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COMPUTER-ASSISTED INSTRUCTION (CAl) in university-level courses has 
been successfully carried on at Stanford University since 1967. In particular 
one course, Introduction to LogzcJ has been offered to approximately 275 
students per year for full university credit. The history of this course is 
discussed in Suppes and Sheehan (1981). Starting with the 1976-77 academic 
year, this course was enhanced by the addition of computer-synthesized 
audio (i.e., the Microcoded Intoned Speech Synthesizer; see Sanders & 
Levine, 1981) and revision of the curriculum to incorporate the use of 
audio. 

The initial form of the synthesized audio used phrases ("long sounds") 
that were recorded, digitized, analyzed, and stored on rapid access disk. 
These phrases were then synthesized, in real time, individually for each 
student taking the course. 

Starting with the spring quarter in 1977 and continuing through the 
fall quarter in 1978, a second audio-presentation mode was introduced 
also using the MISS system. This second mode produced the same materials 
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as were contained in the recorded phrases by using linguistically con­
trolled concatenation of individually recorded words. A vocabulary of 
approximately 18,000 words was recorded, digitized, analyzed, and stored 
on rapid access disk, as had been done for the phrases. These words were 
then concatenated and modified for their intonational features ("prosody") 
by a series of linguistically based real-time text-to-speech programs. From 
the winter quarter in 1978 through the present time only the "prosody" 
audio mode has been used for this course. 

Fuller discussions of particular -aspects of the MISS audio system are 
contained in other articles in this volume. An important part of the re­
search being done with the MISS system is evaluation of different aspects 
of synthetic speech perception and acceptance. We have employed three 
types of quality evaluations: indirect acceptance and preference, intelli­
gibility, and naturalness. The indirect acceptance and preference evalua­
tions test overall speech quality. More discussion of speech quality and our 
intelligibility and naturalness tests can be found in Sanders and Levine 
(1981), Laddaga, Sanders, and Suppes (1981), and Sanders, Gramlich, and 
Levine (1981). 

Below we present results of studies evaluating several aspects of the use 
of computer-synthesized audio in university-level courses. While synthe­
sized audio presentation of ma ... erial is an integral part of several courses, 
we only studied its use in the logic course. The evaluations took several 
forms. The most prominent were descriptive analysis of student prefer­
ences of audio versus display for the different modes of audio presentation, 
modeling student preferences, and subjective responses to the use of audio 
CAl. 

1. FACILITIES FOR AUDIO CAl EXPERIMENTS 

Three umversIty-level courses in subjects related to mathematics are 
currently using the "prosody" audio-presentatIOn mode: Introduetwn to Logze, 
Set Theory, and Proof Theory. Under development are three language 
courses: a course in Armenian, which uses both Armenian and Enghsh 
speech, a course in Old Church Slavonic, which uses only English speech, 
and an Arabic course, using only Arabic speech. More information on 
specific courses is presented elsewhere in this volume. Further discussion 
of the instructional uses of audio in CAl can be found in Sanders, Benbassat, 
and Smith (1976), and Suppes (1979). A film on this topic is also available 
(Sanders & Laddaga, 1976). 

VOCAL (Voice Oriented Curriculum Author Language; see Smith, 
1981) is designed to facilitate the authoring of curriculums which incor­
porate highly interactive audIO and text presentation. Lessons wntten in 
VOCAL are patterned after the style of informal classroom lectures. VOCAL 
features allow the author to specify audio messages in several formats and 
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to control the interaction of the audio presentation with material pre­
sented visually on the screen of a CRT terminal. 

A related program, EXCHECK, interprets VOCAL compiled curricu­
lum, presents it to the student, handles student responses, and keeps stu­
dent histories. Both VOCAL and EXCHECK present spoken material 
using MISS. 

Lessons are composed of a series of exercises, some of which consist 
largely of presentation material while others consist largely of student 
problem solving. Presentation exercises typically last about two minutes 
and can be replayed as much as desired. Problem-solving exercises take as 
much time as the student requires for the problem(s) presented. 

The VOCAL curriculum cornpiler allows a curriculum author to specify 
phrases or sentences to be spoken simply by including the orthographic 
representation in the VOCAL lesson. The spoken phrases and sentences 
are produced in two ways: 

1. the phrases are recorded, an LP analyzed form for each is stored on 
disk, and the are syntheSIzed in real-time on command. 

2. the phrases are linguistically analyzed to generate to provIde 
natural-sounding prosodIc contours, the phrases parameters are stored 
on disk, and indIvidually recorded and LP analyzed words are synthesized 
and concatenated (with the parameterized prosodic adjustments) at the time 
of playback. 

If the course is to be taught using recorded phrases ("long sounds") 
rather than the prosodic concatenation of individual words, the phrases 
in the course must be recorded. When the phrase is to be played for a 
student, EXCHECK, the audio software, directs the operating system 
to retrieve the sound data from disk and then directs the MISS machine to 
synthesize the sound. 

If the course is to be taught using concatenated words with prosody, 
the text for each phrase is passed (usually at the time the lesson is com­
piled) to a parser described in Levine (1981b). The parser generates a syn­
tactic structure for each sentence which is passed to a prosodic command 
generator that produces a series of audio command lines as described in 
Sanders and Levine (1981). 

VOCAL stores these command lists (instead of phrase identifiers) 
together with the display commands for all of the exercises in a lesson. 
When a particular exercise is to be played for a student, EXCHECK, using 
the audio software, sends the command lists for that exercise to the operat­
ing system. The system retrieves the data from disk for each word and the 
MISS machine synthesizes the words while modifying them according to 
the parameters from the command lists to produce natural-sounding utter­
ances in real-time for the students. 
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An important aspect of EXCHECK is the capability of monitoring stu­
dent activity. EXCHECK records the amount of time students spend in 
individual lessons and exercises, the amount of time spend doing proof 
exercises as opposed to presentation exercises, the number of times that 
they login during the course, the terminal used, and the selection of audio 
or display mode at each login. Several analyses of this information were 
used to determine the relative effectiveness of different audio environments 
in CAL 

2. DESCRIPTIVE ANALYSIS OF STUDENT PREFERENCES 

A major examination of the quality of our synthesized speech has been 
conducted in terms of the acceptance of CAl with audio by students. Dur­
ing the three years in which both audio and display modes of the logic 
course were used, we conducted a variety of experiments. Through the use 
of the different modes we were able to understand how useful the audio 
mode is (in the context of students at Stanford) for teaching a university­
level course. 

The course, Introductwn to Logtc, offered a choice of display-only and 
display-with-audio courseware. The two versions of the course were as 
similar and compatible as possible. For most experiments, students were 
forced to try both versions before being allowed to choose. They were 
informed that their grades in no way depended on which version of the 
course they used or how often they switched. 

In addition to comparing the use of audio and display versions of the 
course, we were also able to indirectly compare the quality and usefulness of 
different audio modes of presentation by comparing them both to the 
display version. One way in which we can observe the relative naturalness 
of the prosodic generatIOn is to give students in the logic course either the 
recorded phrases (LS-mode) or prosodically generated sentences (P-mode) 
as the audio version of the course. The quality of P-mode, although good, 
is not as high as that of LS-mode, so that in a head-to-head choice experi­
ment we would expect that LS-mode would be an overwhelming favorite 
(but see sec. 2.3 below). By statistically measuring and modeling the 
relative preferences of LS-mode versus display-only (DPY-mode), and 
P-mode versus DPY-mode, we can estimate the relative naturalness of the 
two modes of MISS synthesis. 

Five experiments have been run in the logic course since the winter 
quarter of the 1976-77 academic year. In general, these experiments in­
volved randomly splitting the class of students in half for some experi­
mental condition and then examining the relative preferences for audio 
within each group. 
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The first experiment involved student preference for LS-mode as against 
DPY-mode. Students were split into two groups, one beginning in LS­
mode, the other in DPY-mode, for an initial segment of the course. Both 
groups were then switched to the alternate mode for a second segment of 
the course. For these initial segments, the student had no choice over 
which mode (DPY or LS) was presented in which lesson. After completion 
of these two segments, students in both groups were free to choose either 
mode at each login. This experiment was conducted during the winter 
and spring quarters of 1977. In general, after a moderately long period of 
mixed choices, most students chose predominantly one presentation mode. 
The split between those choosing audio predominantly, and those choosing 
display-only, was roughly even. 

The second experiment compared the relative naturalness of the two 
audio modes. We hypothesized that there would be no differentiation of 
prosody and long-sounds modes in terms of student preference for one of 
them as against the display-only mode. To test this, we gave half the 
students prosody, and half long-sounds, as the audio alternative to the 
display-only mode. Otherwise conditions were as in the first experiment. 
The hypothesis that comparison of preference for the audio modes rela­
tive to the display-only mode would not differentiate the audio modes was 
largely confirmed by the data. 

The third experiment utilized a three-way comparison between LS­
mode, P-mode, and DPY-mode without any forced exposure. This experi­
ment was useful in setting a baseline for expectations of results from 
experiments of the second type, since P-mode should do no worse in a 
relative comparison than in a direct comparison. Surprisingly, P-mode 
was selected a significant number of times. 

The fourth experiment, using only P-mode versus DPY-mode, examined 
the effect on audio preference of long exposure to audio. The class was 
divided into (four) groups which received medium or long forced P-mode 
exposure, or medium or long forced DPY exposure. The results of this 
study, though inconclusive, did seem to indicate that the amount of time of 
forced exposure to audio increases the percentage of audio use during the 
later period of free choice. 

The final experiment we conducted tested the importance of using more 
comfortable headphones in increasing audio acceptance. Two sets of audio 
headphones were used, both of high quality, but one of considerably lighter 
weight and more comfortable to use than the other. A significant increase 
in audio use was found for terminals fitted with the lighter headphones. 

2.1 First Experzment: Audzo Versus Dzsplay Preference Tests 

The first experiment, which was conducted during the winter and spring 
quarters of 1977, measured student preference for LS-mode as against 
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DPY-mode. Students were forced to use both LS-mode and DPY-mode at 
the beginning of the course and then permitted to select either mode at 
each login for most of the rest of the course. 

There were minor differences between the two quarters during which 
this experiment was conducted. In Winter 1977 students had forced ex­
posure to three lessons of audio and three lessons of display while in Spring 
1977 they had only one lesson in each mode of forced exposure. Another 
small difference between the two quarters was the number of lessons in 
which students a choice between modes. In 'Vinter 1977, the students 
had only lessons 7 to 18 (approxilnately 25 hours of work) with audio­
display choice. From lesson 19 to 29 (the end of the students had 
to use display mode. In Spring 1977, students had lessons 3 to 20 (approx­
imately 35 hours of work) with choice. Lessons 21 to 29 were used for the 
second pv'np'rU"l,p1'1t 

The results of thIs experiment are summarized in Tables 1 through 3 
and 1. Table 1 shows for which lessons students had no choice of 
presentation mode and for which lessons had a choice. The number 
of logins for which students had their choice of mode and the 
perC(~nl:a!.!'e of those in audio is also in the table. 

Based on our informal experience in USIng audio for curriculum de-
'-'~~'IJ"U'-'UL, we had expected that the audio mode would be an overwhelm­

Ing favorite over display mode, but it was not. As indICated in Table 1, 
about half the for the portion of the course in which students had a 
choice were audio loglns. 

TABLE 1. 

Results of the FIrst 

Term 

Wmter 1977 
Spring 1977 

Lessons WIth 
no chOice 

1-6 
1-2 

WIth 
chOice 

18 
3-20 

Experiment 

Logms 
(chOICe) 

1,278 
2,742 

Percent 
m audIO 

49 
48 

The of audio chosen was not affected the 
amount of forced exposure to audio (3 lessons In Winter 1 lesson in 

The amount of forced exposure did affect the number of 
students who used a lot of audio than 80% of the and the 
number of students who used audio very little (less than of the 
We discuss this finding in section 2.4 below. 

The percentage of audio decreases as students progress 
the course. Looking at 1 we see that of ,-""""U,,,,",, 

mental conditions, this is a trend throughout all of the 
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course. Figure 1 presents mean data for six quarters with approximately 
25,000 total student logins (almost 1,000 logins per lesson). For all of these 
logins, the students involved had a choice between display-only mode and 
one of the audio modes. 
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FIGURE 1. Percentage of student logins in audio by lesson: Average over all quarters. 

Table 2 presents the percentage of audio logins by quartiles (each stu­
dent's history of logins is divided into four equal parts, and parts are 
summed over all students) for seven academic terms. The columns give 
percentages of logins in the audio mode, indicated at the head of the 
column, out of the total number of logins for students who could choose 
that audio mode. Thus in Fall 1977 during the first quartile, 31 percent of 
the logins by students in the long-sound group were long-sound logins, and 
31 percent of the logins by the remaining students (who had the choice 
of prosody or display-only mode) were prosody-rnode logins. The percent­
age of audio logins for that quartile then is the weighted average, or just 
31 percent. The data in Table 2 are only for students who completed the 
available lessons. 

The much greater percentage of audio logins in the fourth quartile for 
the 'first two academic terms, as compared to the remaining terms' fourth 
quartiles is probably due simply to the fact that there were fewer lessons 
covered by those data. Table 2 reiterates the dramatic decline in the use of 
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TABLE 2 

Percentage of Student Logins in Audio by Quartile 

Wmter Spnng Autumn Wmter Sprmg Autumn Wmter 

Quar-
1977 1977 1977 1978 1978 1978 1979 

tIle 
LS LS LS P LS P LS P LS P P 

1 54 54 31 31 24 41 33 39 42 30 31 
2 46 48 22 22 15 30 29 25 32 26 26 
3 45 44 16 13 7 29 19 29 36 22 21 
4 45 46 11 11 7 20 19 20 25 23 18 

Total 1,138 2,514 1,609 1,835 1,459 1,408 2,071 2,032 2,225 1,779 3,791 

audio as the term progresses. Table 2 also shows that the asymptotic per­
centage of audio logins depends more on the academic term than on the 
mode of presentation. In the four terms in which both audio modes were 
available, only in Winter 1978 was there a notable difference in the per­
centage of audio logins in the fourth quartile. More will be said about this 
in section 2.2. 

In Table 3, the rows indicate 10 ranges of percentage, from 0 to 100 
percent. Table 3 presents, for eight quarters, the number of students 
whose ratio of time in audio mode to total time with choice of modes, was 
within the range speCIfied for each row. 

Looking at the entries for Winter 1977 and Spring 1977 in Table 3, we 
see that approximately one-third of the students used very little audio 

TABLE 3 

Number of Students by Percentage of Audio Usage (by Time) 

N umber of students 

Percent 
Wmter Spnng Autumn Wmter Spring Autumn Wmter Spring 

of 
audIO 

1977 1977 1977 1978 1978 1978 1979 1979 

usage 
LS LS P LS P LS P LS P LS P P 

0-10 14 23 25 18 20 22 24 27 17 16 41 26 
10-20 2 5 0 0 0 3 0 2 0 2 5 
20-30 0 2 1 3 0 0 4 0 
30-60 6 6 5 5 5 3 5 1 6 4 6 
60-70 4 3 0 0 0 2 1 0 1 4 
70-80 3 2 I 0 0 0 0 0 0 1 1 
80-90 5 10 0 0 0 4 2 1 2 0 5 
90-100 18 27 2 3 9 3 4 7 8 9 17 

0-100 52 78 34 29 31 32 41 40 27 33 65 61 
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(less than 20 percent of their total time in audio) while about half used a 
great deal of audio (more than 80 percent of their total time in audio). 
Comparatively few students split their time evenly between audio and 
display-only modes. The number of students in the extreme groups changes 
substantially in subsequent quarters, but the general tendency to have these 
two groups of students still continues. 

We have observed that many students prefer audio early in the course 
and later change their preference to display. A possible explanation lies 
in the structure of the curriculum, which has a large amount of discursive 
material early in the course but leans heavily toward derivations in the 
later lessons. The derivation exercises currently make little use of audio. 

A second explanation is that the audio is slower than the display-only 
version, since it proceeds at talking speed. Furthermore, there is no way 
for a student to interrupt the audio presentation in the middle of an exer­
cise. Students using displays often like to skim or skip parts of the material 
which they feel confident about. The inability of audio to be skimmed, 
except by increasing the rate of speaking, probably made it less favored 
than display-only mode. 

For the Spring 1979, we introduced some improvements to the quality 
of P-mode: improved prosodic generation and the use of an "abort" 
feature. The improved prosodic generation resulted from the use of 
musical intervals in forming the melodic contours of sentences (see Levine, 
1981a). The abort feature was introduced for the spring quarter and al­
lowed a student in audio mode to stop the audio presentation until the 
next student input. Even with audio aborted, display material continued to 
be presented as if it accompanied an audio presentation. 

Technical difficulties interfered with the control of the initial forced­
use portion of the course during Spring 1979. However, we believe that in 
spite of this problem it is interesting to note that the analysis of spring­
quarter data showed that there was an increase in the percentage of audio 
logins, presumably due to these improvements. 

See section 2.2 for a discussion of the effect of curriculum errors on 
student preference and section 4 for further discussion of subjective 
reasons for student reactions to the choice situation. 

2.2 Second Experzment: Prosody/Long-sounds Versus Display Test 

The second experiment was very similar to the first, except that half of 
each of the two forced-choice groups used LS-mode when they received 
audio, while the other half used P-mode. We wanted to know if the differ­
ence in quality of the two audio modes was sufficient to cause more stu­
dents to choose DPY-mode, out of those whose alternative was P-mode. 

This experiment was conducted for four quarters, from Autumn 1977 
through Autumn 1978. The number of forced lessons was kept at two 
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throughout the four quarters. A pilot study with similar design was con­
ducted in Spring 1977, over the latter part of the curriculum, lessons 421 
through 429. No forced exposure to prosody was implemented in the pilot 
study. Corrections and improvements to different aspects of the course 
were introduced as they becarne necessary and possible. Errors in the 
curriculum and software were fixed as they were identified and the reme­
dies became available. Such to the course made it somewhat more 
difficult to analyze the data. 

As mentioned in section 2.1, there is great similarity in the frequency of 
selection of I's-mode and P-mode in the fourth quartile, for three of the 
four academic terms for the second experiment (see Table 2). This is 
strong evidence that P-mode is no less preferred to DPY-mode than LS-
mode is to DPY-mode. The anomalous result for vVinter 1978 
is almost due to the fact that errors in the audio curriculum 
discovered in the previous fall were corrected in the P-mode version for the 
winter, but not until the following spring for LS-mode. 

Table 4 indicates the percentage of logins in LS-mode for the students 
who could choose LS-mode as compared to the of P-mode 
logins for the students who could choose P-mode. As with Table 2, the 
Dercc~nltaQre of audio logins for a quarter is the average 
the sum) of the LS-mode and P-mode percentages. Unlike Table 2, Table 4 
includes data for students who did not finish the available material and so 
includes more per than Table 2. Table has a comment 
column to indicate when curriculum errors were discovered and fixed. 

TABLE 4 

Results from LS-mode and P-mode Versus DPY-mode 

AcademlC 
Lessons 

Logms Percent 
term 

Forced ChOICe 
wjchOlce of logins Comment 

Sprmg 1977 (none) 21-29 889 30 LS-mode See 
763 26 P-mode Table 1 

Autumn 1977 1-2 3-29 1,759 20 LS--mode Errors 
1,941 22 P-mode m audiO 

curnculum 

Wmter 1978 1-2 3-29 1,773 17 LS--mode Errors fixed 
1,554 33 P-mode m P-mode only 

Sprmg 1978 1-2 3-29 2,266 25 LS-mode Errors fixed 
2,159 28 P-mode In LS-mode 

Autumn 1978 1-2 3-29 2,285 33 LS-mode 
1,978 26 P-mode 
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As in Table 2, the data presented in Table 4 show that student prefer­
ences for both modes of audio presentation are quite similar. From the 
substantial differences between the preferences for each mode for different 
quarters of this experiment it seems likely that the preferences depend 
more on course software and curriculum errors than on the differences in 
quality between LS-mode and P-mode. Of the four full quarters in which 
this experiment was conducted, LS-mode had a higher percentage of audio 
logins in only one quarter, with P-mode showing higher percentages in the 
other three. In part this is due to the curriculum difficulties, mentioned 
above, which were fixed in P-mode before they were fixed in LS-mode. 

The pattern of student use of LS-mode is somewhat different from the 
use of P-mode. Figures 2 and 3 show the percentage of audio logins by 
lessons, averaged over the four quarters of the second experiment. Figure 2 
shows the data for the students who could choose between LS-mode and 
DPY-mode. Figure 3 shows the data for the students who could choose 
between P-mode and DPY-mode. 
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FIGURE 2. Percent of student logins in audio by lesson: 
Average over four quarters (Autumn 1977-Autumn 1978, LS-mode). 

Comparing Figures 2 and 3, we see that LS-mode has a higher percent­
age of audio logins in the first lesson, decreases more rapidly than P-mode 
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as. the course proceeds, and occasionally, as in lesson 13, again achieves a 
high percentage. P-mode, starting somewhat lower than LS-mode, is more 
consistent throughout the course. So, for the great dips of LS-mode 
in lessons 10 through 12 and 18 through 22 are periods of moderate up­
swing for P-mode. This greater commitment evidenced by students who use 
P-mode, as compared to those using LS-mode, is an interesting phenom­
enon but one that we did not pursue. 
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FIGURE 3 Percent of student in audIO by lesson: 
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-
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over four quarters 

When the results concerning the use of audio for the winter 
and spring of 1977 and the results from the four 
quarters, one should in mind that there were differences the 
splitting into two audio groups. In the second experiment, students were 
able to use audio lessons at the end of the course (lessons 21 to that 
were not available to students before then. These audio in both 
LS-mode and were not checked for errors and in­
consistencies so that we student preference for audio to decline 
markedly in these lessons. In Table 2 we see that in the fourth for 
Fall 1977 and for LS-mode 1978 the of selection of 

errors were 
25 1_' .. '_L"' .... d.,' .... 
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Increases in the percent of logins in audio appear in the data for other 
quarters if we restrict our consideration to lessons 3 to 20. For Autumn 1977 
we have 25 and percent for LS-mode and P-mode; for Winter 1978 we 
have 23 and 37 percent; for Spring 1978 we have 28 and 32 percent; and 
for Autumn 1978 we have 36 and 31 percent. 

2.3 Thzrd Experiment: Three-way Comparison 

A third experiment was performed with the first four lessons (approxi­
mately four hours) of the logic course over a two-week period in Autumn 
1977 and repeated in Autumn 1978. For the four-lesson course, approxi­
mately 65 Stanford freshmen were a three-way choice: DPY-mode, 
LS-mode, and P-mode, with a brief preliminary explanation of what the 
modes involved. These students constituted the only group to have a choice 
betw~~n LS-mode and P-modes in audio, in addition to the option of choos­
il)gbPY-mode. 
/ The results from these two years are summarized in Table 5, which for 

each year indicates the number of logins and the percentage of logins in 
audio. Table 5 also gives the number of students who logged in more often 
in audio or display-only mode and the number of students whose logins 
were evenly divided between audio and display-only. Of those who showed 
a preference for audio, Table 5 indicates how many showed a preference 
for long-sounds, how many showed a preference for prosody, and how 
many did not show a clear preference for either audio mode. 

TABLE 5 

Results from Three-way Free-choiCe Experiment 

Academic Total Percent 
year logins In audio 

1977 
1978 

402 
357 

62 
69 

Number of students 
who preferred 

AudIo DPY MIXed 

25 
43 

33 
16 

6 
5 

For students 
prefernng audIo 

number who preferred 

LS-Mode P-Mode MIxed 

18 
36 

7 
5 

o 
2 

The percentage of audio logins is similar for the two years, but the 
preference for audio, the number of students who logged-in more times in 
one of the audio modes than in display, was greater in 1978. Similarly, 
the preference for LS-mode over P-mode, among those whose preference 
was for audio, was also considerably higher in 1978. 

Of those who preferred audio, 28 percent preferred P-mode in 1977, 
and 12 percent preferred P-mode in 1978. Thus, P-mode compared more 
favorably than expected in a head-to-head confrontation with LS-mode in 
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this experiment. We want to emphasize that this was a very surpnsIng 
result. No adult listening to samples of both LS-mode and P-mode has 
given any verbal indication to us that they preferred P-mode. Also, Sanders, 
Gramlich, and Levine (1981) show clearly that LS-mode is perceived to be 
more natural-sounding than P-mode. It is not then easy to explain why, out 
of these 68 Stanford freshmen who preferred audio, 12 used P-mode more 
frequently than LS-mode. 

2.4 Fourth Expenment: Effect of Forced Exposure on Audzo Preference 

A fourth experiment conducted (Winter 1979) examined the student's 
tendency to use audio as a function of the extent of previous forced ex­
posure to audio. This experiment was motivated by a striking fact, shown in 
Table 6. Table 6 indicates the number of forced lessons in each mode for 
each academic quarter (only for Winter 1979 is the number of forced-choice 
lessons for the first mode presented smaller than the number for the 
second mode), and indicates the order of presentation of the forced modes. 
The percentage columns in the table are ranges of percentage of audio use 
by time for the period during which students had free choice. The entries 
in the columns are the number of students, by order of presentation modes 
during forcing, whose audio use fell into the range for the column. 

TABLE 6 

Number of Students by Percentage of Audio Usage (by Time) 

Number of Percentage of audIO use 
Quarter forced lessons Order 

In each mode 0-30 30-70 70-100 

WInter 3 DA 4 5 19 
1977 AD 12 5 7 

SprIng DA 18 4 19 
1977 AD 12 5 20 

Autumn DP 13 2 
1977 PD 13 4 

DA 11 3 1 
AD 9 3 2 

WInter DP 8 0 6 
1978 PD 13 1 3 

DA 10 3 
AD 15 2 

WInter 1,3 DP 12 2 
1979 PD 12 2 1 

1,5 DP 8 3 8 
PD 15 0 
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In Winter 1977, students who received audio in the last three lessons of 
forced exposure tended to be over-represented in the 70 to 100 percent 
audio bracket, and under-represented in the 0 to 30 percent bracket. Those 
who received display-only mode in the last three lessons showed the com­
plementary effect: over-representation in the 0 to 30 percent bracket and 
underrepresentation in the 70 to 100 percent bracket. A similar effect 
(though not as strong) can be noted for the Winter 1978 quarter. We 
wanted to see if we could increase this effect by increasing the number of 
lessons for the second forced mode, and increasing the difference between 
the amount of time spent in the two forced modes. 

For this experiment students had a choice only between P-mode and 
DPY-mode. The students were divided into four groups: 

1. short exposure to P-mode then long exposure to DPY-mode. 

2. short exposure to P-mode then medium exposure to DPY-mode. 

3. short exposure to DPY-mode then long exposure to P-mode. 

4. short exposure to DPY-mode then medium exposure to P-mode. 

By "short exposure" we mean approximately a half hour; "medium ex­
posure" is about three hours; and "long exposure" is nine hours. These 
times are based on mean student times from previous quarters of the course 
for the lessons where the exposure to P-mode or DPY-mode was forced. 

Our hypothesis is that students tend to spend more time in the mode 
they were last forced to use, and the more so in proportion to the time they 
spent in their last forced mode. In looking at the data in Table 6, then, we 
are most concerned with those students in the under 30 percent audio 
group, and those in the 70 to 100 percent audio group. 

As can be seen in Table 6, the Winter 1979 quarter data were equivocal 
in that the expected result was clearly present for the group with five 
lessons of the last forced mode, and not present at all for three lessons of 
the last forced mode. This is unexpected on our hypothesis, since three 
lessons were sufficient to produce the effect in the Winter 1977 quarter. 

Also, the results for Spring 1977 and Autumn 1977 ("long-sounds") 
are anomalous, in that a small effect in the opposite direction can be noted. 
A possible explanation of the data for Spring and Autumn 1977 is that 
there may have been problems with the long-sounds version of one of the 
forced lessons. On the other hand, since the Winter 1977 data only include 
audio choice in lessons 7 through 18, the apparent result there may just 
be a recency effect that occurs in other quarters, but does not show up in 
data for an entire quarter's work. However, this would not explain the effect 
with six forced lessons in Winter 1979. 
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2.5 Fifth Expenment: Effect of Comfort on Student Preference 

During the 1976-77 academic year, several students commented that 
they found the headphones they were using rather uncomfortable. The 
headphones had been selected initially because they had appropriate acous­
tic response and covered the ear, blocking room noise. We decided to in­
vestigate the effect of the comfort of the headphones on student preference 
for audio or display-only presentation modes. 

There are two rooms with terminals for the use of logic students. We 
replaced the original headsets in one of the two rooms with lighter, more 
comfortable headsets. The new headsets had equivalent acoustic response, 
but were more susceptible to room noise since they rested on the ear rather 
than covering it. We then collected data on number of logins in each room 
in each of three presentation modes: prosody, long-sounds and display­
only. Table 7 gives the number of logins in each cell for Autumn and 
Winter 1977-78. 

TABLE 7 

Number of Logins and L.n.l-Sl[]u;ue Value for Test of HomogeneIty 

Prosody Long-sounds DIsplay-only ChI-square 

Autumn 1977 

232 207 1,504 
193 

146 119 1,314 

Wmter 1978 

LIght headphones 308 154 1,328 
1052 

Heavy he,ldI=,hones 200 116 1,146 

We found that there was a notable for the room with 
le;:lQlJn1ones, even by students who were mode. This 

effect may have been due to the of the rooms, lighting or 
other considerations irrelevant to this However, in terms of 
the ratio of audio to total in a room, there is a readily 
C'10'Y'll1Hf",..nr effect to be attributed to the 

Table 7 the number of for 
each of the rooms. The rooms are labeled in the 
room and data are for Autumn 1977 and Winter 1978. It is 
dear that the room with is since It has more 

than the room with heavier 
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In order to determine whether the lighter earphones significantly affect 
student preference for audio, we used a Chi-square test of homogeneity. We 
take as our null hypothesis that the samples from the two rooms are from 
the same multinomial population. In that case the probability of a student 
selecting display-only mode would be the same, regardless of the room the 
student worked in. The same would be true for long-sounds and prosody 
modes. Thus the proportion of student logins in a particular mode would 
be nearly the same in each room, even though the numbers of logins might 
be very different. 

For each quarter, we can estimate the multinomial probabilities on the 
null hypothesis by the mean over rooms of the observed frequencies for 
each mode. These probabilities, times the total number of logins in the 
room, give the predicted number of logins in each mode. The sum over all 
six cells of the squared differences between predicted and observed values 
divided by the predicted values is a statistic whose limiting distribution 
is Chi-square with 2 degrees of freedom. A high Chi-square relative to the 
number of degrees of freedom indicates that the null hypothesis is unlikely, 
and that the observed frequencies are the result of differing probabilities 
of choice of modes in the two rooms. The Chi-square statistics for the 
quarters are listed in Table 7, and each indicates significance at considerably 
less than a .01 level. 

It is clear then that the lighter headphones result in more audio logins, 
but predicting the magnitude of the increase is another matter. If we take 
the observed frequencies in each cell as the estimate for percentage of use 
(the maximum-likelihood estimate), then lighter headphones provide a 
25 to 30 percent increase in use of prosody for students with a choice be­
tween prosody and display only, as compared to such students with heavy 
headphones. The results for students with a long-sounds versus display­
only choice were somewhat equivocal: a range of 8.8 to 42.6 percent in­
crease depending on which quarter's data are used. 

No other consistent, significant correlations with the use of lighter 
headphones were noted, except that there was a slight increase in the 
average session time for display-only logins in the room with the heavy 
headphones. There seems little possibility that this latter effect is related 
to the difference in headphones. 

3. MODELING STUDENT PREFERENCE 

We have attempted to model student preference for audio or display­
only mode using stochastic models which have proven useful in work in 
learning theory. We suppose a student is being conditioned to a prefer­
ence for one of the presentation modes. On each trial the student samples a 
presentation mode and is presumably reinforced by his experience with 
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that mode on that occasion. This reinforcement affects the probability of 
the individual's choosing the same presentation mode on subsequent trials. 

3.1 Early Model: Preference and Chozce Equated 

We began with a model which identified choice and preference. Pre­
liminary analysis revealed that the process so viewed was not stationary 
(the probability of choosing audio on a given trial was not independent of 
the number of the trial). Also, though most individuals eventually chose 
predominantly a single mode, there were very few cases of individuals with 
long tails of choices without some choices from the alternate mode. In 
order to provide a model which would explain these results, we proposed a 
model in which choices were made on the basis of an underlying, unobserv­
able preference state. This move allows us to retain the simplifying Markov 
chain character in the underlying process while making it possible to derive 
the non-Markov properties of the observable process. 

3.2 Model wzth Unobservable Preference States 

In this model we assume that students may be in one of three prefer­
ence states: Prefer audio (A), prefer display (D), or undecided (U). We 
further assume that they all begin in state U and that the probability of 
remaining in state U for any given transition is 1 - c. The probability of 
making a transition from U to A is ac, and the probability of making a 
transition from U to D is (1 - a)c. We further suppose that A and Dare 
absorbing states. The preference states are unobservable, but we suppose 
that a simple probabalisttc relation holds between choice of presentation 
mode and underlying preference state. In particular we assume that the 
probability of choosing audio given the preference state: = 'Y in state U, 
= 1 - Ea in state A, and = Ed in state D. Figure 4 presents both the transition 
probabilities and the conditional probabilities of choices given the prefer­
ence state. In Figure 4, A' and D' denote choosing audio presentation and 
display presentation, respectively. 

FIGURE 4. StochastIC model of student preference. 

Preference state transItIOn 
probabIlIties. 

U 
U 1- e 
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D 
(l-a)e 
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ProbabIlItIes of presentatIon chOICe 
gIven preference state 

P(A/IU) =y P(D/IU) = (1-y) 

P(A/jA) = (1- Ea) P(D/jA) = Ea 
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We derived the likelihood function for the model which is given in 
Equation 1. In Equation 1, Xk,i = 1 indicates that student k chose audio 
mode at trial i. Similarly, Xk,i = 0 indicates that student k chose display-only 
mode at trial i. 

We are interested in obtaining the maximum-likelihood estimate for 
the parameters. Given the difficulty of obtaining an analytic solution to 
maximizing the likelihood function we sought a numerical solution. We 
first fixed 'Y, Ea, and Ed to values of .5, .05, and .05, respectively. We then 
computed the log-likelihood for a course of values of a and c. 

Log likelihoods, which are maximized by the same value as the likelihood, 
were used for two reasons - ease of computation and ease of handling the 
very small numbers involved. Since we have a moderately large number of 
subjects each making a large number of choices, the probability of the data 
is quite small, on the order of 10-200 for the values of the parameters which 
maximize the probability. Even with the use of logs, the summations for 
individual subjects presented problems of arithmetic underflow, for 
which special precautions had to be taken. 

The log likelihoods were smooth functions of the two parameters, 
making it relatively easy to narrow in on the values which maximized the 
likelihood function. Thus we found a joint maximum-likelihood estimate 
for the parameters a and c for each quarter. Beginning with those two 
values, and the original three values for 'Y, Ea , and Ed, we then used a search 
technique to find the joint maximum-likelihood estimate for all five param­
eters. Those values are listed in Table 8, for the students in each quarter 
who had a suitable number of logins. We wanted at least 40 students for 
each choice-trial for the goodness-of-fit tests (20 students for each audio 
mode in quarters in which the students were split between LS and P mode). 
We selected the 40 (20) students in each quarter who had the most logins, 
and computed the joint MLE for the minimum number of logins for the 
group. 

We have observed that most students' sample path tails contain either 
mostly audio, or mostly display choices, which leads to the assumption that 
they have been absorbed into, respectively, the audio or display-only 
preference state. However, there are a great many samples in each path, 
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TABLE 8. 
Joint Maximum Log-Likelihood EstImates 

Log (10) 
Quarter €a €(! c a lIkelihood 

Students wIth long-sounds 

Autumn 77 .47 .06 .03 .09 .15 -110.49802 
Winter 78 70 08 03 .18 .001 -83.196465 
Spnng 78 50 .07 .01 .15 .34 -100.5621 
Autumn 78 .54 .04 .02 .07 .16 140.47602 

Students with prosody 

Autumn 77 .77 .001 .04 .09 05 -12630711 
Wmter 78 62 .11 .03 26 35 -91.242148 
Spnng 78 .66 .13 01 .08 .23 -131.42988 
Autumn 78 85 .03 03 .28 .25 -66.245977 

All students 

Wmter 77 .70 .06 05 .13 28 -126.70073 
Spring 77 67 .04 .05 04 36 -232.12735 
Autumn 77 50 .11 .03 09 .14 -25561084 
Winter 78 .68 11 .03 .20 17 -178.47849 
Spring 78 .66 05 .01 07 23 -233 18831 
Autumn 78 .55 07 02 .10 .31 -261.16378 
Wmter 79 40 12 02 .11 .26 -229.32651 
Spring 79 .59 .12 .02 .07 .29 -28529291 

of being absorbed at any choice is quite 
of being absorbed after very many transitions will be 

We also observe that this absorbed tail condition often occurs after 
twenty to choices. The estimates of c in Table 8, low proba-
bility absorbed into one of the states on any given transi-

appropriately reflect the observations that many students appear to 
remain unabsorbed after many but that eventually almost all 
students are absorbed. 

The values of the E in Table 8 seem in to accord 
ln1tA ... ·Y\V·et;..c:>,1...~,1,n.'J~Y\ .. as "error" terms. The error term for 

never being above 
fa is too often above it is never greater than .15. ex re-

flects the in audio use for those """.,'"~+£>, .... ''' where errors in the curricu-
lum reduced the use of audio. 

The most rTCm[Hlnlg of the estimates is the lack of stability over 
~n,","''''''~c> of the nCl't''l1'Yl':>,TA1''C C and y. 
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3.3 Goodness of Fzt 

The simplest and clearest indication of the fit of the model can be gained 
by comparing the observed and predicted mean learning curves. The mean 
learning curve is a plot of the unconditional probability of (in this case) the 
choice of audio mode as a function of trial number. We present both the 
recursive and explicit formulas for computing the expected mean learning 
curve in Equations 2 and 3. In those equations peA:) is the probability of 
choosing audio on trial nand f3 is equal to a (1 - Ea) + Ed (1 - a), or the 
probability of choosing audio, given that an individual has been absorbed 
into a preference state. 

P(AJ\t) = (1- c)P(A:) + cf3, where P(Ao*) = Y 

peA:) = (y - f3) (1- c)n +,8 

We present samples of the mean learning curve for Spring 1978 in 
Figures 5, 6 and 7. Figure 5 covers students receiving either LS-mode or 
P-mode and includes data for 40 students. Figures 6 and 7 cover students 
receiving LS-mode and P-mode respectively, and each includes data for 
20 students. In each figure the solid line is the expected curve, while the 
dotted line connects the points plotting the observed values. In Figures 6 
and 7 odd and even trials were averaged for smoothing, making blocks of 
two trials, because of the relatively small number of students in those 
groups . 
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FIGURE 5. Mean learning curve: Spring 1978, all students. 
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FIGURE 6. Mean learning curve: Spring 1978, L-sound (Block size = 2) . 

. ., 

.1 

FIGURE 7. Mean learning curve. Spring 1978, prosody (Block SIze = 2). 

Of course, the mean curve is a rough indication of the 
fit of the model, as many very different models may each have the same 
'-'""'jJ'-''-"'-'-.-'U. mean curve. Even so, the fit is not too satisfactory. For 
Instance, we can see in the case of that more students than pre-
dICted are selecting in the and fewer later in 
the These may be due to the model's to 
accommodate in rate of into states, or the 
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model's inability to accommodate changes over time in its choice probabili­
ties given preference state. The mean learning curve shows the discre­
pancy, but does not help us to see which explanation is better. 

In accord with our reason for suggesting this model as an explanation 
of the non-stationarity of the choice data, we decided to use the comparison 
of the predicted and observed transition probabilities for the observable 
choices as another measure of goodness of fit. 

We derived the expected first- and second-order transition probabilities 
from the model and compared them to the transition probabilities as es­
timated from the observed transition frequencies. We then computed Chi­
square statistics for each transition (for the second-order transitions) and 
summary chi-square statistics for both the first- and second-order transi­
tions. We present the equation used for the summary chi-square statistic 
in Equation 4. In Equation 4, PtJ is the probability of transition from state z 
to state j, and ni is the sum of transition frequencies from state i to all other 
states. 

[Pv - PtJ(O)P 
PiJ (0) 

A word of caution is needed concerning the summary chi-square sta­
tistics. The requirement of independence is not met in that the transitions 
are at least locally dependent. However, the observed process is ergodic, 
and so the chi-square statistic can serve as an approximate guide in this 
case (Suppes & Atkinson, 1960). Table 9 presents by academic quarter and 
by treatment (LS-mode, P-mode, and mixed) the summary chi-square statis­
tics with the related probability of achieving that chi-square value or higher 
(worse), on the assumption that the model is correct. Table 9 also gives the 
degrees of freedom associated with the Chi-square test and the values of 
the parameters used in computing the predicted values for the Chi-square 
computation. 

The fit as exemplified by the P-values is quite poor in some cases, but 
this is to be expected with so relatively simple a model and the vast amount 
of data to be fit. In fact, the fit might have been expected to be much worse. 
The P-values for Winter 1978 prosody students and all studel1ts, and Spring 
and Autumn 1978 long-sound students, are surprisingly good. Several 
other quarters' results would not reject the model even with generously 
high rejection levels. Consequently, the examination of related models 
could prove to be valuable. 

A more detailed indication of the fit of the model can b~ obtained by 
looking at the actual comparison of the predicted and observed transition 
probabilities along with the weight for each cell. Besides giving a reasonably 
good sense of overall fit, such comparisons can point out specific problem 
areas in the model. We provide an example of such a comparison with a set 



of tables from a acadernic quarter. Table gives the observed 
and predicted conditional transition for the observable states 
of audio or Since the are conditional on the 

state, the cells not in the table are obtained sub-
the observed and estimated values from 

P(DIA) for trial 2, observed and estimated are 1'"'"""...",o,,.1->u,,,,,I"T 

Table 11, we display observed and expe~:::teC1 
don probabilities for the four In(lel)erla<:~nt 

associated with each cell. The weights are 
whom the state is true. So for trial 3, 15 students chose audio 
for both 1 and 2, and the 15,80% chose audio again. included 
in Table 1 the value for each which indicates the con­
tribution of that trial to the summary chi-square value for the 
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TABLE 10 

Observed and Predicted First Order TransItions ProbabIlItIes 
by TrIal Number for SprIng 1978 

A to A D to D 
Trial 

Observed Estimated Observed Estimated 

2 .60 .64 .87 .71 
3 .76 .64 .78 .75 
4 .67 65 .91 78 
5 1.00 .66 .85 .80 
6 67 67 .91 .82 
7 64 .68 .81 .84 
8 .79 .68 .92 .85 
9 .85 .69 .93 87 

10 .92 70 .89 .88 
11 .80 .71 .88 .89 
12 .87 .71 .96 .89 
13 .86 .72 88 .90 
14 .73 .73 1.00 .91 
15 .91 .74 90 .91 
16 .62 75 .96 92 
17 89 75 .90 .92 
18 .91 .76 .93 .93 
19 .83 77 .96 .93 
20 .91 .78 .97 94 
21 .82 78 .90 .94 
22 .75 .79 .93 .94 
23 .55 .80 100 .95 
24 1.00 .80 .85 .95 
25 .91 .81 .90 .95 
26 77 .81 .93 .95 
27 92 .82 '.93 .95 
28 .77 .82 .89 .96 
29 .69 .83 .96 .96 
30 .90 .83 .83 .96 
31 .93 .84 .96 .96 
32 .93 .84 1.00 .96 
33 .62 85 .93 .96 
34 1.00 .85 .87 96 
35 .86 .86 100 .96 
36 .92 86 96 96 
37 75 .86 .96 .97 
38 1.00 87 .97 .97 
39 1.00 .87 1.00 .97 
40 1.00 .87 97 .97 
41 .92 .88 100 .97 
42 1.00 .88 93 .97 
43 .77 .88 1.00 .97 
44 1.00 88 .93 .97 
45 1.00 .89 1.00 .97 
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TABLE 10, continued 

A to A D to D 
Tnal 

Observed EstImated Observed EstImated 

46 75 .89 100 97 
47 78 89 90 97 
48 80 .89 .90 .97 
49 82 .89 93 .97 
50 .82 90 97 97 
51 90 90 97 .97 

NOTE Y .66, Ea .05, Ed .01, C .07; a 23. Summary chI-square value with 95 degrees 
of freedom 130.38 Total number of students 40. 

TABLE 11 

Observed and PredICted Second Order CondItional TransitIon ProbabIlities, 
Chi-square Weights and Values by Trial ~umber for Spring 1978 

AA to A DA to A AD to D DD to D ChI-
Ch No No No. No. square 

Obs Est. Obs Est Obs Est Obs Est. value 

3 80 .65 15 50 .64 2 70 71 10 .85 79 13 1.92 
4 69 66 13 60 64 50 71 4 1.00 84 18 33 

1.00 .67 12 100 63 2 50 .71 6 .95 .87 20 943 
6 .57 68 14 100 63 4 00 70 0 91 89 22 3.11 
7 67 69 12 50 .63 2 .33 70 6 95 .91 20 449 
8 89 70 9 .60 63 5 80 .70 5 95 .92 21 2.08 
9 .91 71 11 .50 63 2 67 70 96 93 24 257 

10 91 72 11 100 63 00 70 2 96 .94 25 789 
II 92 73 12 .33 .63 3 .00 69 .92 .94 24 
12 1.00 74 12 33 .63 3 67 .69 3 1.00 .9.5 22 53 
13 .85 75 13 100 63 50 69 2 92 95 24 232 
14 92 76 12 .00 63 3 1 00 69 2 1.00 .96 23 8.65 
15 .91 .77 11 .00 63 0 50 68 96 .96 1.84 
16 70 78 10 33 .63 3 1.00 .68 1 96 96 26 193 
17 100 79 8 00 .63 1 40 68 5 100 .97 26 651 
18 88 79 8 100 .63 3 100 .67 1 93 97 28 405 
19 90 80 10 50 .62 2 00 .67 1 100 97 27 358 
20 90 .81 10 100 .50 67 2 1 00 97 27 2 15 
21 80 82 10 l.00 62 1 100 66 1 .89 97 28 822 
22 78 .83 9 .67 62 3 50 66 2 96 97 26 .58 
23 44 83 9 100 62 2 100 65 3 1 00 98 26 13 15 
24 1.00 84 6 00 62 0 60 65 5 90 98 29 970 
25 100 85 6 80 .62 5 00 65 0 90 .98 29 1090 
26 80 85 10 67 62 00 .64 1 96 98 26 243 
27 100 86 10 50 .62 67 .64 3 96 .98 25 30 
28 73 86 11 1.00 61 2 00 63 .92 98 26 9.25 
29 80 87 10 33 61 3 67 63 3 100 98 24 186 



STUDENT PREFERENCE FOR AUDIO 425 

TABLE 11, continued 

AA to A DAtoA AD to D DDto D Chi-
Ch No No No No. square 

Obs. Est. Obs. Est. Obs. Est. Obs. Est value 

30 .89 87 9 1.00 .61 .25 .62 4 .92 98 26 8.13 
31 .89 .88 9 1.00 .61 5 1 00 62 96 .98 25 458 
32 92 .88 13 100 .61 1 1.00 61 100 .98 25 l.92 
33 .62 .89 13 00 .61 0 .00 .61 .96 .98 26 11.80 
34 1.00 89 8 100 .61 2 .20 .60 5 1.00 .98 25 6.06 
35 LOO 89 10 .50 .60 4 .00 .60 0 1.00 .98 26 1 78 
36 92 .90 12 00 .60 0 .50 59 2 1.00 .98 26 52 
37 82 .90 11 00 .60 00 59 I 1.00 99 27 4.17 
38 1.00 .90 9 100 .60 I .67 58 3 1.00 .99 27 211 
39 1.00 91 10 1 00 .60 I .00 .58 0 1.00 .99 29 2.12 
40 1.00 .91 11 .00 60 0 00 .57 0 .97 .99 29 1.97 
41 91 .91 11 1.00 .60 I 00 .56 0 1.00 .99 28 1.07 
42 1.00 .91 11 .00 .59 0 1.00 .56 I .93 .99 28 8.82 
43 91 92 11 .00 .59 2 00 .55 0 100 99 27 3.29 
44 1.00 92 10 .00 59 0 .67 55 3 96 .99 27 2.23 
45 1.00 .92 10 l.00 59 2 .00 54 0 1.00 .99 28 2.61 
46 .75 .92 12 .00 .59 0 .00 .54 0 1.00 .99 28 5.45 
47 .78 .93 9 00 .59 0 .00 .53 3 100 .99 28 6.62 
48 .86 .93 7 .67 .59 3 .50 .53 2 93 99 28 8.44 
49 1.00 .93 8 .33 59 3 50 .53 2 96 99 27 2.75 
50 .89 .93 9 50 .58 2 1.00 .52 2 .96 99 27 3.49 
51 .89 93 9 100 .58 .50 .52 2 1.00 .99 28 1.31 

NOTE. 'Y .66; Ea = .05; Ed .01, C = .07; a 23. Summary chi-square value wIth 95 degrees 
of freedom 130.38. Total number of students = 40. 

We see clearly from the data in Tables 10 and 11 that more students have 
been absorbed early than is predicted by the model with the MLE for c. 
However, simply using a larger value of c would not in most cases help, 
since the rate of absorption after the early sessions is generally lower than 
the rate predicted by a larger value for c. A revised model which predicted 
higher probability of repeating choices in early trials, without predicting 
even more repeating in later trials, would clearly do better. 

4. SUBJECTIVE RESPONSES TO AUDIO CAl 

In addition to examining student preference, as expressed by the stu-
dents' selection of audio or display mode, we also collected subjective 
evaluations from the students in the form of questionnaires. The earlier 
questionnaires were distributed on paper to students as they were finishing 
the course, the later ones were incorporated into the course as an addi-
tional lesson and were answered on-line. For this latter questionnaire 
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format it was convenient to restrict ourselves to multiple-choice questions. 
In looking at the answers to the questionnaires we were particularly 

interested in discovering to what extent the answers to the questionnaires 
corroborated our statistical inferences. That is, did the students think that 
they were choosing audio in approximately the same way that our data 
showed them to be. Also of interest were the students' reasons for choosing 
or not choosing audio. 

In addition to the questionnaires that were used, a feature of EXCHECK 
allowed the students to comment at any time the course by sending 
a GRIPE message. Sampling these GRIPEs also shed some light on student 
subjective reactions to the use of audio CAl modes. Most of the GRIPEs 
received pertained to the non-audio of the course. Of the audio­
related GRIPEs most were congratulatory in the sense that they rated the 
audio as more useful and useable than they had a prwri expected it to be. 
There were also a number of GRIPEs pointing out specific flaws in the 
audio, such as mispronounced words and words spelled out instead of 
pronounced. few GRIPEs complained about not able to under­
stand a sentence or paragraph in audio. 

4.1 Paper Questzonnazres 

In 1977, students who finished the PASS portion of the course 
were asked to up a paper fill in their answers, and 
it off at the teaching-assistant's office. Students were asked to write their 
student number at the of the sheet so that we could those who 
had the P-mode 429. Students were in-
formed that the was administered for research pur-
poses and that It would no way influence the of a Out 
of students who finished the PASS of the course that 
57 returned questlorH1311n~s 

The ue~;;;tlC)nS and two short-
answer questions, and students were informed that could explain an 
answer on the back of the sheet if wished. Six of the IIUIHllplle-cnO'lCe 

the of audio to display-only 
mllmpH~-cnOlce questlOflS concerned the student's reaction to 

the prosody mode in the latter of the course, and the 
,-,,,,"'-..>.H,j,V'U, concerned the feature for changing the rate of speech. \Ve will 

summarize some of the more salient answers. 
When asked if noticed any difference in content between the audio 

and versions of the course, 35 students answered "no difference", 
12 detected and students did not answer. When asked which 
they liked 13 students circled "audio", 27 , and 
17 circled "about half and half'. Two were de-
voted to why students selected the audio mode and selected rlH'~I'lI"H 
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Students could select more than one reason in answer to these questions. 
Table 12 contains a summary of the answers to those two questions. 

TABLE 12 

Reasons for Choosing a Presentation Mode 

Reason AudIO mode DIsplay-only mode 

Better content 5 7 
Easier to understand 17 18 
Faster 12 29 
N ever chose It 16 4 
Other 16 16 
Total 66 74 

NOTE. N 57 

Of particular interest in Table 12 is that 29 out of 57 students listed as a 
reason for ~hoosing display that the display-only version was "faster." This 
tends to corroborate some of our speculations as to reasons for students' 
preferring the display-only mode. It is also interesting since preliminary 
studies indicate no difference in the amount of time spent in the course by 
two groups of students, one of whose work was predominantly (80-100%) 
in audio mode, and the other whose work was predominantly in the display­
only mode. 

Also of interest were some additional remarks made about the audio 
display-only comparison. Five students wrote that the audio was better for 
explanations, and that the display-only version was better for doing deri­
vations. One student wrote that the audio mode was better for simple 
explanations, but that display was better for complex ~xplanations. 

4.2 On-lzne Questionnazres 

During the Winter and Spring 1979, an additional lesson, consisting of a 
simple questionnaire, was added to the logic course at the conclusion of 
the PASS part of the course. For this lesson, students were required to use 
the audio mode (in particular, prosody) because only one version of the 
lesson was written. The format of the questionnaire was to ask a series of 
~hort-answer questions using the audio. For each question, only a multiple­
choice listing of the possible answers was displayed, but the student was 
given the option of having the question printed on the screen or rehearing 
the question, if desired, before answering. In addition to recording the 
students' answers to the questions, we recorded how often students asked 
to have the questions displayed. 

There were fourteen questions in the questionnaire, but only ten of 
those provided us with interesting information. The first four questions 
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dealt with the students' perceptions of how much time they had spent 
(forced and unforced) in the different modes (described as "audio" and 
"non-audio"). The answers to these questions were similar in both quarters. 
Approximately half the students felt that they had been forced to use less 
than four hours of each version of the course; half that they had volun­
tarily used more than eight hours of audio; and almost three quarters felt 
that they had voluntarily used more than eight hours of non-audio. Almost 
twice as many felt that they had used at least thirty-two hours of display as 
compared to audio. These results correspond well to our observations of 
student logins and tImes for the course. 

The next four questions dealt with the students' overall impressions of 
the course. Almost twice as many expressed preference for the non-audio 
as for the audio, although about the same number had strong preferences 
("a great deal" versus "somewhat"). This corroborates our observation of 
student use of the audio and display modes. There was large agreement 
that the non-audIo lessons were "a great deal' faster than the audio lessons. 
At least three-fourths of the students agreed that the speed of speaking was 
important to how much they liked the audio lessons. There was an even 
split as to which were harder to understand, audio or non-audio lessons, 
with about one third of the students being indifferent. These responses 
support our reasons, given in section 2.1, for why students chose display 
mode over audio. 

Contrary to the students' opinions, we have found that there is virtually 
no difference in the amount of time students spend in the course corre­
sponding to using audio or display. Total time in the course and also time 
spent doing derivations seem to be independent of whether audio or display 
mode is chosen for most of the work. 

Two questions asked the students to select the worst (single) aspect of 
the audio (or non-audio) lessons. The different quarters produced some 
differences as to the rankings of different aspects but the most consistent 
answers were that there were no bad aspects in the non-audio lessons (45% 
and 35%) and that the audio took too long (25% and 19%). About 15% said 
that there were no bad aspects of audio. In one quarter 30% of the students 
said that audio was "too hard to understand" (only 11% in the other 
quarter), while in the other quarter 19% said that the "headphones are 
uncomfortable". In one quarter 27% of the students said that they "prefer 
to hear some of the material", but only 10% of the students in the other 
quarter felt that way. 

The questions in the questionnaire were displayed on the screen about 
one-seventh 0f the tIme, There were no questions that were consistently dis­
played, but there were some students who displayed most of the questions 
and others who never displayed the questions. 
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5. CONCLUSION 

We summarize our conclusions as follows: 

1. In general, after a moderately long penod of mixed choices, most students 
chose predominantly one presentation mode. The split between those choos­
ing audio predominantly, and those choOSIng display-only, was roughly even 
when the choice was between long-sounds and display-only, and when there 
were a minimum number of curriculum and program bugs. 

2. The hypothesis that comparison of preference for the audio modes relative 
to the display-only mode would not differentiate the audio modes was con­
firmed. 

3. Prosody-mode was preferred by several students in a head-to-head confronta­
tion with both display-only and long-sounds modes. This was a surprising 
result, even though the percentage of those preferring prosody-mode was 
rather small. 

4. A large amount of forced exposure to audio seems to increase the percentage 
of audio use during the later period of free choice. However, further study 
is needed on this issue. 

5. A significant increase in audio use was found to accompany the use of ter­
minals equipped with the lighter headphones. 

6. The stochastic model fit the data about as well as can be expected given the 
simplicity of the model and the extensive nature of the data. Development of 
more complex models would appear to be worthwhile. 

7. The demonstration of strong individual dIfferences In preference for a 
visual or auditory mode of presentatIon is the most significant result of these 
experiments. Whenever possible, it seems highly desirable that both modali­
ties be offered, with free choice of their use left to the individual student. 
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