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COPING WITH BULGING ChE ENROLLMENTS 
(Are You or Aren't You) 

ROBERTB. BECKMANN 
University of Maryland 
College Park, MD 20742 

CHEMICAL ENGINEERING ENROLLMENTS and 
those of all engineering, in general, have been 

increasing at a rapid pace ever since the low point 
d_uring 1973-74. Beginning with the first upward 
trend in 1974-75 and continuing to the present 
time, undergraduate enrollments in all-engineering 
(1974-75 compared to 1979-80) have risen 62.5 % 
and in chemical engineering 111 % ; graduate en­
rollments over the same period, for all-engineer­
ing and for chemical engineering have increased 
11.6 % and 35% respectively. An increase of this 
magnitude would clearly place a severe strain on 
the physical facility and faculty resources avail­
able unless concomitant increases in these re­
sources were available to maintain the quality of 
instruction. 

During the Spring of 1978, all of the chemical 
engineering departments listed by the AIChE as 
having accredited programs in chemical engineer­
ing were contacted to determine their willingness 
to respond to a Questionnaire seeking information 
about the, then, current situation (1977-78) with 
regard to the financial support and operational 
characteristics of their individual programs. The 
primary impetus for this request was the oft­
noted comment in accreditation reports, and from 
department chairmen, that the financial support 
available for maintainipg and developing chemi­
cal engineering programs was rapidly reaching a 
crisis situation, compounded by problems of space 
and faculty resources in a rapidly rising enroll­
ment situation. The original inquiry was sent to 
126 chemical engineering departments, with over 
90 % of those responding and (70 % ) indicating 
a willingness to participate. The final result was 
that 94 institutions returned completed question­
naires. While some individual questions were not 
answered, due to internal problems of obtaining 
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the data, a range of 80-92 responses was available 
from each question posed to the respondents. 

The principle items of information sought in 
this survey related to the following : financial 
support, the instructional laboratory and research 
facilities space situation, graduate teaching 
assistant support, student faculty ratios and the 
faculty workloads, and finally the individual de­
partment's assessment of its most critical needs. 
The results are summarized in the following 
sections. 

FINANCIAL SUPPORT 

This was the primary target of the survey. 
Financial information for the 1977-78 fiscal year 
was requested in two parts : ( 1) those general 
operating funds, excluding salaries, budgeted for 
the day-to-day departmental operation; and (2) 
those funds allocated for capital equipment items, 
excluding funds from external contract/grant or 
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gift sources. 
The general picture presented by the financial 

information seemed to verify that the vast ma­
jority of chemical engineering programs, indeed, 
were facing a rapidly deteriorating situation-if 
not already at the disaster stage-particularly 
with regard to capital equipment funding for 
laboratory maintenance and development. The 
situation with regard to general operating funds 
was equally distressing. 

Over 60 % of the reporting departments (84)' 
reported the availability of less than $2,500 per 
full time equivalent faculty (FTEF) member al­
located for general operation, and only 10 % re­
ported funding in excess of $5000 /FTEF. Since 
"General Operating Funds" was specified to in­
clude funds for general departmental operation 
and maintenance, travel, laboratory supplies, 
etc. ( exclusive of salary monies for personnel of 
any classification) these funds should be relatively 
indicative of the day-to-day operational funding 
level. The funding level ($ / FTEF) appeared 
relatively independent of the "perceived" quality 
rating of the institution, the general level of re­
search or graduate activity, or the size of the 
program. This is particularly true of those pro­
grams (10 % ) reporting general operating funds 
in excess of $5,000/FTEF. In some of these cases, 
there appears a question as to whether or not some 
unique situation exists in the program funding 
situation (i.e. funds reported included some an­
cillary activity or perhaps total funds for a com­
bined department while faculty numbers were 
reported solely for ch~mical engineering-result­
ing in an abnormal or pseudo indication of funds 
available for the chemical engineering program 
per se. Most importantly, it should be kept in mind 
that the $/ FTEF are on the high side with respect 
to reality in that only the FTEF resident faculty 
at the Assistant Professor or higher rank were 
used in the calculation. Thus, a department with 
a heavy reliance on instructors, part-time and 
adjunct faculty would have a higher reported 
$/ FTEF than might be considered realistic. 

The data showing the funds allocated for 
capital equipment expenditures was particularly 
distressing. Over half the reporting departments 
had less than $1,000/FTEF, over 75 % reported 
less than $1,750/FTEF, and only 7% reported 
capital funds in excess of $3,000/FTEF. Consider­
ing the current price range for laboratory equip­
ment, such a funding level will not maintain labo­
ratories, much less allow for laboratory develop-
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The primary impetus for this request 
was the oft-noted comment in accreditation 
reports, and from department chairmen, that the 
financial support available for maintaining and 
developing chemical engineering programs 
was rapidly reaching a crisis situation. 

ment and/or innovations and new experiments. 
Here again, the funding level was relatively in­
dependent of the size, perceived quality, or re­
search activity of the department. 

Considering that some institutions might not 
have a precise "General Operation/Equipment" 
funding division withiii their budget or that such 
a division of available funds might not relate to 
actual fund expenditures, the data were also re­
viewed on a total dollar-per-FTEF basis. The 
"total" picture was just as distressing. Over half 
the departments reported less than $3,500 / FTEF 
for their total operation, two-thirds had $5,000 / 
FTEF or less, and 10 % reported total funds avail­
able in excess of $8,000 /FTEF. 

Attempts to analyze the data on the basis of 
student enrollment or degree productivity were of 
little or no value. The rapidly changing enroll­
ment situation throughout all chemical engineering 
programs, in many cases not yet reflected in the 
degree productivity data, gave a more chaotic and 
random picture. · 

As indicated above, there appeared no correla­
tion of funding level based upon faculty size, 
graduate and research activity or the perceived 
type or quality of the program. Two factors could 
account for this: a lessening in the variety and/ 
or the degree of laboratory experiences in the 
undergraduate program or, in some cases, living 
on the inventory of capability built up through 
externally funded research activity or the use of 
external gifts or grants. Each of these is a stop­
gap resolution of the problem that will undoubtedly 
reflect on the quality of undergraduate chemical 
engineering education, and graduate/research ac­
tivity, in the near future. 

Considering the above, what then is a reason­
able funding level for chemical engineering pro­
grams? One thing is certain : you will get as many 
answers to this question as persons questioned­
and with no lack of positive opinions. There un­
doubtedly is no clear-cut answer since the re­
quired funding, assuming a stable or steady state 
operation which is totally unrealistic, would still 
depend upon the characteristics of the program 
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with regard to the breadth and depth of laboratory 
experiences, the degree of research and graduate 
activity, and the availability of unrestricted 
external gift/ grant income. However, from a 
completely general viewpoint, it would seem to 
this author that a funding level, in terms of 1979 
dollars, for the total program operation (including 
equipment) in the range of $6,000-$9,000 /FTEF 
is a minimum for maintaining a quality under­
graduate program, even with occasional "special 
allocations" for unique situations. The , $9,000/ 
FTEF would presumably serve the smaller pro­
grams (with a minimum -of 3 FTEF) and the 
$6,000/FTEF for the largest of programs in terms 
of faculty size with a minimum of $25,000-$30,000 
for a small three resident full-time faculty pro­
gram to $175,000-$200,000 for a very large pro­
gram with a minimum of external resources avail­
able. This range of support dollars with allowance 
for individual situations would provide reason­
able funding for maintenance, operation and 
modest development or improvement, but would 
not obviate the need for special funding for unique 
situations such as building a wholly new laboratory 
or unique facility. 

.. . Attempts were made to see if there 
were any correlating relationships on the basis of 
the research and instructional space allocations. 

INSTRUCTIONAL LABORATORY & RESEARCH SPACE 

In reviewing the space allocations for chemical 
engineering programs, it was decided to focus on 
the figures reported for the instructional labora­
tories and research space, rather than the total 
space (including offices and other) that is 
generally reported for accreditation purposes. It 
was felt this might be more realistic of the space 
available for student experimental activities. The 
average "Instructional & Research" space per 
FTEF reported by the 83 institutions reporting 
data in this category was 1890 sq. ft. /FTEF, with 
70 % reporting less than 2000. 

Keeping in mind that there is no precise split 
between instructional laboratory and research 
space and that these individual classifications will 
depend upon individual departmental utilization 
(classification) and the extent of research activity, 
attempts were made to see if there were any cor­
relating relationships on the basis of the research 
and instructional space allocations. Attempts to 
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interpret in terms of graduate/ undergraduate en­
rollments or degree productivity were of no avail. 
Considering the fluctuating and non-steady state 
condition of these factors during the 1977-78 year, 
this was not surprising. 

If one assumes that institutions will arbitrarily 
classify instructional and research space according 
to the extent of graduate and research activity and 
as the degree of graduate/ research activity in­
creases the FTEF to some degree (thus lessening 
the total space need per FTEF) the total space 
allocation per FTEF might be expected to show a 
decreasing tendency as the ratio of (Research/In­
structional Laboratory) space increases. While no 
general correlation on this basis resulted, the data 
could be placed in about four family groupings, all 
showing approximately the same degree of change 
with increasing ratio of (Research/ Instructional 
Laboratory) space. Coupling this with an ad­
mittedly qualitative judgment (relying heavily on 
accreditation reports concerning the space situa­
tion), the following "rule-of-thumb" generaliza­
tions are offered: 

If "T" = Total Instructional Laboratory & Research 
Space/FTEF 

"R" = Total Research Space allocation, ft. 2 

"I" = Total Instructional Laboratory Space alloca­
tion, ft. 2 

1. Excellent Space Situation 

T ;::,,,, 4,000 - 290 (R/I) 

2. Good to Excellent Space Situation 

T ;::,,,, 2,500 - 290 (R/1) 

3. Fair to Good Space Situation 
T ;::,,,, 1,500 - 290 (R/I) • 

4. Poor or Marginal Space Situation 

T < 1,500 - 290 (R/I) 

GRADUATE TEACHING ASSISTANTSHIP SUPPORT 

The use of graduate teaching assistantships 
(GTA's) has been a hallmark of chemical engi­
neering education and graduate student support 
over the years. The information sought attempted 
to obtain data on the number of GTA's budgeted 
to the chemical engineering program from institu­
tional funds and the number of additional GTA's 
resulting from the availability of external funds 
presumably resulting from salary savings due to 
sabbatical leaves or academic year salary contribu­
tions from contract/grant resources. Research 
graduate assistants were to be specifically ex­
cluded. The number s of GTA's were to represent 
what each institution considered a normal full-
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The information ... attempted to obtain data on the number of GTA's budgeted 
to the chemical engineering program from institutional funds and the number of additional 

GT A's resulting from the availability of external funds presumably resulting from salary savings due to 
sabbitical leaves or academic year contributions from contract/ grant sources. 

time GTA appointment and not on an FTE 
(faculty equivalent) basis; thus a 1.0 would be 
considered to be a single GTA putting in what 
that institution considered a full-time service load. 
Ninety-two institutions supplied data in this 
category; 12 departments reported no budgeted 
GTA's, and 10 reported no GTA's supported from 
external fund resources. 

Considering the GTA's supported by institu­
tional budget funds, and excluding those reporting 
2:ero, the average was 0.6 GTA/FTEF with 75 % 
reporting 0.8 or less and only three institutions 
reporting over 1.4 GTA/FTEF. When the GTA's 
supported from non-budget resources are added 
.(again excluding those reporting a zero total) the 
average rose to 0.95 GTA/ FTEF with 75 % re­
porting a total of 1.4/FTEF or less and 10 % re­
porting totals in excess of 1.8/ FTEF. 

The data should not, however, be interpreted 
as indicating a general plethora of GTA avail­
ability. The major increase was occasioned by 
those institutions generally smaller in size or 
having a relatively smaller fractional number of 
budgeted GTA's/FTEF. There are also some cases 
where the number of GTA's added •through the 
availability of external resources was abnormally 
large when considered in the context of the size 
and character of the institution. This could result 
from · the institution's unique classification of 
GTA's resuiting from funded intern or ~o-op 
type graduate programs or possibly the use of 
GTA appointment types for regular teaching ac­
tivities-rather than the usual assistant type 
duties-caused by the large enrollment increases 
and inability to add budgeted regular faculty. 

To illustrate the above point, I arbitrarily 
selected 25 % (23) of the reporting schools that 
would be considered, in this author's opinion, to 
have strong chemical engineering programs, public 
and private, large and small, with recognized 
strong graduate programs. The results for these 
institutions show the following: 

Min. GTA/ FTEF = 0.17 (Budgeted Funds only) 
Max. GTA/FTEF = 1.87 (Budgeted Funds only) 
Avg. GTA/ FTEF = 0.68 (Budgeted Funds only) 
Mean GTA/FTEF = 0.62 (Budgeted Funds only) 
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Of these 23 institutions, 14 added no (12) or 
less than 0.1 GTA/FTEF (2) from the avail­
ability of external funds. Five added 1.0 or more 
GTA/ FTEF through external fund sources but 
only one of these was initially above the average 
noted above from budget resources ; and three 
were significantly below the average to start. Of 
the remaining three, one remained well below aver­
age even with the additional resource utilization, 
one used the added resources to bring their ratio 
to the average budgeted level; and the other, above 
budgeted average initially, increased its number of 
GTA's FTEF by 80 %. 

The questionnaire also sought information 
concerning the weekly service hours required of 
GTA's. Only 69 schools responded with informa­
tion in this regard, the remaining not responding 
or simply stating "variable" with no further 
elaboration. Even for those institutions respond­
ing, the service requirements were indicated to be 
quite variable, depending upon the specific service 
activity. However, 78 % of those reporting indi­
cated a service requirement of 15-20 hours per 
week as an upper limit and just under 20 % indi­
cated the upper limit service requirement to be 
12 hours per week or less. Probably the most 
prevalent comment of all was a statement along 
the line: " ... require "x to y" hours per week but 
th~y really _ only work one-half or one-third this 
amount" 

STUDENT FACULTY RATIOS & STUDENT 
CREDIT HOUR TEACHING LOADS 

Student/Faculty ratios and the student credit 
hour (SCH) faculty loadings are frequently used 
comparison measures for the relative evaluation 
of work load requirements for similar programs 
or educational situations. Unfortunately, 1977-78 
was a year of dynamic change insofar as student 
enrollments were concerned and the resultant im­
pact on student-faculty ratios and student credit­
hour work loads were concerned. In many cases, 
the full impact of the dramatic increase in chemi­
cal engineering enrollments was just beginning to 
reach the upper division (junior and senior years) 
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and hence any (Students/FTEF) or (SCH)/ 
FTEF ratios would not reflect the total situation. 

Two other factors also enter such statistical 
comparisons : in many institutions, freshmen do 
not indicate major field (within engineering) 
preferences at that level and even if they do, it is 
not a very reliable barometer of eventual sopho­
more enrollments; and at a number of institutions, 
faculty teach other than chemical engineering 
courses to maintain institutional workload require­
ments or are involved in core-course instruction, 
particularly at the lower division level. N onethe­
less, the data were collected so some reporting is 
in order. In looking at student faculty (FTEF) 
ratios, it was decided to summarize only on the 
basis of upper division undergraduates (juniors 
and seniors) or upper division undergraduates 
plus graduate students since the large majority of 
faculty involvement is in these academic years. 

The average student faculty ratio (Jr., Sr.) 
was 12.7 with 50 % ranging from 10 to 25. If the 
ratio is based upon (Jr., Sr., Grad.), the average 
increased to 16.7 with 86 % of the programs having 
ratios between 10 and 25 and 12 % exceeding 25. 
The data were also examined on a public/private 
institution basis, and as would be expected, the 
private institutions, having a more positive enroll­
ment control, showed significantly lower student 
faculty ratios with a larger graduate student effect. 
The ratios for private schools were 9.7 and 14.2 
and for public schools the ratio averages were 
14.0 and 17.8. 

If one looks at the student-faculty ratio for all 
undergraduates, not indicated above, the result is 
rather horrifying: only 27 institutions have ratios 
below 20, 59 (68.6 % ) exceed 20, 29 (33.7 % ) 
exceed 30, and 11 ( 12.8 % ) exceed 40, without 
allowing for the graduate student population. 

The data on faculty workloads was informa­
tional, at best. Nonetheless, the student credit 
hours (the sum of the number of students in a 
given class section times the credit hour rating of 
the course, summed for all courses taught by 
chemical engineering faculty) per FTEF showed 
an average of 330. Considered in context with in­
creased student-faculty ratios, lowered graduate 
assistant availability, and the poor financial 
support situation, the data illustrated the in­
creased faculty workload of the past several years. 
It is difficult to assess what might be considered a 
reasonable norm in this regard. If one considered 
only undergraduate instruction, teaching two 
courses per term with 25 students in each would 
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result in a (SCH) / (FTEF) of 300 yet this does 
not consider the impact of graduate courses (with 
generally smaller enrollments) or laboratory and/ 
or research instructional activities with demanding 
but generally restricted enrollments. The fact that 
over 55 % of the schools have loads in excess of 
300 (and 30 % in excess of 400) indicates a serious 
workload situation. 

DEGREE PRODUCTIVITY INDEX 

The questionnaire which served as the basis 
for the above information was concerned solely 
with chemical engineering programs. In an effort 
to gain some insight as to how chemical engineer­
ing was faring in comparison to "all engineering" 
the data on degree productivity, faculty numbers 
(FTE Assistant Professor and higher ranks), ad­
junct faculty and teaching assistant appointments 
and research dollars were extracted for 79 institu­
tions from · the ASEE annual reports in the 
March issue of Engineering Education [Vol. 69, 
No. 6, March 1979 for 1977-78, and Vol. 70, No. 
6, March 1980 for 1978-79]. The 79 institutions 
were simply selected on the basis that the engineer­
ing unit have approximately 60 or more FTE 
faculty (Assistant Professor and higher) and a 
chemical engineering program. It was felt that 
this would be representative of the major engi­
neering units in the United States. Table 1 sum­
marizes the overall results. The selected 79 institu­
tions account for 60 % of all baccalaureates in 
engineering and nearly 75 % of those in chemical 
engineering; with increasing shares of the total 
M.S. and Ph.D. productivity in the U.S. 

The FTE faculty at the Assistant Professor 
and higher ranks increased 3.6 % for all engineer­
ing and 1.0 % for chemical engineering between 
1977-78 and 1978-79. It should be noted that the 
ASEE changed its reporting method for the 
faculty FTE in these two years and the 1977-78 
figure shown for "All Engineering" is an adjusted 
number to compare !With the 1978-79 information. 
In 1977-78, the FTE faculty for teaching and re­
search were separately listed and the 1978-79 
tabulation listed only the total FTE teaching 
plus research faculty. The 1978-79 listing would 
seem the more appropriate in providing a measure 
of total faculty availability; also, the previous 
method resulted in some "double counting" am­
biguities in reporting. 

Two of the m9st interesting statistics apparent 
in the data relate to what I term the "Degree Pro-
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TABLE 1 
Overall Results: 79 Institutions 

ALL ENGINEERING CHEMICAL ENGINEERING 
1977-78 1978-79 LEGEND 

Total FTE Faculty 
Research $(x10-a) 
Research $/ FTE(xl0-3) 
Degrees, BS 

DPI 

MS & Prof. 
Ph.D. 

(Adj. Fae FTE 
+ TA's) / FTE 

*77 schools 

1977-78 

10,275 
$398.18 
$ 37.88 

28,515 (61.9%) 
11,910 (73.6%) 

2,216 (86.1%) 

5.16 

0.85 

ductivity Index" and the ratio of auxiliary teach­
ing support to the FTE faculty. In my view, both 
have a direct effect on research productivity and 
the faculty ability to handle classroom/ laboratory 
activities, not to mention a morale relationship. In 
1977-78, the DPI tDegree Productivity Index) for 
chemical engineering was 5.81 and for "All Engi­
neering," 5.16. Due to the lower division (Fr. 
and Soph.) academic activities of other engineer­
ing departments, it is to be expected that chemical 
engineering would show a somewhat higher DPI. 
In comparing 1978-79 to 1977-78, the Index for 
"All Engineering" rose 4.65 % to 5.40 while that 
for chemical engineering rose 12.9 % to 6.56. The 
degree productivity index is defined as the sum 
of [(BS) + 1.5 (MS) + 3.0 (Ph.D.)] divided by 
the FTE faculty. 

Almost 70 % of engineering units, as a whole, 
have DPl's below 6.00 and 50 % fall between 4.00 
and 6.00 and only 5.1 % have indices of 8.00 or 
over. In contrast, only 45.6 % of the chemical engi­
neering programs have DPl's below 6.00, over 30 % 
have indices above 8.00 and 7 chemical engineering 
programs have indices in excess of 10. If one re­
moves the chemical engineering DPI from the 
"All Engineering" DPI, the disparity between 
chemical engineering and "All Engineering -
Ch.E." is even more pronounced. 

It has long been my premise that teaching 
loads, per se, research and/or scholarly activity 
and other programmatic output measures cannot 
be simplistically related to student/faculty or FTE 
ratios alone without consideration of the auxiliary 
faculty support services (primarily academic) 
available. In my opinion, the provision of adjunct 
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1978-79 

10,647.5 
$4.98.31 
$ 46.80 

32,944 (62.6%) 
11,780 (73.5%) 

2,297 (81.6%) 

5.40 

0.89 

965.4 
$36.07 
$37.36* 
3,418 (74%) 
1,026 (83.6%) 

217 (83.8%) 

5.81 

975.2 
$40.94 
$42.95* 
4,238 (72.6%) 

920 (79.9%) 
260 (84.1%) 

6.56 

No. in ( ) is the % of Total U.S. Production 

faculty (part-time lecturers, instructors, etc.) and 
particularly teaching assistants can do more to in­
crease research and scholarly activity, and to 
maintain faculty morale with increasing class­
room/laboratory activities than the simple addi­
tion of incremental full-time faculty-and it is 
much more cost effective. This is not to deny the 
need for increased full-time faculty but rather to 
indicate the companion need for institutionally 
supported auxiliary faculty support (including 
secretarial and technician support) if such addi­
tions are to realize full benefits in terms of morale, 
research, and classroom productivity. 

In my opinion, this is borne out to a consider­
able degree if one compares the DPI with the ratio 
of (FTE Adj. Faculty + the No. of TA's) to the 
basic FTE component of the institution. This is 
illustrated for "All Engineering" at the 79 institu­
tions included in this survey in Table 3. 

TABL~2 
1978-79 Degree Productivity Index Distribution 

At 79 Institutions 

ALL ENGR. CHEM. ENGR. 
DPI RANGE No. of Instit. ( Cum. % of Total) 

Below 3.00 2 (2.5%) 2 (2.5%) 
3.00-3.99 13 (19.0%) 8 (12.6%) 
4.00-4.99 20 (44.3%) 14 (30A%) 
5.00-5.99 20 (69.6%) 12 (45.6%) 
6.00-6.99 11 (83.5%) 8 (55.7%) 
7.00-7.99 9 (94.9%) 11 (69.6%) 
8.00-8.99 2 (97.5%) 6 (77.2%) 
9.00-9.99 2 (100.0%) 11 (91.1%) 

10.00 & Over 0 7 (100.0%) 
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TABLE 3 
Relationship Between The DPI and Academic 
Support Personnel: All Engineering, 1978-79 

Degree Productivity No. of (Adj. Faculty + 
Index (DPI Schools TA's/ FTE) * 

Below 3.00 2 0.45/ 0.51 
3.00-3.99 13 (1-na) 0.66·/ 0.70 
4.00-4.99 20 (1-na) 0.80/ 0.82 
5.00-5.99 20 0.90/ 0.96 
6.00-6.99 11 l.01/ 1.06 
7.00-7.99 9 l.10/ 1.15 
8.00 & Over 4 l.34/ 1.42 
Avg.= 5.40 79 Avg. = 0.89 

(77 Schools) 

*The second figure is the Group Average excluding 
the low number in the group. 

The basic feature of Table 3 is not to deny that 
institutions with relatively large DPI's are not in 
need of additional FTE faculty, but simply to 
point out that a combination of a high DPI and 
a relatively low (Adj. Fac.-TA) /FTE ratio is a 
potentially disastrous situation. To cope with an 
increasing DPI requires increasing auxiliary 
academic support, as a minimum, in order to 
maintain program effectiveness and quality. 

Unfortunately, the ASEE information does not 
present comparable data for TA's and adjunct 
faculty for individual engineering disciplines. 
However, the previous data relating the GTA1s 
available for chemical engineering (1977-78) 
showing an average of 0.6 GTA/FTEF from 
budget funds and 0.95 supported from all re­
sources would appear compatible with the above 
results. 

There are some who feel the rapid growth of 
chemical engineering programs, in terms of 
student interest, exceeding that of engineering 
in general is reminiscent of the "boom-and-bust" 
phenomena affecting aerospace programs in the 
early 70's. I disagree with this as the primary 
base of the aerospace market relied on a singular 
industry type; in contrast, the growth in chemical 
engineering interests seems based on a broadening 
of the industry base utilizing chemical engineers. 
This is not to say there will not be a decreasing 
demand as the secondary school productivity de­
creases, but rather that chemical engineering as a 
professional engineering program will probably 
retain a larger percentage of the total engineer­
ing population. 

The final question posed in the aforementione~ 
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survey of chemical engineering departments asked 
for a realistic assessment of program needs rang­
ing from critical to generally satisfactory. In light 
of the above, the results were not surprising. 
40.9 % listed added faculty as a critical need, 
36.4 % listed operating and equipment monies as 
most critical; GTA's (10.2 % ) , Space (6.8 % ) and 
Faculty Salaries (3.4 % ) were also-ran candidates 
insofar as being termed critical. Now that almost 
three years have passed since this original survey, 
perhaps a followup is in order to determine what 
improvement, if any, has resulted. D 

FERMENTATION TECHNOLOGY 
Continued from page 145. 

wonder about the suitability of the book for a 
standard course. It may not be fair to comment 
on this use, since the preface, except for one ex­
pansive sentence, carefully delineates its intended 
use for the students of the M.I.T. summer course. 
But for this journal, a comment is required. 

Compared to the textbooks on biochemical 
engineering now in use, the size is smaller, which 
one would expect since much less material can be 
transmitted in a one-week course. The texts in use 
assume no background in biology, and explain the 
fundamentals of microbiology and biochemistry 
fairly carefully; their major thrust is with 
generalizations, which they illustrate with some 
examples. Wang et al. spend no time on the basics 
but begin the discussions of microbiology at a 
more advanced level, which will be a problem to 
many. On the other hand, the presentation extends 
more into specifics and examples of current prac­
tice. Three chapters contain material which is not 
available in the current texts or elsewhere in one 
place; the chapters on secondary metabolites, bio­
conversions, and enzyme production. 

The engineering topics of this book are almost 
all covered by the current texts, where they are 
developed more expansively. On the other hand, 
two chapters in this book have more content than 
is found in the other books; the chapters on con­
tinuous culture and enzyme isolation. 

In summary, the abbreviated presentation of 
fundamentals, extended coverage of examples of 
commercial practice, and awareness of industrial 
needs will undoubtedly make the book valuable to 
persons in the industry. For . the academic class­
room, the book is probably not suitable as a 
primary text for introductory courses in biochemi­
cal engineering as they are now constituted, but 
would make a useful reference. D 
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