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INTRODUCTION 
Welcome to the St John’s College Inspire summer school, and to this course on scientific 
literature! We hope you will enjoy learning a bit about the way that scientific journals 
work, and how to start reading papers detailing new discoveries from the source, all 
while thinking critically about the way these studies are conducted. 

Analysing literature is a useful skill which will help you throughout your time at university. 
However, it takes time to learn, so don’t worry if it feels difficult to start with! New 
research is often complex so you won’t be expected to understand a research paper fully, 
even as a university student. Instead, this course is a chance for you to get a head start 
and begin to think about things that are important to all research papers, whatever 
techniques they used. 

This workbook accompanies the video lectures, and has a number of exercises for you to 
put what you learn into practice as you go along. Try to complete the exercises at the 
suggested points when watching the lectures, and for most exercises, I’ll give you some 
possible answers during the lectures. 
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EXERCISE 1 
This exercise relates to Part 1 of the video series, and the following journal article: 

Hayes, D.P. (1992) ‘The growing inaccessibility of science’, Nature, 356(6372), pp. 
739–740. doi:10.1038/356739a0. 

PART A 
The full reference to the article is above. Find the article online, and download a copy. 

PART B 
In the video, I implied that this article was about difficulty accessing journals due to the 
costs of subscription. This was wrong. What is the article actually about? Try and explain it 
in one or two sentences. 
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EXERCISE 2 
This exercise relates to Part 1 of the video series. 

For this exercise, you’ll conduct a literature search using SOLO. 

You can either come up with your own topic, or use one of the following suggestions: 

1. How does microgravity (e.g. in space) affect the growth of plant roots? 

2. How does caffeine affect the processes controlling the sleep-wake cycle (known as 
circadian rhythms)? 

 

What keywords should you include in your search? 

Now, go to solo.bodleian.ox.ac.uk and try searching for your topic. 

Once you’ve searched, remember to add some filters to restrict your search to open-
access, peer-reviewed journal articles. 

Do the titles that came back with your search seem relevant? If not, you could try refining 
your search using the advanced search tool. 

Tip: remember you can make your search queries more powerful by combining 
terms using AND, OR, and NOT. You can also use quotation marks (“”) to search for 
exact phrases. 
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EXERCISE 3 
This exercise relates to Part 2 of the video series, and the following journal article: 

Miller, A., Adhikari, R. and Nemali, K. (2020) ‘Recycling Nutrient Solution Can 
Reduce Growth Due to Nutrient Deficiencies in Hydroponic Production’, Frontiers in 
Plant Science, 11. Available at: https://www.frontiersin.org/articles/10.3389/
fpls.2020.607643 (Accessed: 8 July 2022). 

This article is all about hydroponic farming, which is a technique that allows us to grow 
plants in a water bath instead of soil. 

We’ll be using this article throughout the next few videos, so you might find it helpful to 
get a quick overview about how hydroponic farming works. This YouTube video by the 
BBC is a good one to watch: https://youtu.be/FecuxU0tMmE. 

The authors use a few abbreviations and acronyms in the article. All of these are 
explained in the article except for a few chemical symbols and formulae: 

N — nitrogen; P — phosphorus; K — potassium; Fe — iron; Na — sodium; Cu — copper; 
 — bicarbonate. 

You don’t need to know how plants use these in order to understand the article.  

Read the abstract and introduction sections of the article. 

What were the main aims of the study? 

HCO3
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EXERCISE 4 
This exercise relates to Part 2 of the video series, and the following journal article: 

Miller, A., Adhikari, R. and Nemali, K. (2020) ‘Recycling Nutrient Solution Can 
Reduce Growth Due to Nutrient Deficiencies in Hydroponic Production’, Frontiers in 
Plant Science, 11. Available at: https://www.frontiersin.org/articles/10.3389/
fpls.2020.607643 (Accessed: 8 July 2022). 

This is the same article as we used in the previous exercise. 

It’s helpful always to think about a piece of research in the context of what’s already 
known, and which questions other scientists haven’t yet managed to answer. 

Read the abstract and introduction of this article again carefully. 

Which previous pieces of research do you think were most influential in designing this 
study, and why? 
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EXERCISE 5 
This exercise relates to Part 2 of the video series. 

I want to find out whether fertiliser A or fertiliser B is better for houseplants, so I design 
the following experiment: 

I grow 5 plants with fertiliser A, and 5 with fertiliser B, for 14 days.  

Afterwards, I check which have grown more.  

Based on this experiment, I conclude that fertiliser B is better. 

Imagine you’re interested in a related question, and first want to reproduce my 
experiment to confirm my findings before commencing your own study.  

What other information do you need to know in order to reproduce my results? 

Tip: imagine you are going out, buying the materials you need, and conducting this 
experiment yourself. What questions would you ask me at each stage to make sure 
you’re doing the experiment in exactly the same way? 
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EXERCISE 6 
This exercise relates to Part 2 of the video series. 

In the video, we talked about the validity of an experimental method using the following 
general definition: 

A method is valid if it is suitable to answer the question the researchers are trying to 
answer. 

There are many different types of validity, each of which deals with a specific aspect of 
the above question.  

Look up internal validity and external validity online. 

What is the difference between internal and external validity? Try and explain it in your 
own words. 

If you’re interested, you could look up some other types of validity now. They can be a 
little trickier to get your head around than internal and external validity, so when looking 
at a paper I’d always try and think about internal and external validity first. 

9



SCIENTIFIC LITERATURE — WORKBOOK

EXERCISE 7 
This exercise relates to Part 2 of the video series. 

I have described some experiments over the next few pages, which attempt to answer a 
few questions. Think about whether these experiments are internally and externally valid. 

A few tips: 

1. When thinking about internal validity, consider other causes which are not measured 
directly which may still affect the outcome. 

2. Internal and external validity are somewhat related. If an experiment is not internally 
valid, can you draw conclusions about any population from it? 

3. When thinking about external validity, ask yourself: do you need to know any more 
information before you can apply the results of this experiment in the wider world? 
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EXPERIMENT A 
I would like to find out if regular exercise helps protect against heart attacks. 

I go to the local gym and survey 100 people to find out if they have ever had a heart 
attack. I then survey 100 people with sedentary jobs (e.g. train drivers) and ask the same 
question. Finally, I work out the rates of heart attacks in both groups. 

Is this experiment internally and externally valid? Why / why not? 

How could it be improved? 

11



SCIENTIFIC LITERATURE — WORKBOOK

EXPERIMENT B 
I would like to find out if bleach spray effectively kills bacteria.  

I draw a line halfway down the toilet bowl, and take a few samples from each side using a 
sterile (bacteria-free) swab. I then spray bleach onto one half of the toilet bowl and leave 
the other half untreated. After 15 minutes, I take more samples from each side of the 
bowl.  

Every time I take samples, I try and grow bacteria from them in a Petri dish using a 
previously published method which is known to work for the particular species of 
bacteria I might find in a toilet bowl. At the end, I compare all of the samples for bacterial 
growth before and after the bleach was applied. 

 

Is this experiment internally valid? Why / why not? 

Is this experiment externally valid? Why / why not? 
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EXPERIMENT C 
I would like to find out if adding coffee grounds to my compost will improve the growth 
of herbs for my kitchen.  

In order to do this, I buy a number of basil, thyme, and rosemary seeds from the local 
garden centre, and germinate them using an identical technique. I then plant seedlings 
in small pots on my windowsill. 

What should my control group(s) be? How would they help me improve the internal 
validity of my study?  

Is this study externally valid?  
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EXERCISE 8 
This exercise relates to Part 2 of the video series, and the following journal article: 

Miller, A., Adhikari, R. and Nemali, K. (2020) ‘Recycling Nutrient Solution Can 
Reduce Growth Due to Nutrient Deficiencies in Hydroponic Production’, Frontiers in 
Plant Science, 11. Available at: https://www.frontiersin.org/articles/10.3389/
fpls.2020.607643 (Accessed: 8 July 2022). 

Read the methods section. 

Tip: you can refer back to the abstract if you get stuck! 

Regarding the reproducibility and validity of this study: 

PART A 
Do you think that you could build the hydroponic systems based on these descriptions? 

PART B 
How do the authors try and strengthen the evidence for a cause-and-effect relationship 
(internal validity) between nutrient recycling and reduced plant growth? 
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PART C 
What does experiment 3 add to the validity of the study overall? 
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EXERCISE 9 
This exercise relates to Part 3 of the video series, and the following journal article: 

Bennett, C., Miller, M. and Wolford, G. (2009) ‘Neural correlates of interspecies 
perspective taking in the post-mortem Atlantic Salmon: an argument for multiple 
comparisons correction’, NeuroImage, 47, p. S125. Available at: https://doi.org/
10.1016/S1053-8119(09)71202-9. 

In this study, the researchers used functional MRI (fMRI) scanning, which measures 
changes in the amount of oxygen delivered to different areas of the brain by the 
bloodstream. The researchers ‘discover’ an area in the brain of a dead salmon that was 
engaged when the salmon was asked to identify human emotions displayed in photos. 

What were the hypotheses that the authors tested? What was the significance threshold? 

How was it possible that a dead fish could engage in identifying human emotions? 

16
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EXERCISE 10 
This exercise relates to Part 3 of the video series, and the following journal article: 

Miller, A., Adhikari, R. and Nemali, K. (2020) ‘Recycling Nutrient Solution Can 
Reduce Growth Due to Nutrient Deficiencies in Hydroponic Production’, Frontiers in 
Plant Science, 11. Available at: https://www.frontiersin.org/articles/10.3389/
fpls.2020.607643 (Accessed: 8 July 2022). 

Read the results section, and answer the following questions about Figure 5. 

PART A 
What hypothesis tests have been conducted to produce this figure, and which results 
were statistically significant? 

PART B 
Have the authors done anything to account for the problem of multiple comparisons 
(unlike the salmon experiment in Exercise 9)? 

 Tip: refer to the Methods section and look up the statistical tests used. 
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INTRODUCTION TO THE PROJECT 
Now that you’ve gone through the videos and exercises, it’s time to put what you’ve 
learned into practice. 

We’d like you to produce a short review of a journal article of your choice, either on a 
topic you’re interested in or one of the suggested articles on page 21. 

You should include: 

1. An overview of what questions the researchers asked and why; 

2. The main findings of the research; 

3. A short discussion. 

In your discussion, you could address the validity of the researchers’ methods, the 
significance of their findings to the field, and what research you would recommend 
conducting next. 

If you’re particularly interested in your topic, you could even do a short literature 
review and discuss the paper in context of other discoveries that have been made, 
either previously or more recently. 

Your review should be around 500 words in length. 

Finally, you should cite the paper (and any other sources if you use them) in a short 
bibliography at the end. You can either do this automatically using a reference manager 
like Zotero (zotero.org) or manually.  

18
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HOW DO I START? 
When planning your review, think back to the videos, and try and apply the same method 
to the paper you’re reading. Remember the following themes, and perhaps make notes 
on these for the specific paper before you write your review: 

Introduction 
1. What was the state of the field before the research?  

a. Were there any gaps that needed to be addressed?  

b. Were there any previous papers which were particularly influential? 

2. What specific questions were the researchers trying to answer and why? 

3. How did they design their study to achieve their aims? 

Methods 
1. What were the main methods the researchers used? 

2. Are the methods reproducible? 

3. Are they valid? Think about population, sample size (power), and controls. 

4. (If you’re particularly interested) Were the specific methods the researchers used the 
most suitable to answer their questions, or could they have used others? 

Results 
1. What are the main results of the paper? Do the data back up the results in the way 

that the researchers say they do? (think about statistical significance) 

2. Were the assumptions of statistical tests appropriately met? (Use the statistics 
cheatsheet at the end of this booklet) 

3. Did the researchers need to control for multiple comparisons? Did they do it? 

Discussion 
1. Have the authors drawn reasonable conclusions from their results? Do you agree with 

these conclusions given other research, and why/why not? 

2. What are the implications in practical terms and for future research?  

3. What are the limitations? 

4. What are the most suitable next steps? 
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TIPS AND TRICKS 
What should be included in my review? 
On the previous page, there are some ideas for questions you should ask yourself when 
planning the review. You don’t need to include all of this information in your final review 
— remember, all of the studies that you read will have gone through peer review, so 
hopefully a lot of potential issues with the research will already have been addressed.  

However, not all journals practise good peer review (remember predatory journals from 
Part 4), so don’t be afraid to call out something that you think looks amiss. Include 
anything that you feel is relevant, such as any important discoveries and potentially major 
flaws.  

If you do a brief literature review, you could discuss whether the study you’re reviewing 
agrees with the findings of the other studies you read, and if not, what the reasons 
behind this could be. 

Are there any examples? 
Some journals have a “journal club” series of articles, in which university students 
produce reviews of articles published in the journal. You could read a few of these for 
inspiration. Keep in mind, these are a little longer (around 1500 words) and usually 
written by postgraduate students who already have one or more university degrees. We 
don’t expect you to write in as much depth at this point or discuss the specific methods 
used in as much detail! 

Some examples: 

Neuroscience — https://www.jneurosci.org/content/by/section/Journal%20Club 

Molecular biology — https://www.nature.com/nrm/articles?type=journal-club 

Psychology — https://www.nature.com/nrpsychol/articles?type=journal-club  
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How exactly should I cite my sources? 
Remember the golden rule for citations: whenever you use information from an external 
source, you should cite the source. For example, if you watch a video on a method the 
researchers used, and then in your review you want to discuss one of the advantages of 
this method mentioned in the video, you should cite the video. 

You’ll find that many different ‘styles’ of citation exist (e.g. Harvard, Vancouver, APA) which 
contain mostly the same information in different ways, and reference managers can 
generate citations in many different styles. For this review you can use any citation style 
you want, so long as you use the same style throughout. 

There’s a paper I want to write about but I can’t decide if it’s suitable 
Feel free to get in touch with us about this and we’ll be happy to help! If you like the topic 
but can tell already that your paper is too complex to understand until you go to 
university, you could do a literature search on this topic using SOLO to find related 
papers. Finally, if there’s a closed-access paper that you would like access to, please get 
in touch and we’ll see what we can arrange. 
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SUGGESTED ARTICLES 
If you’re not sure what topic you’d like to cover, here are some open-access articles you 
might like to review. Scientific papers in mathematics, physics, and chemistry can often be 
a bit trickier to understand unless you have studied that subject at university for a while, so 
we’ve avoided these topics here, but if you find an article in one of those fields that you’d 
like to review do feel free! 

Plant biology: 
Offord, C.A., Meagher, P.F. and Zimmer, H.C. (2014) ‘Growing up or growing out? How 
soil pH and light affect seedling growth of a relictual rainforest tree’, AoB PLANTS, 6, p. 
plu011. Available at: https://doi.org/10.1093/aobpla/plu011. 

Microbiology (bacteria): 
Dilworth, T.J. et al. (2014) ‘Evaluation of Vancomycin in Combination with Piperacillin-
Tazobactam or Oxacillin against Clinical Methicillin-Resistant Staphylococcus aureus 
Isolates and Vancomycin-Intermediate S. aureus Isolates In Vitro’, Antimicrobial Agents 
and Chemotherapy, 58(2), pp. 1028–1033. Available at: https://doi.org/10.1128/
AAC.01888-13. 

Medicine: 
Belch, J.J.F. and Dormandy, J. (2010) ‘Results of the randomized, placebo-controlled 
clopidogrel and acetylsalicylic acid in bypass surgery for peripheral arterial disease 
(CASPAR) trial’, Journal of Vascular Surgery, 52(4), pp. 825-833.e2. Available at: https://
doi.org/10.1016/j.jvs.2010.04.027. 

Psychology:  
Loftus, E.F. and Palmer, J.C. (1974) ‘Reconstruction of automobile destruction: An 
example of the interaction between language and memory’, Journal of Verbal Learning 
and Verbal Behavior, 13(5), pp. 585–589. Available at: https://doi.org/10.1016/
S0022-5371(74)80011-3. 
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STATISTICS CHEATSHEET 
This cheatsheet is revision for topics from Part 3 of the video series, and also has details of some specific 

tests you might see used in research papers. 

THE NORMAL DISTRIBUTION 
The normal distribution describes the pattern of random numbers that results from many 
things in nature, and has a characteristic “bell curve” shape. 

We can describe the location of a normal distribution using the mean, and its scale 
(width) using the standard deviation. 

Note that if there are the same number of samples overall, a wider normal distribution will also be flatter. 
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HYPOTHESIS TESTING 
A hypothesis test allows us to compare unknown distributions using only a limited 
number of ‘samples’ from the distribution. 

For example, we could compare the distributions of the heights of oak and ash 
trees by measuring 10 oaks and 10 ashes. 

We always compare a null hypothesis (e.g. no difference in location) against an 
alternative hypothesis (e.g. any difference in location). 

ASSUMPTIONS 
In order to conduct a hypothesis test, we need to make some assumptions about the 
distribution because we do not know it. The test is invalid if assumptions are not met. 

Common assumptions include: 

1. Independence of observations — one sample does not affect another (e.g. ; 

2. Identical distributions for all samples (within a group) — in our example above, we 
assume all oak trees have heights that come from the same distribution (and the 
same for ash trees); 

3. Normality — samples come from a normal distribution. This is a relatively ‘strong’ 
assumption, which is not always met. Robust tests generally don’t assume normality. 

The first two assumptions are often grouped together, in which case we say that the 
variables are i.i.d. (independent and identically distributed). 
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P-VALUES 
The p-value of a test is the chance that, if the null hypothesis and all our assumptions 
were true, we would still see the results we get in the samples (or more extreme). 

Are the locations of the blue and orange distributions the same (null hypothesis)? 

When the p-value is below a certain pre-defined threshold (often 0.05), it is unlikely that 
the null hypothesis is true based on the samples we have, so we reject it. 

When the p-value is low enough to reject the null hypothesis, we say the difference is 
statistically significant. You’ll often see statistically significant results marked with . 

POWER 
The power of a test is the chance that, if the null hypothesis were false and if we knew the 
population distributions, the test would correctly reject the null hypothesis. 

Power is slightly more theoretical, as we can never know the population distributions in 
practice (can we measure all of the trees in the world?). 

Remember, power: 

• Increases with the sample size;  

• Increases with the size of the effect (we are more likely to be able to tell the difference 
in size between oak trees and olive trees than oak trees and ash trees); 

• Increases as we make more (and stronger) assumptions, because we ‘know’ more 
about the population distributions. 

Researchers will often calculate the power of their study beforehand assuming a certain 
effect size, and use that to plan how many samples to gather. 

⋆
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SPECIFIC HYPOTHESIS TESTS 

AN INTRODUCTION (AND A DISCLAIMER) 
It’s good to have a general overview of how hypothesis testing works and be familiar with 
the concepts of assumptions, p-values, and power. 

We don’t expect you to know how different specific hypothesis tests work or to 
remember their names and when to use them — some can be quite complicated! 

However, I have summarised some of the most common ones over the next few pages, 
which might make understanding methods in scientific papers a little easier — I 
recommend you read them but don’t try too hard to remember them, and use this as a 
cheat sheet instead, especially the next page. 

When you’re reading a paper, you might see the name of a specific test the researchers 
have used. If you’re interested, you can then flick back to the relevant section in the next 
few pages to remind yourself how the test works and the assumptions it makes. 

There are also some tests you may come across that are not summarised here. If you’d 
like to find out more when you see one of those, search for it online and try to find the 
following information: 

1. What kind of data does it need? 

2. What assumptions does it make? 

3. What is the null hypothesis? 

These will help you understand the test. 
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OVERVIEW OF DIFFERENT TESTS 

First, ask yourself: how many groups are you comparing? 

Then you can use this sheet to figure out which hypothesis tests might be appropriate. 

Remember, more robust tests (towards the right) are more likely to apply to the data 
collected, but also have lower power. 

One group 
…at two points in time: 

Paired samples t test Wilcoxon signed rank test Sign test 

…at multiple points in time: 
Repeated measures ANOVA 

Two groups 
…at one point in time: 

Student’s t test  Welch’s t test  Mann-Whitney U test 

…at multiple points in time: 
Mixed ANOVA 

Three or more groups 
…at one point in time: 

One-way ANOVA  Kruskal-Wallis H test 

…at multiple points in time: 
Mixed ANOVA 

27
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T-TESTS 
We can use a t test when we are interested in the mean (location) of a normal distribution. 

STUDENT’S T-TEST 
Also known as: independent samples equal variances t-test 

Assumptions:  

1. All observations are independent; 

2. Samples in each group are identically distributed with a normal distribution; 

3. Distributions of both groups have equal widths. 

Null hypothesis: both distributions have the same mean. 

WELCH’S T-TEST 
Also known as: independent samples unequal variances t-test 

Assumptions:  

1. All observations are independent; 

2. Samples in each group are identically distributed with a normal distribution; 

3. Distributions of both groups may have different widths. 

Null hypothesis: both distributions have the same mean. 
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PAIRED SAMPLES T-TEST 
Also known as: dependent samples t-test, repeated measures t-test, paired difference t-
test. 

We can use a paired samples t test to compare two measurements of the same entity, e.g. 
a person’s typing speed before and after having a cup of coffee. 

The paired samples t test works by subtracting the first observation from the second for 
each subject to obtain a difference (e.g. the difference in John’s typing speed after having 
a cup of coffee). 

Assumptions: 

1. Differences from different subjects are i.i.d.  

2. Normality of differences. Note, the original observations don’t have to be normally 
distributed but the differences do. 

Null hypothesis: the distribution of differences has a mean of zero. (Or: there is no 
consistent difference between the sets of observations for each individual, e.g. drinking 
coffee doesn’t affect typing speed). 
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ANOVA 
ANOVA (analysis of variance) tests allow us to look at whether there are any differences 
between multiple sets of measurements. Different ANOVA tests can be used depending 
on how the sets of measurements are related (e.g. different groups, same subjects). 

ONE-WAY ANOVA 
We can use a one-way ANOVA to assess whether there is any difference at all between a 
number of separate groups. You could think of it like a Student t test for multiple groups.  

In fact, if you have only two groups, a Student t test and a one-way ANOVA will 
always generate the same p-value, so we say the two tests are equivalent. 

Assumptions:  

1. All observations are independent; 

2. Samples in each group are identically distributed with a normal distribution; 

3. Distributions of all groups have equal widths. 

Null hypothesis: All group distributions have the same mean. 

REPEATED MEASURES ANOVA 
We can use a repeated-measures ANOVA to assess whether there is any difference at all 
between a number of measurements from the same set of subjects. You could think of it 
like a paired samples t test for multiple measures; for two measures, they are equivalent. 

Assumptions:  

1. All observations are independent; 

2. Samples in each measure are identically distributed with a normal distribution; 

3. The distributions of differences between each pair of measures have equal widths. 

Null hypothesis: All measure distributions have the same mean. 
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The difference between one-way ANOVA and repeated measures ANOVA. In a repeated measures 
ANOVA, each subject contributes multiple data points. 

OTHER ANOVAS 
A mixed ANOVA (or: split-plot ANOVA) allows us to use both multiple groups (like a one-
way ANOVA) and multiple measures (like a repeated measures ANOVA). 

A two-way ANOVA allows us to consider two “grouping variables” e.g. if we tested 
fertilisers A, B, and C on lettuce, pepper, and tomato (in all combinations). 

In both mixed and two-way ANOVAs, we can look at the interaction of the variables (e.g. 
fertiliser B is generally better than fertiliser A, except when it is used on peppers). 
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ROBUST TESTS 
Remember from the video that a test is robust if it makes few assumptions. Particularly, all 
of the tests described here do not assume a normal distribution (normality). 

MANN-WHITNEY U TEST 
Also known as: Wilcoxon rank sum test, Mann-Whitney-Wilcoxon test 

The Mann-Whitney U test is a robust version of the Student t test. 

Assumptions: 

1. All observations are independent; 

2. Samples in each group are identically distributed; 

3. Group distributions differ only (possibly) in location, and not in shape.* 

* when distributions are different in shape, the Mann-Whitney test is looking at a different 
null hypothesis. 

Null hypothesis: both groups have the same location. 

KRUSKAL-WALLIS H TEST 
Also known as: one-way ANOVA on ranks 

The Kruskal-Wallis H test is a robust version of the one-way ANOVA. 

Assumptions: 

1. All observations are independent; 

2. Samples in each group are identically distributed; 

3. Group distributions differ only (possibly) in location, and not in shape.* 

Null hypothesis: all group distributions have the same median. 
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WILCOXON SIGNED RANK TEST 
The Wilcoxon signed rank test is a robust version of the paired samples t test. 

Assumptions: 

1. Differences between the two measurements from each subject are i.i.d.; 

2. The distribution of differences is symmetric (but doesn’t have to be normal). 

Null hypothesis: half of the differences lie below zero, and half above. 

SIGN TEST 
The sign test is an even more robust version of the Wilcoxon signed rank test, and 
doesn’t assume the distribution of differences is symmetric. 
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