•	 A checklist panel has been included in the main interface for each of the phases as can been seen 
in Figure 13. This checklist panel contains the steps of SIAM-Ed that are required and, if needed, 
also include some additional directions to perform it in the tool. This will increase the ease of 
execution for newer users and returning users as all the steps are now show on the same window.

•	 As there still was some ambiguity about the interface and certain headers, additional documentation 
has been added which is referred to in the checklist panel as suggested readings.

Figure 12. Metric overview tab
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•	 The “add metric definitions” window has also been reworked to only show the metrics per metric 
fragment as shown in Figure 14. This is mostly beneficial for larger projects that contain large 
amount of metrics as it reduces the loading time of the window and prevents the user have to 
scroll down a large list to find a specific metric.

DISCUSSION

According to our design research results, it is possible to create an effective computer-based tool for 
impact assessment of EDU4D projects with the SIAM-Ed method while using limited ICT resources. 

Figure 13. Survey results of pilot experiment

Figure 14. Checklist panel
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Moreover, open-source software including Python and mWater with very limited laptop capacity and 
old mobile devices can be used without the need of using the internet. At the same time, it is very well 
possible to deploy the tool and database online if a user prefers. After the introduction of the tool, 
an EDU4D organization should be able to maintain the databases where collected information has 
been stored, as well as a basic laptop or desktop to run the software and do analytics and reporting. 
Obviously, the EDU4D organization will need a member of their staff or a consultant who is familiar 
with the SIAM-Ed approach as well as the goals and theory of change of the organization to assist 
everyone in the organization to use the tool properly.

Limitations
As with every research, this research also has some limitations. Due to the time limitation the 
functionalities of the tool are still quite limited. CSV files which are loaded into the tool need to be 
exactly as the questions and metrics that are generated in the tool otherwise it will not work. The 
chances of human error are therefore relatively high.

Another limitation is the required effort it takes to generate surveys. The generated questions in 
the tool need to be manually turned into survey questions in the mWater tool. Although it only has 
to be done at the beginning of a project, this can still be a very tedious process if the project requires 
many metrics and also contribute to increasing human errors.

It is also not easy to take over custom metrics with custom questions from one project to another. 
A user would have to save the project after creating the custom metrics and save it to keep them. This 

Figure 15. Reworked “add metric definitions” window



International Journal of ICT Research in Africa and the Middle East
Volume 11 • Issue 1

19

can be problematic when the user opens such custom projects and forgets to save it as a new project 
resulting in losing the custom metrics.

The aim of this study was to support the implementation of impact assessment methods by 
creating a computer-based tool. Due to the time constraints of this research the choice was made to 
not fully automate the tool but to guide the tool by automating parts of the method and providing the 
documentation necessary to perform the method. One could argue that it would be the most optimal 
to fully automate the tool to reduce human error.

The tool that has been developed can be used in an offline setting, protecting it from any form 
of cyberattack. At the same time, the usual information security risks with local devices and human 
beings apply for the use of this tool: Mobile devices (tablets) containing the mWater software, 
questionnaires and collected data can get lost, damaged or stolen while being used in the field. The 
same applies for the local laptop or desktop where the tool and various data are stored. Common 
measures such as a secured office, screening of personnel and regular and secured backups should 
be put in place to protect the information. The system will also contain private information on the 
individuals and the educational institutions involved. Therefore, a privacy policy should be put in 
place and should be communicated with all stakeholders involved in the project about the use of 
personal data in the evaluation process.

Lastly, it is only possible to state that there is a demographic of interest and what the targeted 
demographic is. The tool itself is not yet capable to process the data based on the given demographic 
due to time limitations.

Threats to Validity
Four types of validity, as described by Johnson (1997) and Cook & Campbell (1979), are used to 
examine the threats to validity of this research. These types are: (1) Descriptive validity, (2) interpretive 
validity, (3) internal validity, and (4) external validity.

Descriptive validity refers to the factual accuracy of reporting the descriptive information by the 
researchers (Johnson, 1997). For this research only one observer was used. To increase this validity, 
interviews were transcribed and the experiment survey was performed through Microsoft Forms in 
which participants could write their opinions about the tool without any intervention.

Interpretive validity refers to accurately understanding and reporting the participants viewpoint, 
thoughts, intentions and experiences by the researcher (Johnson, 1997). This research could not 
be performed outside of the Netherlands, making it a possible threat. To combat this, a systematic 
literature study has been performed as well as conducting interviews with field experts who have 
firsthand experience in performing EDU4D projects in underdeveloped countries. The NGO Maxim 
Nyansa is located in Ghana and active in multiple African countries. Their collaboration with this 
research contributed in increasing the interpretive validity.

Internal validity refers to the whether or not the treatment causes the outcome. Can the researcher 
justify their conclusion that there is a causal relationship (Cook & Campbell, 1979). To increase the 
internal validity, a systematic literature study has been performed and the code of the tool will be made 
public. However, it has to be acknowledged that stakeholder bias may have occurred. The systematic 
literature review and interviews with field experts outside Maxim Nyansa were used to limit the threat.

Finally, external validity refers to the ability to generalize the research to other settings (Cook & 
Campbell, 1979). As the tool is based on SIAM-Ed, the tool faces the same threats to generalization 
as the method. SIAM-Ed is a situational method that can adapt to different types of projects in the 
EDU4D domain. The flexibility of the method can be seen as a threat as comparing projects can be 
misleading if it is not clear which method fragments were used for each project. Comparing projects 
can only be done with projects with similar method fragments. The tool mitigates part of this problem 
by giving the user a clear overview of which method fragments and metrics are used in a project.
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SIAM-Ed is designed only for that domain which is therefore also the case for the tool. 
Furthermore, the tool was only tested in a small pilot study. Factors such as scaling have not been 
tested as that was outside of the research scope.

CONCLUSION AND FUTURE RESEARCH

For this research, we developed a computer-based tool to support impact assessments of EDU4D 
projects. A systematic literature study was performed and interviews with fields experiments have 
been conducted. Based on the findings, we defined the requirements for the tool. The most important 
feature of the tool is assisting the user as accurately as possible in the application of the impact 
assessment method. The tool should help break down large complex methods into smaller, easier-
to-grasp fragments. An important non-functional requirement is being able to use the tool in low 
resource environments. As it is quite common for EDU4D projects in developmental countries to 
have low funds or no internet connection.

The phases and steps of SIAM-Ed were closely modeled and the tool was created to also perform 
under low resource environments. The tool can be run with no costs as it will be made open-source 
and the survey tool used for the tool can be used for free. The only moment an internet connection is 
needed is for mWater, when the surveys need to be made and deployed. Collecting the survey data 
with mWater can be done offline and just need to be synced when there is an internet connection. At 
the same time the total cost of the implementation varies depending on the local context, in particular 
the availability of surveyors with basic ICT skills and mobile devices where mWater can be installed.

A small pilot study was conducted to evaluate if the tool would support the application of an impact 
assessment method for EDU4D projects. The participants were satisfied with the functionalities and 
praised the flexibility the tool gave to adjust based on the project. They believed that the tool would 
be able to accurately perform SIAM-Ed and support the application process.

However, adjustments were required, as the participants were still unclear about which steps 
to perform at certain parts. Based on the feedback, the user interface was expanded to include the 
steps and how to perform them in the tool. Additional documentation was also included to clarify 
some definitions seen in the tool. The adjustments were shown to the participants in a demo in which 
afterwards they all agreed that it indeed solved the clarity problem. With that all the requirements 
have been met and the tool is completed.

This study is relevant for EDU4D projects in developing countries. The tool is based on the 
impact assessment method SIAM-Ed which is aimed at development projects in West-Africa in the 
educational domain. Furthermore, this study was conducted in collaboration with a NGO that operates 
in multiple African countries with the pilot study performed in Ghana. Maxim Nyansa has the goal 
to evaluate their school projects with SIAM-Ed in Ghana and other West-African countries in which 
they are active. Because of the positive results of the pilot study that was conducted in Ghana, Maxim 
Nyansa is planning to use the tool for future impact assessments of EDU4D projects.

Reflecting on possible value propositions, it is clear the tool can make monitoring and evaluation 
processes more reliable, user friendly, and affordable, compared to traditional methods. For example, 
data entry on the local level is made easy with the mWater forms that incorporate well-defined 
questions and answers. With data already stored on a mobile device locally, no manual transfer into 
a database is necessary, which makes the data collection faster, more economical and reliable. Of 
course, mobile devices must be available for all involved carrying out the survey. The fragment method 
proposed by SIAM-Ed also provides auditors with sets of questions that are well-prepared by the tool, 
and define the type of answers expected. This leaves less space for auditor interview interpretation, 
while the system also allows open questions and answers in addition. Project managers of EDU4D 
projects and their monitoring and evaluation partners need to study the SIAM-Ed method and tools 
provided seriously in order to safeguard a good implementation. Once that is done, a good setup of 
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the impact assessment method can be made and used easily and consistently throughout the process 
of ex ante, ongoing and ex post evaluation.

A suggestion for further research would be to expand the tool with more type of data analysis and 
visualizations to find more interesting types of relations. To reduce human error, an automatic survey 
generator could be built in the tool instead of using mWater. As the tool was praised for its flexibility 
during the experiment it could be improved further. The possibility of adding and sharing a method 
base or the option to make a template for certain types of projects would be a great addition to the 
tool. Finally, the adoption of this approach, where a computer-based tool is being used to support the 
impact assessments of EDU4D projects has not been within the scope of our research. Our pilot NGO 
was equipped and motivated to be on board. Future research may zoom into the conditions for adopting 
this approach, which in fact may be considered an EDU4D project in itself. Conditions that may be 
investigated are: Openness and willingness to use this type of tool by the management and decision 
makers of the organization, ICT skills of those carrying out the mWater surveys, availability of mobile 
devices and electricity sources to charge them, and academic analytical skills to use the computerized 
tool for analytics and reporting. This paper has set the foundation stone for such further research.
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APPENDIX 1 - LITERATURE RESEARCH PROTOCOL

The goal of a systematic literature review is to identify, evaluate and interpret all available literature 
on a specific topic (Kitchenham & Charters, 2007). By doing this in a predefined systematic way 
it aims to present the full picture as well as being repeatable for other scholars to execute. The 
systematic literature study will be conducted based on the approach formulated by Kitchenham and 
Charters. Smulders (2020) proposed a situational impact assessment method for the EDU4D domain 
as response to the current literature landscape. He argued that in the current literature the focus lied 
either on standardization or on a specific situation. The proposed method aims to accomplish both 
the objectives through the use of selecting relevant fragment methods. This situational method could 
therefore not only adapt to specific situation, but also be generalized for other projects. A pilot study 
of this novel method has been implemented in collaboration with Maxim Nyansa in Ghana.
The purpose of this systematic literature review is to investigate the current-state- of-the-art of impact 
assessment methods and tools and to summarize the existing information. A review protocol is 
formulated which is presented in Figure 1.2. The topic impact assessment is divided into two separate 
search categories. Impact assessment tools which were originally not developed for the educational 
domain may be suitable or adapted to the educational domain. Including impact assessment tools would 
therefore be a useful addition. The inclusion criteria is that the research should be within the scope 
of this study. The exclusion criteria are to exclude non relevant literature such as duplicates, older 
versions of the same article and literature that cannot be understood fully due to language barriers. 
To increase the reproducibility of the review the extra exclusion criteria of accessibility is added.

APPENDIX 2 - EXPERIMENT PROTOCOL

The goal of this experiment is to verify the tool’s contribution to the stakeholders goals by fulfilling 
the requirements set beforehand. The participants of this experiment are employees of Maxim Nyansa 
who are involved in performing the impact assessment method such as setting goals and collecting the 
data. Participants are asked to work with the tool and afterwards fill in a survey through Microsoft 
Forms. The survey results will be analyzed to see if they meet the requirements. The survey consists 
of closed questions such as Likert scale questions and open questions where the user can freely 
answer in text.

Appendix table

Description

Search query topic:﻿
Impact Assessment

“Impact Assessment” AND “ICT4D” AND﻿
(“Effectiveness” OR “Scalability” OR﻿
“Tool” OR “Software tool” OR “Evaluation”)

Search query topic:﻿
Impact Assessment Tools

“Impact Assessment” AND (“Tool” OR “Software Tool”)

Database Google Scholar - Scopus

Inclusion Criteria Research is within the scope of this study

Exclusion Criteria Research is not available through the UU Library Access

Research is a duplicate of another result

Research is a older version of another result

Research is in another language besides Dutch or English
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Likert Scale item options:

1. 	 Strongly disagree
2. 	 Disagree
3. 	 Somewhat disagree
4. 	 Neither agree or disagree
5. 	 Somewhat agree
6. 	 Agree
7. 	 Strongly agree

Survey

Survey Question Requirement Question type

How long did it take to set up the tool? The tool should be used in a timely manner. 
(Preferably around 30 min.)

Open question 
- number

The tool was intuitive to use The tool should be intuitive in use. No prior 
knowledge should be needed when used.

Seven-point 
Likert scale

I believe that the tool is affordable The tool should be affordable Seven-point 
Likert scale

I believe that the tool is usable in low IT capability 
situations

The tool should be able to be used even in 
low IT capability situations.

Seven-point 
Likert scale

The tool gives me a clear view of my data (collected 
survey data, documents needed for method, etc.)

The tool should be able to generate a clear 
overview of the data.

Seven-point 
Likert scale

The tool accurately performs the SIAM-Ed impact 
assessment method

The tool should be able to accurately 
perform the impact assessment method

Seven-point 
Likert scale

The tool helps me in collecting the necessary data 
required for implementing the method

The tool should help the data collecting 
process.

Seven-point 
Likert scale

The tool provides enough help documentation about 
the tool itself

The tool should be able to show 
documentation of it’s functions

Seven-point 
Likert scale

The tool provides enough help documentation about 
SIAM-Ed (the impact assessment method)

The tool should be able to show 
documentation of SIAM-Ed

Seven-point 
Likert scale

What are according to you the weak points of the 
tool?

Open question 
– text

What are according to you the strong points of the 
tool?

Open question 
– text

Do you have any suggestions to improve the tool? Open question 
– text
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APPENDIX 3 – SIAM-Ed PDD

Figure 16. The relevant documentation for the method can be found in the tool, otherwise see original paper by Smulders (2020)
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