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Attrition of chemical engineering undergrad­
uates is a continuing problem at most institu­
t ions . If attrition of students could be reduced, 
the number of chemical engineers graduating and 
entering industry could be significantly increased. 
For this reason, the Council of AIChE asked the 
Education Projects Committee to identify the 
causes of high attrition and to review techniques 
that have been used to increase retention of 
undergraduate engineering students. 

Any in-depth study would require personal 
interviews with dropouts over a period of time 
to determine the basis for their decision. Instead 
of attacking this formidable task directly, the 
Committee chose to seek better information about 
current attrition rates and prospects for improve­
ment by surveying all chemical engineering de­
partments in the United States by means of a 
questionnaire. There were responses from 85 
schools. 

The first item on the questionnaire asked for current 
retention rate as the percentage of entering freshmen 
who achieve the Bachlor's degree. It must be recognized 
immediately that there is much "noise" in such a number. 
At many schools, students do not identify their major to 
be chemical engineering until their sophomore or even 
junior years. At almost all schools, students transfer from 
other universities and junior colleges and, to a small 
extent , from other colleges of the same university. Some 
students take more than four years to complete the BS. 
Despite the inaccuracies inherent in these reported reten­
tion rates, they were presented in Figure 1. Nine schools 
reported their rate as "unknown." The mean rate for the 
76 other schools is about 53% . 

The department heads were also asked to give opinions 
as to whether their rate "could be" or "need be" improved. 
Their responses to each of these items took three forms": 
"Yes," blank, and "No" in the five combinations shown 
in Table 1. As one would expect, the schools with the 
better retention rates feel less need or possibility for 
improvement. It should be noted that some schools with 
low retention rates (e.g ., 30 % and 45% ) replied in the 
"Not" categories; these were state universities who felt 
they were primarily at the mercy of having to accept all 
applicants. 

The data from the questionnaire were proc­
essed in an analysis of variance to determine the 
dependency of retention rate on : 
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TABLE I - RESPONSES TO WHETHER RETENTION 
RATE "COULD BE" AND/ OR "NEED BE" IMPROVED 

Number Range of Mean 
Respondir-g- Rates, % Rate, % 

Could be 30 25 - 80 53 
Need be 12 25 - 74 47 
Could be and Need be 19 18 - 77 46 
Could not be 2 45 - 85 65 
Could not be and Need not be 7 30 - 90 61 

(A) The nature of the school with respect to its being 
public or private. 

(B) The year in which the student takes his first course 
in the chemical engineering department. 

(C) Interaction between factors (A) and (B) . 

The analysis showed a very strong relationship between 
retention rate and nature of the school, with private 
schools having a significantly higher retention rate. There 
is a probability of only about 0.001 that the observed 
difference in rates. between public and private schools 
could have occurred by chance alone. No significant rela­
tionship existed for retention rate and year of first chemi­
cal engineering course, nor for the interaction. This lack 
of relationship to first course is some what at odds with 
other information to be presented later. 

Some additional comment is probably in order regard­
ing the data. First, it should again be noted that accurate 
retention rate data are extremely difficult to compile. 
Undergraduates come and go almost continuously, and 
few departments have adequate means of keeping such 
records. Even though this be so, it is reasonable to 
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FIGURE 1 

DISTRIBUTION OF RETENTION RATES AMONG REPORTING SCHOOLS 

20 

18 

16 

2l 
,:l 14 
00 

~ 
~ 12 
"' ~ 
~ 10 
0 
0 

-5 
"' 8 .. 
0 

~ 6 
§ 
z 

-

-
r -

0 10 20 30 40 so 60 70 80 90 100 

Retention Rate 

As % entering freshmen achieving B.S. in Ch.E. 

expect that the figures reported on the questionnaires 
have some relative validity. For example, one would 
expect a department reporting a 35 percent retention 
rate to be experiencing a de facto rate which is less than 
that of a department reporting a 75 percent rate. The 
data item of most dubious accuracy is the year the first 
chemical engineering course. These data were compiled 
from school catalogs. The question arises as to whether 
the catalog information is in phase with and applicable 
to reported retention rate. A school which has just insti­
tuted a freshman ChE course will probably not observe 
any possible consequences for some years hence. 

Figures reported by University of California 
at Berkeley and Bucknell University indicate that 
those departments attempt accurate records on 
undergraduate flows: 

Achieved BSChE 
Transferred to other majors 
Withdrew for academic reasons 
Withdrew for other reason 

Berkeley Bucknell 

58 % 
12% 
18% 
12% 

45 % 
32 % 
14% 
9% 

We shall see later that considerable additional 
information of this kind is available for engineer­
ing undergraduates as a whole. 

The questionnaire also contained a "Comments" sec­
tion, to which there was substantial but not universal 
response. The comments dealt primarily with causes for 
students' dropping out, and actions which might be or 
have been taken to improve the situation. Table II sum­
marizes the responses, where it can be seen that the 
domina:nt causes of dropping out are: 
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• Inadequate college counselling and early contact 
with the ChE faculty. 

• Inadequate pre-college orientation leading to wrong 
choice of major field of study. 

o Quality of students. 

The actions cited by the respondents as having 
been found effective in improving retention cor­
relate very strongly to removing the causes in 
order of importance given in Table II. That is, 
the most effective means of improving retention 
have been found to be improved college counsel­
ling and contact with ChE faculty, improved pre­
college orientation, etc. A majority of the com­
ments confirmed the Berkeley and Bucknell ob­
servations that many or most ChE dropouts 
transfer to other disciplines and graduate. (It is 
most interesting to note the high degree of corre­
spondence between the comments offered by the 
department heads and the observations of Pro­
fessor J. C. R. Turner of Cambridge University 
on his year of teaching at the University of 
Texas.1 

TABLE II 
CAUSES OF ATTRITION STATED BY RESPONDENTS 

Item Number Citing 

Quality of students 12 
Lack of funds 1 
Family background and pr.oblems 1 
Inadequate pre-college orientation leading to 

wrong choice of major 13 
Inadequate reading ability 2 
Changed career goals 1 
Inadequate college counselling and early 

contact with ChE. 17 
Nature of chemistry courses 7 
Nature of math courses 3 
Raiding by core repartments in early years 2 
Inflexibility of ChE curriculum 1 
Inadequate interest and self-discipline 8 
Poor image of chemical engineering: 

a) Financially 1 
b) Social mindedly 3 
c) As a profession 2 

The department heads were asked whether the 
undergraduate attrition problem had been studied 
quantitatively at their schools. Six identified 
studies for which some kind of report was avail­
able: Carnegie-Mellon, Cornell, Michigan State, 
New York University, Purdue, and the Univer­
sity of Washington. These will be summarized 
here. 
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Professor Lebold observes that first semester per­
formance is the best single predictor of an engineering 
students' performance. 

Michigan State Study 

Probably the most exhaustive of the six stud­
ies is the one performed at Michigan State, and 
which also included students at Northwestern 
and Wisconsin.4 All male students who entered 
engineering in 1963 at the three universities 
formed the study population. A sample was 
created comprised of two groups: persisters and 
non-persisters. The non-persisters were students 
who canged majors to non-engineering curricula 
during the freshman or sophomore year while 
earning at least a "C" cumulative grade point 
average. The persisters were students from the 
population whose academic potential individually 
match that of a non-persister but who persevered 
in the pursuit of their engineering degree. Ques­
tionnaires and taped interviews were used to 
elecit information. 

Statistical analysis of the questionnaire data 
revealed the following significant relationships 
between the two groups : 

• The non-persisters tended more to have come from 
lower middle class homes and to have graduated 
from central city or non-metropolitan homes. 

• Non-persisters attached more importance to social 
status and prestige and the opportunity to work 
with people rather than with things. 

• Non-persisters selected engineering as a career 
at a later age than did the persisters. 

The interviews led to the following most note­
worthy findings : 

• Students chose engineering majors for a wide 
variety of reasons, the most common of which 
were: 
a. Success and interest in high school science and 

mathematics courses. 
b. Encouragement towards engineering received 

from fathers, brothers, relatives and friends. 
c. Interest developed while pursuing mechanical 

or scientific hobbies and leisure-time activities. 
d. Extrinsic features such as monetary benefits, 

prestige and glamor of the field. 
e. Belief that an undergraduate engineering pro­

gram would provide a sound background for a 
career in some other field. 

• High school students, teachers, guidance counselors 
and parents evidently know little about the work 
of the professional engineer or the nature of the 
educational programs leading to such careers. 

• Persisters and non-persisters are frequently dis­
satisfied with the highly structured, inflexible 
engineering curricula. 

• Certain required courses, especially mathematics, 

WINTER 1970 

antagonize many students and reinforce miscon­
ceptions of the nature of engineering work. 

• Sophomore engineering courses are welcomed and 
enjoyed by most students. 

• Friends and acquaintances of respondents play 
important roles in their decisions to continue their 
engineering studies or change to other curricula. 

• Large proportions of both persisters and non­
persisters report passive, procedural relationships 
with their academic advisers as being typical 
throughout their college years. 

• Non-persisters cite a variety of reasons for chang­
ing out of engineering. Those most frequently 
mentioned include: 

a Students had mistaken impressions of the en­
gineering field. 

b. Students were dissatisfied with the content of 
the required courses. 

c. The student's scholastic performance did not 
meet his expectations. 

d. Students adopted new career goals. 
e. Students felt they could find more appropriate 

routes to the non-engineering goals they had 
originally established. 

f. Students wanted to explore other career oppor­
tunities. 

Eight recommendations were offered as a 
result of this study, concentrating on better com­
munication of the nature of engineering- work to 
high schools and to university undergraduates, 
and on better contact between engineering pro­
fessors and students, particularly freshmen. Pro­
fessor M. H. Chetrick stated on his questionnaire 
that Michigan State has invested considerahle 
time and effort in the study of attrition .and in 
the establishment of programs for its reduction, 
but that while they are pleased with these pro­
grams in general, they continue to be frustrated 
in not having been able to influence attrition 
significantly. 

New York University Study 

A brighter note comes from New York Uni­
versity where it is felt that significant reduction 
in the loss of freshman engineers is being 
achieved 5 ,6. Four programs seem to be responsi­
ble. First, all prospective engineering freshmen 
are interviewed before admission, apparently by 
engineering faculty or engineering alumni. Sec­
ond, all freshmen take an examination in mathe­
matics before classes begin and are placed ac­
cordingly in one of four plans. Third, treatment 
of freshmen has been personalized and an atmos­
phere created wherein freshmen become confident 
that they can easily reach a ready and sympa-

(Continued on page 50) 
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. . . This course also serves as a bridge to bring 
students and faculty closer together early . . 

tionnaire rating every aspect of this course. An 
outstanding conclusion from these cumulative 
data is the supreme importance of the company 
consultant (instructor) . Not only his personal 
reputation is on the line, but the student's impres­
sion of the entire course ( even the guest lectures 
his company consultant has nothing to do with) 
depends on the latter's ability to interest and 
inspire. The company consultant is the one who 
could make this course demanding and reward­
ing, or simply a drag. 

Other significant reactions of students are 
that they rate very highly the major reports and 
presentations, opportunity to create, stimulating 
their interest in engineering, quality of effort re­
quired, sense of accomplishment and the value of 
this course in their overall education. They said 
that they could do without tougher judges. 

Problem selection is extremely important. It 
should be one that all instructors are reasonably 
enthused about, though not necessarily in the 
special areas of competence of everyone. It should 
be one with great local interest or appeal so that 
guest speakers and consultants can be obtained 
easily. Other local cooperations are also essential. 

We hope to involve more and more liberal arts 
students in this course, even if this only serves 
"cultural" purposes, just as liberal arts courses 
do for engineering students. For engineering is 
at the heart of 20th Century culture. It is in 
everyone's daily life. If a housewife understands 
some basic engineering principles, she may be­
come a better cook by more properly utilizing her 
stove and oven, and the life expectancy of the 
family car may be prolonged. Unfortunately, in­
stead, we see, week after week, students (mostly 
liberal arts majors) fumbling on the simplest 
technical questions on the "College Bowl" TV 
program while recalling down to the last detail 
titles of literary works and names of authors, 
artists and composers. It is common to find the 
engineer a better conversationalist among arts 
and humanities majors than one of them in a 
group of engineers. The engineer is, therefore, 
perhaps the most cultural of all people, if culture 
is properly defined to include all of the main in­
gredients of our civilization. 

We also feel that a modified version of this 
course to service high-school students can be of 
great value as a career guidance device 
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CULBERSON ON ATTRITION 
(Continued from page 27) 

thetic "Establishment" ear for their problems. 
Fourth, a specially-tailored course for the second 
semester of the freshman year was developed as 
a result of interviews of freshmen by an ad hoc 
faculty committee. The freshmen lamented 
"Where is the engineering?" in a curriculum then 
consisting of mathematics, physics, chemistry, 
English and physical education or ROTC. There 
also seemed a definite need to answer the ques­
tion "What is engineering?" The course meets 
once a week for two hours under supervision of 
senior faculty, and is devoted to the conduct and 
data analysis of experiments from all fields of 
engineering. 
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Purdue University Study 

It appears that Purdue University, and par­
ticularly its Department of Freshman Engi­
neering, has made more studies of the attrition 
problem than any other school or organization. 
Some 50 studies are said to have been made. 
Two reports of this work will be reviewed here. 

The first is a study of the relationship between 
social class background and success in the fresh­
man engineering program. 1 Social class was 
dichotomized into a higher level and a lower level 
based on fathers' source of income and educa­
tional level. Students' performance was found 
to be quite dependent on social class, with the 
likelihood of success in the engineering program 
increasing in the higher social class. A number 
of non-intellectual factors were evaluated: 

• The greater the amount of his educational expenses 
provided by a student (rather than coming from 
his parents), the more likely he is to succeed in 
the engineering program. This effect appears 
independently of social class. 

• Students who live in fraternity houses are more 
likely to withdraw from engineering than are 
students who lived in dormitories or off campus. 

• Factors found to be not significant to performance 
when controlled to social class where: mothers' 
brothers' and sisters' education, geographical 
or igin and type of community (urban-rural) . 

Several other evaluations resulted from the study. 
Both the successful and unsuccessful students 
felt that the amount of work required in the 
courses was reasonable. The unsuccessful stu­
dents were more likely to rate the freshman 
counselling services as being helpful. The unsuc­
cessful students also were more likely to have 
taken an aptitude test. 

Professor William LeBold of Purdue has been 
conducting research for 10 years in the char­
acteristics of engineering and science students 
and graduates.8 He states that practically no 
correlation has been found between non-cognitive 
factors and achievement in engineering studies. 
However, he finds that the first semester, and 
even more so the second semester, performance 
of an engineering frshman is a very good predic­
tor of the student's cumulative undergraduate 
performance. In fact, first semester performance 
is three times as effective in predicting under­
graduates' final grade point average as is high 
school class standing, and twice as effective as 
class standing and' entrance examination score 
taken together. This strong correlation has been 
demonstrated to hold for students who transfer 
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to major universities from junior college or their 
equivalent. 

Carnegie-Mellon, Cornell and Washington Studies 

Carnegie-Mellon has studied the performance 
of the class which entered in 1962, and the fol­
lowing judgments were made upon the members 
of that class who entered the College of Engineer­
ing and Science. 2 The best single predictor of 
academic performance is college board score, but 
there is no obvious college board score to select 
as the minimum for admission. They suggest 
that a prospective student having a marginal 
college board score be further evaluated by 
"plusses" and "minuses" awarded from a derived 
matrix of values for number of high school 
activities, parents' educational level, and other 
factors. Student performance was also recog­
nized as being dependent on other and unmeas­
ured variables such as dorm living conditions, 
teacher-student relationships, etc. 

The Registrar at Cornell produces an "Under­
graduate Attrition Report" biennially in which 
the status of matriculants is reported for each 
college as numbers: graduated on schedule in (a) 
college of matriculation or (b) another college, 
still pursuing degree past scheduled graduation, 
and non-graduates no longer at Cornell. These 
reports in general do not seek out criteria for 
successful performance. However, the 1966 re­
port notes a large increase in the percentage of 
engineers graduating on schedule.3 This increase 
is attributed to two factors : a change from a five­
year to a four-year Bachelor's program, and the 
establishment of a basic engineering program 
providing excellent counselling to beginning 
engineers. 

In 1962, the University of Washington (Seat­
tle) began keeping close records of students en­
tering engineering there directly from high 
school. The accumulated data for the classes en­
tering in 1962, 1963, 1964 and 1965 were 
recently reported.° Further correlation and study 
of the data are to be pursued, but some very 
interesting information already has been identi­
field. First, the high school grade point average 
(GP A) of entering engineering students has 
held fairly constant from year to year, and does 
not differ significantly from the GPA of all fresh­
men entering the University. Mathematical pro­
ficiency of the entering engineering students has 
increased markedly during the period. The year­
by-year performance of each class is broken down 
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in the report by those continuing in engineering, 
voluntarily withdrawing, transferring to other 
studies, or dropped for low scholarship. Follow­
ing are the average retention figures as percent­
ages of entering freshmen : 
At the End of Year Still in Engineering 
Freshman 70% 
Sophomore 48% 
Junior 43% 
Senior 40% 
Graduated on Schedule 15% 
Graduated during Fifth Year 20% 

There was very little variation in the year-by­
year performance of the four classes. For 86 % 
of the students, their University of Washington 
cumulative GP A changed by less than 0.5 of a 
grade point. This seems to support Professor 
LeBold's observation that first semester perform­
ance is the best single predictor of success. Ten 
percent of the students who persisted through 
four years of engineering studies earned a better 
cumulative GP A than they had in high school. 
Many statistics are contained in this report deal­
ing with the destinations of students who left 
engineering, high school and university grade 
point comparisons, etc. 

Other Studies 

An ASEE study of engineering enrollment 
and attrition,1° and an EJC Manpower Commis­
sion report11 have also come to the attention of 
the writer. The EJC report shows that retention 
rates of freshmen engineering classes have de­
clined fairly uniformly from a figure of about 
65 percent in 1952 to 50 percent in 1962. The 
report also recommends remedial measures quite 
similar to those given in the Michigan State 
study. 

There is some evidence that this long-term 
decline in engineering undergraduate retention 
rate may to some extent be caused by continually 
increasing expectations of students by educators, 
who in turn may be reflecting industry expecta­
tions. The Learning Resources Center of the 
University of Tennessee recently published ma­
terial suggesting such a cause.12 Following are 
some items from that publication: 
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• In a four-year study at the University of Georgia, 
college GP A's declined eight percent for successive 
classes of entering freshmen while their class SAT 
verbal scores had been increasing ten percent. 

• At Berkeley, 30 percent of a freshman class had 
GPA's below C even though all members of the 
class graduated in the top one-eighth of their high 
school class. 

• A professor of calculus, not knowing he had been 
assigned a class of superior students who had 
received only A's in all previous mathematics 
courses, gave the usual distribution of A through 
F grades on the first examination. The students 
made the situation known to him, he relented at 
the end of the term to a distribution of 40 per­
cent A's, 50 percent B's and 10 percent C's. 

• A survey of 300 institutions showed overall grade­
point-average distributions to be quite similar in 
those institutions which admitted only superior 
students and those that had no selective admissions 
policies. 

• In a five-year period at the University of Tennes­
see, college GP A's declined ten percent for suc­
cessive classes of entering freshmen while their 
mean composite ACT scores were increasing ten 
perc-ent. 

These seem to constitute evidence that our stand­
ards for the Bachelor's degree are being raised 
at a pace which can be matched by an ever 
smaller proportion of our students. 

Hopefully, the foregoing material on attrition will pro­
vide an ample base from which the Education Projects 
Committee and interested members of Council can map 
a suitable next action. Sincere appreciation is extended 
to the questionnaire-plagued department heads who -com­
pleted the one sent out in this study, and particularly to 
Professors H. L. Toor, Robert York, M. H. Chetrick, John 
Happel, R. A. Greenkorn and R. W. Moulton who provided 
the reports on pertinent work at their schools. 
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