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1.  The Scientific Method *1 
 
 One key feature typifies the specialist: the scientific method that is used to objectify theories about the world. 
Theories, evidence and statistics combine to produce “objective” knowledge. Scientific theories are devices used 
to understand the world and predict outcomes. Theories and studies are submitted to journals for peer review 
and verified by other independent specialists. An important aspect of scientific theories is that they must give 
way in the future to more accurate theories. The nature of the scientific method lends itself to an acceptance of a 
continual change in knowledge. Richard Dawkins points out that scientists frequently admit when their theories 
have been superseded or corrected by their peers, science is “defined as the set of practices which submit 
themselves to the ordeal of being tested” [1]. The scientific method is therefore inherently revolutionary. 
 Richard Gross opens his prominent book “Psychology: The Science of Mind and Behaviour” [2], with some 
chapters on science, and offers the following as two major steps in scientific theory: 
 
1. Theory Construction, “an attempt to explain observed phenomena” 
 
2. Hypothesis Testing, involving “making specific predictions about behavior under certain specified conditions” 
 
Theories must be capable of making testable predictions. Two competing theories will often explain the behavior 
of something after observations, but this is easy. The hard part is seeing which theory most accurately predicts 
what will happen in future observations. 
 
1.1.  New Theories and New Facts (Only a Theory?) 
 The building-block of science is the theory. New data results in new theories, and theories create 
experiments that are designed to test them, resulting in new data. This cyclic process propels science forwards. 
Any new theory must displace an old one, and therefore needs abundant evidence in its favor; no-one will 
abandon the standing theory without good reason. 
 A common criticism of theories of evolution and of the big bang is that “they are only theories”. However, 
they misunderstand what the word “theory” means. A scientific theory that explains the facts well is accepted; 
whereas one that doesn’t is rejected. That something “is only a theory” does not affect whether it is accurate or 
not. Some example theories include the theory of gravity, and the theory that the Earth orbits the Sun. Clearly, 
the evidence is more important than the theory. 
 

“Today the theory of evolution is about as much open to doubt as the theory that the earth goes round the sun.” 
Richard Dawkins [3] 

 
The best thing about theories is that when new evidence comes to light, new theories arise to replace or modify 
the old ones. Bertrand Russell states, “theories, if they are important, can generally be revived in a new form after being 
refuted as originally stated. Refutations [...] in most cases [are] only a prelude to further refinements” [4]. Some theories 
however, are unsalvageable and are completely abandoned. This way, science continues to explain reality as 
accurately as we can. Theories that deny that new theories could replace them - such as those that religious 
conservatives propound, are deluded. In the search for truth, it is essential to dogmatically stick to the 
assumption that whatever you think you know could actually be wrong. In that sense, the only correct way to 
search for truth is to know that everything is a theory, and nothing is absolute fact. In this way, human error is 
most readily corrected. 
 

“New theories are first of all necessary when we encounter new facts which cannot be explained by existing theories.” 
Albert Einstein [5] 
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Russell explains how science begins from initial observations and continually builds until major theories are 
brought to general acceptance through long periods of practical trial and error. 
 
“Science starts, not from large assumptions but from particular facts discovered by observation or experiment. From a 
number of such facts a general rule is arrived at, of which, if it is true, the facts in questions are instances. This rule is not 
positively asserted, but is accepted, to begin with, as a working hypothesis. If it is correct, certain hitherto unobserved 
phenomenon will take place in certain circumstances. If it is found that they do take place, that so far confirms the 
hypothesis; if they do not, the hypothesis must be discarded and a new one must be invented. However many facts are found 
to fit the hypothesis, that does not make it certain, although in the end it may come to be thought of in a high degree probable; 
in that case, it is called a theory rather than a hypothesis.” 

Bertrand Russell [6] 
 
1.2.  Occam’s Razor: Simplicity & Fewer Assumptions are Better 
 A hypothesis has assumptions which must then be backed up by evidence if the idea is to take ground. 
Clearly, the fewer such assumptions are, the better. In general this has led to a principal in science that the theory 
with fewest assumption and fewest complicated side-effects is probably a better theory than others. This is 
commonly called “Occam’s Razor”: 
 
“The aim of science is, on the one hand, a comprehension, as complete as possible, of the connection between the sense 
experiences in their totality, and, on the other hand, the accomplishment of this aim by the use of a minimum of primary 
concepts and relations.” 

Albert Einstein [7] 
 
In philosophical arguments, it is frequently used to mean that if a particular belief or idea leads to the 
requirement for a massive amount of special explanation, other odd conclusions, and outstanding complexity, 
then such a belief is probably wrong. 
 For example, in the theological debate between atheists and theists, both attempt to account for the existence 
of the universe using similar ideas. Atheists believe that the universe is self-contained and had no preceding 
‘cause’. Theists believe that the universe was created by God, and that God is self-contained and has no ‘cause’. 
Both theories contain a similar uncaused element, but, the theistic theory contains an additional assumption that 
the uncaused cause is a god. By employing Occam’s Razor, many would guess that the simpler, atheistic, theory 
is more likely to be correct because it contains less unanswered questions (assumptions) than the theist one. 
 
1.3.  Reproducibility and Independent Verification of Results 
 Reproducibility is an integral part of the scientific method. Whether it is research in physics, chemistry or 
psychology, the results of any experiment must be reproduced independently in another location. This checks 
that the results were not the result of unintentional but consistent human bias in the original experiments. There 
have been plenty of cases where a scientist declares results and describes his experiment in a scientific journal but 
other experiments fail to reproduce in their own experiments. If results cannot be duplicated then the data is not 
accepted as valid. This is why newspaper reports on single experiments should be heeded with care: any 
experimenter can claim results but if others around the world cannot verify the procedure then the chances are 
the experiment was flawed. Results should only be acclaimed once they have been verified and this is why 
sometimes public announcements are not made for some time, especially with highly technical or long-term 
experiments. Always think to check who done the original experiments, and who verified the methods. 
 
“Science requires that a phenomenon be reliably produced in different laboratories for it to be accepted as genuine. Whoever 
claims to have discovered a phenomenon must describe in sufficient detail how it was produced so that other investigators, 
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following similar steps, can reproduce it themselves. This requirement of replicability applies to all fields of science.  ………  
Although the history of science contains numerous examples of an investigator’s expectations clouding his or her vision and 
judgement, the most serious of these abuses are overcome by the discipline’s insistence on replicability and the public 
presentation of results. Findings that rest on a shaky foundation tend not to survive in the intellectual marketplace.  
………  The biggest difference between the world of science and everyday life in protecting against erroneous beliefs is that 
scientists utilize a set of formal procedures to guard against sources of bias and error.” 

Thomas Gilovich [8] 
 
References 
[1] R. Dawkins, “A Devil's Chaplain” published by Phoenix of Orion Books Ltd., London UK (2004) 
[2] R. Gross, “Psychology: The Science of Mind and Behaviour” published by Hodder & Stoughton, London UK (1996) 
[3] R. Dawkins, “The Selfish Gene” published by Oxford University Press, Oxford, UK (1976) 
[4] B. Russell, “History of Western Philosophy” published by Routledge, London, UK (1946) 
[5] A. Einstein, “Ideas and Opinions” published by Crown Publishers, New York, USA (1954) 
[6] B. Russell, “Religion and Science” published by Oxford University Press, Oxford, UK (1935) 
[7] A. Einstein, Journal of the Franklin Institute, 221(3), 1936. 
[8] T. Gilovich, “How We Know What Isn't So: The Fallibility of Human Reason in Everyday Life” published by The Free Press, 

New York, USA (1991) 
 

*1 From http://www.humantruth.info/science.html 

 



4 

2.  The Scientific Method Counteracts Human Error *2 
 
 We human beings, even while forming theories and conducting experiments, only have a limited capacity to 
think clearly and accurately. Our neural brains have evolved many methods of discerning what is true that are 
like shortcuts rather than logical analysis. As such, sometimes even trains of thought that seem clear turn out to 
result from mild self-delusion. It is not just apophenia (recognizing patterns that aren’t really there) that can lead 
theorists astray, but many traits of human nature can belie the search for truth. Apart from cognitive errors in 
general thought, all humans are also subject to subjective desires, such as the desire to find supporting evidence 
for ones’ own ideas. 
 
“Science is a human endeavor and, as such, is prone to bias, error, emotion, greed, hubris, and manipulation. All of these are 
human traits, and thus each researcher may be guilty of any of these failings. To be sure, these failings are present in every 
human activity.  ………   Because science is largely self-correcting, these failings are usually rectified,  ………   
science weeds out human errors over time in a way that no other major self-regulating institution does.” 

David Koepsell [9] 
 
Thankfully, the scientific method is all about eliminating human errors. The procedures of peer review and 
independent verification both ensure that mistakes in theory, application or analysis of data are spotted when 
other scientists examine and repeat the experiment. Competing theories will have proponents that actively do not 
want new information threatening their own theory, so will actively seek out weakspots in new experiments. 
Many scientific publications report on the failures of data and experiments, and in the face of this, science 
self-regulates in a very efficient and detailed manner. “The essence of science is that it is self-correcting” says the 
eminent scientist Carl Sagan, “new experimental results and novel ideas are continually resolving old mysteries” [10]. 
 Sometimes, then, individual experiments are found to be faulty. Sometimes, the conclusions of the scientist 
are questioned even if the data is good. And sometimes, rarest of all, entire scientific paradigms are questioned 
such as when Newtonian physics gave way to Einstein. New evidence can cause entire theoretical frameworks to 
be undermined, resulting in a scientific revolution in understanding. 
 
References 
[9] D. Koepsell, Skeptical Inquirer, 30(5), 2006. 
[10] C. Sagan, “Cosmos” published by Abacus, London, UK (1995). 

 

*2 From http://www.humantruth.info/science.html 
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3.  On Being a Scientist: Responsible Conduct in Research *3 
 
3.1.  Error and Negligence in Science 
 Scientific results are inherently provisional. Scientists can never prove conclusively that they have described 
some aspect of the natural or physical world with complete accuracy. In that sense all scientific results must be 
treated as susceptible to error. Errors arising from human fallibility also occur in science. Scientists do not have 
limitless working time or access to unlimited resources. Even the most responsible scientist can make an honest 
mistake. When such errors are discovered, they should be acknowledged, preferably in the same journal in which 
the mistaken information was published. Scientists who make such acknowledgments promptly and openly are 
rarely condemned by colleagues. 
 Mistakes made through negligent work are treated more harshly. Haste, carelessness, inattention – any of a 
number of faults can lead to work that does not meet the standards demanded in science. If scientists cut corners 
for whatever reason, they are placing their reputation, the work of their colleagues, and the public's confidence in 
science at risk. Scientists with a reputation for publishing a work of dubious quality will generally find that all of 
their publications are viewed with skepticism by their colleagues. 
 By introducing preventable errors into science, sloppy or negligent research can do great damage – even if 
the error is eventually uncovered and corrected. Though science is built on the idea of peer validation and 
acceptance, actual replication is selective. It is not practical (or necessary) to reconstruct all the observations and 
theoretical constructs that go into an investigation. Researchers have to trust that previous investigators 
performed the work as reported. If that trust is misplaced and the previous results are inaccurate, the truth will 
likely emerge as problems arise in the ongoing investigation. But researchers can waste months or years of effort 
because of erroneous results, and public confidence in the integrity of science can be seriously undermined. 
 
3.2.  Misconduct in Science 
 Beyond honest errors and errors caused through negligence are a third category of errors: those that involve 
deception. Making up data or results (fabrication), changing or misreporting data or results (falsification), and 
using the ideas or words of another person without giving appropriate credit (plagiarism) – all strike at the heart 
of the values on which science is based. These acts of scientific misconduct not only undermine progress but the 
entire set of values on which the scientific enterprise rests. Anyone who engages in any of these practices is 
putting his or her scientific career at risk. Even infractions that may seem minor at the time can end up being 
severely punished. The ethical transgressions discussed in earlier sections – such as misallocation of credit or 
errors arising from negligence – are matters that generally remain internal to the scientific community. Usually 
they are dealt with locally through the mechanisms of peer review, administrative action, and the system of 
appointments and evaluations in the research environment. But misconduct in science is unlikely to remain 
internal to the scientific community. Its consequences are too extreme: it can harm individuals outside of science 
(as when falsified results become the basis of a medical treatment), it squanders public funds, and it attracts the 
attention of those who would seek to criticize science. As a result, federal agencies, Congress, the media, and the 
courts can all get involved. Within the scientific community, the effects of misconduct – in terms of lost time, 
forfeited recognition to others, and feelings of personal betrayal – can be devastating. Individuals, institutions, 
and even entire research fields can suffer grievous setbacks from instances of fabrication, falsification, or 
plagiarism even if they are only tangentially associated with the case. 
 

 

*3 The National Academy of Sciences, Committee on Science, Engineering, and Public Policy, National Academy Press, Washington, DC, 1995 
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4.  Scientific Experiment *4 
  
 A scientific experiment is a way of answering a question using the “scientific method”. The scientific 
method is a standard procedure used by scientists. It involves 
 
 •stating the hypothesis (a guess at the answer) 
 •designing an experiment to test that hypothesis 
 •collecting the data 
 •presenting the results 
 •stating a conclusion 
 
 To build a really good experiment, the student needs to identify factors that might affect the outcome of the 
experiment (these are called “variables”) and change only one at a time. For example, would it be appropriate to 
experiment with the effect of the amount of light on plant growth if you used different types of plants, gave them 
different amounts of water, and kept the plants in different places? That’s right. It would be difficult to know 
which of the factors actually affected plant growth. To remedy this, vary one factor at a time and keep everything 
else exactly the same. 
 What if you used only one plant in each amount of light? Would that be a good test? What would happen to 
your experiment if one plant gets sick, or is attacked by insects, or accidentally breaks a stem? You’re out of luck. 
Therefore, you should use several plants in each light condition or do the project several times. (These are called 
replicates.) Having a number of replicates is essential for a good science experiment. 
 What if your experiment doesn’t turn out the way you thought it should? Try it again! Same results the 
second time? Maybe your expectations were not right. That’s what experiments are all about – learning how the 
natural world operates (now you know it doesn’t operate the way you expected it to!). Your conclusions should 
rely upon the information you collected and tell what you actually found out. There is nothing wrong with 
saying, “My data did not support my hypothesis”. So tell us why you think it happened the way it did. Please 
DO NOT rewrite your hypothesis to retrofit your data. That isn’t honest, and you can’t show how much you 
learned from the experiment. 
 
4.1.  Your Display For a Scientific Experiment Should Contain The Following Elements 
 
Title – Catchy titles grab the viewer’s attention, but be sure they are relevant to your experiment. 
Question or Objective – Be sure to state clearly and concisely the question you hope to answer with your 
experiment; be sure your experiment is designed to answer this question. 
Hypothesis – This is your guess at the answer to your question or what you expect to be the result of your 
experiment. Stating a hypothesis determines how you design your experiment. For example, the hypothesis that 
“temperature affects the way a ball bounces” might be tested differently than the hypothesis that “warm balls 
bounce higher than cold balls.” 
Procedures or Methods – Describe what you did to get the results and conclusions of your experiment. Your 
description should include enough detail that someone else could read it and repeat your experiment. 
Results or Data – These are your measurements, counts, survey statistics, or other results presented as graphs, 
charts, photos, drawings, etc. Some written text may be desirable to summarize your results, but do not discuss 
the meaning of the results in this section. 
Conclusions – This is where you discuss your results, tell what you think your results mean, and describe what 
you learned. Did your results support your hypothesis? In other words, do you think your guess was right? Why 
or why not? 
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4.2.  Judging Criteria For Scientific Experiments 
 
1) The question the project seeks to answer is clear. 
2) The hypothesis or prediction is clear. 
3) Procedures are clear, complete, and address the hypothesis. 
4) Data or observation records are clear, complete, and well-illustrated. 
5) The experiment has replicates. 
6) Conclusions are consistent with the data and clearly refer to the initial hypothesis. 
7) Written explanations show understanding of the project. 
8) Oral explanation shows understanding and ability to extend beyond the project. 
9) The display is easy to understand and appealing to the eye. 

10) Sources of information are complete. 
11) Display is complete. 
 

*4 From http://web.me.com/aklego/Interior_Alaska_Homeschool_Science_Fair/Scientific_Experiment.html 

 
4.3.  Order-of-Magnitude Estimates 
 
 It is the mark of an instructed mind to rest satisfied with the degree of precision that the nature of the subject permits 
and not to seek an exactness where only an approximation of the truth is possible. -- Aristotle 
 
 It is a common misconception that science must be exact. For instance, in the Star Trek TV series, it would 
often happen that Captain Kirk would ask Mr. Spock, “Spock, we’re in a pretty bad situation. What do you think 
are our chances of getting out of here?” The scientific Mr. Spock would answer with something like, “Captain, I 
estimate the odds as 237.345 to one.” In reality, he could not have estimated the odds with six significant figures 
of accuracy, but nevertheless one of the hallmarks of a person with a good education in science is the ability to 
make estimates that are likely to be at least somewhere in the right ballpark. In many such situations, it is often 
only necessary to get an answer that is off by no more than a factor of ten in either direction. Since things that 
differ by a factor of ten are said to differ by one order of magnitude, such an estimate is called an 
order-of-magnitude estimate. The tilde, ∼, is used to indicate that things are only of the same order of magnitude, 
but not exactly equal, as in 
 
 odds of survival ∼ 100 to one 
 
The tilde can also be used in front of an individual number to emphasize that the number is only of the right 
order of magnitude. 
 Although making order-of-magnitude estimates seems simple and natural to experienced scientists, it’s a 
mode of reasoning that is completely unfamiliar to most college students. Some of the typical mental steps can be 
illustrated in the following example. 
 

Example: Cost of transporting tomatoes 

◊ Roughly what percentage of the price of a tomato comes from the cost of transporting it in a truck? 

◊ The following incorrect solution illustrates one of the main ways you can go wrong in order-of-magnitude estimates. 

 

Incorrect solution: 

Let’s say the trucker needs to make a $400 profit on the trip. Taking into account her benefits, the cost of gas, and 

maintenance and payments on the truck, let’s say the total cost is more like $2,000. I’d guess about 5,000 tomatoes 
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would fit in the back of the truck, so the extra cost per tomato is 40 cents. That means the cost of transporting 

one tomato is comparable to the cost of the tomato itself. Transportation really adds a lot to the cost of produce, 

I guess. 

 
 The problem is that the human brain is not very good at estimating area or volume, so it turns out the 
estimate of 5,000 tomatoes fitting in the truck is way off. That’s why people have a hard time at those contests 
where you are supposed to estimate the number of jellybeans in a big jar. Another example is that most people 
think their families use about 10 gallons of water per day, but in reality the average is about 300 gallons per day. 
When estimating area or volume, you are much better off estimating linear dimensions, and computing volume 
from the linear dimensions. Here’s a better solution: 
 

Better solution: 

As in the previous solution, say the cost of the trip is $2,000. The dimensions of the bin are probably 4 [m] × 2 [m] 

× 1 [m], for a volume of 8 [m3]. Since the whole thing is just an order-of-magnitude estimate, let’s round that off to 

the nearest power of ten, 10 [m3]. The shape of a tomato is complicated, and I don’t know any formula for the volume 

of a tomato shape, but since this is just an estimate, let’s pretend that a tomato is a cube, 0.05 [m] × 0.05 [m] × 0.05 

[m], for a volume of 1.25×10−4 [m3]. Since this is just a rough estimate, let’s round that to 10−4 [m3]. We can find the 

total number of tomatoes by dividing the volume of the bin by the volume of one tomato: 10 [m3] / 10−4 [m3] = 105 tomatoes. 

The transportation cost per tomato is $2,000/105 tomatoes = $0.02 / tomato. That means that transportation really 

doesn’t contribute very much to the cost of a tomato. 

 
 Approximating the shape of a tomato as a cube is an example of another general strategy for making 
order-of-magnitude estimates. A similar situation would occur if you were trying to estimate how many m2 of 
leather could be produced from a herd of ten thousand cattle. There is no point in trying to take into account the 
shape of the cows’ bodies. A reasonable plan of attack might be to consider a spherical cow. Probably a cow has 
roughly the same surface area as a sphere with a radius of about 1 m, which would be 4π (1 m)2. Using the 
well-known facts that π equals three, and four times three equals about ten, we can guess that a cow has a surface 
area of about 10 m2, so the herd as a whole might yield 105 m2 of leather. 
 
The following list summarizes the strategies for getting a good order-of-magnitude estimate. 
 
1. Don’t even attempt more than one significant figure of precision. 
2. Don’t guess area, volume, or mass directly. Guess linear dimensions and get area, volume, or mass from 

them. 
3. When dealing with areas or volumes of objects with complex shapes, idealize them as if they were some 

simpler shape, a cube or a sphere, for example. 
4. Check your final answer to see if it is reasonable. If you estimate that a herd of ten thousand cattle would 

yield 0.01 m2 of leather, then you have probably made a mistake with conversion factors somewhere. 
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5.  Tips For Giving a Scientific Presentation *5 

  
 Good oral presentation skills are vital to a career in the chemical sciences as well as many other fields. What 
ever you do when you graduate from the University odds are that you will be required to make oral 
presentations as part of your job. In the industrial community such presentations offer a quick synopsis of 
proposals and progress reports. A lousy five minute presentation, can spoil weeks of work preparing written 
materials. Similarly, in academia, the ability to clearly convey scientific information in an oral presentation is 
critical to both teaching and research. 
 While there are no strict rules about how to give an effective presentation, there are some guiding principles. 
This hand-out will attempt to provide an overview of these principles in helping you prepare a better talk. These 
will be covered in greater detail in the pages that follow, but here is the main idea behind each. 
Know The Audience – This is vital to an effective presentation. If you were giving a talk about a particular 
experiment, it is critical to know how much the audience knows about the technique. You would not give the 
same presentation to a group of marketing representatives as you would to a group of scientific researchers. Your 
talk must be geared to inform. This leads up to our next guideline. 
Clarity, Clarity, Clarity – You are trying to convey information to the audience. What may seem perfectly 
obvious to you may be baffling to them. Presentation style and materials must be easy to understand and make a 
clear point. Concerning visual aids, what you can read perfectly clearly on a transparency may be too tiny to see 
when viewed from the back of the room. 
Practice Makes Perfect – Nothing makes for a worse presentation than the actual presentation being the very 
first time you have ever gone through and given the talk. A good presentation should have a flow to it. It should 
move smoothly from one point to the next. You want the audience to be focussed on the materials and not your 
fumbling. A corollary to this rule is rehearsed is boring. 
People Might Be Sleeping – Have you ever been to a scientific talk? Boring! Well it certainly can be. All lectures, 
scientific or otherwise, have the possibility of being sleep inducing. Keep this in mind as you prepare your 
lecture. Try to avoid the pitfalls that can lead to a comatose audience. 
What Do You Mean It’s Not Compatible? – In this day gadgetry and computer toys, overhead projectors are 
headed the way of the dinosaur. However, never has an overhead failed to project a transparency because it was 
version 6.03 and it can only use versions up to 5.01. If you use a laptop and projection system be sure everything 
is compatible (software, hardware, cables, etc…). And bring a backup just in case. 
 
5.1.  Know Your Audience 
 Your talk needs to convey information to the audience. It is therefore imperative that you know who your 
audience is. Here are few examples. Lets say you were going to give a talk about the effectiveness of detergents 
at removing a particular compound from a liquid mixture. You are going to give this talk to two audiences. A 
group of research scientists and a group of second graders. Clearly, things would not go well if you started the 
talk to the researchers with, “Who knows what soap is? Has anyone ever used soap? Soap makes us clean by 
picking up the dirt and allowing it be carried away by the water!…” Equally the second graders would not 
appreciate “The effectiveness of the surfactant compound can be determined by the noted decrease in the 
measured surface tension of the model system…”  Here are few guiding principle to keep in mind. 
1) Know the purpose of the talk:  By knowing why you are giving the talk you learn a lot about the audience. 
For example, if you were asked to teach a group of second graders about soap you would know they have little 
or no background. You’d need to cover a lot of basic material, give examples, etc…If you were going to give a 
talk for TA’s and students for your CH 154 class, you would know the purpose of your talk was to see if you 
understood the material in a particular lab. Therefore, even though the audience might know all about the 
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experiment, you should explain it to them. This demonstrates your mastery and may teach them a thing or two. 
2) Don’t talk over their heads, don’t make them want to smack you:  This cannot be emphasized enough. 
Don’t patronize people to the point that they want to leap out of their seats and slap you across the face. There is 
a fine balance between giving people background material so that they will understand your talk and talking 
down to people (2nd graders included). On the other hand, don’t assume that people understand and skip the 
introductory material. You’ll need to decide at what level to cover things and strike a balance between 
complexity of the talk and clarity. 
 
5.2.  Clarity, Clarity, Clarity 
 The issue of clarity has perhaps the largest number of practical tips to keep in mind. The following pages 
will show two examples of good and bad viewgraphs. If you can avoid common mistakes, people will be better 
able to understand your talk. 
 
1) Speak up:  The most import point for clarity is to speak clearly. It is a nervous business to talk in front of 
people. As a result, people talk to the floor or mumble at the overhead. Speak clearly to the audience. Practice 
speaking slowly and loudly. Again, don’t go too far. People will wonder why you are talking so strangely. But 
rest assured, if people can’t hear and understand you they will get very little out of your talk. 
2) One point only:  Try to keep your transparencies to only a single point. Overheads with many issues are 
hard to read and overly busy. This will help you organize you talk and keep it moving smoothly. If you have 5 
points to make on one viewgraph then you might forget and leave out one or two. Worse yet, in the ten minutes 
that the same transparency is up several people may doze off. You might want the viewgraph to have this main 
point on it in writing. That way the audience knows what you are going to explain and you have a visual cue as 
to what you were going to say. 
3) People have to read it:  Big letters. It may seem like the type is large enough, but beware. People may be 
far away. They may have lousy eye sight. As a guideline try to use at least 18 pt font. 
4) Graphs have labels:  Graphs should always have labels. People should be able to understand your talk 
with you giving it. They should be able to see the graph you are presenting and come to the same conclusion you 
are reinforcing by explaining it to them. If the data is void of labels they will never be able to understand it. 
5) Viewgraphs should be obvious:  People should look at your viewgraph and understand what point you 
are trying to convey. To accomplish this goal you might want to use titles, give the viewgraph a conclusion, 
highlight particular words, point out important areas in diagrams, etc… (See examples in the next page) 
 
5.3.  Practice Makes Perfect 
 Practice, Practice, Practice!!! While this statement usually refers to endless practice, in this case three times is 
about right. 
 

NOTHING IMPROVES A PRESENTATION MORE THAN ONE PRACTICE TALK!! 
 
This is perhaps the most important guiding principle. If you practice your presentation just once, your talk with 
be infinitely smoother. This does not mean looking over your transparencies or running through the powerpoint 
slides and going “yeah, then that stuff, then the next slide, then the experiment part, a couple of diagrams, data, 
conclusions” Actually stand up and give the talk, either to a practice audience or yourself. Giving a presentation 
can be a nervous business. Practice can help alleviate that fear. You don’t’ want to get lost while giving your 
presentation. Knowing what is coming up next helps immensely. 
Here are a few helpful pointers. 
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1) Memorize the first few lines of the talk:  Starting out is the hardest part of the talk. Once you get going 
and into a flow things are easier. But that first little bit is nerve racking. One thing you can do is memorize the 
first few lines you are going to say. DON’T MEMORIZE THE ENTIRE TALK. Just the first few lines. “Hello, I’m 
Larry Hardison. The title of my presentation is, The Quantification of Propylene Glycol in Soft Drinks. Many 
people are oblivious to the contents of the foods that they eat on a daily basis. One example, is the additives 
commonly found in soft drinks.” Wing it from here. 
2) Actually practice:  Stand up and say the words out loud. Practice improves the flow of the talk. There will 
be less “um’s” in the talk if you practice. Everyone is watching, everyone is listening, what was I going to say!? 
People have a natural tendency when speaking in public to pause and say “um” when they forget what they 
were going to say for just an instant. By running through the talk you will develop a natural flow. You will come 
up with phrasings and ways to describe things that you will use when you give you presentation. Most 
importantly you will discover things that you don’t actually understand. You want to find out that you don’t 
know why the cryostat is attached to a vacuum pump when you are practicing rather than during the 
presentation. Explaining something to someone else is the best way to determine if you really understand it. 
Don’t fool yourself into thinking you can explain it. Try it. If you don’t understand, you have time to figure it out 
before the talk. Even things you know well might be difficult to explain. Practicing helps you to find the words. 
3) Don’t over rehearse or memorize the talk:  There is not just a point of diminishing returns in practicing 
too much, things can actually start to get worse. The first practice things will improve at least 10 fold. The second 
will make things twice as good. The third will add a bit of polish. The fourth won’t do you much good unless 
you have changed things drastically. From there it can easily be going backwards. You don’t want to memorize 
the talk. There are two reasons for this. One, if you memorize the talk and someone interrupts you with a 
question it can be disastrous. Two, overly rehearsed talks are boring. See guideline 4 “People might be sleeping.” 

Improved Viewgraph  Poor Viewgraph 
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5.4.  People Might Be Sleeping 
 You find yourself in a comfy chair one late afternoon. The room is dark and quiet aside from the monotone 
banter coming from someone up ahead of you. The lone voice is babbling on about the nanoscale rheology of a 
poly-something-or-other. You had several big slices of pizza for lunch. Mmmm pizza. So peaceful. The room 
begins to fade. Wham! You shake yourself awake and wonder if anyone saw you drooling on yourself. Worse yet 
were you snoring? The key to success in keeping the audience awake it to build on our two previous principles. 
If your talk is clear and your presentation smooth you will keep the audience engaged. In addition to this there 
are several things you can do to improve things. 
 
1) Talk to the audience:  If you mumble to yourself no one will pay attention. You might actually ask the 
audience questions, or tell them they can interrupt and ask you things. The more involve the audience is in your 
presentation the more they will pay attention to what you are trying to tell them. 
2) Keep it interesting:  If you have practical examples, interesting tidbits, humorous asides, etc… people will 
be less likely to drift off to sleep. There is nothing like everyone suddenly chuckling to roust a few dozers. 
3) Be up beat:  If you are bored, the audience will be bored guaranteed. An upbeat speaking style is more 
likely to keep the audiences attention than a monotone drone. Beware of the used car sales man pitfall. Your job 
is to inform not entertain. So don’t lay it on too thick. 
4) Visually interesting:  Use Color. It might sound stupid, but it doesn’t hurt to give people something to 
look at. Black and white can be a bit dull. 
5) Keep the audience listening:  Last but not least is the principle that “This is a scientific talk, not a murder 
mystery.” Don’t hold back all you data/conclusions to the end hoping to drop it like a bomb and surprise 
everyone. While it might seem like a good idea to “wow them” at the end of the talk. This fails miserable if they 
are all asleep. Tell people what you did up front and they will have a better chance of following you through 
your talk. If they know where you’re going they are more likely to come along for the ride. 
 
5.5.  What Do You Mean It’s Not Compatible? 
 Larry and Janice each spent many long hours at their computers working on two presentations that they 
were giving. The people hosting the talks told them that they would have a laptop and projector setup and that 
all they would need to do is bring a Zip disk with the presentation. The first three presenters gave nice 
presentations using overhead transparencies. Larry was pleased that he would blow everyone away with his 
multimedia extravaganza using the computer and LCD projector. When his turn arrived he walked to the front 
with his presentation on his 250 MB Zip disk. Much to his horror the Zip on the laptop was a 100 MB Zip. What 
were these people living in the stone age? After much ranting and raving he said he had planned for such an 
emergency and he had brought his 250 MB drive with him. He went back to get his stuff and after much 
rummaging he brought back the drive. What, no USB port on this laptop? More ancient technology! No problem 
someone upstairs had a computer with a 100 MB internal drive and a USB port. They decided to proceed with 
another talk while Larry dealt with the transfer to a 100 MB Zip. After ten minutes Larry triumphantly returned 
with the disk in hand. They loaded it into the laptop and he double clicked on the presentation. A nasty error 
message came up. Larry had used Powerpoint 2000, and the laptop has Powerpoint 98! Much cursing. Again 
Larry heads upstairs to search the building for someone with Office 2000 so he can save his presentation in the 
older format. While he is gone Janice gives her talk. She has a 100 MB Zip disk and her presentation is in 
Powerpoint 98. Beautiful graphics, a bit of animation, clear presentation. Wonderful all around. Larry finally 
returns to hear the thunderous ovations for Janice’s lecture. He has the disk with the presentation. Unfortunately, 
there were several error messages about converting his copious animation to the older format. His 20 MB movie 
intro may be lost. He plows ahead. He starts the presentation. The intro movie starts to load and then crashes. He 
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reboots the computer. Nothing. The laptop now has serious problems that no one has time to deal with. Janice 
asks if he has backup transparencies. No, he only has the one disk. Larry’s presentation is cancelled. After the last 
lecture Larry turns to Janice and asks “How did you have all the right formats? You had the right disk, the right 
program. You’ve even got a Mac and the PC laptop didn’t trip you up!” Janice replies that she simply asked what 
the equipment would be. She saved the presentation in a format that would work and used a PC formatted 100 
MB Zip disk. She also noted that she had brought transparencies as a back up in case there had been some 
catastrophic failure. 
 
Rules to live by: 
 
1) Bring your own equipment and make sure it works 
 
Since rule 1 is usually not possible, rule 2. 
 
2) If you use anything from anyone else (projector, laptop, etc…) make sure it is compatible 
 
This includes problems with OS, cables, software versions, etc… 
Lastly, 
 
3) If you are truly paranoid, bring transparencies as a backup 
 

 

*5 From http://web.mac.com/redifiori/Russell_Di_Fiori/How_To..._files/TipsforGivingaScientificPresentation.pdf 
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6.  The Ideal Graduate Student 
 
6.1.   A speech at the College of Agricultural, Consumer, and Environmental Sciences 

November 13, 1997 

 
Michael C. Loui 

Associate Dean of the Graduate College & Professor of Electrical and Computer Engineering 

University of Illinois at Urbana-Champaign 

 
 This afternoon, I'd like to profile the ideal graduate student. Because each of you is either a graduate fellow 
or a faculty member, I shall assume that you are (or were) an ideal graduate student. You may have the ideal 
qualities already, or you may acquire them shortly. 
 
 As an ideal student, you know every fact, concept, principle, and technique in the undergraduate 
curriculum in your subject. With this foundation, you learn ideas quickly in the classroom, and you learn skills 
quickly in the laboratory. 
 
 As an ideal student, you communicate clearly and eloquently. You write like Jane Austen, not like the 
Unabomber. You speak like Martin Luther King, Jr., not like Forrest Gump or Elmer Fudd. 
 
 As an ideal student, you are an innovative thinker -- as creative as Leonardo da Vinci. You find new 
solutions to old problems. You ask novel research questions. 
 
 As an ideal student, you are inquisitive, with the curiosity of Charles Darwin. You have a passionate 
interest in your subject -- particularly in the specialties of the professors in your department (a remarkable 
coincidence). Although you have broad interests, you can focus on one narrow topic for your thesis, sustaining 
that effort for the duration of the thesis project with the stamina of a marathon runner. 
 
 As an ideal student, you have boundless energy. You work diligently. You are always well prepared for 
seminars and for regular meetings with your advisor. You read scholarly books, run scientific experiments, 
analyze survey data, conduct personal interviews, write research papers, prepare public exhibits, or rehearse 
artistic performances -- sometimes several of these simultaneously -- with enthusiasm and panache. 
 
 As an ideal student, you cooperate with others. You contribute to the intellectual community of your 
department by organizing study groups for qualifying exams, by helping younger graduate students learn about 
the department's culture and expectations, and by giving expository talks at department colloquia. You 
participate in making academic decisions, such as formulating policies for your department's graduate program. 
 
 As an ideal student, you can work independently. You do not learn by rote, but you think critically. You 
challenge accepted theories, examining every implicit assumption, every weakness in an argument, every gap in 
the scholarly literature. You take the initiative to develop your own research program. 
 
 As an ideal student, you are trustworthy -- honest and conscientious. You do not cheat on homework and 
examinations, and you report your progress accurately to your advisor. 
 
 In short, as an ideal student, you are knowledgeable, eloquent, creative, inquisitive, energetic, cooperative, 
independent, and trustworthy. In other words, you are just like your research advisor! Or like any of the 
professors at this university! 
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 There is profound pleasure in graduate work. What could be more delightful than total immersion in the 
subject that you love? What could be more fun than sharing the joy of learning with other students when you 
teach? What could be more exhilarating than a new scientific discovery, or a new insight into a social process, or 
a new interpretation of a historical event -- as a result of your own research? Although graduate study can be 
stressful, it can also make you exquisitely happy. 
 
Best wishes for much happiness in the remainder of your graduate studies and in your future careers. 
 
 

6.2.                     Graduate Student Training Philosophy 
 

David O’Connor 

Associate Professor 

Pathology and Laboratory Medicine, University of Wisconsin-Madison 

 
1) You are in charge of your own success. 
 I cannot overemphasize this point. While I try to foster a supportive lab environment, your success will 
depend far more on you than it will on me. I expect graduate students to work exceptionally hard to become 
successful. There will be setbacks, there will be frustration, but it is the responsibility of the student to persevere 
and overcome adversity. 
 
2) The journey is at least as important as the destination. 
 An important point that was not emphasized nearly enough when I chose a laboratory as a graduate student. 
The reality of graduate school is that most students, if they are willing to work 5 or more years, will eventually be 
awarded a Ph.D. All Ph.D.s are not created equally, though. Almost all careers that require Ph.D.s are 
competitive. If you want to get a post-doctoral fellowship in a prestigious lab, teach under a good mentor, or find 
a good management post in industry you will be competing against other people who have the same letters after 
their names. How do you set yourself apart? The answer is simple. Publish. In peer-reviewed journals. If you do 
not have at least two first-name publications in reputable journals by the end of your Ph.D., you will find it 
difficult to be competitive for post-doctoral positions. If you want to be really competitive for these positions, aim 
for four. Publication-quality research is also far more likely to be presented at research meetings and conferences 
attended by your potential future employers. Is it easy to get 2-4 publications? Absolutely not. That is why it is 
critical to work passionately and intensely through your entire graduate school career. 
 
3) It’s all about the passion. 
 I’m looking for passion in graduate students who are considering my lab. Again, I feel that passion is often 
reflected in ones past performance. While a high college GPA does not predict success, it does show that a 
prospective student can stay committed to a goal and work hard, qualities that are instrumental in graduate 
student success. I try my absolute best to be this type of person and scientist, and I want and expect the same 
from members of my laboratory. 
 
4) Graduate school is not the time to learn how to write. 
 This may be the least fair of my ten points. I expect all prospective students entering a Ph.D. program to 
have a good command of written English. If you do not write well, you will have a very difficult time succeeding 
in graduate school or in a scientific career. This may sound harsh, but it is true. Scientists who do not write well 
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will be unable to get their work published or funded. 
During graduate school, you will learn how to communicate as a scientist. You will learn how to synthesize 
others’ research findings, develop your own thoughts, and communicate your research. These advanced skills 
cannot be learned without a mastery of basic English composition. If you cannot write a proper sentence or 
structure a paragraph, you may not be a good fit for my laboratory. 
 
5) Students should strive to finish their Ph.D.s in four years. 
 The average student at UW-Madison obtains a Ph.D. in approximately five years. Elsewhere in the world, 
the average is closer to three years. The beginning of graduate school is designed to expand the scope of a 
student’s knowledge while teaching him or her how to research, while the following years focus on developing a 
depth of knowledge in a highly specialized niche. Learning *how* to develop this knowledge is important, as is 
learning how to apply it successfully in a research lab. Unless you are going to continue researching in the same 
niche, there is a definite point of diminishing returns. Publishing early and often will accelerate Ph.D. 
completion. 
 
6) Classes are worth what they are worth to you. 
 If you haven’t heard it yet, you will eventually hear the adage “B equals Ph.D.” This is largely true. Classes 
in graduate school are important, but not as important as research. In my opinion, students should be selective 
and truly apply themselves to those courses that genuinely spark their interest. But remember that most graduate 
student learning occurs in the lab, not the classroom, and that it is your research pedigree, not your class rank, 
that will impress your post-graduate employers. 
 
7) Graduate students should be well-rounded. 
 The philosophy above may lead you to think that I accept nothing less than single-minded dedication to 
research. I do have high expectations, and meeting these expectations will require hard work. Lots of hard work. 
But it is important to have outside interests. Burn-out is all too common among graduate students. I personally 
guard against burnout by carving out time with my wife, keeping a regular schedule, and participating in sports. 
During graduate school, I ran a lot and found it cathartic. A few years later, I started playing ultimate Frisbee. 
Then basketball. Then softball. When I destroyed my ankle playing Frisbee, I started biking. Last summer we 
started a soccer team. Last winter I started playing in a racquetball league. Most nights in the summer, I have 
some sports competition after work. Sports are my release from the pressure of work, and I think graduate 
students need to have something outside of work to counterbalance work demands. But remember that work is 
demanding. I am not going to count the number of hours a graduate student works because, as I mentioned 
elsewhere on this website, I fear that this leads to confusion between activity and achievement. I want 
achievement, not activity. The truth, though, is that the life of a successful graduate student is demanding, with 
the research imposing hefty demands on his or her time. Success in graduate school is typically incompatible 
with extremely time-consuming outside interests (e.g., participating on traveling sports teams or holding a 
second full time job). 
 
8) A graduate student is not a technician. 
 It is important that graduate students are responsive and open with me. Early on, students will probably be 
asked to participate in lab projects, using our existing lab protocols. Throughout graduate school, they will be 
expected to conform to the systems we have established for notekeeping, organization, maintenance, etc. As their 
projects take shape, students will need to become experts themselves. I am coordinating a large number of 
projects and feel that my primary job is to provide the resources and environment conducive to success. Students 
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should know more than me about their projects. They should have a better grasp of the literature. They should be 
driving the evolution of their projects and designing innovative experiments. I expect that graduate students will 
be the engine that propels my laboratory, and this requires independence both in thought and action. Learning to 
think independently during graduate school will prepare students for the future, where prospective employers 
will expect them to think themselves, not simply follow the instructions of others. 
 
6.3.  PhD Student Responsibilities 
 
 PhD students are responsible for working towards completion of their degree programs in a timely manner. 
In addition to gaining expertise in a particular field of study, PhD students are expected to expand the 
knowledge of that disciplinary field by discovering and pursuing a unique topic of scholarly research, resulting 
in the PhD dissertation. It is the student’s responsibility to ensure continued progress of his/her academic 
program and thesis research. Students have a responsibility for the following aspects of their program. 
 
Research, Teaching and Training 
 
Timeframes: to work effectively towards completion of the degree in a timely manner. 
 
Academics: to learn the existing theories, practices and research methods of the discipline and to 

apply these in the student’s research and teaching. 
 
Thesis: to discover and pursue a unique topic of research in order to construct new 

knowledge and to apply this knowledge to existing problems and issues. 
 
Communication: to communicate regularly with faculty advisors and thesis exam committee members, 

providing these faculty with updates on the student’s progress within the program 
and updates on results of research activities. 

 
Integrity and ethics: to assume the highest integrity and maintain ethical standards in all aspects of the 

student’s work, especially in the tasks of collecting, analyzing, and presenting 
research data. 

 
Laboratory notebooks: where applicable, to maintain detailed, organized and accurate laboratory notebooks 

and records. When a student leaves the lab, the notebook and all research data remain 
the property of the laboratory. 

 
Teaching: to take teaching duties seriously and to use all teaching experiences to enhance the 

student’s effectiveness as an instructor. 
 
Professionalization: to contribute, wherever possible, to the scholarly discourse of the discipline through 

presentations and publications. The student should attend and participate in 
appropriate meetings, colloquia, seminars and group discussions that are part of the 
educational program, and the student should submit all relevant research results that 
are ready for publication in a timely manner. 

 
Work environment: to help maintain a clean and safe work environment, including, but not limited to, 

office space, laboratory spaces and common spaces. 
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7.  Supplemental Information for Safety in the Laboratory 
July 1st, 2011 

 
7.1.  General Personal Safety Guidelines When Performing Experiments in the Laboratory 
 
1. Always wear a lab coat 
2. Always wear gloves 
3. Wear closed toed shoes 
4. Use eye protection 
5. Always display content of sample on containers (Disposal of unknown samples is extremely disagreeable). 
6. Always tidy up a desk immediately after finishing your experiment. 
7. Always lock the experimental room door when the room becomes empty (if someone takes chemicals to use 

them for the wrong purpose, you will get involved in crime). 
 
 
7.2.  Fume Hood Safety Guidelines 
 
1. Keep the hood sash closed whether experiments are being done or not 
2. Do not store chemicals or samples in the experimental fume hoods 
3. Keep the hoods clean and free of clutter 
4. Always keep the hoods running, if the hoods are off, chemical vapor can flow back to the lab room. 
 
 
7.3.  Waste Manifesting and Waste Disposal 
 
1. There are three primary types of liquid chemical waste in our laboratory. Please separate your waste 

according to the three types (halogenated solvents, aqueous waste, organic waste).  
2. Keep a record of the amount and type of waste you create, this is required information for waste disposal. 
3. Solid waste must be collected separately (solid chemicals, contaminated paper, etc). Please manifest this in the 

designated waste box. 
4. The laboratory also has trash boxes for uncontaminated paper waste (burnable), recyclable plastic, and rubber. 

Please do not put toxic chemicals in these trash bins.  
5. Acids and bases are to be manifested separately and must be neutralized before disposal. Please manifest 

acids and bases separately, neutralize them, then they may be considered aqueous waste.  
 
 
*Special Note: Aquaregia is a particularly strong and dangerous acid. It may be kept for short periods of time in 

the waste hood while in use (approximately 1 week or so). Keep this acid in a sturdy bottle with a loose cap. The 

active acid will produce vapors that cause an explosion hazard in tightly closed bottles. Do not leave aquaregia 

completely open in the hood, the strong acid vapors etch and degrade the hood. 
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8.  Guidelines for the Lab Group Meeting 
July 31st, 2012 

 
Purpose of the Group Meeting: The group meeting is a chance for both the presenter and the audience. The 
presenter has the chance to explain their most recent data and studies to the laboratory group, receiving valuable 
feedback and ideas/instruction for future experiments. The audience has the chance to learn about the recent 
advancements made by others in the lab and gain knowledge in their own studies. The Group Meeting is 
important because it allows members to learn about all of the research projects in the group. All of the lab 
members should be familiar with each other’s research and should be able to explain it if necessary.  
 
Role of the Research Progress Presenter: For those presenting their Research Progress, the presentation allows 
you to show your recent results with the purpose of discussion and obtaining criticism and feedback. In general, 
the presentation should include a brief introduction to your research, it should include experimental details such 
as synthesis technique and parameters, the experimental results should be shown and explained, with your 
conclusions and any future plans at the end. The data does not have to be completely processed and even raw 
data can be shown for discussion.  
 
Role of the Paper Reviewer: For those presenting a literature review, your job is to explain to us the content, 
conclusions, and how these relate to our own research. You must include the paper title, journal of publication, 
author names and affiliation in your presentation. Also include the original figures from the paper, if there is 
excessive data that is unnecessary, you may omit it. Explain the paper fully in a way the audience can 
understand. Do not present the literature review as your own work.  
 
Role of the Audience: The audience has the responsibility to learn and understand about others research projects 
and ask questions of the presenter to clarify anything you did not understand. The role of the audience is not to 
“Test” the presenter (except when occasionally preparing for conference presentations or defense), but to 
familiarize themselves with others research projects. The audience should offer constructive criticism of the 
research with justification, the group meeting is an opportunity to refine and improve the research direction and 
your own knowledge. This criticism should ONLY occur within the group meeting and should not be seen by 
those outside the group.  
 
The Group Meeting Schedule: The Group Meeting Schedule is planned well in advance by Maenosono Sensei 
and is easily accessible in the lab room or on the Laboratory Website. Presenters should check the schedule early 
and prepare their presentation materials in advance. If there is a conflict (i.e. you have a test the same day), then 
you should notify Maenosono Sensei in advance so that me may amend the presentation schedule. For the 
audience, you should plan your schedule and experiments around the posted group meeting times. Your 
experiments should not conflict with the group meeting schedule except in extreme situations (such as for 
instruments with very limited use time, i.e. SQUID). Everyone is expected to attend the Group Meeting.  
 
The frequency of your presentations is partially decided based on your upcoming deadlines (preparation of 
manuscripts, defense, conferences, etc). For this reason you may sometimes have more frequent presentations 
when you have a deadline approaching. This is not meant to make you busier; instead it is to give you a chance 
to frequently receive feedback on your research to prepare for your deadline. Your research progress is dictated 
by the schedule that you make for yourself, and should proceed at a steady pace regardless of how often your 
group meeting presentation is. If you feel the group meeting schedule is too rapid for your pace, you should 
consult with Maenosono Sensei well in advance so that the schedule can be revised. 



20 

9.  Never Back Out at The Last Minute 
  
 You should not back out at the last minute or make a last-minute change to the plan, if you take your 
profession seriously. Such behavior is called “Dota-Kyan” in Japan. You will lose your trust, if you do 
“Dota-Kyan”. 
 
 “Dota-Kyan” is one of the most impolite and inappropriate actions not only in Japan but also among the 
international community. If you do “Dota-Kyan” frequently, you must be considered an unreliable person with 
little or no sense of responsibility. Consequently, the odds are against you. 
 
 You should do your best to avoid “Dota-Kyan”. But, there are times when you are not able to stick to the 
original schedule because of a serious problem, such as parents’ death, illness, and accident. In such cases, you 
must notify persons involved as soon as possible. 
 
 In the same sense, it is necessary to exert the utmost effort to meet the deadline. If you ignore a deadline 
without any convincing reason, it will have the same outcome as “Dota-Kyan”. 
 
 
 

Shinya Maenosono 
Professor, JAIST 
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