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Overview

A proposal is only as convincing as its method. This week surveys the research methods used in
computing, from controlled experiments and benchmarks to case studies, surveys, design
science and formal analysis, and shows how to plan experiments with adequate power and to
report them reproducibly [1, 2, 3].

Learning outcomes

By the end of the week, students are expected to match research questions with suitable research
strategies, to identify threats to validity, to compute the sample size needed for a two-group
comparison, and to apply reproducibility practices when reporting computational experiments.

Lecture

The science of computing

Computer science combines mathematics, engineering and empirical science, and its methods
reflect this mixture. Denning argued that computing is a science of information processes,
natural and artificial, and that it follows the scientific method when it formulates and tests
hypotheses [4]. Tedre and Moisseinen surveyed how the word experiment is used in computing
and found several distinct meanings, from demonstrations of feasibility and trials of systems to
comparisons and controlled experiments [5]. A proposal must therefore say precisely which
kind of evidence it will produce.

Choosing a research strategy

Stol and Fitzgerald organised research strategies in software engineering with three desirable
qualities that no single strategy can maximise at once: generalisability over actors, precision of
measurement of behaviour and realism of context [1]. Laboratory experiments offer precision
but limited realism, field studies offer realism but limited control, and sample studies such as
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surveys offer generalisability. Formal analyses and simulations complement them. Design
science, as described by Hevner and colleagues, is a further strategy for building and evaluating
artefacts that solve relevant problems, with guidelines on rigour, evaluation and communication
[3]. Many computing proposals combine strategies, for example a design science cycle with a
controlled benchmark and a field evaluation.

Experiments and validity

Wohlin and colleagues described the design of experiments in software engineering, from
hypotheses and variables to the analysis of results, and classified threats to validity into four
groups [2]. Conclusion validity concerns the statistical relation between treatment and outcome,
internal validity concerns whether the relation is causal, construct validity concerns whether the
measures capture the intended concepts, and external validity concerns generalisation. A
frequent weakness of proposals is an experiment too small to detect the expected effect.
Statistical power is the probability of detecting an effect of a given size if it exists; Figure 2.1
shows how power grows with the number of observations for small, medium and large effects.
The lab computes the sample size needed for a chosen effect size, significance level and power.

Statistical power of a two-group comparison
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Figure 2.1. Power of a two-sided two-group comparison at a significance level of 0.05 as a function of
group size for three effect sizes, computed with a normal approximation.

Reproducibility

Gundersen and Kjensmo examined papers from major artificial intelligence conferences and
found that few documented their methods, data and experiments completely enough for
independent reproduction [6]. Pineau and colleagues reported on the reproducibility programme
of the NeurIPS 2019 conference, which combined a code submission policy, a reproducibility
challenge and a checklist for authors [7]. Funders increasingly expect such practices to be
planned from the start. A method section that states the data, the code release, the random seeds,
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the statistical tests and the stopping rules is both more reproducible and more convincing to

reviewers.

Pause and reflect. Which of the four validity threats is the greatest risk for the
evaluation you plan in your project?

Hands-on components

Interactive lab: Part A matches research questions with strategies. Part B sorts threats to validity
into the four groups of Wohlin and colleagues. Part C computes the sample size per group for a
two-group comparison [1, 2]. Link: https://utkukose.github.io/rd-project-management-NB-
lecture/weeks/week-02/1ab.html

Colab notebook: The notebook simulates a benchmark comparison of two algorithms over
many datasets, applies paired tests and effect sizes, and computes the sample size needed for a
planned experiment [2]. Link: https://colab.research.google.com/github/utkukose/rd-project-
management-NB-lecture/blob/main/weeks/week-02/NB02_research_methods.ipynb

Reflection prompts

1. Which strategy fits your project's main question, and what do you give up by choosing
it?

2. Describe one threat to validity in a paper you know well and how the authors could
have addressed it.

3. What would a reviewer need in order to reproduce your planned experiments?

Weekly task and submission

Write the method section of your project idea, about 600 words: research questions, strategy,
design, sample size with a power calculation, the main threats to validity and the reproducibility
plan. Attach the notebook with both exercises completed.

The weekly task supports self-learning and builds a personal portfolio. When the course is
followed with the instructor during an active semester, the task can be sent together with the
exported learning log to utkukose@sdu.edu.tr or utkukose@gmail.com for evaluation.
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