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Abst ract  

In this article, we discuss how to construct a questionnaire. We 
point out the need to use any previous research results to reduce 
the overheads of  survey construction. We identify a number of 
issues to consider when selecting questions, constructing 
qu~'-tions, deciding on the type of questien and finalizing the 
format of  the questionnaire. 
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In t roduct ion 

In this installment of our series, we turn to how to construct a 
survey instrtnnent_ Survey instruments, which are usually 
questionnaires, are constructed using the following steps: 

• Search the relevant literature. 

• Construct an insh'ument. 

• Evaluate the instrument. 

• Document the instrmnent. 

We discuss the first two steps in this article and the next two 
steps in the following article. As usual, we use the three surveys 
described in Part 1 of  this series ([3], [4] and [5], plus the 
questicmnaire in Appendix 1) to illustrate good and bad practice 
in software enginesaing survey research. 

Searching the l i terature 

As with any good investigative study, we must begin our work 
by looking through the literature. We need such searches to 

• Identify what other studies have been done on the topic. 

• Determine how the previous studies' researchers collected 
their data. In particular, we want to find out what 
questionnaires or other data collection mechanisms were 
used. 

There are many reasons for knowing what has come before. 
First, we do not want unknowingly to duplicate someone else's 
research. Second, we want to learn from and improve upon 
previous studies. For example, ff  previous studies have 
developed relevant validated instrmnents or questiens that we 

ach3pt, it  makes our own sm'vey easier to administer and 
validate. Similarly, ff other researchers had problems with 
response rates, we will be aware of the need to adopt measures 
to address this problem. Finally= other studies may give us 
ideas about variables and issues we need to c~msider in 
designing our own studies. 

Gett ing started: new or reused? 

In software engineering, we open start from scratch, building 

models of  a problem and designing survey inslruments 
specifically for the problem at hand. However, m other 
diseiplines, it is rare to develop a new survey instrument. 
Researehers usually rely en using existing instrumemts, perhaps 
tailored slightly to accommodate variations on a CenlLmon 
theme. This reliance on standard instrumentation has two 
important advantages. 

1. The existing instruments have ~ y  been assessed for 
validity and reliability. 

2. By using common instruments, it is easy to compare new 
results with the results of  other studies. 

When researchers in other disciplines cannot use an existin8 
instrument, they are often able to amend existing instruments. 
An  instrument might be amended ff  

• It is too long to be used in entirety. 

• A different population is being studied from the one for 
which the original instrument was designed. 

• It needs to be translated. 

• The data collectien method is different in some way from 
the original inslrument's data collection. 

However, we must take care when considering amending an 
instrument. Our changes may inlroduce complicatiens that 
make the research more difficult. For example, 

• I f  the original instrument is copyrighted, we may  need 
permission to change it. 

• We must repeat pilot testing of  the instmmenL 

• The new instrument must be assessed for validity and 
reliability. 

Unfortunately, because most survey instruments in software 
engineering research are developed from seratch, we introduce 
these and many other problems. In  particular, software 
engineering research instruments are seldom properly validated. 
For these reasons, the remainder of  this article focuses on the 
care needed in designing a new survey instrument. 

Quest ion select ion 

A survey asks the respondents to answer questions, so our 
starting point in desiLming the survey instrument should always 
be the survey's purpose and objectives. These define the 
context of the survey and toll us what areas to cover and what 
types of  information we need. In general, the purpose of  a 
survey is wider m scope than the survey's objectives. The 
purpose concerns the hoped-for outcomes of  the survey and so 
constrains the scope of questions. The more clearly the propose 
is stated, the better. The specific objectives o f  the survey refer to 
the precise infoimativn the s torey is to collect. Objectives may 
sometimes be formulated as research questions or research 
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hypotheses, but they may also be just simple statements. No  
matter how the objectives are stated, i t  is esseatial that the 
survey questions relate directly to the survey objectives. 

When deciding what  to ask m the survey instrument, there are 
several other factors to be considered: 

Understanding the respondents. 
Questions must be formulated m a way that respondents can 
answer them easily and accurately. For  example, we can make 
assumptions about reading ability or level when surveying 
computer science graduates that may be inappropriate when 
stwveying u s e s  of software-intensive products. I t  is also 
impurtant to make sure that respondents have sufficient 
knowledge to answm the questions. I t  can be extremely 
frustrating to be asked questions you are not in a position to 
answer. For example, of  the three surveys described in Part  1 of  
this series, two of  the surveys (Lethbridge's  surveys [3], [4] and 
the Finnish survey [5]) asked respondents about their personal 
experiences. In  c~mtrast~ our survey of  technology adoption 
asked rcspondents to answer questions such as 

'~Did your company evaluate this technology" Yes/No 

"'Are you now using the technique in some production 
work or most production work?'? Yes/No 

In  this case, we w ~ e  asking people to answer questions on 
behalf  of  their  company. The questicms may  have caused 
difficulties for respondents working in large companies or 
respondents who had worked for the company only for a 
relatively short period ot'time. 

We must  also take care to consider the t imeframe from which 
we want the respondents to draw their answers. We may  get 
inaccurate responses i f  we ask peoplc about events that 
happened long in the past. Mc~oveL we must make the 
t imeframe clear. For  example, suppose the technology under 
consideration is object-orientation. I f  we ask 

' ~ i d  your company evaluate this technology" Yes/No 

we may  find that the company evaluated OO before the~e were 
supporting tools and methods. I t  may not be fair or suit ot~ 
objectives to compare the answer from this respondent with one 
who evahmted the technology a f t~  the supporting tools and 
methods were available. Thus, it  is essential that  we specify the 
time period from which we would like our answers drawn. 

Asking an epprop#ate number of questions. 
Each of us has, at one t ime or another, received a questionnaire 
that is daunting simply in terms of the ntmlber of questions 
posed. For  example, the long form of  the U.S. cev.sus has 
dozens of  questiens end can take a very long time to fill ou t  
Thus, i t  is important  to keep in mind that the number of  
questiens you can realistically ask in a survey depends on the 
amount of  t ime respondents are wil l in  8 to commit to it. I f  we 
Imdertake a cold-call telephone sm'vey on a general topic, we 
should not  expect to require more than I0 minutes o f  the 
respondcnt 's  time. In  a self-administered questionnaire, we can 
ask more questions, but we need to be sure that we do not 
overload respondents; i f  we do, they may provide answers that 
are expedient but not  part icularly accurate or thoughtful. Same 
people may  be will ing to spend 30 to 60 minutes a n ~ g  a 
questimma~e. However, unless the topic of  the questionnaire is 

of  paramount importance to them, they are not  l ikely to spend 
more than two hours. Remember that the length o f  t ime to 
respond  is not  always related to the absolute number of  
questions. For instance, Leth lx /dge ' s  survey is very long. 
Although he asked only four main  questions, he asked them 
about 75 different subjects and added a further 12 demographic  
questions. 

I f  we have ton many questions, we may  need to remove some. 
Questions can usually be grouped together into topics, whenm 
each topic addresses specific objectives. One way to prune 
questions is to identify a topic that  is addressed by many  
questions, and then remove some of  the less v i ta l  ones. Another  
way is to remove some groups of  questions. Keep in mind,  
though, that such priming sometimes means reducing the 
objectives that the questionnaire addresses. In  other words, you 
must maintain a balance between what you want  to accomplish 
and what the respondenm are willing to tell  yon. 

Standardizing response formats. 
One way to reduce the time taken to complete a survey is to 
have standardized response formats. For example, in attitude 
surveys, responses are usually standardized to an ordinal  scale 
of  the form: 

Strongly Agree, Agree, Disagrce, Strongly Disagree. 

I f  all responses are standardized, respondents know their  
choices for each question and do not have to take t ime to read 
the choices carefully, question by question. Thus, respondents 
can usually a n s w ~  more standard-format questions in a given 
t ime than non-standard ones. 

Question cons t ruc t ion  

Once we have an idea of  what we want  to ask= we must  give 
some thou~t to how we want to pose the questiens. We have 
see~ that standardized responses can be useful. There are 
additional guidelines to help us formulate the questions we ask. 
In particular, we want our questions to be purposeful and 
¢onvret¢. 

Purposeful questions 
The questions should be worded so that the respondent can see 
relationship between the intention of  question and survey 
objectives. I f  the purpose of  the question is not  clear, the 
respondent may very well ignore it or provide a less-than- 
thoughtful response. 

Concrete questions. 
Each question must  be precise and unambiguous. Often, we 
need to add e lar i fyh~ detail; for instance, ~ may include a 
tim© period to make a given question more p r e c i s .  We  must  
pay  particular attention to winding to avoid two-~lged 
questions; that  is, i f  a question contains two different ideas, i t  
may  confuse the respondent. 

Improving question construction 
There are several steps we can take to improve the general 
construction of  our survey questions. First ,  we can use t ime 
periods that are related to the impmtance of the question. In  
her book about asking survey questions, Arleme F ink  [2] 
recommends that the thneframe of  a year or more is acceptable 
for questions dealing with major life events. However, less 
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important matters may draw from periods e r a  month or less. 

Second, we must be sure to use conventional language. Not 
only does this mean relying on standard grammar, punctuation 
and spelling, but also using complete sentences that express a 
single idea. Never assume that your respondents know your 
terminology; i f  necessary, define a set of  terms for them, to be 
sure that you are working with the same understanding of  
vocabulary. For example, the words '~release" or "version" may 
have very particular meanings to someone with a background in 
configuration management, and very different meanings to 
someone who is a tester or requirements analyst. 

To see how wording can affect results, consider the two 
Lethbridge surveys. Each was on the same topic, but he 
ca'ranged his last question about each subject. In the first survey 
[3], question 4 was: 

"How useful w~mld i t  be (or have been) to learn mc~e 
about this (e.g. additional courses)?". 

In  his second survey [4], question 4 was: 

"How much influmw.e has learning the material had on 
your thinking (i.e. your approach to problems and your 
general maturity), whether or not you have directly used 
the details of  the material? Please consider influeace on 
beth your career and other aspects of  your life." 

The first version of  the question is considerably better than the 
second version, lamause the second version is more complex 
and thus more difficult to interpret and understand. In  
particular, the second version appears to be two-edged 
(referring both to approach to problems and to general maturity) 
and rather imprecise (since it may not be clear what "general 
maturity" really means). 

When vmrding question, s, we should try avoid the use of  
abbreviations, slang and colloquial expressions. Similarly, we 
should be careful about using jargon and technical expressious. 

As you can see in Appendix 1, our survey of  technologies posed 
questions about evaluation procedures in terms of how the 
respondent 's  company performed its evaluation studies. In  
particular, we asked questions about soft and hard evaluation 
techniques by defining them at the top of  two of the columna: 

Soft evaluation techniques: Read case studies, articles, 
talking with peers, lessons learned or other more anecdotal 
evidence? Yes/No 

Hard evaluation techniques: feature c .ompar i s~  
performance benchmark, or other more quantitative 
evidence? Y c ~ q o  

As you can see, these questions include jargon terms related to 
evaluation that may not be well-understood by the potenlial 
respondents. SimiLarly, ff you examine the list of technologies 
listed in the leR-hand column of our questionnaire, you will see 
that we use jargon there as well: CASE tools, Rapid 
Application Development, 4GLs, and more. Were we to design 
questions for such a survey now, we would spell out each 
technology and inehide a glossary to describe each one. Such 
information gives us a level playing field, making sure that the 
respondents have a common understanding of the terminology 
~ q B  U S ~ .  

One final caution: We should avoid using negative questions or 

statements, such as "Did you not use inspections because yon 
had inadequate evidence of their effectiveness?" Negative 
questions are usually more difficult to understand than 
straightforward ones, since they require an exercise in logical 
reasoning. 

Question Types 
When formulating qtmstions for a survey instrument, you can 
express them in one of  two ways: open or closed. A question is 
open when the r e spon~n t s  are asked to frame t h o r  own reply. 
Conve~Jely, a quest im is clo#ed when the respondents are asked 
to select an answer fznrn a list ofpredefinod choices. 

There are advantages and disadvantages to each type of  
question. Open questions avoid imposing any restr ict iom on 
the respondent. However, there arc many differertt ways 
respondents may choose to answer a question. Murenver, no 
matter how carefully we word the question, opan questions may 
leave room for m i s i n t ~ t i o n  and provision of  an irrelevant 
or confusing answ~.  Thus, opeax questions can be difficult to 
code and analyze. 

By resh-ietin__g respondents'  choice of  reply, closed questions are 
easier to analyze. In  fact, closed questions are the preferred 
format for mail  surveys. However, i f  we want  to use closed 
questions in our survey, we may need to include a ~ l o n e  of  the 
above" or "Don' t  know ~' answer when asking categorical 
questions. I f  we are using an ordinal scale, we may need to 
include a neutral response, such as '%lo preference,'" as the mid- 
point of the scale. There is some disagresment in the social 
science c~mnuni ty  about whether to include neutral or "don ' t  
know" responses. Some researchers feel' that such choices a l low 
respondemte to avoid answering a question. In  ore" view, i t  may 
be counter-productive to force people to answer questions they 
dort't want to, or to force them to make a choice about which 
they feel ambivalent. However, your decision about using a 
neutral category must depend on the particular requirements of  
the survey. 

With closed categorical questions, the respondent chooses one 
or more responses to a question. I f  we want the respondent to 
provide only one answer, it  is important to mlsore that  the 
categories are mutually exclusive. That is, it  should be 
impossible for an answer to fit into two or more categories at 
the same time, For example, suppose we are asking questions 
about defects, and we provide a set of  defect type categories that 
includes "design defect" a~d '~_nterface defect" but allows only 
one choice. This situation causes problems for a respondent 
who wants to report an interface defect that is also a design 
defect. 

We cannot emphasize enough the need far all response 
categories to be clearly understood. For attitude surveys, we can 
usually assumed that terms like "Strongly agree," "Agree" and 
so on are well-understood and do not  need further definition. 
However, understanding may not be obvious ff we construct our 
own scales. For example, Lethbridge gives some indication of  
the detail needed to define an ordinal scale in his survey. Each 
of  his four main questions has its own associated ordinal scale 
with respmmes det-med in the ccntext of  the q~,~tion. For  
instance, the question "How much did you learn about this at 
university or college" had the following scale: 

Sc, or© Definition 
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0 Learned nothing at all 

l Became vaguely familiar 

2 Learned the basics 

3 Became functional (moderate working knowledge) 

4 Learned a lot 

5 I_amrned in depth, became expert (learned almost 
ev~thmg) 

Although the intermediate points on the scale are a little vague, 
the ond points are clear and unambiguous. The respondents 
were asked to use the numerical value to respond to the 
questions. The numerical  value is referred to as the "score" for 
the response category. Lethl~idge 's  scale conforms to the 
normal standard of  using between 5 and 7 choices along an 
ordinal scale. Ordinal scale data can cause analysis difficulties, 
which will be discussed in later article. 

Lethbridge 's  scale is a reasonably balanced one. A scale is 
balanced when the two endpoints mean the opposite of  one 
another and  the intervals betwuen the scale points alq~ar to be 
about equal. Creating equal distances betwee~ the scale points 
is called anchoring the instrmnent. I t  is difficult to ercate an 
anchered scale and even more difficult to validate that a scale is 
properly an©hered. 

Most questionnaires include demographic questions (tlutt is, 
questions that describe the respondent). Many survey 
instruments put thezn at the front of  the questionnaire. However, 
Bourke and F i e l d ~  [1 ] suggest putting tham at the end instead. 
They point  out that demographic details may be off-putting at 
the start of  the questionnaire and so may discourage 
respondmats. 

• Have a good conlrast betwea~ print  and paper. 

s Stick to a font size o f  10-12. 

• Use s font that is easy to read. 

• Avoid italics. 

• Use bolding, underlining or capitals judiciously and 
consistmttly for emphasis and instructions. 

• Do not split instructions, questions and associated 
responses between pages. 

For information and instructions, use the following checklist: 

• Explain the purpose of  the study. 

• Describe who is sponsoring the study (and perhaps why). 

• Include a cover letter using letterhead paper, dated to be 
consistent with the mai l  shot, providing a contact name and 
phone number. Personalize the salutation i f  possible. 

• Explain iiow the respondents were chosen and why. 

• Explain how to return the questionnaire. 

• Provide a realistic estimate of  the time required to complete 
the questionnaire. Note that an tmrealistic estimate will  be 
counter-productive. 

Many of these issues are discussed in more detail in [1]. 

There are still many issues to be addressed before questionnaire 
conslructien is completed. We need to be sure that we have 
done our best to motivate potential respondents and we have 
avoided personal bias. l~ost importantly, we need to evaluate 
our instnnnent. These issues are discussed in the next article in 
this series. 

Q u e s t i o n n a i r e  F o r m a t  

For self-administmed qu~tionnaircs, it is important to eamsi&sr 
both the format of the questionnaire and the questionnaire 
insmmtions. For fro-matting printed questiommires, use the 
following cah~adist (much of which applies to Web-based 
que#dmmaires, too): 

• Leave a space for the respondonts to ointment on the 
questionnaire. 

• Use space between questions. 

• Use vertical format, spaces, boxes, arrows, etc. to maximize 
the clarity of  questions. However, do not overwhelm the 
respondent with "clever" formatting techniques 
(particularly for Web Questionnaires). 

• Consich~r the use of simple grids. 

• Consider the use of a booklet format. 
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Appendix 1: Our technology evaluation questionnaire 
Dear Executive, 

We arc sponsoring a study for (names of  researchers). I t  is only through our cooperative efforts with the academic community that  
we bring our commercial experkmces to the clasereorn. Thank you for your help. 

Please send a copy o f  the results to the attention of (name)  at the address on the reverse. 

This is a study of  how organizatierm evaluate system development technologies before adopting thmzt. I f  you are not sure or don ' t  
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know an answer, just leave the line blank. 
Technology/Technique section. 

Technolo~qTechnique  Did your 

Otherwise, it  is impor tan t  to answer YES or NO to the first section of  every 

Soft Evaluation Hard Evaluation 

4GLs 

Automated project 
management tools 

Back end lower CASE tools 

I n s p e ~ t i ~ o n g h s  

Da taba~  omfig, regret., 
repository tools 

Data warehousing 

Preliminary feasibility study 

Formal life cycle methodology 

Front end upper CASE tools 

company evaluate 
this tcclmology~ 

Yes No 

Yes No 

techniques: read case 
studies, articles, talking 
with peers, lessons 
learned, or other more 
anecdotal evidenco7 

Yes No 

Yes No 

Yes No Yes No 
! 

Yes No Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Graphical u s ~  interface (GUI) Yes No 
builders 

! 
Yes No Joint Application 

Development 

Knowledge-based tools/Expert 
systems/Fuzzy logic 

Yes No 

Yes No 

techniques: feature 
comparisons, 
performance 
benchmark, or other 
more quantitative 
evidenco7 

Are you now using the 
technique in ~orae 
production work or 
most production work? 

Yes No Some Most None 
! 

Yes No Some Most None 

Yes No Some Most None 
! 

Yes No Some Most Nene 

Yes No S o m e  Most N o n e  

Yes No " Yes No " Some Most None 
I i 

Yes No Yes No Some Most  None 
I [ 

Yes No Yes No Sore© Most None 
! ! 

Yes No Yes No Some Most None 
! l 

Yes No Yes No Some Most None 

i l 
Yes No Yes No Some Most  None 

! i 
Yes No Yes No Some Most  None 

Mcga=pa~ages (SAP, - Yes No - Yes No - Yes No " Some Most None 

Poopl©Sofl) 
! ! ! 

Metr/cs and data collection Yes No Yes No Yes No Some Most  None 

Yes No - Yes No - Some Most None 
i i 

Yes No Yes No Some Most None 

i i 
Yes No Yes No Some Most None 

Middleware Yes No 
i 

Object oriemtation design and Yes No 
code 

! 

Yes No O~sourcing of soRware 
development 

Post-deployment or post- 
mor ton  reviews 

Yes No Yes No Yes Nb 

Prototyping Yes No Yes No Yes No 
! ! ! 

Yes No Yes No Yes No 

Yes No Yes No 

Yes No Yes No 

Yes N o  Yes  N o  

Rapid Appl/cation 
Development 

Reuse of  existing components Yes No 
! 

Software process improvement Yes No 
activities 

Use of  COTS components Yes No 

Some Most  None 

Some Most  Non© 

Some Most  Ncm© 

Some Most None 

Some Most  None 

Some Most  None 


