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RESEARCH STRATEGIES IN HIGHER EDUCATION
Gecrge Semb
Depaxtment of Hupan Development

University of Kensns

ABSTRACT

hesearchers in high 2 education have traditionally used control=-
group/expsrimental-group techniques to compexe diffexent teaching
procedures, Such experimental designs, nowever, frequsmtly fail to
account for irdividusl differences in student pexformance and student
wreference, The present papor outlines two alternmative strategies
for evaluating teaching effectivensss, These includs: a) within= 0
subJect xeversal designsj and b) multiple haseline testing procedures,
Epch design w11l bs discussed in terms of its application to resesxrch
problems in higher education,

In reversal drsigns, the student is oxposed to different teaching
rrocedures during succesaive phases of & course. Chauges 1n performance
botween treatments are amalyzed elther on the basis of group averages,
or in terms of 1ndividual perfarmsuces, The reversal design becomes
gven more powerful ifl a second group of students goes through the
treatmants in opposite order, thus counterbalancling the two groups
for possible changes in difficulty across conditilons.

In the multiple baseline testing procedure, studsnts are given a
comprehensive examination before imiruction begins, aad at tiue end of

each successive phess of the course, This &llows the instructar to




demonstrate that changes &n perfcrmance are fanctionally xelated to
specific teaching procedures irtreduced during each phaae, Furihermers,
it provides a contimicus baseline measure over materisl which has not
becn trained, and & retention measurs over materia’l that has besn
trained, Percentage gains over baseline levols oan be used to measurve
differential offects of differemt teaching procedures, Similar to the
reversal design, the multiple baseline design allows the researcher to
nake statements about the effects of each procedurs on individuel

students,




In 1968, Dubin and Teveggls (1968) published & comprehenaive,
comparative analysis of several different teaching methods ~ lecture,
lecture-discussion, tutorial and independent self-study. Rather than
zccept authors' conclusions, they reanalyzed the data from some 91
studles comducted botween 1925 and 1965, The results? There wers no
reasurable differences snong truly distirstive methods of instruction
vhen evaluated hy student pexformance on midterm and final examimations.
Surpu:i_sing? Discsarraging? Expected? It all dapenﬁs.

Pexhaps midterm and final examinations do not, a8 somo have srgued,
zeasuwre what was really taught, which places thoir existence in question,
Perhaps midterns ard finsls are characterimd hy too much variability to
diseriminate even loxrge effects, Perhaps, &s Hilgaxd (4n Dubin and
Taveggla, 1968) has noted, the way in which course materials are
programmed, usvally through & textbook from which test items are
derivsd, are so posrerfulfhat they ovexride differences in teaching.
Perhaps, too, the problem iz the way and rigor with which teaching
nethods have been analyzed and evaluated, That is, the inebility to
find differences in the offectiveness of different teaching technolozios
may lie in the expsrimentsl strategles used to assess those techniques,
Most likely, there is no single cause, Wt rathsr a multiple—choice
combination of all of the above, Tho purpoze of thic presentation 1s
t¢ outline some aliternative strategies for reseaxrch in college teaching
wvhich place greater emphasis on individwal student perfermance and

mreferencs, amd which hav? shown that some variables do make a differenca,




Static Group Designs

Most college teaching research has used static group experimental
designs to compare different teaching methods, Typlcally, one gremp of
students 18 exposed to teaching method A and a second group te teaching
method B, The two groups (cr more) are compared on the basis of
perfoxrmance on midterm exsms, a final and/cxr student course ratings,
Diffemnces betwesn groups are typically assessed using any of a variety
of statlisiical tests to determine if they are significant at some
predeternmired probtability level., Significant is an uni‘ai:tuna.te woxd
because it is sometimes used to imply important, For example, the only
statistically significant result reported ty Dubin and Taveggia (1968)
was that students who studled course material performed bettexr than a
group of control students who did not take the course, Although this
is an spproprilate control procedure, it is hardly an important source
of infoarmation for an analysis of effective college teaching procedures,

This 1s not meant to deny the usefilness of statistica as a tool,
but rather to suggest that researchers nsed not be slaves to them, Group
statistics are mcot useful when we ask actuarial questions of the form -
what perceﬁtage of students prefer X, ¥ or Z, o« what percentage of
students withdraw from 2 glven course. They are also valuable when we
attempt to standsrdize test materials YLy detexrmining what propertion
~of students answer an item or items correctly following a standard
method of vlnstruction. However, when we use static group designs to
compare student performances ¢r preferences, we may indeed find that
differences among students far outweigh the effectsa generated ty ’
different teaching procedures,



Single Subject Analysis

In the present paper, we will describe and illustrate the use of
two major within-subject or within-group experimental designs, ones |
which I think wlll enabdble us to achieve a mare precise analysis of
college teaching tochniqueé. Single subject snalysis typically involves
mornitoring a student;s behavior frequehtly throughout the term, say
ten to thirty times in comparison with traditional designs which |
asgesa gtudent performance and/or preference infrequently, We have
Keller's (1968) system of personalized instruction to thank for small
units of matexrial which enable researchers to measure student behavior
at frequent intervals,

In recent years, personalized systems of instruction have received
a great deal of popular and empirical support, Contrary to the history
of college teaching research portrayed by Dubin and Taveggis (1968),
several investigators (Born, Gledhill and Davis, 1972) KcMichael and
Corey, 19693 Sheppard and MacDermot, 1970) have demonstrated that
personalized instruction produces significantly better examination
pexformance and higher student ratings than more traditional, lecture-~
dilscussion methods, It is not my purpose here to advocate or criticize
personalized instruction, Wut rather to borrow from it some features
which may help us better evaluate our teaching methods,

Small Units of Material

One salient feature of personalized and yprogrammed instruction is
the division of course materials into several emall parts or units, In
our introductoxy child development course at the Unlversity of Kansas

(which we teach ty persomalized instruction), we have sixteen unit



n

quizzes and a £ins). exanination which is analyzed in 16 corresponding
parts, In addition to enabling a more precise analysis of student
behaviar, the use of shoxrt units also improves test perfarmance

(Semb, 1973), When students were required to study material for four
units cambined and then tested cn an achloevement test over tho material,
they performed about 207 worse than when they studied and were tested
over four units aéparately. Thus, there is a data bese as well as an
exp.rimental ratlonale for using relatively short units of material,

Within-Subject Designs - Rationale

The use of within-subject and within-group experimental designs
in college teaching research 1s relatively new, Campbell and Stanley
(1963) refer to these designs as quesi-experimental time series anzlyses,
They haeve bsen used widely in operant (behavior analysis) research with
both animﬁls and children, The two major designs we will considexr in
"the present paper are the ABA reversal design and the multiple baseline
design, In both, the scme subject cxr group of subjects are exposed to
two or more treatment conditions in successive arder, Thus, ons major
source of variability characteristic of static group desigps, between
subject varlability, 1s eliminated, Another obvious advantage of singls
subject analysis 1s the emphasis placed on the indivicdual student,
Reyersal Designs

In the typical ABA reversal design, the bshavior of iuterest
(®+8., student performance ar preference) is measured frequently over
time to establish a baseline as a btasis for forecasting what the level
of the behavior will be in the future (Risley snd Wolf, 1972), Thus,

as Flg, 1 shows, one can analyze the trend of the data, a feature




Insert FMig, 1 about here

which is just as important as the absolute magnitude of the effect,

For example, Fig, 2 shous the same magnitude of effect as Fig, 1,

Insexrt Fig, 2 srbout here

but the ‘rend i1s obviously different, Glven the increasing level
of the behavior in Condition A (Baseline), it would be difficult to
argue that the lncrease observed during B would pot have oncurred had
the experimental condif.ion not been introduced,

To contlinue ocur discussion of the reversal design, considexr the

data presented in Fig, 3, In this experiment (Semb, Hopkins and Hursh,

Insert Fig, 3 about here

19?3).’ the instructor measured student test perfoarmance on two types of
jtems ~ study question items and non-study (probe) items, During the
baseline condition, students earned points for carrect answers to quiz
questions which comtributed to their grade in the course, Notice the
advantage of short units - 1t enabled the instructear to obtain four
data points before a second condition (Noncontingent Poimts) was
introduced, During the Noncontingent Point condition, students were
given the paximum number of quiz~points hefore they took the quiz,
This was done to determine whether or not points awarded for caxrrect
responses yromoted better performance, As Fig, 3 shows, there was a
substantial decrease in mean student performence on both dependent
variables, We could have stopped the sxperiment at this point, and
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we night have been relatively convinced that "free grades™ lead to
poorer test ;orfcrmanco. However, in any time serles analysis, it could
have been due to a variety of cther facters, For example, 1t conld be
that duéing the noncontingent point oondition the material in Units 8-9
or Quizzes B-9 were more difficult, or that students did not like the
material, <« that they were getilng tired of ths course, To increase
cur confidence that there was a functional relationship between points
awarded for correct responses and porfarmance, the original condition
(Baseline) was reinstated, thus completing the ABA sequence, With
repeated reversals we would add even more to the certsinty that our
manipulation actually produced or caused the observed changes in
perfornanca,

Notice, Lowewver, that the ABA reversal design, when applied to
performance variabies, suffers from a potential source of confounding,
Because content and test items in esch successive condition are
different, it could be that changes in performance are due to changes
in the difficulty of the conten, and/or test 1tems, One way to control
for this possible source of cceafounding is to “standardige" test items
on ancther population of students who are exposed to the same trestment
throughout the term (Semb, 19723 Seab, Hopkins anrd Hursh, 19?3), or to
use a pansl of experts (e.g,, graduate studenta), Yith a standardized
pool of items, it is possible to select test questions with the same
mean &and ranga from condition to condition or hnit 40 unit, Believe
me, this is no eary task, and it involves an additional assumption =
namely, that the difficulty of those 1tems remains constant from one

term to the next, Furthermaors, caution must bs tsken to prevent items



from becoming part of atudent test files,

An alternative way to controi for ¢hanges in item or content
difficulty is to expose a socond group of students to the treatmsnts
i~ opposite crder from the first group, Bostow and Blumenfeld (1972)
have used this design (see Fig, %) and we make frequent use of it in

Insert Fig, 4 about here

our preseat experiments, We call 1t a countexrbalanced reversal design.
Both within and between group comparisons are ppssi?}e. Because the
two groups or sublects are in oppoeite treafments ovexr the sanme

content (counterbalanced), within group comparisons between successive
treatmentas enable one to state that changes in performance or preference
are & function of ths ireatment conditiorn and not the content coversd
or test iteme used,

Another application of tl.s reversal design is presented in Fig, 5.

Insert Fig, 5 about here

Miller, Weaver and Semu (1973) sssigned target dates backed up by a
course w.thdrawal contingency (pass the quiz &y the target date or
withdraw from the courss) during the initial condition, Students
averaged a little over ome quig coﬁpleted per day, Duzing the next
condition, no target dates ar co;tingencios were imposed on performance,
and aiudents' rates of lesson completion decreased éo;ziderahay. To
extablish the functional relatlonship between target idates backed up

by the course withdrawal contingency and student rates of lesson
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completion, the initial condition was xoinstated during the third
phass of the couxse,

The reversal deslgn i8-glso nicely suited for measuring student
prefarences toward different teaching methods, It seems reasonable
to suppose that if we want students to rate cne method yexsus another
that we expese him to both, This 1s certainly a major advantage of
singls subject experimental analysis, because in such an analysis the '
student is exposed at least once tn both methods of instruction, If
you are not satisfied wilth students' verbal rsports such as couxrse
rating scales ar questionnaires, there is yet another alternative with
the reversal design, Everything remeins the same as before in the first
two (AB) treatments, However, during the final condition, the student
1s given a choice bestween A and B, This is an extremely strong measure
of stﬁdent yreference in that regardless of what the student says, he
ar she must commit himself to one method or the other, Here we encounter
the actua.rialv advantages of a large group of students ~ what proportion
prefer each method? For an example of this research design, see Hursh,
Wildgen, Minkin, Minkin, Sherman and Wolf (1973).

The revexrsal deslign is a2 powerful technique for analyzing individusl
student behavlor, However, it has two major drawbacks, First, some
behaviar changes axre not reversible, For example, once you have
successfully taught a particular concept, there is no way to roverse
the student's history, No number of reversals will produce the original
level of the behavicr, Second, 4in some cases, a reversal may be
politically or ethically unwise, Alternatively, & menipulation .raa.y,

be so aversive that a return to the original conditicn occurs almost



immediately, For example, two years ago (Semb, 1972) I wanted to
incrsase attendance at optional discusaion oclasses following quiz
days, Initially, we returnsd quizzes to0 students via a distritution
centexr which was open all day, See Fig. 6 labeled baseline, To

Insert Fig, 6 about here

momote better attendance, we declded to retwrn qnizzoa for tke 1130
lecture group only during discussion sections, As Fig, 6 shous,
attendance lncreased, What it does not show is the wrath we encountered -
mad, threatening students and en onslaught of phone calls, We had

planned to implement the same procedure with the second group later
in the semester, bul scrapped the idea and returned to the initial
condition for the 1:30 group, Scemetimes, the situation is Just the
ocppesite, One starts with something bad, goes to something geod, and
then, for whatever reason, does not want to return to the bad,
Fartunately, there is a design, the multiple baseline design, which
can bs used to establish causality over time without the necessity
of a raversal, |
Multiple Baseline Deslgn

In a multiple baseline design, two or more behaviars of the same

subject axr group of subjects are measured at the same time, After
initial baseline measures are obtained on both, the experimental
manipulation is applied to only one behavior, The change obtained is
conpared with the level feoxecast far that behavicr from its baseline,
The confidences 1n our foreceast is dirsctly related to the level of the

bassline of the second and subseguent behaviors being messured.,
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Consider Fig, 7 (Miller and Weaver, 1972), Several times during

. Insert Fig., 7 about here

the course (shown on the abscissa), Miller and Weaver administered the
same, comprehensive, £ill~-in~-the~-blank achlevement test, Duxring the
initial testing, students scored low on all five poertions of the test
(shown on separate graphs on the crdinate), As the course progressed,
increases in performance were directly related to that part of the
course which had just previously been tralaoed, Notiee, too, that
because the test was comprehensive awoés the entire course, 1t allowed
the ressarchers to obtain retention measures on materiasl which had been
presented early in the course,

The multiple basellne design is somewhat wesker than the reversal
design in that it involves an additional assumption - namely, that all
measured behaviors a.ré susceptible to the same manipulations, This
assumpt;on can be supported, however, by applying the seme procedurs
t0 many successive ‘oéha.viars (Ri;sley and Wolf, 1972). The comparison
of interest in each is betﬁeen baseline (pre-tralning) and treatment
(post~training), not between sets of behaviors, The remaining behavicrs
serve to support the baseline forecazst of the first behavier, Notice
in Fig, 7 that the multiple baselline design allows the researcher to
establish trends as well as mean effects, Performance on Conditioned
Reinforoement materisl diring beaseline (pretraining) increased consistently,
perhaps because the similarity between conditfoned reinforcement and

concepls presented earlier in the course was high,
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There are several types of multinle baseline designs. The two
nost useful variations in college teaching reseaxrch include the one
just described in which pexformance on all phases of course content
are measured at frequent intervals with each part serving as a separate
baseline, The second involves.using tWo or more subjscts cr groups of
subjects, The expsrimental treatment 48 introduced successively for
each group at different times., For example, assume that each of the
five coordinates shown in Fig, 7 represented a different group of
students, At different points during the course, the expeximental
treatment 1s inmtroduced first for the top group, then for the next
group, and 8o on, Changes in behavior associated with each imtro~
duction of the independent variable increase our confidence that the
nanipulation produced the effect.,

The Miller and Weaver (1972) multiple baseline achlevsment test
can also be oxtended to compare the effectivencss of different teaching
ﬁrocedures. For example, in a recent experiment (Semb, 1973), I used
the same type of comprehensive test administered five times during the
semester, The data for two groups of students who went through the

experimental treatments in different order are shown in Fig. 8., Although:

Ingert Fig, & about here

each treatment produced increases in performance on both study quertion
items and non-study (rrobe) items, the magnitude of effect was not

the same for each treatment, Furthermore, the graph is difficult to
read, B0 we computed percentagé gains in performance by subtracting

mre-test scores from training scores, These data are presented in
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Fig. 9. Notice that the increases in perfarmance over pre~test levels

Insext Fig, 9 about here

ware greatest for the high grading criterion - short assigmment condition
on both types of items, Thus, it was possible, using the multiple
baseline testing yprocedure, to demonsirate the functional relationship
between each teaching packege and performance, and fm:thémorre, to
compaxe differsnt teaching methods as to their effectiveness,
Unfortunately, we have had to describe these experiments hastily,
I would sncourage those of you who are interested in using single
subject analyses of the type described hers to refer to the articles
referenced for mcre detall, let me relterate my bellief that single
subject analysis has a great deal to offer researchers in higher
educa.tidn. Both reversal and multiple baseline designs involve applying
two or more treatments to the same individual or group over tilme, thus
enabling a rrecise analysis of individual pexformance and/or preference,
Second, both allow the researcher to nake statements a.bmit functional
relationships between experimental treatments and observed changes in
behavior. Finally, both have been demonstrated bty the research results

rresented here to be viable tools for college teaching research,
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Figure Captions

1 - In the taseline condition the behavior of interest is first
neasured repeatedly over time, Then under the experimental
condition the new level of behavior is measured repeatedly and
compared with the level that would have baen farecast from the
baseline measure, (From Risley and Wolf, 1972)

2 - The same mean effects presented in Fig, 1 now plotted in a
mannex such that the trends in the behaviar under each condition
are apparent, (From Risley and Wolf, 1972)

3 = Mean percent of quiz items answered correctly for study and
non~-study question items during baseline and xioncoxrtingent points,
(From Semb, Hopkins aad Hursh, 1973)

4 - An example of a cM@halwoed reversal design, (From
Bostow and Blumenfeld, 1972)

5 - The mear number of lessons completed by each student during
each day of the semester, The dashed lines represent mean lessons
conpleted pexr day for each of the fhree experimental conditions,
(From Miller, Weaver and Semb, 1973)

6 - Mean percent daily attendance at optional discussion sections
for the 12:30 and 1:30 lecture groups., The two experimental
conditions included baseline and quiz return, Arrows indicate
days on Which hour exams were given in lecture, (From Semb, 1972)
7 - Average scores on each subsection of the achievement test,
Dotted line indicates introduction of teaching package for that

subsection, (From Miller and Weaver, 1972)
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Fig, 8 - Mean porcéht correct on study question items (closed ciroles)

| and probe iten (open circles) on each of the five Achievement
Tests, Grmxtp:l/-fis plotted on the left and Group 2 on the right,
The foux c,di;rse parts are plotted vertically on separate crdinates
and the five Achlevement Tests are shown on the abscissa,
(From Semb, 1973)

Flg, 9 = Mean percentage gains over pretest levels for each of the
fouxr parts of tbe,,':rcourse. Study items .a.re represented by closed
circles and probe items by open cirocles, Vertical lines through
each point indicate standard deviations. (From Semb, 1973)
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