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of specific cross-links.) Thus, the deter- 
mination of the relative abundance of 
the reducible cross-links, while poten- 
tially interesting, may not provide di- 
rect insight into various biologic phe- 
nomena which involve collagen. For 
example, although the abundance of 
various carbonyl compounds changes 
as a function of wound healing, age, 
vitamin D deficiency, animal species, 
source of tissue, and a hereditary dis- 
order of connective tissue (28), it is 
not clear what factors are responsible 
for these differences. While it is tempt- 
ing to speculate that a "Rosetta stone 
of aging" may originate in the covalent 
cross-links of collagen, it is too early 
to come to any reasonable conclusions 
on this subject. However, it does seem 
probable that once more structural in- 
formation is available, the mechanisms 
of the regulatory processes can be 
probed in detail. 

Summary 

The formation of collagen cross-links 
is attributable to the presence of two 
aldehyde-containing amino acids which 
react with other amino acids in col- 
lagen to generate difunctional, trifunc- 
tional, and tetrafunctional cross-links. 
A necessary prerequisite for the devel- 

cross-link. (Of coure, many other fac- 
tors may also affect the development 
of specific cross-links.) Thus, the deter- 
mination of the relative abundance of 
the reducible cross-links, while poten- 
tially interesting, may not provide di- 
rect insight into various biologic phe- 
nomena which involve collagen. For 
example, although the abundance of 
various carbonyl compounds changes 
as a function of wound healing, age, 
vitamin D deficiency, animal species, 
source of tissue, and a hereditary dis- 
order of connective tissue (28), it is 
not clear what factors are responsible 
for these differences. While it is tempt- 
ing to speculate that a "Rosetta stone 
of aging" may originate in the covalent 
cross-links of collagen, it is too early 
to come to any reasonable conclusions 
on this subject. However, it does seem 
probable that once more structural in- 
formation is available, the mechanisms 
of the regulatory processes can be 
probed in detail. 

Summary 

The formation of collagen cross-links 
is attributable to the presence of two 
aldehyde-containing amino acids which 
react with other amino acids in col- 
lagen to generate difunctional, trifunc- 
tional, and tetrafunctional cross-links. 
A necessary prerequisite for the devel- 

opment of these cross-links is that the 
collagen molecules be assembled in the 
naturally occurring fibrous polymer. 
Once this condition is met, cross-link- 
ing occurs in a spontaneous, progres- 
sive fashion. The chemical structures 
of the cross-links dictate that very pre- 
cise intermolecular alignments must 
occur in the collagen polymer. This 
seems to be a function of each specific 
collagen because the relative abundance 
of the different cross-links varies mark- 
edly, depending upon the tissue of 
origin of the collagen. 
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An essential role of teaching insti- 
tutions is to teach-that is, to transmit 
knowledge, skills, and attitudes (1). 
The degree of success different institu- 
tions achieve in this respect may be 
viewed as dependent on the intellectual 
caliber of both its incoming students 
and its faculty and on the teaching 
effectiveness of that faculty. To ensure 
high intellectual caliber among their 
incoming students, many institutions 
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incoming students, many institutions 

place heavy emphasis in their admis- 
sion policies on the applicant's score 
on national normative examinations 
such as the Scholastic Aptitude Test, 
the Graduate Record Examination, the 
Law School Admission Test, the Medi- 
cal College Admission Test, and the 
Dental Aptitude Test. Likewise, to en- 
sure teaching effectiveness among their 
faculty, teaching institutions may be 
reasonably expected to foster it by 
their promotion policies. Such institu- 
tional efforts, however, are likely to be 
hindered by the lack of agreement re- 
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garding the criteria upon which to base 
methods for measuring teaching effec- 
tiveness quantitatively. 

The high correlation found between 
academic rank and publication output 
(2) supports the widespread impres- 
sion that publication output has been 
the major determinant in promotion 
decisions (3). As the premise that 
good researchers are ipso facto good 
teachers is being challenged (2, 4, 5), 
increasing attention has been given to 
more direct methods of measuring 
teaching effectiveness (2, 6-9). Among 
those proposed are (i) student ratings 
of instruction and (ii) class perform- 
ance in examinations. Although both 
methods have certain disadvantages, 
the expressed desire of students to par- 
ticipate in the evaluation of courses 
and the view that students, as cus- 
tomers of the educational service, are 
in the best position to evaluate its 
worth (7-9) have resulted in increas- 
ing use of student ratings (2). This 
can be considered a reasonable devel- 
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opment if the two methods mentioned 
above measure different, but related, 
aspects of an individual's teaching ef- 
fectiveness. If this be so, one would 
expect to find a substantial positive 
correlation between teaching effective- 
ness as measured by student ratings 
and teaching effectiveness as. measured 
by class performance on examinations. 
However, a recent report (7) suggests 
that, instead, a negative correlation 
exists and concludes that students rate 
most highly those instructors from 
whom they learn the least. The mo- 
mentous implications of such conclu- 
sions for the nation's educational sys- 
tem suggest that both a searching and 
critical analysis of these conclusions 
and the publication of other relevant 
data be undertaken as matters of high 
priority. 

The data on which the present study 
is based were collected under condi- 
tions that were more controlled than 
is usually the case in studies of this 
type. Thus, by virtue of their partici- 
pation in a single course, all the faculty 
of a department were rated by the 
same group of students. Moreover, the 
measure of class performance used 
primarily in this study (to measure 
relative class performance in the dif- 
ferent subject areas of the course) was 
one computed from how well, relative 
to the national sample, the class an- 
swered questions on a national norma- 
tive examination, an examination about 
the content of which none of the fac- 
ulty had any foreknowledge. For com- 
parative purposes, class performance 
in the same subject areas on de- 
partmental examinations was also 
computed. 

Design of the Study 

The class consisted of 119 sopho- 
more medical students taking a one- 
semester basic science course. The 
instructors were the department's ten 
faculty members. Each assumed sole 
responsibility for instruction in one or 
more of the 23 subject areas of the 
course. Part of the responsibility for 
instruction in a given subject area was 
the preparation of a corresponding sec- 
tion for a course manual. This manual, 
numbering some 560 pages of lecture 
outlines, notes, tables, diagrams, and 
so forth, was made available to the 
students at a modest fee and was pur- 
chased by all of them. 

Students were graded pass or incom- 
plete (failure) by the department on 
the basis of their cumulative raw 
11 MAY 1973 

grades on three departmental exami- 
nations. These examinations were pre- 
pared by a departmental committee 
from questions submitted by individual 
faculty members in the subject areas 
for which they were responsible. 
Special emphasis was placed on the 
elimination of ambiguous or unfair 
questions. One examination was ad- 
ministered at the end of approximately 
each third of the course. In an effort 
to further ensure the fairness of the 
examination (and, in part, to make it 
more of a teaching device), students 
were encouraged to submit written 
challenges of individual examination 
questions. All such challenges were 
reviewed by the departmental commit- 
tee. If the challenges were considered 
valid, alternative answers were ac- 
cepted or the question was removed 
from scoring. Details of the grading 
procedures are presented because of 
the possibility that the procedures 
could affect the ratings of instructors 
(7, 10). 

Student ratings of teaching effective- 
ness were obtained by means of a 
questionnaire that the 78 students at- 
tending the last lecture of the course 
were asked to complete anonymously. 
Students were asked to rate each of 
the subject areas with regard to (i) 
content and organization and (ii) pre- 
sentation, on a three-point scale "good," 
"satisfactory," and "unsatisfactory." 

The ratings were converted to a 
numerical scale by (i) assigning the 
values + 1, 0, -1 to the three attri- 
butes, (ii) using for each attribute a 
weighting factor reflecting the informa- 
tion content of the response, and (iii) 
calculation of a weighted mean rating 
for each subject area (11). The sec- 
ond of these steps was introduced be- 
cause the frequency with which the 
three attributes were employed by the 
students in their responses was not uni- 
form. On the basis of information 
theory, the information content of a 
response is proportional to -log P, 
where P is the population value for the 
probability of occurrence of the re- 
sponse (12). Thus, the smaller the 
probability of the response occurring, 
the greater the information content of 
the response if it does occur. The 
weighting factor, w, for each attribute 
was calculated from w = - og2! where 
f, the total frequency with which that 
attribute was elicited as a response 
(13), was used as a sample estimate of 
P (14). 

Class performance relative to a na- 
tional norm was evaluated by an anal- 
ysis of how the 141 questions on Part 

I of the National Medical Board Ex- 
amination were answered by the 116 
students (97.5 percent of the class) 
who elected to take this examination 
5 weeks after the end of the course. 
Each of the questions was inspected 
and classified as to whether or not it 
pertained to material covered in one 
of the subject areas (15) by two mem- 
bers of the faculty, who referred, when 
necessary, to the course manual to en- 
sure correct assignment. The National 
Medical Board provides the percentage 
of both the department's students and 
the nationwide sample who answered 
each question correctly. The latter can 
be considered as a normative measure 
of the inherent difficulty of the ques- 
tions. Accordingly, the difference be- 
tween the two percentages, averaged 
for all of the questions pertaining to a 
given subject area, was used as a mea- 
sure of class performance in that sub- 
ject area. 

With respect to the departmental ex- 
aminations, since no normative infor- 
mation was available, the percentage 
of students answering a question cor- 
rectly was taken as the class perform- 
ance for that question; class perform- 
ance for a given subject area was de- 
fined as the mean class performance 
for the questions pertaining to that 
subject area. 

Results and Discussion 

The correlation coefficients for the 
two measures of teaching effective- 
ness-namely, class performance in 20 
subject areas on a national examination 
and the student ratings of the content 
and organization and of the presenta- 
tion of course instruction in these 
areas-were .77 and .69, respectively. 
In both instances the results are statis- 
tically highly significant (P <.001). 
The 95 percent confidence limits for 
the true value of these correlations in 
the population are given by .52 C p C 
.90 and .43 m p L .86, respectively. Fig- 
ure 1 shows the scatter diagram for the 
first of these two measures. 

One variable that could have spuri- 
ously raised the above correlation 
would be the relative emphasis ac- 
corded to a given subject area in the 
course and the national examination. 
Thus, the greater the relative amount 
of time devoted to a subject area in the 
course, the greater the opportunity to 
cover the subject in depth; and this 
might lead to both better class per- 
formance and higher student ratings. 
Accordingly, a normalized measure of 
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the relative emphasis accorded a given 
subject area in the course and the na- 
tional examination was calculated by 
subtracting the percentage of examina- 
tion questions devoted to that subject 
area from the percentage of lectures 
devoted to it in the course and then 
dividing the resulting difference by the 
mean of the two percentages. The cor- 
relation between this variable and class 
performance was found to be .43, indi- 
cating a positive trend, although statis- 
tically not a significant one (P = .06). 
Moreover, the partial correlation co- 
efficient (r12.3) for class performance 
on the national examination and stu- 
dent ratings of content and organiza- 
tion and of presentation in the various 
subject areas, with relative emphasis 
held constant, were .74 and .62, re- 
spectively. These values are also highly 
significant (P < .001) and are not very 
different from the values of .77 and 
.69 presented above (16, 17). 

Another variable that could have 

spuriously raised the correlations be- 
tween student ratings and class per- 
formance on the national examination 
would be the time elapsed between 
when a given subject area was covered 
in the course and the date of the na- 
tional examination. The greater the 
amount of time that had passed, the 
greater the opportunity for students to 
have forgotten the material. The cor- 
relation between the number of days 
elapsed and class performance on the 
national examination (r= - .39), how- 
ever, was not a significant one (P= 
.15). Moreover, the partial correlation 
coefficients between student ratings and 
class performance on the national ex- 
amination with the time elapsed' held 
constant (r12. =.77 for content and 

organization, .69 for presentation) 
were identical to the correlation co- 
efficients obtained without the time 

elapsed being held constant. Thus, it is 

apparent that differences in the time 

elapsed between a subject area's being 
covered in the course and the date of 
the national examination had no effect 
on the correlations reported. 

Results of student and class per- 
formance on departmental and na- 
tional examinations present somewhat 
of a paradox. The correlation between 
how well individual students scored in 
the departmental and national exami- 
nations was quite high (r =.68; P< 
.001), which suggests that the scores 
of individual students were a good 
measure of their individual proficiency 
relative to national norms. On the 
other hand, the correlation between 
class performance in the 20 subject 
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nature or perceived difficulty of the 
questions on departmental examina- 
tions. In addition, it might be noted 

o o.s that, since class performance on the 

Student rating national examinations was computed 
from the performance of the class rela- 

ram of class perform- tive to the performance of the nation- normative examination 
of a course and of wide sample, it would not have been 
of the content and affected by the inherent difficulty of 

ruction in these subject the subject matter in the different sub- 
ject areas (18). 
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that the way class course. The questions on the national 

he departmental and examination were of the multiple 
'ions was computed choice type, and the grading was there- 
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tmental examination. knowledge of the questions on the na- 
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departmental exami- In considering the marked discrep- 
nt ratings was quite ancy between the data reported here 
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presentation). Al- it should be noted that, although the 
for this low correla- Rodins claim that their examination 

ly related to the way procedure reflected how much the stu- 
was computed, this dents learned from the instructors they 

to the problems in- were rating-that is, the teaching as- 
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by a number of fac- lectures given by a professor; one must 
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sofar as the ability of students in the 
various recitation sessions to solve the 
problems differed, such differences 
might be more reasonably taken as 
indicative of how "in tune" with the 
professor the various teaching assist- 
ants were; that is, it might be more 
a reflection of their teamwork abilities 
rather than of their teaching effective- 
ness. Details that could shed further 
light on this would be of interest. How, 
for instance, did the ratings of the 
teaching assistant and the professor by 
students in the various recitation ses- 
sions compare? Rodin and Rodin spec- 
ulate, "Perhaps students do not wish 
so much to maximize the amount 
learned as to reach an equitable com- 
promise between the effort involved in 
learning and the perceived importance 
of what is being learned" (7, p. 1166). 
One might equally well speculate, on 
the other hand, that those students 
who found the professor's teaching ap- 
proach least effective tended to rate 
highest the teaching assistants who 
departed most from the professor's ap- 
proach; such students could be ex- 
pected not to do as well on an evalu- 
ative device (the problems) set up by 
the professor. 

Some question also arises regarding 
the evaluative device used by the Rodins 
to determine the amount the students 
learned. From the details furnished by 
the Rodins, it appears that the students 
were presented with one or more prob- 
lems a week. If they failed to solve 
these, they could attempt variants of 
them, presumably on subsequent oc- 
casions, without penalty for up to six 
times per problem. It would seem 
likely that such an evaluative device 
would differentiate between students 
able to solve the first problem pre- 
sented to them and those who, al- 
though they may have been able to 
solve the fifth problem variant pre- 
sented to them, failed to solve the first 
four. The use of an evaluative device 
of this nature in a study such as the 
Rodins' might lead to results reflecting 
unduly the correlation between the 
scores and ratings of the students for 
whom the learning process had been 
slow. 

Measures of Teaching Effectiveness 

What conclusions can be drawn 
regarding the appropriateness and va- 
lidity of class performance on exami- 
nations and of student ratings as mea- 
sures of teaching effectiveness? 

Examinations are sometimes thought 
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of as objective measures of student 
learning, and thereby of teaching effec- 
tiveness, while student ratings tend to 
be regarded as subjective (7). This 
view is open to challenge. Thus, al- 
though there is no question that ex- 
aminations, particularly multiple choice 
ones, can be scored objectively, there 
is significant debate (19) regarding 
what they measure (namely, recall or 
problem-solving); moreover, they fre- 
quently reflect the subjective view of 
those who devise them as to what it 
was that the students were taught (20). 
Accordingly, if no significant correla- 
tion is found between student ratings 
and class performance on examina- 
tions, then there would appear to be 
no a priori basis for singling out, as 
Rodin and Rodin (7) have done, one 
of the variables as reflecting teaching 
effectiveness more accurately. On the 
other hand, when a high correlation is 
found between these two variables, 
then they would appear to validate 
each other, each reflecting a related 
aspect of teaching effectiveness. 

The high correlation between stu- 
dent ratings and class performance on 
national normative examinations sug- 
gests that such examinations themselves 
could be used as a measure of teaching 
effectiveness. The routine use of na- 
tional normative examinations for this 
purpose, however, would have certain 
predictable consequences and should 
not be undertaken without cognizance 
of what these would be. For instance, 
because an obvious way to improve 
class performance would be to ensure 
that the material presented in class 
corresponded to the material tested 
for in the examination, there would be 
a tendency to lock curricula and the 
material presented by individual in- 
structors to that customarily covered 
by such examinations (21). This, in 
turn, could tend to make instructors 
more concerned with the content of 
such normative national examinations 
and more determined to have a voice 
in deciding what that content should 
be. Whether or not the overall effect 
would be a desirable one remains a 
question. 

The high correlation found in this 
study between student ratings and 
class performance on a national nor- 
mative examination would appear also 
to validate student ratings as a measure 
of teaching effectiveness. The work of 
Rous et al. (9) suggests that giving 
faculty members access to student rat- 
ings of themselves can improve the 
ratings they receive on subsequent oc- 
casions. If such ratings measure teach- 

ing effectiveness, a contention sup- 
ported by the results of the present 
study, then there appear to be some 
grounds for the argument that the use 
of student ratings can lead to enhance- 
ment of the faculty's teaching effective- 
ness. 

Conclusions 

It appears quite clear that student 
ratings of instruction and class perform- 
ance on national normative examina- 
tions are positively related: the higher 
the student ratings of the instruction 
they receive, the higher the class score 
relative to a nationwide norm. On the 
other hand, no significant correlation is 
found between student ratings and class 
performance on institutional exam- 
inations. This suggests that both stu- 
dent ratings and class performance 
on national normative examinations 
are valid measures of teaching effec- 
tiveness. 
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NEWS AND COMMENT 

Arms Control Agency: Fred Ikle, 
New Captain of a Disabled Ship 
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Arms Control Agency: Fred Ikle, 
New Captain of a Disabled Ship 

Congress established the U.S. Arms 
Control and Disarmament Agency 
(ACDA) in 1961 as a modest step to- 
ward redressing the balance in a gov- 
ernment then still feverishly engaged 
in building up the nation's strategic 
weaponry. The director of ACDA was 

assigned, by law, to serve as the Presi- 
dent's principal arms control adviser 
and to assume, under the Secretary of 
State's direction, "primary responsibility 
within the government" for arms con- 
trol matters. 

No miracles were expected of ACDA, 
and none were performed. But this 
small agency, with a staff of never more 
than 270 people and an annual budget 
of never higher than $10 million, has 

proved its value by playing a key role 
in bringing about agreements such as 
the Non-Proliferation Treaty of 1968 
and the ABM treaty of 1972. Today, 
however, ACDA seems to be on the 
Nixon Administration's list of agencies 
marked, if not for extinction, for ob- 

scurity. A number of members of 
the Senate Foreign Relations Commit- 
tee will give voice to their growing con- 
cern over this situation at the public 
hearings, now set for 9 May, on the 
confirmation of ACDA's newly desig- 
nated director, Fred Charles Ikle. 

Ikle's confirmation itself does not ap- 
pear in any danger, for Ikle is a politi- 
cal scientist with a respectable if not 
luminescent record of scholarship into 

questions of modern weaponry and in- 
ternational negotiations. Indeed, the re- 
cent White House announcement of 
Ikle's nomination was received with re- 
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cal scientist with a respectable if not 
luminescent record of scholarship into 

questions of modern weaponry and in- 
ternational negotiations. Indeed, the re- 
cent White House announcement of 
Ikle's nomination was received with re- 

lief by those who had feared that the 
nominee might be someone wholly un- 

qualified, such as one particular Repub- 
lican senator from the West who was 
defeated for reelection last Novem- 
ber. Ikle, once a professor at Massachu- 
setts Institute of Technology, comes to 
ACDA from the Rand Corporation 
where he has been head of the social 
science department. If some profession- 
als in the field of arms control are un- 
easy at certain of Ikle's ideas, they at 
least recognize him as one of their own 
kind and as someone with whom they 
can communicate. 

The real significance of the upcoming 
hearing is that it will give senators their 
first opportunity to question an admin- 
istration spokesman closely, and pub- 
licly, as to ACDA's future. If Ikle is 
unable to provide satisfactory answers, 
the committee or its arms control sub- 
committee can proceed from there, 
scheduling other Administration officials 
to testify about ACDA and possibly 
considering legislation intended to 
enhance the agency's status and in- 
fluence. 

ACDA seems to be undergoing a 
transition from an agency entrusted 
with important arms control negotia- 
tions to one discharging a modest ad- 

visory role, yet apparently without be- 

ing allowed to keep the tools necessary 
to perform even that latter role ade- 

quately. First, note how ACDA has 
been stripped of a major part of its 
role in negotiations. 

A few months ago the agency was 
denied the leadership in SALT II ne- 
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gotiations when the White House named 
a career diplomat, Ambassador-at-Large 
U. Alexis Johnson, to head this second 
round of strategic arms talks with the 
Russians. In fact, Gerard C. Smith, who 
in January resigned as ACDA director, 
last May was cut out of the final nego- 
tiations for SALT I-which he had led 
for some 2 years-and was not invited 
to be present in Moscow with President 
Nixon and Henry A. Kissinger when 
the SALT agreements were signed. 

ACDA will provide some staff sup- 
port for SALT II, but whether this will 
be done largely through Johnson's ne- 
gotiating team or through Kissinger's 
National Security Council staff is not 
yet clear. What is clear is that, in its 
new advisory and staff support role, 
ACDA's influence on policy will prob- 
ably be weak by comparison with what 
it would have been if the agency were 
still actually leading negotiations. (The 
ACDA official currently assigned to 
the SALT negotiating team is Sidney 
N. Graybeal, the agency's deputy as- 
sistant director for science and tech- 
nology.) ACDA remains in charge 
of U.S. participation in the multilateral 
arms control negotiations going on at 
the United Nations Conference of the 
Committee on Disarmament (CCD) in 
Geneva, but whether this will continue 
to be so if these negotiations should 
suddenly begin moving toward impor- 
tant agreements appears very much a 

question. 
Just the fact that Ikle is an acade- 

mician without practical diplomatic or 
high-level governmental experience it- 
self suggests that he was named to head 
a think tank of sorts and not an agency 
with the "primary responsibility" for 
arms control. His qualifications are in 
marked contrast to those of his two 
predecessors. William C. Foster, direc- 
tor of ACDA from 1961 to 1969, 
served as director of the Economic 

Cooperation Administration and as 

deputy secretary of defense during the 
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