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Chapter | - Research Problems, Approaches, and Questions

A Sample Research Problem - The High School and Beyond (HSB) Study

Imagine that you are interested in the general problem of what factors influence mathematics
achievement ot the end of high school, Yau might have some hunches or hypotheses aboul such
faclors based on your expericnces and yonr reading of the research and popular lilerature, Some
factors that might influence mathematics achievement are commonly called demographics; e.g.,
pender, ethnic group, and mother's and father's education, A probable influence would be the
mathematics courses that the student has taken, We mmight specnlate that grades in math and in
other subjects could have an impact on math achicvement.” However, other “third” variahles,
such as students’ 10) or parent encouragement and assistance, could be the actual causes of high
math achigvement. Such extraneous variables could influence what eourses one tool, the grades
ane received, and might be correlates of the demographic variables. We mighl wonder how
spatial performance scores such as patterniinosaic score and visualization score might enter into a
moers complete understanding of the problem and whether these skills seem to be influenced by
the same factors as math achievement. Finally, students” attitudes about mathematics might be
factors affecting these math achisvement scores,

Before we state the rescarch problem and questions in more formal ways, we need to step back
and discuss the types of variables and the approsches that might be used to sudy the sbove
problem. Think about what are the indeperdentiantecedent (presumed conges) variables and
what are the dependent/outcomes varlablefs) in the above problem. Hopellly, it is abvions that
math achisvement is the primary dependent varnahle,

Criven the above research problem, which focuses on achievement tests ol the end of {he senior
year, the number of math courses tuken is best considered 1o be an antecedent or independent
variable in this study. What about father's and mother's education and gender? How would you
classify ethnic group in terms of the type of variable? What about prades? Like 10) and parent
encouragement they would be independent vaniables, but, as with any study, we were not able to
measure all the varables that might be of interest. Visualization and mosaic pattern scores could
probably be either independent or dependent variables depending upon the specific research
question. Finally, the math attitnde questions and the resulting composite or scale scores derived
from them alse could be either independent or dependent variables, but probably
independent/antecedent variables in this study. Mote thal student’s class or grade level is nat a
variable in this smdy becavse all the participants are high school seniors {ie., it does not vary; it
ia the population of interest).

As we have discussed, independent variables can be aetive (given to the participant or
manipulated by the investigator) or adtethudes of the participants or their environments. Are there

[regresaion) approach 1o datn analysis, Hewever, the proctical implications oro that most researchern adloes 1o the
nbove dichotomy in dain analyas.

* We have decided o use the short version of mathematics (i.e., math) theeughout the book to save space, because

it is nsed in commaon langenge, and because it is the name of severn] variobles (=g, mathock, mathee) in the sample
sy,

Chapler 1 - Research Problems, Approaches, and Cuastions

any getive independent variables in this study? Mol There 15 no mervention, new curriculum, or
something similar. All the independent variables, then, are attribule vanables because they are
atfributes or characteristics of these high school students. Given that all the independent variables
are attributes, the research approach eannor be expertmental or quasi-expevinenial, The

proposed study is basically an individual differences one that will use the comparative,
asociaiional, and deseripeive approoches, This means that we will rot be able 1o draw definite
conclusions about canse and effect {i.e., we will find out what is related to math achievement, but
we will not know for sure what causes math achiovement).

Research Questions for the Modified HSE Study'

We will generate a large number of ressarch questions from the modified HSB data set for
Assignments A - L and M, Assignment M uses a different data set thal you will enter. In this
section, we will list one research question to be answered in each of the assigmments to give you
an iden of the range of Lypes of questions that one might have in a typical research project like a
thesis or dissertation. In addition to the difference and asseciations! guestions that ave commonly
geen in o research report, we have asked deveripfive guestions and questions about assumptions
in the eacly assipnments. Templates for writing the research problem and research questions!
hypotheses are piven in Appendix A; it should help you write questions for your own research,
The questions below correspond to the lab assignments in Chapters 4-18,

1} CHilen, we starl wilth basic deseriptive questions aboul the demographics of the sample. Thus,
w canld answer, with the resulls of Assignment A, the [ollowing basic descriptive question:
“What ig the averape educational level of the fathers of the students in this sample?

21 Additional basic descripiive questions about the sample will be answered in Assignment B,
For example, “Whal percentages of the students are male and female?™

3} In Assignment C, we produce a number of newdransformed variables such as thres summaled
scales assessing math attitudes. In this assignment we will examine whether the dependent and
continuous independent variables (those that might be used Lo answer associational questions) are
distributed normally, an essempiion of many statistics. The question is, “Are the frequency
distributions of the three math attitude scales markedly different from the normal eurve
distributicn?™

41 We will produce eross-tabulalion tables in Assignment D and ask *Ts the association hetween
gender and math grades statistically significant? This is a basic associationsl question.

T e High School and Beyond (HSE) study was conductad by the National Opinion Research Center { L#0). The
example, discussed here and throughout the book, 15 based on 13 variables abtaied from o random somple of 75
aut of 28,240 high school seniors. Thesa varinbles include achicvement scores, grades, i demagraphics, The raw
data for the 13 vannbles were abtained from an appendix in Hinkle, Wiarsma, and Jurs (1994). Mote that sdditional
varisbles (ethaicity and math attitades) wit realistic but fictitows data have been added 1o e HSE data set in order
1o provide examples of common additional types of analysis {e.g., sommated scales and Cronlach’s alpha).
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5) 1nl Assignment E, we will snswer additional basic associational rosenrch quostions (using
Pearson product-moment correlation coslficients) such as, “1s there a posilive
association/relationship between grades in high school and a math achiovement ™

‘This assignment also will produice a cormelation matrix of all the associations among seven key
variables including math achievement. Similar matnxes will provide (he basie for the answers to
the inswes raised in Assigniments F, G, ol 1,

) Assignments F and G are not really intended to provide answers (o the research problem
posed at the beginning of this section. Assignment F will deal with the issue of whether our
conceplualization that there are three aspects of attitudes about mathematics (pleasure,
maotivation, and competence) is consistent with the ways the students answered the 13 attitude
itema, The research question might be phrased, “Using the SP'SS fuetor analysis program, will
the 13 math attitude itema/questions cluster into the same three sets of questions that we
proposed conceptoally?™ This is scomplex descriptive question,

T) Whether there is intemnal consistency reliability of the summated scale scores (determined
conceplually or from factor analysis) is another important assimiption 1o test before proceeding
with the formal research questions, This jssue could be phrased, “Aro the three seale scores
oomputed from the math atlitude guestions internally consistent? There are also other important
measures of reliability that will be computed in Assignment G,

E) Assignment H will ask and answer a key rescarch question which is o compler associational
question; *'1s there a combination of math sttitudes (molivation, compelence, and pleasure),
grndes, Tother's and mother's edueation, mnd gender that predicts msth achievement better than

any one of them alone, and, i 50, what is the best combination?" Assignment 1 will answer
similar guestions.

91 Several basic difference guestions will be asked in Assignment J. For example, “Do males
and females differ on math achievement and grades in high schoal?™

10} Basic difference guestfons in which the independent variable has three or more values will
be asked in Assignment K. For example, “Are there differences among Euro- American, African-
American, Hispamic-American, and Asian-Amenican students on math achievement ™

1) Complex difference questions will be asked in Assignment L, One sef of three guestions is as
follows: (1) “Is there o difference between students who have fathors with no eollege, same
college, and & BS or more wilth respect to the student’s math nehievement? (2) “Is there a
difference between students who had an A or B math grade average and those wilh less than a B
average on a math achievement test al the end of high school™ and (3} “1s there an interaction
Ietween father’s education and math grades with respect o math achievemem ™

12) Assignment M will deal with reponted measures and mixed AMOYA questions using a
different data set that you will enter into the computer.

14
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14 Finnlly, Assignment N will answer complex difference questions sinilar to those in
Assignments 1 and K when more than one dependent varighle is congideral simullanecusly.

Anaflier way 1o group these resenrch questions that we have found useful is as follows:

) Deseriptive statistics aboul the demagraphics of the "mm'.nh"l

b} Tests of assumptions such as that the key variables are distributed normally and the
instruments arc assessed reliably.

¢) Tesls of the specific research questions posed by the researcher, based on the research
problem. These can be descriptive, associational, andfor difference quul:'aml.

d)  In addition, we aften test other supplementary guestions, which may be side issues or may
arise after we have written the proposal or even after the data have been collseted and

malyzed.
This introduction to the research problem anil questions raised by the HSB data set should help

make the assignments meaningful, and it should provide a guide and examples for your own
resonrch.
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! CHAPTER 3

Measurement and Descriptive Statistics

According to 5, 8. Stevens (1951, “Tn its broadest sense mensurement is the sssignment of
numerals o objects or events according (o mles” (pol) As we have seen in chapler 1, the process
of research beging with a problem that is made up of & question about the relationship between
two, or usnally more, variables, Measurement is introduced when these variables are
operationally defined by cortain rules which determine how the participants” responses will be
translated into numerals. These numbers can represent nonordered calegories in which the
pumerals do not indicate a greater or lesser degree of the charactenatic of the vanable. Stevens
went on to deseribe four seales or levels of measurement that he labeled: nominal, ordinal,
interval, and ratio. Stevens and most writers since then have argoed thal the level or scale of
measurement used o collect data is one of the most imporlant determinants of the types of
stafistics that can be done appropriately with that data. A5 implied by the phrase "levels of
measurement,” these types of measurements vary from the most basic (nominal) fo the highest
level (ratio). However, since none of the statistics that are commonly used in social sciences or
education require the use of ratio scales we will not discoss them to any extent.

Nominal ScalesVariables

These are the most basic or primitive forms of geales inwhich the numerals assigned to each
calegory stand for the name of the category, bt have no implicd order or value, Males may be
pasigned the pumernl 1 and females may be coded ps 2, This does nol imply that females ore
higher than males or that two males equal a female or any of the ofher typical mathematical uses
of the numerals. The same reasoning applics to many other true nominal categories such as

cthnic groups, type of disability, section number in a class schedule, or marital status (e.z., never
married, married, divoreed, or widowed), In each of these cases the categorics are distinel and
nonoverlapping, bul not ondered, thus each category in the variable marital status is different
from exch other but there is no necessary order to the categories, Thus, the four categories could
b numbered 1 for never married, 2 for married, 3 for divorced, and 4 for widowed or the reverss,
or any combination of assigning a member 1o each culsgory, What this obviously impliss is that
you must not treat the numbers used for identifying the catepories in & nominal scale as if they
were numbers that could be used in a formula, added together, subtracted from one another, or
used to compute an average. Average marital status makes no sense. However, iFons asks a
camputer to do average marital status, it will blindly do so and give your meaningless
information. The important thing about nominal seales is to have clearly defined, nonoverlapping
or mutually exclusive categories which can be coded relinhly by observers or by self-report,

Oualitative or naturelistic researchers vely heavily, ifnot exelusively, on nominal scales ad on
the process of developing appropriste codes or categories for behaviors, words, efe, Although
namg qualitativenominal scales does deamatically reduce the types of statistics thal con be nged
with your data, it does nol allogether eliminate the use of statistics to summarize your data and

L

make inferences. Therefore, even when the data are nominal or qualitalive calegorics, one's
research may benefil from the use of appropriate statistics, We will return shortly to discuss the
types of statistics, both deseriptive and inferential, that are appropriate for nominal data.

Diekotomons Virfohles

It i often hard to tell whether a dichotomous variable, one with two values or categories (e_g.,
Yes or Mo, Pass or Fail), is nominal or ordered and resgarchers disagree. We argus that, althongh
some such dichotomous variables wre clearly nominal {eg., gender) and olhers are clearly
ordered (e.g., math grades--high and low), all dichotomons variables form a special case.
Statistics such as the mean or variance would be meaningless for a three or moere calegory
nominal variable {g.g., ethnic group or marital status, as described ahove). However, such
slatistics do have meaning when there are only two calegories, For example, in the HSE data the
average gender s |55 (with males = | and females = 2). Thiz means that 55% of the participants
were females, Furthermors, we will see in Chapter 12, multiple regression, that dichotomous
variahles, called dummy variables, can be nsed as independent variables along with other
variables that are interval scale, Thus, it is not necessary o decide whether a dichotomous
variable is nominal, and it can be treated as iF it were interval scale.

Table 3.1, Descriptions of Scales of Measuremend With Dichotomous Vaviables Added

Scale Deseription

Maminal = 1 or more unordered or nominal calegories
Dichlomaous =1 eategories either nominal or ordered (special case)

Cirdinal =13 or more ordered categories, bul elearly wnequeal intervaly
hetween categories or ranky

Interval =3 or more ordered categories, and approximately equal
intervals between categories

Ralio = 3 or more ordered catepories, with equal intervals berween
celepories and a frue zero

Crrdlisal Seales/Viariables (Le., Unegual Tntervad Seales)

In crdinal scales there are not only mutuslly exclusive categories as in nominal scales, but the
eilegories ore ondered from low to bigh in much the same way tht one would rank the arder in
which horses finished a race (1.6, frst, second, thivd, ..Jast). Thus, in an ordingl seale one knows
which participant is highest or most preferred on a dimension but the intervals between the
various ranks arc not equal. For example, the second place horse may finish far behind the
winner but only a fraction of a second in front of the third place finisher, Thus, in this case there

26



ORGAN George A and Griego V. ORLANDO. 1998, Easy Use and Inferpretation of SPSS for Windows:

Answering Research Questions With Statistics, Mahwah: Lawrence Eribaum Associates.

'Lm

are ynedquil infervals between first, second, and thind place with a very small interval betwesn
second and third and a much larger one hetween first and second.

Tevdervad and Ruclo Seales/Varlables (e, Egqual Interval Seales)

[nterval scales have not only mutually exclosive eategories that are ordered from low to high, bat
also the categories are equally spaced (1., have equal intervals between them). Most physical
measurements (length, weight, money, ete.) are ralio scales because they not only have cqual
intervals between the values'categonies, but also have a true zere, which means in the abave
examyples, ne length, no weight, or no money. Few paychological seales have this property of a
{rue zero and thus even if they are very well constructed equal interval scales, it is not possible to
say that one has ne intelligence or no extroversion or no allituds of a cerlain bype, While there are
differences between interval and ratio scales, the differences are not important for us becanse we
can do all ol the types of statistics that we have available with interval data. As long as the scals
has equal intervals, it 15 nol necessary (o have a troe Zero,

Iistingeadsling Between Ovdinal and Inferval Scales

[tis usually furly casy to tell whether three categories are ordered or not, so students and
rescarchers can distingnish between nominal and ordinal data, except perhaps when there are
only two categories, and then it does not matter. The distinction between nominal and ordingl
makes a lol of difference in what statistics are appropriate, However, il is considerahly harder to
distinguish between ordinal and interval data. While almost all physical measurements provide
either ratio or interval data, the sitwation is less clear with regard to psychological measurements.

When we come Lo the measurement of psychological charneleristics such as attitudes, often we
cannol be certain about whether the intervals between the ordered categories are equal, as
required for an interval level seale. Supposs we have a five-point scale on which we are to rate
our attitude about o cerlain stalement from strongly agree 25 5 to strongly disagree as 1. The issue
i whether the intervals between a rating of 1 and 2, 2 and 3, 3 and 4, and 4 and 5 are all equal or
nol, One conld argue that because the numbers are couilly spaged on the page, and becanse they
arc equally spaced in terms of their numerical values, the subjects will view them as cqual
intervals, However, especially if the in-betwesn points are identified (c.g., strongly agree, agree,
neutral, disagree, and strongly disagree), it could be argued that the difference between strongly
agree and apree is not the same as between agree and neutral; this contention would be hard to
disprove, Some questionnaire or survey ilems have response calcgories that are not exactly equal
intervals. For example, let's take the case where the subjects are asked to identify their age as one
of five categories: 21 1o 340, 21 to 40, 41 to 50, 51 to &0, and 61 and above. Tt should be clear that
the last category is larger in terms of number of years covered than the other four eatepories,
Thus, the age intervals are not exactly equal, However, we would consider this scale and the ones
showve 1o be at least approximarely interval,

O (e other hand, an example of an ordered scale that is clearly not interval would be one that

wsked how frequently subjects do something, The answers go something like this: every day,
nee a week, once a month, once a year, once every 5 years, You can see that the calegories
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hecome wider and wider and, therefore, are naot equal intervals, There is clearly much more
difference between 1 year and 5 years than there is between 1 day and 1 week, Most of the above

information is summarized in the top of Table 3.2,

i

Table 32 Selection of Appropriate Deseriptive Statisiics Sor e Dependent Varlalle

LeveliSeale of Measurement of Varialile

Mominal Ordinal Tnterval or Ratio
Chn_m{:!r::isﬁr:ﬁ of the - Qualitative data - Cuanfilative data - Cuantitative data
Varizble - Mot ardered - Oedered data - Ordessd duea
- True categories: only - Rank order cnly - Boqual intervals
names, labals betwean values
Exarmples Gender, school, Tst, 2nd, Jrd pluce, Agze, baight, gaid test

curriculunm type, hair
calor

mnked profesances

seares, pood ratiag

neales

Froquency Dhstrbution

Frequency Polygon!
Histogram
Bnr Graph or Chart

Cepirad Tendency
Mean
Medion
Mode

Varinbitity
Standard Deviation
Range
How many categories
Percent in each

Shipre
Skewness
Eurtoais

Tedhead- 1
Blopd - LI
Brunette - 1

M
M
Yea

Mo
Mo
Yes
Yes

Mo
Mo

Test - I
Better - 1
Giaad - 1

Vs

Tee

Bean Kok
Yea
Wea

ol Banks
Yes, but!
Yes
Yes

™o
Wi

Lol - I T A
=

Yeu
Yes
Tes

Yes

" The range of erdinal data may well be misleading
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