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Tables I and 2 provide details of the numbers of students enrolled 

on courses included in the survey. Sandwich students who spent the 

whole of the relevant academic year out of college on industrial/ 

professional training are omitted. The ratio of sandwich to full

time students fell slightly but sandwich students still accounted 

for over 59% of the undergraduate population (Art and Design 

excepted) in both institutions. At both Lanchester and Loughborough 

the proportion of engineering and science students declined and the 

proportion of social and business studies students grew. Nevertheless 

in 197J/7~ Loughborough remained predominantly (56%) a technology 

and engineering university. 
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TABLE 1 

ENROLMENTS TO COURSES INCLUDED IN STUDY 

LANCHESTER 

1972/73 1973/74 
Discipline Years: 1 2 3 Total % 1 2 3 4 Total % 
SANDWICH 

Engineering 270 234 212 716 31.1 287 197 196 680 30.5 

Science 72 60 49 181 7.8 67 47 47 161 7.2 

Social Studies 133 130 127 8 398 17.3 152 116 122 13 403 18.1 

Urban Planning 24 23 19 21 87 3.8 17 20 23 17 77 3.5 

TOTAL 499 447 407 29 1382 60.0 523 380 30 30 1321 59.3 

FULL-TIME 

Science 150 103 103 361 15.7 123 90 88 301 13.5 

Social Studies 182 147 129 458 19.9 209 149 142 500 22.4 

Languages 38 33 30 101 4.4 53 22 31 106 4.8 

TOTAL 370 283 267 920 40.0 385 261 261 907 40.7 

OVERALL 869 730 674 29 2302 100.0 908 641 649 30 2228 100.0 
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TABLE 2 

ENROLMENT TO COURSES INCLUDED IN PROJECT STUDY 

LOUGHBOROUGH 

Discipline Years: 1 2 3 Total 1 2 3 Total 

SANDWICH 

Education 22 7 2 31 1.2 24 19 4 47 1.3 

Engineering 549 313 257 1119 44.3 534 322 249 1105 43.0 

Science 87 84 64 235 9.3 75 79 74 228 8.9 

Social Studies 72 24 29 123 5.0 66 59 24 149 5.8 

TOTAL 730 428 352 1510 59.8 699 479 351 1529 59.6 

FULL-TIME 

Engineering 148 100 94 342 13.5 135 127 76 388 13.2 

Science 127 108 97 332 13.1 99 106 91 296 11.5 

Social Studies 103 56 33 192 7.6 81 96 50 227 8.8 

Librarianship 29 21 15 65 2.6 53 28 19 100 3.9 
Languages 39 19 27 85 3.4 27 33 17 77 3.0 
TOTAL 446 304 266 1016 40.2 395 390 253 1038 40.4 

OVERALL 1176 732 618 2526 100.0 1094 869 604 2567 100.0 
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The Timetable Analysis 

Table 3 sets out some timetable statistics for both institutions. 

Over the normal three year undergraduate cycle there was a fall in 

the average students' tuition load from 1931 hours to 1900 hours at 

Lanchester, and from 1612 hours to 1571 hours at Loughborough. This 

change may be explained by the increased proportion of social and 

business' studies in the discipline mix. The ratio of allocated meetings 

to meetings was much higher and the average group size (lIstudents" 

and "institution's") remained lower at Lanchester in both years. 

Consequently the index of tuition demands did not vary a great deal 

over the years and remained more favourable to Loughborough:-

index of undergraduate tuition demands; Allocated Meetings 
Enrolments 

Lanchester Loughborough 

Years 1972i73 

1 48 

2 69 

3 75 

4 64 

Over normal 
3 year cycle 63 

1973/74 

45 

70 

77 

45 

62 

1972/73 

21 

31 

31 

27 

1973/74 

23 

30 

32 

28 
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TABLE 3 

SOME TIMETABLE STATISTICS 

1972/73 1973/74 
Years: 1 2 3 1 2 3 

Lanchester 

Students' Tuition Load (HRS) 655 692 584 378 643 687 570 350 
Meetings (HRS) 42,459 51,672 51,984 1,864 42,607 46,496 51,955 1,349 
Allocated Meetings (HRS) 40,794 50,349 50,473 1,864 40,855 44,095 49,794 1,349 
Students' Average Group Size 31 . 20 18 16 33 18 16 13 

(Standard Deviation) (27) (22) (23 ) (8) (26) ( 15) (13 ) (5 ) 
Institution's Average Group Size 14 10 8 6 14 10 7 8 

(Standard Deviation) (16) (10) ( 9) (8) (16) (9) (8) (6) 
Loughborough 

Students' Tuition Load (HRS) 578 593 441 589 565 417 
Meetings (HRS) 43,368 41,046 31,054 41,837 42,991 30,782 
Allocated Meetings (HRS) 20,443 22,623 19,352 20,414 26,105 19,190 
Students' Average Group Size 67 46 29 56 45 25 

(Standard Deviation) (62) (29) (22) (48) (12) (23 ) 
Institution's Average Group Size 27 19 14 26 19 13 

(Standard Deviation) {J3 ) (23 ) (14) (28) (22) (13) 
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Table ~ compares the frequency distribution of average students' 

group sizes. Over the three year undergraduate cycle the most frequent 

group size for the Lanchester student was 6 - 10 in both 1972/73 and 

1973/7~ compared with 21 - 30 for the Loughborough student. In both 

years the range of group sizes experienced by the Loughborough 

undergraduate. was wider. 

Table 5 gives the frequency distribution of demand for teaching space. 

Again the pattern has not changed in 1973/7~. In both years about 

20% of the demand at Lanchester wa"s for individual tutorials compared 

with about 6% at Loughborough. At the other end of the group size 

distribution about 12% of the demand at Loughborough was for groups 

greater than ~O whilst at Lanchester only about 3% of the demand was 

for groups of the size. 

The institution's average group size (standard deviation) in 

specialist space was as follows:-

Lanchester Loughborough 

Years 1972/73 1973/73 1972L7J 1973L7~ 
1 13 (8) 1~( 11) 22(12) 20( 10) 

2 9(6) 9(~) 1~(9) 8(8) 

3 6(5) 6(5) 11(6) 11(5) 

~ 21(0) 17(0) 
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TABLE 4 

FREQUENCY DISTRIBUTION OF AVERAGE STUDENTS' GROUP SIZES (lrns) 

1972i7~ 1973i74 
Group Sizes Years: 1 2 3 1 2 3 
LANCHESTER 

1 10 10 18 39 8 10 17 10 
2-5 26 37 78 15 13 51 81 53 6-10 100 196 166 55 96 201 152 77 11-15 135 181 95 134 115 131 

16-20 60 90 75 46 96. 39 209 
21-30 74 47 72 267 95 104 59 
31-40 76 63 26 32 32 58 
41-60 66 43 42 136 58 29 
61-80 56 13 24 16 
81-100 37 26 

101-125 8 29 
126-150 
151-175 
176-200 7 7 
200 ... 

LOUGHBOROUGH 

1 5 5 
2-5 7 19 18 7 21 18 
6-10 31 50 45 29 57 63 

11-15 64 71 64 57 56 55 
16-20 53 73 73 46 49 59 
21-30 77 59 76 112 81 104 • 
31-40 24 69 54 42 34 53 41-60 85 90 66 66 93 24 
61-80 47 96 34 74 84 30 
81-100 52 14 50 43 

101-125 40 3 27 15 
126-150 25 15 39 8 
151-175 10 7 25 11 
176-200 39 13 6 1 
200+ 17 6 1 2 4 1 
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TABLE 5 

FREQUENCY DEMAND FOR TEACHING SPACE (HRS) 

Grou[! Size 1972/73 1973/74 
LANCHESTER Cum.% Cum.% 

1 29,650 20.6 26,590 19.5 
2-5 24,755 37.9 25,313 38.1 
6-10 41,682 66.9 39,085 66.8 

11-15 24,170 83.8 22.754 83.6 
16-20 9,409 90.4 7,411 89.0 
21-30 6,534 95.0 7,778 94.7 
31-40 3,643 97.5 2,621 96.7 41-60 2,302 99.1 3,549 99.3 61-80 839 99.7 479 99.6 81-100 375 99.3 255 99.8 

101-125 60 99.9 261 100.0 
126-150 99.9 100.0 
151-175 99.9 100.0 
176-200 53 99.9 100.0 

200+ 3 100.0 100.0 

LOUGHBOROUGH 

1 3,89l" 6.2 3,828 5.8 
2-5 9,619 21.6 10,511 21.8 
6-10 11,919 40.7 13,802 l,,2.8 

11-15 11,686 59.l" 10,483 58.7 
16-20 8,l"3l,, 72.9 6,821 69.1 
21-30 6,462 83.2 9,9l,,0 84.2 
31-l,,0 3,030 88.1 2,958 88.7 
41-60 3,821 94.2 3,2l,,0 93.6 
61-80 1,908 97.2 2,312 97.1 
81-100 67l" .98.3 925 98.6 

101-125 369 98.9 356 99.1 
126-150 256 99·3 324 99.6 
151-175 88 99.l" 206 99.9 176-200 262 99.8 38 99.95 200+ 107 100.0 28 100.0 
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The Student Record 

Tables 6 and 7 summarise the student record for 1972/73 and 1973/7~. 

The A-level grades have been calculated on the normal UCCA basis of 

A=5, B=~, C=3, D=2 and E=l. The average A level grade at Loughborough 

was about three quarters. of a grade above that at Lanchester in both 

years. Apart from the 1972/73 first year results at Lanchester the 

pass, failure and Inot taken' rates. were similar in both institutions 

in both years. The mean marks and their standard deviations were also 

similar in both years. The correlation of A level grades with 

subsequent degree performance is consistently higher at Loughborough 

but at best explains· only about 12% of subsequent degree performance. 

The correlation between one year5 and the preceding year's examination 

results is higher in both years at Loughborough. Comparison of mean 

ONC/OND marks and degree examinations resulted in the following 

correlations: 

Year 1972/73 1973/7~ 1972/73 1973L7~ 

N r N r N r N r 

1 69 +.~O 75 +.33 93 +.~~ 95 +.38 
2 75 +.29 56 +.33 66 +.37 68 +.10 

3 50 +.31 67 +.17 65 +.27 71 +.05 
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TABLE 6 

SOME UNDERGRADUATE STATISTICS 

LANCHESTER 1972/73 1973/74 
Years: 1 2 3 1 2 3 

A Level Entry 

Mean 2.13 2.21 2.24 2.83 2.13 2.13 2.24 2.70 
(Standard Deviation) (0.82) (0.83 ) (0.81) (0.62) (0.83 ) (0.78) (0.79) (0.83 ) 

% Enrolments 

Pass 60 88 97 86 70 87 96 93 
To Ordinary 11 1 0 0 10 2 0 0 

71 89 97 86 80 89 96 93 

Fail 22 9 3 3 12 10 3 3 
Not taken .....:z... 2 0 m 10 .....:z... 2 1 _3 

100 100 100 100 100 100 100 100 

Mean Marks 51.8 55.3 50.4 60.4 52.8 54.1 56.0 57.3 
(Standard Deviation) (10.2) (8.2) (7.5) (5.1) ( 10.0) (7.8) (7.6) (7.0) 

Correlations 
Results v A Levels +.15 +.05 +.14 -.24 +.20 +.05 +.07 -.07 
2 v 1 +.46 +.54 
3 v 2 +.68 +.61 
4 v 3 +.53 +.43 

o 
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TABLE 7 

SOME UNDERGRADUATE STATISTICS 

LOUGHBOROUGH 1972i:73 1973i:71o 
Years 1 2 3 1 2 3 

A Level Entry 

Mean 2.90 2.93 2.99 2.92 2.93 2.90 (Standard Deviation) (0.79) (0.82) (0.82) (0.88) (0.78) (0.80) 

% Enrolments 

Pass 82 85 95 83 87 96 To Ordinary I, I, 0 2 ..l. 0 
86 89 95 85 90 96 

Fail 6 -1. 2 8 I, 2 
100 100 100 100 100 100 

Mean Marks 53.3 510.3 58.2 55.8 510.9 58.6 (Standard Deviation) (10.8) (10.9) (9.7) (11.7) (10.7) (9.2) 

Correlations 

Results v A Levels +.29 +.27 +.15 +.35 +.25 +.110 2 v 1 +.63 +.62 3 V 2 +.71 +.65 
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TABLE 8 

FIRST SALARY DATA FOR GRADUATES AND CORRELATION WITH FINAL MARK 

Discipline N MEAN STANDARD r N MEAN STANDARD ·r 
£. DEVIATION £. DEVIATION 

LANCHESTER 

Engineering 56 1778 (286) -.10 
Science 32 1523 (364) +.13 
Social Studies 51 1696 (359) -.01 DATA NOT AVAILABLE 
Languages 6 1486 (J02) +.47 
All 145 1681 (]47) +.03 

LOUGHBOROUGH 

Engineering 190· 1725 (J88) +.17 157 2039 (586) +.08 
Science 83 1503 (279) +.02 86 1772 (282) +.08 
Social Studies 26 1756 (J46) +.55 22 1761 (248) -.35 
Librarianship 11 1466 (166) +.14 14 1709 (158) -.11 
Languages 8 1396 (102) +.07 5 1870 (100) -.74 
All 318 1654 (365) +.19 285 1916 (488) +.10 



Discipline Group 

1. Education 

2. Health 

3. Technology 

4,. Agriculture 

5. Science and Applied Sciences 

6. Social (administrative and 
business) studies 

7a. Vocational - architecture 
and town and country planning 

7b. Vocational - other 

8. Languages (literature and area) 
studies 

9. Arts (other than Languages) 

10. Art and Design 

- 13 -

Illustrative departments falling within group 

Pharmacy, other departments allied to medicine 
and health. 

Aeronautical, chemical, civil, electrical, 'mechanical, and 
producation engineering; mining, metalurgy, building, surveying 
and general engineering. General technology and manufacture e.g. 
textile technology, printing and book production. 

Biology, botany, zoology and combinations of biological sciences, 
Mathematics, physics, chemistry, geology. 

Management studies, economics, geography, government and public 
administration, law, sociology, liberal studies, accountancy. 

Architecture, town and country planning 

Catering, institutional management, home economics, Librarianship, 
nautical studies, transport. 

History, archaeology, philosophy. 

Art and Design, drama, music. 
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KEY TO GROUP SIZES 

1 1 

2 2-5 

3 6-10 

l" 11-15 

5 16-20 

6 21-30 

7 31-l,,0 

8 l,,1-60 

9 61-80 

10 81-100 

11 101-125 

12 126-150 

13 151-175 

1l" 176-200 

15 201+ 



TABLE 9 

rEAR 1 ENROll4ENT S I STL'DENT LOAD. MEETINGS. ALLOCATABLE MEETINGS. GROUP SIZES BY DISCIPLINE 
lmi:Ii 

~ 
. STUDEPrl'S' INSTITUTIONS I STUDENTS' INSTITUTIONS' 

STUDENT ALI.OCAr~ut. A_ A-STUDENl' ALLOCAT ABut AVERAGE AVERAGE 
LOAD MEETINGS MEETINGS GROUP SIZE : GROUP SIZE DISCIPLINE ENROlMEIITS LOAD MEETINGS tmETINGS GROUP SIZE GROUP SIZE DISCIPLINE ENROUlENTS 

. HIRS) (IIRS) (IIRS) . (STANDARD (STANDARD ~ (HRS) (IIRS) (STANDARD (STANDARD 
DEVIAtION) DEVIATION) DEVIATION) DEVIATION) 

LANCHESTER 
LANCHESTER 

3 246 796 16741 16625 21.2 11.8 3 287· 76{0 17959 17868 21.6 12.) (14.9) (Ia.5) 
(14.7) (IO.7) 

S 222 789 11750 11750 )6.2 14.9 S 190 807 9289 9289 )2.0 16 .. , ()2.6) (I7.8) 
(22.6) (16.0) 6 31S 468 11690 10646 39.2 13.9 6 361 476 1)010 11845 45.6 14.5 (31.5) (I8.7) 
()6.2) (21.31 7_ 24 Sla 740 740 2) .. 6 16.5 7- 17 510 670 670 16.7 12.9 (3.2) (Ia.8) 
(2.2) ·(7.0) 

8 33 589 1529 102) )6.i 21.9 8 53 589 1679 1182 SO.2 26.4 (7.3 ) (I7.6) 
(Ia.5) (25.11 TOTAL 845 654 42459 40784 31.4 13.6 TOTAL 908 6{03 42607 40855 32.9 14.3 (27.3) (IS.5) 
(25.5) (I6.3) 

LOUGHBOROUGH 
LOUGIIBOROOGH 1 22 490 1590 573 5).0 18.7 1 24 489 1590 589 46.2 19.8 (46.8) (25.2) 

(40.14) (22.8) 
3 485 620 17666 10)91 70.9 28.9 

3 462 627 17186 10651 6a.8 28.3 (64.8) (34.8) 
(62.4) (31.2) 

S 214 S82 14357 4469 59.4 27.8 
5 174 587 1)725 4647 38.5 al .. , (49.5) (29.5) 

(28.7) (19.1) 6 174 498 10255 2802 77.5 )0.8 6 146 500 6726 2554 65.9 28 .. , (54.7) . (37.9) 
(42.1) (32.6) 

7b 29 567 1390 1180 27.7 1) .. 9 
7b 53 557 1530 1202 35.6 2,. .. 6 (41.0) . (13.8) 

(35.1) (16.4) 8 39 455 1110 1028 45.' 17.2 8 2. 530 10s0 769 49.9 15.1 (S7.1) (22.0) 
(56.11 (22.9) 

TOTAL 963 578 46363 20443 66.9 27.2 TOTAL 901 589 41837 20414 56.4 25.9 (61.9) (32.8) 
(47.7) (28.1) 
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YEAR 2 E~~O~\~5. STUDENT LOAD. MEETINGS. AU.OCATABLE MEETINGS. GROUP SIZES BY DISCIPLINE 

.!ruLU !2ZU.Z!!. 
STtIIllOOS' INSTITUTIONS~ . 

SWIlIH'rS' . INSTZ1't1rIONS I STUDENT AU..ocATABLE AVERAGE AVERAGE STUD£HT ALLOcATABLB AVERAGE AVERAGE DISCIPLINE ENROlMENTS . LOAD MEETINGS MEETINGS GROUP SIZE GROUP 'SIZE DISCIPLINE ENRoUtENTS LOAD HEaTINGS MEETINGS· GROIJP SIZE GROIJP SIZE (fIRS) (HRS) (fIRS) (STANDARD (STANDARD .l!!!!&- (HRS) (fIRS) . . (ST ANIlARD (STANDARD DEVIATION) 'DEVIATION) 
DBVIATION) DEVIATION) LA.'«:HESTER LANeIlESTEa 

3 234 831 2218) 2218) 11.6 8.8 3 197 844 17950 17950 1).9 9.3 (4.8) (4.9) (7.4) (6.6) 
5 163 941 15255 15255 14.5 10.1 5 124 972 13534 13534 13.8 8.9 (9.2) (6.7) (9.8) (6.6) 6 2n 453 12089 11214 36.1 11.2 6 265 4S7 12947 non 28.7 10.9 (J8.1) (16.7) (21.4) (13.9) 7_ 23 500 720 720 22.6 16.0 7- 20 500 690 690 19.6 14., (3.1) (10.3) 

(2.7) (8.6) 8 33 625 1425 977 . 31.4 21.1 8 22 625 1375 844 21.4 16.3 (5.2) (14.7) 
(2.7) (9.1) TOTAL 730 692 51672 50349 19.6 10.0 TOrAL 62S 687 46496 44O<JS IS.4 9.S (22.4) (9.8) 

LOUGHBOROUGH 
(l4.S) (9.2) 

LOUGIIBOROtIGH 1 7 527 1185 397 37.4 9.1· 1 19 469 1575 60a ''-.9 14.7 (44.3) (15.6) 
(26.1) (17.1) 3 413 632 18874 12751 54.8 20.4 3 448 618 19900 14032 52.'* 19.7 (46.7) (26.5) 
(Jl.9) (25.3) 5 192 599 8697 5470 36.7 2O.S 5 IS5 576 SJ53 5600 JS.OJ 19 .. 0 (29.7) (lS.1) 
(25.2) 117.4) 6 80 435 9_ 2294 29.2 15.~ 6 155. 417 1057S 40.9 18.2 (30.3 ) (14.5) 3531 
(34.7) . (20.2) .7b 21 497 1710 974 15.8 10.7 7b 28 629 1475 1347 IS.9 11"3 ) (7.4) 13.1 
(IS.6) (S.7) 8 19 480 1_ 737 21.8 12.,* 8 JJ 495 1110 991 ".1 16.5 (17.4) (\0.8) 

TOTAL 732 593 41046 (Jl.0) (17.3) 2262) 46 •• 19.1 ,TOTAL 868 ~65 42991 26105 "",.0 18.8 (28.5) (22.7) 
(n.6) (22.1) 



TABLE 11 

YEAR ~ E~lME~'TSI STUDENl'S' LOADI MEETINGS I ALLOCATABLB MEETINGS. GROUP SIZES BY DISCIPLINB 

!lli.t!1 
. illU!% ,STUDElll'S' " INSTITUTIONS' .......... INStItutIONS' 

STUDENT ALLOCATABLB AVERAGE AVERAGE ·STIDWr AU.<JCArAllUO A- A-DISCIPLINE " "",OLMENT LOAD MEETINGS MEETINGS" GROUP SIZZ GJIOOP SlZIS DISCIPLlNB .. ....,.,.... LOAD MDTIHGS _INOS CiIOOP su.a GROlIP su.a 
HIRS) (tmS) (IIRS) (STANDARD (STAHDARD .:.J!!!!!L (IIRS) (IIRS) (S1AHDARD (ST_ 

DEVIATION) DEVIATION) DBYJATIOW) .... urJOllf) 
LANCHESTER I.ANCHBS1U 

) .,. 702 2)29) 2329) 11.6 6.~ ) 191 695 :U7~9 :U7~9 9.02 5.6 
(7.7) (5.8) (~.9) (~.~) 

; 157 7~1 17062 17062 11.5 6.8 5 1)5 7~) 15597 15597 10.4t 6.~ 
(7.9) (5.6) (8.» (5.1) 

6 .56 loot. 9599 8609 )).5 12.0 6 ~ ~ 1(6)9 8929 25.8 12.09 
()8.0) 116.1) 115.1) 112.87) 

7- 19 ~ 660 660 18.6 13.8 7- :u 44. 6'/0 6'/0 20.9 1'.3 
(a.6) (8.a) ().a) (9.)) 

8 )0 520 1)50 MS 28.1 18.~ 8 )1 520 1)00 M9 29.) 19.0 
(5.)) (1).~) (5.1) 11~.0) 

roTA! 67~ 5~ 51~ ~7) 18.2 7.8 TOrAt ~ 570 51955 ~~ 1,.6 7.~ 
(22.7) (9.0) (1 •• 6) (7.8) 

LOUGHBOROUGH l.OOGIIB<JROOGH 
• 100 120 )0 18.5 6.~ 1 4 '/0 90 )0 26., 9.01 

11~.9) (8.6) (26 •• ) (12.2) 
) )51 4" 1)854 ~8 )5.a 17.3 J )25 ~ 1~ 9165 ,1.2 1~.9 

(25.8) 117.6) (29.1) 115.6) 
5 161 507 98)0 7048 20.9 11.6 5 165 ~27 Ms6 6OS5 20.9 11.6 

(1).0) (10.~) (10 •• ) . 110.~) 
6 62 )7) ·5720 199) 19.8· 11.6 6. 74 ·)97 6665 2520 18.9 11.7 

110.9) (9.7) . (9.40) . (9··) 
7- 15 ,,> 720 720 8.) 6.9 . 7b 19 )60 720 720 . 9.5 9.5 

().s) (J.o) (0.0) (0.0) 

8 >7 )90 810 71) 2).3 14.7 8 17 450 765 699 1~.~ 10.9 
(1).7) 111.2) (8.6) (6.1) 

TOTAL 618 441 J1OS~ 19)52 28.6 1'*.1 
(22.)} 114.)) 

TOrAt ~ 417 307.82 19190 .,.8 1).1 
(:u.)) 112.9) 



fABLB 12 

YEAR ,. ENROUlltNTS, S'l'tlDEH'fS' WAD, MEETINGS, AU.OCATABLB MEB'I'INGS, GROUP SIza BY DISCIPLINE 

.!mLZJ. 
.!WLZi STIJIlONrS • INSTITlITIONS' 

STIJIlONrS' INSTITVl'IONS' 
S1'VDENTS' AU.OC.\TABLB A_ A_ 

STIJIlONrS' ALl.ClCAT ...... AVER.\GB A ...... 
DISCIPLINE .AR()I, .. ",,. LOAD HSST.NGS """"n(GS GROUP SIZB GROUP SIza DISCIPLINE 1INROUm"", LOAD HSST'NGS IIS&T'NGS GROUP SIZB GROUP SIZE ..J!!I!!L (ORS) (ORS) (STANDARD (stANDARD 

..J!!I!!L ..J!!I!!L (ORS) (STANIJ.W) (STANDARD OBVIATION) OBVIATION) 
LANCHIlSTSR DEVIATION) DBVIATION) 

u.tcIIESTER , , , , • 8 'OS m 759 ,., ,., • " )I1 809 809 70l ,.0 (2.,) (2.7) 
<l.) (,.4) 7. 21 '"' 1l0S '1105 19,) 7.7 7. '7 ,SO ,'" "" 16,6 12.0 <S.6) (9.4) 
(2.6) . (7.4) 8 

8 TOT .... 29 )78 .... 1'" 16.2 . '.9 TOT .... ,0 )50 1)49 1,49 1).0 7.8 (7,7) (7.8) 
(5.4) (6,'*) 



TABLE II 
YEAR 1 UNDERGRADUATE RESULTS BY DISCIPLINE 

~ 
lm1:Ii NOT MEAN STANDARD 

DISCIPLINE ~ ~ ~ !lli: ~ ~ DEVIATION NOT MEAN STANDARD DISCIPLINE ~ ~. ~ !!B: ~ ~ DEVIATION . LANCHESTER 

LANCHESTER ) 270 131 46 70 2) .5).68 11.19 
) 287 154 46 .50 27 .5).9'> 12.80 

(0.49) (0.17) (0.26) (0.08) 
( • .54) (.20) (.17) (.09) .5 222 102 )9 6.5 16 .50.77 10.SO 

.5 190 127 33 19 11 .53.61 9.24 
(0.46) (0.18) (0.29) (0.07) 

( .67) ( .17) ( .10) (.06) 6 316 24.5 11 4) 16 .50.)6 9.11 
6 )61 298 .5 )6 22 .57.60 8.15 

(0.78) (0.0) (0.14) (0.0.5) 
( .8) ( .01) ( .10) (.06) 7_ 24 21 0 2 1 .58.09 '*.09. 

.53.82 ).)6 
(0.88) (0.00) (0.08) (0.04) 7_ 17 17 0 0 0 

(1.0) (.00) (.00) (.00) 8 )8 24 0 8 6 52.66 8 • .53 
8 4) .5 .52.70 7.47 

(0.6) (0.00) (0.21) (0.16) .53 0 :; 
( .81) (.00) ( .09) (.09) TOTAL 860 .52) 96 188 62 .51.79 10.19 

TOTAL 908 6)9 9'> 110 6.5 .52.84 9.9.5 
(0.60) (0.11) (0.22) (0.07) 

(.70) ( .10) (.12) ( .07) 
LOUGHBOROUGH 

LOUGHBOROUGH 
1 22 19 0 ) 0 .51.77 10.65 1 24 22 0 1 1 .54.87 10.06 (0.86) (0.00) (0.14) (0.00) 

(.92) (.00) (.04) (.04) ) 697 .567 27 68 J.5 .53.60 11.26 ) 669 .532 27 .59 .51 .5.5.96 12.71 (0.81) (0.04) (0.10) (0.06) 
(.80) (.04) (.09) (.08) .5 214 165 1) 17 19 .51.5.5 12.)0 .5 174 154 0 I) 7 54.54 12.37 (0.77) (0.06) (0.08) (0.09) 
(.89) (.00) (.07) (.04) 6 175 1.51 4 9 11 54.1~ 8.07 6 147 126 0 5 16 .5.5.64 6.9'> (0.86) (0.02) (O.os) (0.06) 

.(.86) (.00) (.0) ( .11) 7b 29 28 0 1 0 55.55 6.68 7b .53 49 0 1 , 57.)4 8.02 (0.97) • (0.00) (0.0) (0.00) 
. (.92) (.00) . (.02) (.06) 

8 )9 )4 0 5 0 .53.)4 .5.2) 8 27 20 0 0 7 .56.89 4.00 (0.87) (0.00) (0.11) (0.00) 
(.74) (.00) (.00) ( .26) TOTAL 1176 44 44 10) 6,5 .5).33 10.81 TOTAL 109'> 90) 27 79 8) .5.5.7.5 11.71 (0.04) (0.04) (0.09) (0.06) 
( .8) (.02) (.07) ( .08) 



TABLE 1" 

rEAR 2 UNDERGRADlIAt& RESI,,'LTS BY DISCIPLINE 

'l21W1, !2ZUli NOT MIWf STANDARD ,." ..... ST ....... 
DISCIPLINE ~ ~ ~ ~ T .... .!!!!! . DEVIATION DISCIPLIN& ' . !!!!2& !!!!. . !'!!..!!!!!? !.!!!: !!!!!! !!!!!!. _UTION 

LANCHESTER LANCIIItSTBR 
) ,')~ 195 ) )5 1 56.56, 9.26 ) 197 IM 6 2!1 • 56.15 ,9.02 

(0.8) (0.01) (0.15) (0.00) (.8) (.0) (.13) (.01) 

5 16) 1)6' ) 20 4 55.66 9.66 5 1)7 115 4 14 4 54.42 7.89 
(0.8) (0.02) (0.1.) (0.02) (.84) (.0) (.10) , (.03) 

6 '77 259 1 1) ~ 54.15 6.)8 6' 065 2)6 0 01 8 52.04 6.71 
(o.~) (0.00) (O.OS) (O.ol) (.89) (.00) (.08) (.0) 

7_ 2) 2) 0 0 0 5).09 5.)5 7- 20 19 0 1 0 56.JJ '.52 0.00) (0.00) (0.00) (0.00) ( .95) (.00) ( .",) (.00) 

8 )) '9 0 1 ) 55.0) 4.91 8 aa' 21 0 1 0 55.76 ).98 
(0.88) (0.00) (0.0) (0.09) . (.95) (.00) ( ."') (.00) 

TOTAL 7)0 M2 7 69 12 55·27 8.19 TOTAL Ml 555 10 62 14 54.09 7.84 
(0.88) (O.ol) (0.09) (0.02) (.87) (.02) (.10) (.02) 

LOUGHBOROUGH LOUGIt8ClROIJGH 
1 7 5 0 1 1 51.67 5.59 1 19 18 0 0 1 51.94 7.31 

(0.71) (0.00) , (0.14) (0.14) (.95) (.00) (.00) (.os) 
) 41) )41 06 40· 6 54.75 11.,6 ) "9 )66 06 " 1) 54.98. 12.33 

(0.8) (0.06) (0.10) . (O.ol) (.82) (.06) (.10) (.0» 

5 192 170 0 16 6 ".22 11.46 5 185 167 1 7 10 "'.01 10.M 
(0.89) (0.00) (0.08) (0.0) (.90) (.01) (.04) (."') 

6 80 71 0 5 4 54.)8 8.29 6. 155 146 0 2 7 55." 6.,a ' 
(0.89) (0.00) (0.06) (0.",) (.94) (.00) (.01) (.os) 

7b 21 19 0 0 '.'2 . , 58.84 5.1,- 7b' 28 06 0 0 • 57.69 '.76 . 
(0.90) (0.00) (0.00) (0.10) (.9) (.00) (.00) (007) 

8 19 16 0 ) 0 SO.58 6.22 8 )) )2 0 0 1 56.06 . '·n (0.84) (0.00) (0.16) (0.00) . ( .97) . (.00) (.00) (.0» 

TOTAL 7)2 622 26 65 19 54.29 10.89 10TAL 869 755 27 " 54 54.9) 10.6, 
. (0.85) (0.04) (0.09) (0.03) (.87) , (.0) (.06) (.04) 



TABLE 1:Z 

YEAR ~ UNDERGRADUATE RESULTS BY DISCIPLINB 

"72.113 
, q 1·'17., 

NOT MEAN STAlIDARD HOT MEAN STAIIDARD DISCIPLINE ~ ~ ~ !.!!!: ~ ~ DEVIATION DISCIPLINE· ~ .~ ~ m!: ~ ~. DEVIATION 

LANCHESTER 
LANCHESTER , 212 208 0 ~ 0 62.41 7·52 , . 196 190 0 ~ 2 60.5' 7.,6 (0.')8) (0.00) (0.02) (0.00) (.97) (.00) (.02) ( .01) 

5 157 148 0 9 0 57.B8 B.,6 5 135 125 0 8 • 55.06 7.79 (o.~) (0 .. 00). (0.06) (0.00) (.9') (.00) (.06) (.01) 
6 256 .50 0 ~ 2 55.69 5.BB 6 2~ .ss 0 9 0 5).21 6.51 (0.')8) (0.00) (0.02) (0 .. 01) (.97) (.00) (.0,) (.00) 
7_ 19 IB 0 0 1 57.~ 4.70 7- ., 22 0 0 1 ~·.68 ~.OB (0.95) (0.00) (0.00) (6.05) ( .96) (.00) (.00) (.~) 
8 ,0 ,0 0 0 0 56.00 ~.68 8 ,1 ,0 0 1 0 56.16 4.25 (1.00) (0.00) (0.00) (0.00) ( .97) (.00) (.0,) (.00) 

roTAL 67~ 65~ 0 17 , 5B.~ 7.~7 roTAL ~9 622 0 22 5 55.99 7.57 ·.97) (0.00) (0.0,) (0.00) ( .96) (.00) (.0,) ( .01) 

LOUGIIIlOROOGH LOUGHBOROUGH 

1 • • 0 0 0 51.~ 7.00 1 4 ~ 0 0 0 49.50 •• 50 (1.00) (0.00) (0.00) (0.00) (1.00) (.00) (.00) (.00) , 
'51 ,,1 0 " 7 59.65 9.52 , ,., '09 1 9 6 59.58 10.06 (o.~) (0.00) (o.~) (0.02) (.95) (.00) (.0,) (.02) , 161 152 0 7 2 56.14 10.66 5 16, 162 0 1 • . 57.'~ 8.89 (o.~) (0.00) (o.~) (0.01) (.')8) (.00) (.oIl (.oIl 

6 62 62 0 1 0 55..42 7.'~ 6 ·74. 70 0 1 , 56.B) 6.66 (0.')8) (0.00) (0.02) (0.00) (;95) (.00) (.01) (.~) 
7b 15 15 0 0 0 61.9) 9 .. )0 7b 19 19 0 0 0 62 •• 6 ,.88 (1.00) (0.00) (0.00) (0.00) (1.00) (.00) 1.00) (.00) 
B .7 .7 0 0 0 SS.56 5.82 8 17 17 0 0 0 ssaB ~.47 (1.00) (0.00) (0.00) (0.00) (1.00) (.00) (.00) ( .00) 

roTAL 618 589 0 .1 9 . 58.1, 9.89 roTAL ~ 581 1 11 11 58 .56 9." 
( .96) (.00) (.02) (.02) 



TABLE 16 

YEAR 4 UNDERGRADUATE RESULTS BY DISCIPLINE 

.!mLZJ. 
r«>r ....,. STAHDARD .!2lUZi 

r«>r ....,. STAHDARD 
DISCIPLINE !!!!!2!<... ~ ~ .m.!: !!!!!.!! ~ DEVIATION 

DISCIPLINE !!!!!2!: ~ ~ !!!!: !!!!!.!! ~ DEVIATION LANCHESTER 

) LANCHESTER 

) 

5 
5 

6 8 8 0 0 0 64.00 ~.72 
6 I) I) 0 0 0 58.62 ~.64 

0.00) (0.00) (0.00) (0.00) 
(l.0) (0.00) (0.00) (0.00) 7_ 21 17 0 1 ) 58.78 ~.~ 

7_ 17 15 0 1 1 56.)1 0.)0 
(0.81) (0.00) (0.05) (0.1~) 

(.88) (0.00) (.06) (.06) 
8 

8 

'lOTAL 29 25 0 1 , 60.)8 5.1~ 
- 'lOTAL )0 28 0 - 1 1 57.',. 7.00 

(0.86)- (0.00) (O~O) (0.10) 
(.93) - (0.00) ( .0) ("''' 



~----------------------------------, 

LOt'Q{BOROL'GH - fREQl..'ENCY DISTRIBtJTION (fKlURS/ANNUM) OF ST\JIlEN1'S' GROUP SUBS 8Y DISCIPLINE 1272/7' 
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LOlIGJIKIROlIGH - PRlQtJ!NCY DISTRlBU1'ION (I!lUI!S!ANHlIt) or STtJmH'lSt GROUP SIZIS BY D18tIPLINI lynh4 

DlSClPLDm !.!..1! 1 §. z ! .2 - .!2 . .!!. .!! ll. II .!1 
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-----------~-----------------------------------------------------

LAl«::HESTER -- fR.EQU!.NCY DISTRIBUTION (ltOURS/ANNUM) 0,. STVDEHrS' GROUPS SIZES BY DISCIPLINE 1?721Zl LAMCHESTER - !R!QU!HC! DISTRmU'l'IOH (HOORS!ANlUI) or srt.UM'fSt GROUP SIZIS BY DIIICIPLJ" l?7,h4. 
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CORRELATION MEAN ONCLOND SCORES WITH YEARS 12Z=UZl BY DISCIPLINE CORRELATION M£AN ONCLOND SCORES WITH, YEARS 12Zll2" 'BY DISCIPLINE 
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LA..'«:HESTER N r • .r • r LANtIlESTEll • .r N r N r 

3 52 +.25 5~ +.2J. ·,2 +.06'· , 5~ +.)_6 3' +.29 ~. -.09 
5 8 +_76· 11 +.02 8 -.OS S 7. +.62 7 -.~,. • +.J7 
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8 1 8 0 0 0 
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In accordance with Section ~.~ ot the Regulations 

tor Higher Degrees by Researcn ot tne University ot 

Tecnnology, Lougnborougn, tne tollowing papers are 

submitted in support of tne Tnesis set out in Volume It 

All tne papers have been written wholly or 

substantially by D W Birch. However, in tne case of 

tne discussion paper "Tracing the Efficient Frontier 

in British Universities" the major conceptual contribu

tion was made by Mr J R Calvert. In every case of 

joint autllor papers the tinished article Ilaa benef1tted 

trom discussions with, and comments and suggestion~ 

from,~tlle conjoint Butllors. 
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Towards an objective 
and some criteria of success 

in further. education 

Derek IV Birch and David L Parkes 

The assumption which underlines much of the current search for 
objectives and criteria of Success for the education sector and for 
individual educational institutions is that continued growth in educa. 
tional provision cannot continually be matched by growth in the 
proportion of GNP devoted to it. 'More' will have to be accompanied 
by 'less more' reSOurces. Hence the present attempts to bring a range of 
management techniques to bear on the organisation of learning. 

The pre"ure comes from two directions: first, the application of 
general management principles to the processes in colleges and schools; 
second, the view that control techniques applied in other public 
sectors -like rate of return studies related to road investment schemes _ 
should be applied to investment in the labour intensive education sector. 
Because of this labour intensive factor, educational planning tends to 
concentrate on economic or semi-economic data which relate cost of 
manpower to educational processes - factors like enroirnents, size of 
classes, use of buildings, teacher hours, class hours, a longer academic 
year and so on. 

Many observers already feel that concentration on these blurs the 
real planning issues which should be related to qualitative processes 
within institutions - not necessarily to rate of return on investment to 
the individual but to value to social welfare. This may be, but it is still 
necessary to sort out those areas which can be quantified, (quantifica. 
tion supplying a base for decision) and leaving the unquantifiable 
exposed for discussion by the interested parties. This paper attempts to 
put forward a simple model that begins to enable a distinction to bo 
made. 

A control fldmework 
Management control is the process whereby managers ensure that 
resources are obtained and used efficiently in the accomplishment of 
organisational objectives. In most control procedures the follOWing 
aspects are identifiable: objectives are agreed; the programmes and 
resources to achieve these aims are determined and allocated and 
standards of performance set; actual performance is monitored and 
compared with the standard, and adverse deviations are examined, 
analysed and, where possible, explained and remedied. The 'keys' to 
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this process are the agreement of objectives and the settfng of 
acceptable levels of performance and it is with these topics that this 
short paper is concerned. . 

The question of objectives 
What. are, or should be, the objectives of further education? How are 
they different from other formal or informal sectors of education? 
Agreement among educators is confined to large generalisations which 
tend to establish the boundaries of social policy rather than give content 
to realisable goals ~ 'to preserve the intellectual stock,' 'to enlarge 
human knowledge,' 'to develop given values systems in civiHsation', 
Equally one may be provided with sub·objectives such as the 'provision 
of equal educational opportunity' or 'increased mastelY by the individual 
of his potential in the context of his environment'. From outside the 
practice of teaching, the perspectives of the planner tend to be bounded 
by particular disciplines. For example as the present Indian summer of 
'the economist' draws to a close, we are left with handy phrases like 
'maximising the discounted present value of expected future earnings'. 

DES Planning Paper No )1 suggests that the main objectives for the 
16·19 age cohorts (the most relevant age range) should be: 
'(1) To prOVide education and/or vocational training for all those 
between the ages of 16 and 19 who wish to receive it and could profit 
from it. 
(2) To meet the requirements of society for people with education and 
training to this level, either to be employed directly or to go forward 
for further education or vocational training'. 
Staff in educational institutions may find it hard to disagree with these as 
main objectives. Our difficulty boils down to establishing objectives 
operable in a control context. 

The compromise which becomes necessary is a distinction between 
an objective which is simple and, if pOSSible, measurable and those which 
leave room for the individual institution to search for and move towards 
more 'ideal' states, In many ways this is how the distinction between 
the broad legislative and policy layers of DES' and local authorities 
already meet with the autonomy of most schools and colleges. 

However, as a starting point we suggest a necessary but not yet 
sufficient formula for colleges of FE might be: 
'It is the purpose of a college of further education to create an 
environment in which a body of knowledge or a collection of skills 
or certain modes of behaviour (or a permutation of these three) may 
be learned.' . 
As it stands this objective cannot be said to over·constrain a college in 
the search for ultimate educational ends, but is the degree of success in 
pursuing it measurable? 

. An advantage of highlighting a further education college is thaUt 
exists for the customer as a 'choice' sector beyond compulsorily school., 
ing to 15 or 16 which makes its position somcwhat analogous to that of 
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a retail co-operative_ The Co-operative Movement exists to mal<lmlSe 
'member benefits' and Professor McClelland2 has argued that we cannot 
measure its success in this endeavour directly but that some lead is given 
by the volume of business that the members freely choose to transact 
with their 'local society': Hence ·co-operatives should seek to maximise 
sales subject to the proviso that these sales are not made at a loss. In a 
nutshell his argument is that the market provides the ultimate fest of 
any product or service. If this is so, then the extent to which the local 
community is prepared to take advantage of the services provided by 
their college, and, having sampled its wares, continue to participate in 
its activities, is the best indicator of its Success. Therefore, in operationoi 
terms our objective can be rewritten: 'Maximise student enrolments and 
attendance rates'. . 

If one goes further and attempts to register success in terms of 
successful graduates from a course then the. variables of assessment are 
reached. How to measure students who are raised from point B to F on 
some scale, in contrast to those raised to F from D? Indeed the 20 point 
scale proposed by the Schools Council for GCE exams leaves students 
hovering around a 'he might or might not have passed' criterion. 
Already one polytechnic has proposed as its entry criterion 'the ability 
to profit from a course' - which would crea!e a need for individual 
measurement of success outside any normal scheme for ·percentage 
distribution in a group, local or national. The extent, therefore, of 
improvement in quality attributable to an educational process remains 
a matter of opinion - usually localised opinion. 

Our objective runs the risk of being labelled both simplistic and 
philistine. For that matter the validity of profit maximisation in the 
private sector is equally simplistic. Do firms maximise profits, sales 
revenue or market share; or minimise the dangers of a takeover or 
merely satisfy some function which is never exactly specified but which 
takes into account the needs and aspirations of employers, managers and 
the wider society as well as the ordinary shareholders? The maximisa
tion of profits is clearly not the whole truth, but it is a starting point. If 
a company continuously fails to make a profit the chances are it will go 
out of business. Similarly in time w~ may be able to set down a more 
sophisticated objective function for a college. Meanwhile most people 
would accept that a college which is empty of students is not a success. 
So we are attempting to start simply with a simple concept. 

The search for a standard for comparison 
Implicit in any system of control is comparison - comparison of actual 
performanc- against a measure. For the individual college this comparison 
could be made either internally with its performance in previous time 
periods ,externally with the ·performance of other colleges over the same 
time-scale - or both. In educational cost control it has been suggested 
that the external comparison should be with a national 'norm' arrived· 
at by an averaging process. Such a norm would reflect past and current 
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practice rather than an 'ideal' state. Moreover, 'by definition a college 
would be as likely to perform better as worse than the norm. On the 
face of it, therefore, internal comparison over time seems more 
meaningful. However, an improvement in this year's achievement over 
last years is not itself a 'cause for self·congratulation if over the same 
time scale improvements in the same area of work in other colleges have 
been even more spectacular. Probably both internal time series and 
external cross section comparisons should be made. Further, the 
external comparison is likely to .be more useful if it is made against 

'data from individual colleges rather than a national norm. 
. In pther words we need something similar to the Cenire for 
Interfirm Comparisons; which publishes Information for each of the 
member firms in a sector, rather than a 'norm' for the whole industry. 
For a oollege the comparisons might be most usefully made within its 
own LEA or RAC; 

The work in further education is complex in so far as it can be 
classified in at least three dimensions: by course or broad discipline area; 
by level - 'university' (AI and A2), 'intermediate' (B), and 'school' 
(C);' and by'the pattern of student attendance - full·time, sandwich, 
part.time· and evening only. As far as is possible the targets set, the 
statistics collected and the comparisons made should recognise and 
provide for this heterogeneity. The monitoring and matching of actual 
against some standard internal or external to the college is only 
Significant if it is a process which compares like with like. 

Most colleges run a large number' of courses which would need to be 
classified under broad discipline areas. The recent DES Pooling 
Committee enquiry into the establishment of cost 'norms' in advanced 
FE collected its student statistics in the following'groups: 
education; 
health; . 
technology and engineering; 
agriculture; 
science and applied science; 
social (administrative and business) studies; 
vocational - architecture and town and country planning; 
vocational - other including catering, home economics, librarianship; 
nautical studies and transport; 
languages (literature and area studies); 
arts (other than languages); and 
art and ,,"sign including drama and music. 
Apart from difficulties at the margins there seemS no reason why this 
practice should not be followed for all of further education. 

For some purposes (the assessment of overall college performance 
for example) it will be convenient to convert the various attendance 
patterns into full time equivalents (FTEs). How this should be done has 
been the subject of much debate which has resulted in a diversity of 
practice. The problems involved in arriving at appropriate 'multipliers' 
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led the Capps Report' to eschew FTEs in favour of student hours. The 
,apparently straightforward solution is to divide total student course 
hours by the average hours of attendance of a full time student over 
the same time period. However,' in the matter of the allocation of 
resources, particularly, administrative 'back-up' the question remains: 
should a part time students' hour be counted equal to or greater than a 
full time students' hour, and if greater by how much? In the context of 
resource allocation arguments in favour of some weighting of part timers 
are strong. But for our purposes - college objective setting and control 
- it matters little how one obtains the conversion to FTEs so long as the 
practice is consistent between colleges and within a college over time .. 
Nevertheless as rar as inter·college comparisons are concerned there is 
scope for rationalisation and for DES guidelines with regard to lengths 
of terms and college day. 

The critical ratios 
We have argued above that a college should set out to maximise local 
involvement in its course mLx. At this stage vie cannot specify an 
optimising model, but we can obtain some information on the college's 
search for t~Js target by comparing actual student hours in one period 
with actual student hours in a provious period. Insofar as actual student 
hours are dependent upon enrolments and subsequent attendance rates 
we Can establish a pyramid of ratios thus: . 

Actual student hours in period t 
Actual student hours in period t· I 

Enrolments in period t 
Enrolments in period t·1 

= 
x Attendance rates in period t 

Attendance rates in period t·1 

where Attendance rate = Actual student hours 
Potential student hours 

and Potential hours = Enrolments time, the length 
of the course in hours. 

The data required to construct these ratios - enrolments, actual and 
potential s!l,dent hours - are readily available. An example of the 
ca\culation of these ratios follows in Table I. 

It would be possible and probably more useful to analyse the 
enrolments and attendance rates further' on the basis of either 
departments or, for inter·college comparisons, agreed discipline areas 
and the levels of work AI, A2, Band C. A ratio greater than unity 
represents an improvement in performance. How much of an improve· 
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full time 
part time day 
evening only 

full time 
part time day 
evening only 

Performance ratios: 

Overall 

TABLE I 
(Pe,formance ,atios : An example) 

Enrolments 

1,000 
3,000 
2,000 

6,000 

Enrolments 

800 
2,500 
2,000 

5,300 

At t 

At t-I 

Potential 
hours 

1,000,000 
600,000 
200,000 

1,800,000 

Potential 
hours 

800,000 
500,000 
200,000 

1,500,000 

l...500,000 = 1,25 
1,200,000 

1,800,OOO/l ,000 = I 20 
1,500,000/1 ,000 -

Full time 900,1)9)) = I 38 
650,000 -

} Actual 
hours 

900,000 
480,000 
120,000 

1,500,000 

Actual 
hours 

650,000 
400,000 
150,000 

1,200,000 

= L25 900,000/I,OQO,000 = I 11 
650,000/800,000 -

Part time day 480,0Q!) = I 20 
400,000 . 

600,000/1,000 = 1 20 
500,000/1,000 . 

480,000/600,009 = I 00 
400,000/500,000 . 

Evening only 120,000 = 0 80 
150,000 . 

200,000/1,000 = 1 00 
200,0"0/1,000 . 

120,000/290,000 = 0 80 
150,000/200,000 . 

Notes . 
Enrolments = Total potcl1:tl3l hO..,!lrs = FTE s 
. Average hours a year of a full time student 

The calculations assume that the avera~e course hours of a full time student = 
1,000 a year. 

57 



1 

ment would depend upon the performance of other colleges over the 
same time scale; a cross-section comparison would be necessary before 
coming to any flrm conclusions. 

Enrolments are a function of the college's past reputation, the 
effectiveness of its marketing and the relevance of its course mix to 
local needs. The enrolment ratio is also influenced by factors outside 
the college like population shifts and population growth. The attendance 
rate, on the other hand, is affected by variables which are largely 
internal to the college and, hence, more controllable. It reflects the 
efficiency of the learning environment: the adequacy or otherwise of the 
selection procedures, the teaching method, the deployment of educa
tional technology, allied with adequate guidance and counselling _ . 
matters which are all very much within the province of the academic 
staff. Consequently attendance ratios of much less than unity would 
require careful investigation. 

The constraints 
An objective of the maximisation of student hours will be pursued by a 
college against a backcloth of constraints - the inflexibility of its 
buildings, the strategy of its local authority, the policy of the DES and 
so on. Arguably one of the most important of these constraints ,viII be 
the cost per student. Information on the precise cost structures of 
colleges is hard to come by and even if it were available unit cost 
comparisons over time would be bugged by the problem of inflation. 
What is certain is that teachers' salaries account for between 50 and 
60 per cent of the annual expenditure of a college. We concentrate on 
this particular expense and examine some of the factors which determine 
its level. 

Delany· has argued that the level of staff requirement is given by 
the formula: 

N = FfEs. a ..............•.•••...•..•.••.•• 1 
ACS b 

where FTEs = total potential student course hours a year 
course hours of a full time student a year 
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. ACS = average class size 

a = that proportion of the working week (or year) that 
the average class is supervised by a teacher, or the 
class's 'teacher contact' time : the "curriculum 
volume factor". 

b = that proportion of the working week (or year) that 
the average teacher spends supervising a class, or his 
'class-contact' time: the "staff deployment factor". 

N = staff requirement of full time eqUivalent teachers. 
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Thus the staff/student ratio is 

-1L = _a_ 
FTEs ACS'b ....•......••..• ' ................ 2 

From equation I it can be seen that if ACS, a and b remain constant 
then N will increase in direct proportion to the increase in FTEs, and a 
condition of constant average staff costs will have been attained. 
However, if either ACS or b increase or a decreases then an increase in 
FTEs will imply a less than proportionate increase. in N, and average 
academic staff costs per student will have been lowered. From a .cost 
viewpoint constant average costs are a minimum standard to be aimed 
at and a situation of decreasing average costs is preferable. Consequently 
to our objective of the maximisation of the student hours, enrolment 
and attendance ratios we can now add the proviso that the staff student 
ratio is maintained at least constant, or, more generally: 

That at t '" a at t·1 
. ACS'b 

The advantage of defining the staff student ratio as in equation 2 
above is that it highlights the important variables: average class size, 
curriculum volume factor and staff deployment factor. Faced with the 
problem of meeting a specific staff/student ratio the principal or head 
of department may choose to operate on ACS or a or b or any combina. 
tion of these. In the event Burnham 'recommendations' and ATT! 
'understandings' with the local authorities are likely to restrict the room 
for manoeuvre on the staff deployment factor. Average class size and, 
particularly, curriculum volume factor remain real options; though 
fully to exploit their possibilities would probably~nvolve an increase in 
the investment in educational technology. 

We have not attempted to go beyond our initial hesitant claims to 
begin to expose a simple model where measurement is possible. Beyond 
this model lie the complex arguments between national and local 
measurements on the one hand and on the other the internal processes 
of a college where the participative mode of a collegial form of 
government allow key qualitative decisions to be made collectively. 
Other non·legislative pressures like externally organised educational 
research have a function here, too, but to lake account of them we 
should have to begin to examine the process of education as it exists 
outside institutions in an information rich society, when the funda. 
mental concepts of institution·based learning would come under 
challenge and measurement criteria be made more complex still. 
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How profitable is teaching? 

D IV Birch and J R Calvert 

What are the economic benefits derived from the decision to invest in a 
teacher's certificate, or to obtain a degree, a postgraduate teaching 
certificate and then follow a·teaching career? Arc these benefits greater 
tlian the costs involved in l5ecoming a qualified teacher?' These are the 
questions we attempt to answer in the first part of this paper. We do so 
from tlle point of view of the individual taking the decision to become 
or not to become a teacher rather than from the nation's standpoint. 
It may be as well to preface our analysis by emphasising the point that 

. we are concerned solely with an economic evaluation. Plainly there are 
. educational. cultural and social ramil1cations to the investment but a 
calculus for assessing these objectively has yet to be developed. It seems 
reasonable to assume. however, that thest! other aspects would add to 
rather than subtract from the economic return. 

Economic evaluation of an investment opportunity: 
TIle theoretical framework of the economic evaluation of an investment 
in education is well settlcd and is not different from the economic 
appraisal of the opportunity to invest in an item of capital equipment.' 

·We may define an investment in this context as an outlay of cash or 
resources now or in the near future to acqUire :m asset in the expectation 
of receiving in the longer run a larger·stream of cash or other ecunomic 
benefits as 'a result of holding the asset: the extent of the investment 
horizon is the expected lifetime of the asset. To evaluate an investment, 
therefore. we have to measure and compare outflows (costs) and inllows 
(benefits) \Vh ich arise at different points in time. This is accomplished 
by discounting the costs and benefits by an appropriate rate of interest 
to achieve a comparison at present values. Fomlally the net (benefits 
less costs) present value of an investment is given by 

t=n 
L: = (Bt -C t) (I + r) -t 
t=O 

where 
t=n 
L: = the sum of from t=O to t=n; 
1=0 

(I) 

(eg if wc were assessing the decision at the age of 15 to aim for a teachers 
certificate and then follow a teaching career t=O would correspond to 
age 15 and t=n to retirement at age 65.) 
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Bt and Ct = respectively the benefits and costs which are assumed to 
arise at the cnd of ye or t; and 

r = the discount factor, 
. What r should be in investment appraisal in the public sector is a matter 
of some controversy_ Therefore, it is usual to employ an alternative 
investment appraisal fomll"a - the 'internal rate of return'. The internal 
rate of return is that rate i which solves the following equation 

~ " L (Bt-Ct){l +i)-t=O 
t=O 

(2) 

The rates of return we derive below are for the most part the result of 
following a slight variation on (2). Specifically they are those rates i 
which equate the present value of the lifetime benefits stream of the 
total population with the lifetime benefits strcam of teachers: ie 

(3) 

where 
Fxt = the expected cash flows of the total population in year t; and 
Fyt = the expected cash flows of teachors in year t. 

The relevant benefits and costs 
The identification and estimation of the benefits and costs is a hazardous 
business in any investment appraisal exercise. This is particularly so in 
educatio!1 investment appraisal whcr~ the investment is in human beings. 
The discounting models discussed above appear to be exact but the 
precision of the calculations depends upon the accuracy of the benefits 
and costs estimates and in the appraisal of an educalion investment 
opportunity we are relying on proxy measures at various points. If we 
are examining an education investment opportunity from the point of 
view of an individual the relevant benefits arc the extra earnings he might 
expect to receive during his working lifetime as a result of undergoing 
the educational process; the relevant costs are largely his loss of earnings 
less any grant received during his study period. Strictly speaking the 
benefits should be calculated net of personal tax. The tax rates, of course, 
will depend upon domestic circumstances and will vary from individual 
to individual. It is usual to assume some representative personal tax. 
situation and that this will remain stable over time. In f'ct unless one 
assumes tl,at the tax situation for teachers in terms of fIXed allowances 
and tax rale is different from that for the total population the rates of 
return will be only slightly affected by tax adjllstments, On the grounds 
that (he necessary tax assumptions compound the articiliciality of the 
investment appraisal exercise, and in the bclief that individuals assess 

\ 

career opportunities on the basis of gross rather than net salaries, we 
have ignored the tax adjllstments. 
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The most meaningful view of the wte of return on an investment in 
a given educationnl qu"lification is to compare its net benefits 
(ie expected lifetime earnings net of costs) with those of the next lower 
level of education. However, we are concerned with the economic 
bnplicatiolls of the individual's decision at the age of IS to opt for a 

,teaching career as against all otllCr career possibilities. Consequently, the 
type of comporison we have used is of the lifetime earnings of teachers, 
taking into account their students grants and vacation earnings, with 
the·lifetime earnings of the total population. The age earnings profiles 
of the totnl population might also be taken as a proxy for the un
qualified.3 

The data base 

Consider a group of people aged IS: what are their expected lifetime 
earnings? An estimate of the expected cash flows at a particular age 
is i;iven by 

wm)~ 00 
where 

A = Proportion of the group that would be alive; 
B = Proportion of the group that, if alive, would be 'economically 

active/employed; 
C = The median salary at a particular age of the economically active/ 

employed members of the group. 

Each of these, values requires a longitudinal study but, as is normal in 
educational rate of return studies, we have used cross sectional data. The 
age-earnings promes were derived from DES Statistics of Education 1970 
and the New Earnings Survey 1970; information on the proportions 
economically active and the proportions employed was obtained from 
ti,e 1966 Sample Census; and.the survival rates were derived from data 
in the Registrar Generals' Decermial Supplement 1961 eJ1d Report 1968. 
The data were divided by sex and also, for teachers, by graduates/non 
graduates and primary/secondary. The nature of our data base and our 
analysis of and adjustments to it are summarised in the appendix. 

These calculations gave us the annual expected earnings from the 
age of 15 to 65 after adjusting for the probability of survival and the 
probability of being economically active. An adjustment seJstituted 
for the latter the probability of being employed. As the survival rates 
are high except in the later years which are heavily affected by the 
discounting process the survival correction has little influence on the 
final present value calculations. The overall effect of the economic 
activity/employment adjustments is to reduce the expected benefits 
particularly for females. !Iowever, women teachers have a higher 
activity/employment rate than women generally and this is reflected in 
tllC final ratcs of return. 
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The rates of retu m 
The benefit streruns thus derived were discounted by various rates of 
interest from 0 to 40 percent to obtain the present values. A search 
was then made to identify Ulat rate of interest which equated the present 
values of the expected benefit streams of the totol population with 
(hose of (eachers (ie Ule rates of interest which satisfy equation (3) 
above). These rates of return arc shown below in Table 1. 

.' TABLE 1 

Alternative estimates of prh'ote rates of return 
on Iht, investment in a teaching career from age 15 (1970) 

Malcs All graduates 
ItTadtlatcs : se('cndary 
gratjuates : primary 

All non graduates 
non tr;uluates : secondary 
non graduates: primary 

Females All gf2.duates 
;:raduates : secondary 
f!J~,duatcs : prim.llY 

AB non graduates 
non r,raduatcs : f,ccondary 
non gradu3.tes: pti.mary 

Percentages 
economically active 

11.1 
11.9 

8.1 
6.9 
6.9 
6.8 

27.5 
28.1 
26.5 
26.8 
27.5 
26.5 

Percentages 
in employment 

11.9 
12.1 
8.9 
7.0 
7.0 
6.9 

29.0 
29.8 
28.3 
28.5 
29.5 
28.3 

In 1970 it \V's possible to leave school at IS to obtain full·time 
employment: today the school leaving age is 16. 111e rates of retum in 
Table I are based on lifetime earnings expectations at the age of IS; if 
these are corrected to expectations at age 16 the effects are to raise the 
rates for men by about \0 perccnt and for women by about 3\0 percent. 
It is popularly claimed that onc of the 'perks' of teachers is their longer 
than average holidays. Plainly some of this extra holiday expectation is 
taken up with further study, class preparation and so on but some of it 
might be used to earn extra money or to pursue activities of equal 
value to the teacher. Therefore, to take some account of this 'perk' all 
the benefit streruns for tcachers, from age 21 for non graduates and age 
22 for graduates, were adjusted upwards by 1/12 (ie one extra month's 
salary). The results in temlS of the new rates of return are given in Table 2. 
The effects of the holiday adjustment are to narrow slightly the 
differences between the returns to graduates and non graduates and to 
increase the returns to men overall from 21~ percent to 3 percent and the 
returns to women overall from 1\0 percent to 2\0 percent. 

Conclusions so (<lr 
In all cases the rates of return are positive and therefore we may 
conclude that under the preseni free tuition aJ\d maintenance grant 
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" Males 

TADLE2 

Alternative estimates of private rates of return 0" the investment 
in a teaching career from age 15 adjusted for holiday 'perks' (1970) 

All graduates 
graduates! secondary 
graduates: primary 

All non graduates 
non graduates: secondary 
non graduates: primarY 

Percentages 
economically activc 

14.1 
14.3 
11.2 
9.6 
9.7 
9.4 

PerCt'ntages 
in employment 

14.4 
14.6 
11.4 
9:8 
9.9 
9.6 

Females All graduates 29.3 31.0 
graduates: secondary 29.8 31.5 
graduates: primaor 28.3 29.9 

All non grJduates 29.0 31.0 
non graduates: secondary 29.8 31.5 
non graduates: primarY 28.8 30.5 

provisions the decision to invest in 3 teaching career is e-conomicany a 
worlhwhile one. The decision to teach is much more profitable for 
women than for men. However the high rales of return enjoyed by 
women leachers are marc a commentary on the poor state of the female 
labour market than they are evidence of high salaries for women teachers. 
They are the result firstly, of equal pay and secondly, of female teachers' 
high economic activity as compared with women generally. For the 
present, leaching fits in better with a woman·s child·bearing and sub· 
sequent domestic responsibilities than most other careers. In the longer 
run future equal pay legislation and the ·changing social climate on 
women at work are likely to erode the substantial economic advantages 
currently enjoyed by female teachers. Apparently the imparl ant decision 
for women is the one to become a teacher; thereafter the choices 
between graduate and non graduate status and between a career in 
secondary rather than primary education have little effect on the 
economic rate of return. However, for men graduate stalus clearly 
enhances economic rate of return expectations although this advantage 
is reduced somewhat if the male teacher opts for a career in primary 
rather than secondary education. 

A recent paper by Adrian Ziderman' offers us the opportunity of a 
limited comparison of teachers' rates of return with other 'qualified' 
career opporlunities. He uses the age earnings profiles of the total 
population as a proxy for the 'unqualified' and compares this with data 
on earnings for graduates and holders of GCE A level. His adjustments 
for life expectancy, economic activity and employment appear to be 
similar to our own. However, he uses mean rather than median (the more 
usual measures in education rate of return studies) salaries and he corrects 
for personal taxation. lie also adds on 2 percent to the rates of return 
as a 'conservative' estimate of the expected increase in real e3mings 
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over a lifetime. This adjustment is reasonable if we assume that the 
supply and demand for each type of educated manpower moves in line 
so preserving current relative income differentials. His findings after 
these adjustments are as follows. 

Fir!;t degree 
GCE A tevel 

TABLE 3 

Private ratcs of rctum Oil education 
from age 15 (1966·67) 

Males· 

15.0 
10.0 

Percentages 

Pemales 

20.5 

Note: There were insufficient data to calculate the ratc of return for female 
holder!; of GCE A level. 

It might be argued that so far as teachers are concerned past experience 
has been to narrow rather than widen their absolute income differentials 
over the rest of the community. Therefore, the addition of2 percent to 
take some account of future expected increases in rea1 earnings is 
unjustified. Nonetheless if we add 2 percent to the rates identifled in 
Tables I and 2 a more direct comparison with the results of Table 3 
is possible. However it should be noted that Tables I and 2 are based 
on earnings data for 1970 whilst Table 3 is based on the pattern of 
earnings in 1966-67. The rate of return for female graduate teachers is 
from 9 percent to 1I percent higher than that identified by Ziderman 
for all female graduates. This confirms our view that teaching is, at this 
moment, a very profitable career for a woman. As migh\, have been 
expected,the rates of return for male graduate teachers are less than for 
male graduates generally. However, the economic return for male 
graduates teaching in secondary education is only slightly lower -
14 percent as compared with 15 percent - and much closer to the rate 
of return for all male graduates than we had expected. If account is 
taken of teachers' longer than average holidays the rates of return for 
male graduate teachers compare favourably with male graduates 
following other careers. 

So much for the good news, the bad news so far as teachers are 
concerned is the rather indifferent rate of return for male non graduates, 
9 percent as compared with IQ percent for GCE A level holders. However, 
since age specific earnings data relating to GCE A level holders was 
not obtainable from the earnings sub·sample follow 1I~ to the 1966 
sample censu.s, Ziderman was forced to use a less· than satisfactory 
alternative estimate: ie the salary scales of the executive class of the 
Civil Secvke (for which A level is the normal entry requirement) and 
nssumillg representative promotional patterns within the class. Given the 
high level of Civil Service salaries Zidcrman concedes (hat this could 
have resulted in an over estimate of the rate of return. Hence it might 
be safer to suggest that for male non graduates a career in the 
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excr.u tive class of the Civil Service appears on average to be slightly more 
profitable U,an a teaching career. 

TI,e non graduate teacher and the Open University 
Thus far we have examined the economic returns to the decision at age 
15 to invest in a teaching carecr as compared with all other carcer 
opportunities. We now turn to briefly consider the investment oppor
tunity offcred by OlC Open University to the non graduate teacher at 
various points in his teaching career. S A degree at the Open University 
is granted after a student has successfully completed two foundation 

. Courses p!us four other 'credits' fer a pass degree and six for an honours 
degree. A'teacher who has attended a three year full time course at a 
college of education may claim three 'credit' exemptions if he opts to 
follow further studies in education at the Open University. We shall 
assume that teachers take advantage of this possibility. We have made a 
number of oOler assumptions which arc detailed below: 

That the teacher follows an honours COurse spread over four years thus: 
Year one two credits 
Year two one credit 
Ycar thrce one credit 
Year four one credit; 

That thc tcacher pays his own tuition fces (£10 initial registration fee 
plus £25 per credit) and spends £25 on books for each 'credit'; 
That the teacher receives a grant from his LEA to cover the cost of any 
'summer schools'; and 
That each 'credit' involves the teacher in 400 hours' study. (We cannot 
put a precise value on this foregone leisure but bearing in mind the 
importance of opportunity cost we have assumed Uuee different values 
of 0 new pence, 50 new pence and 100 new pence per hour.) 

Table 4 sets out the pattern of monetary and Opportunity costs resulting 
from the above assumptions. 

Year 
course: 

1 
2 
3 
4 

TABLE 4 

. Annual monetary and opportunity costs of a 
degree Course at the Open University 

Value per hour of foregone leisure: 
Op SOp lOOp 

110 
50 
SO 
SO 

510 
250 
250 
250 

910 
450 
450 
450 

The matrices of private rates of return based on six ages of entry to the 
Open University and three alternative valu3tions of foregone leisure time; 
and assuming that the teacher will immediately move from the non 
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graduate to (he graduate age earnings profiles are presented in Tables 
5 and 6. 

TABLE 5 

Plivate rates of r~tum la MA l.E non graduate teachers investing 
in a degree course at the Open UlI;pcrsity:· 

Age of All Primary Secondary 
Entry' 

Op SOp lOOp Up SOp lOOp Op SOp lOOp 

25 50.0 18:0 11.5 29.0 8.0 4.0 51.0 19.0 12.5 
30 53.0 19.0 12.0 26.0 7.0 3.5 54.0 20.5 13.0 
35 53.0 19.0 12.0 25.0 7.0 3.0 57.0 21.5 13.5 
40 5~.0 20.0 11.5 27.5 7.0 2.5 59.0 22.0 14.0 
45 55.5 19.~ 10.5 31.0 7.0 1.0 61.0 22.5 13.0 
50 55.0 17.0 7.5 33.0 4.5 <0 62.0 21.0 10.5 

TABLE 6 

Private rates o/retum to FEMA!.E 11011 graduate teachers investing 
in il degree course at tlie Open UniJ'crsiry 

Age of All Primary Secondary 
Entry 

Op SOp lOOp Op SOp lOOp Op SOp lOOp 

25 38.0 14.0 9.0 27.0 8.0 4.0 35.0 13.0 8.5 
30 45.0 16.5 10.0 28.0 8.5 4.0 41.0 J5.0 9.5 
35 50.0 J8.0 11.0 31.0 9.0 4.0 47.0 J7.0 10.5 
40 54.0 19.0 10.5 34.6 9.0 3.0 52.5 18.0 10.5 
45 54.0 17.5 8.5 35.0 7.0 0.5 54.0 18.0 8.5 
50 50.0 12.5 1.5 33.0 2.5 <0 51.0 13.0 3.0 

If the teacher places no v.alue on his lost leisure time, the rates of return 
on the investment in an Open University degree are fomlidable (from 
27.0 to 62.0 per cent) for all ages of entry for both primary and 
secondary, male and female teachers. However, this assumption of nil 
opportunity cost is probably unrealistic in the majority of cases. When 
each leisure hour lost in study is valued at 501', the rates of return arc 
reduced substantially but arc still very worthwhile for secondary teachers 
varying from 13.0 to 22.5 per cent. For primary teachers at this level of 
opportunity cost the economic viability of the venture is 1110re marginal 
(from 2.5 to 9.0 per cent for women and from 4.5 to 8.0 per cent for 
men). At an opportunity cost of lOOp perIost leisure hour the economic 
case for primary teachers investing in an Open University degree is 
somewhat shaky. Indeed, at age 50 the returns to both male and 
female teachers are negative. For secondary teachers the investment 
remains profitable (especially for men) even at this level of oppor
tunity cost. 
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A general conclusion from the preceding analysis is that the Open 
University will continue to receive substantial support from non 
graduate teachers. We would expect this support to come primarily 
from male secondary teachers: for them the inv{."stmcnt opportunity is 
very profitable for all six ages of entry and three levels of opportunity 
cost examined. 

Notes 
·1. Our attention was drawn to thc~e questions b}' Colin Thrner of the Further 

Education Staff College. However the i"l'sponsibility for our answers is ours alone! 
2. M B1aug 'The rate of return on investment in education in Great Britain', 

Manchester School, September 1965 pp 205-62. 
3. Sec for example V !l-Iorris and A Ziderman 'l1.e economic return on in\'l~stment 

in higher education in England and W<.lcs\£collomic Trends No 211, hby 1971.-
4. A Zidemlan 'Does it pay to take a degree? TIle profitability of private 

investment in university education in Britain', Oxford Economic Papers 
VollS No 2. July 1973. pp 262·274. 

S. This question was first considered by K Uinchliffc, 'TeO-chers, the Open 
University and the rate of return', Jiigher Education Review. Summer 1971. 

APPENDIX 
The data base, analysis and adjustments 

A Survival rates 
Teachers, male/female 
Registrar General's Decennial 
Supplement 1961 
Proportions of 10,000 aged 0 
dying in age ranges with mid 
points 20, 30, 40, 50, 60; 
Translated into proportions 
of 10,000 aged 15; 
Converted to survival proportions; 
These points were then plotted 
on a graph and the yearly values 
for ages 15·65 were read off the 
smoothed curve. 

B Economically active/employed 

Total population 
male/female 
Registrar General's Report 
1968 
Proportions of 10,000 aged 0 
surviVing to reach . at least 
20. 25, 30, 35, 40, 45, 50,55, 
60,65 
Translated into proportions of 
10,000 aged IS, 
These points were then plotted 
on a graph and the yearly values 
for ages 15·65 were read off the 
smoothed curve. 

Allqualificd Qualified incducation Icvc! 'C' Total population Total PopUlation 
females females females m:lles 

1966 Sample Census 

Medians for both sexes for ranges 
with mid points, 23, 271>. 32\2, 
371>,421>,471>,521>,571>,62\0, 
There seems no reason to suppose 
that qualified males are less active 
than unqualified males and there 

Medians for each sex for each 
age 15·20 and for ranges with 
mid-points 23, 27\0, 32\,. 371>, 
421>,471>,521>,571>,621>,. 
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is little room" for them to be more 
economically active. Thus little 
error should result from assuming 
that all males, qualified and un· 
qualified, arc equally economically 
active. The qualified rates involve 
males and females and in fact mirror 
the two population curves. This 
indicates that women have a consistent 
pattern of economic activity, although 
at varying levels for qualified" and 
unqualified. Hence, assuming all 
males are equally active wc can deduce 
the qualified female rates (given the 
proportion of qualified malrs and 
females) with a small expectation of 
error; 

These were then plotted on a These points were then plotted 
graph and the yearly values for on a graph and the yearly values 
ages 21·65 were read off the for ages 15·65 were read off the 
smoothed curve. smoothed curve. 
Since average student earnings are used elsewhere we have put the rates 
to I for ages 15·20 for all teachers. 
An identical procedure to that described above for the economic 
activity rates was used to derive the proportions employed. 

C Expected e(!rnings: 
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Teachers 
Male/female 
Graduate/non graduate 
Primary/secondary 
DES Slalisties of Education 
Vol IV March 1970 (Total 
Population of teachers) 
Medians for age ranges with 
mid·points 23, 27!6, 35, 45, 55, 
62!6 were calculated; 
These points were plotted on a 
graph and the yearly values for 
ages 21·65 were read off the 
smoothed curve; 
Benefit flows for ages 15, 16, 
17 taken as ° and for 18, 19,20, 
for non graduate teachers, and 
18,19,20, and 21, for graduate 
teachers taken as grant £360 
plus Vacation Earnings 
£100 = £460. 

Total population" 
Male/female 

New Earnings Survey April 1970 
Department of Employment 
(I percent Sample) 
Medians for age ranges with mid. 
points: 16!6, 19!6, 23, 27!6, 35, 
45,55,62!6. 
These points were plotted on a 
graph and the yearly values for 
ages 15·65 were read off the 
smoothed curve. 
The benefit flows for ages 15 
onwards were adjusted by the 
"student rate" to include cash 
flows 0,0,0,460,460, ...... . 
to incorporate student income 
into total popUlatiO~l figures. 
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ACfIDEIfJIC STAFFH!J FOm1JLAE: I'fI1H PARTICUlllR REFOOCE TO ADVM\cED 
FURl11ER EDUCATION 

Verek W Bircll, Jclm· L Davies and John R Cal vert 

Tlle Environment 

WB begin by rBhearsing somB of the background to the Pooling 
Conunittee's r.ecent investigations into academic staffing levels in 
advanced further education, culminating in the memorandum to local 
authorities "hich sets norm st.aff to student ratio bands of 7.5 to 
8.5 for laboratory-based subje'cts and 9.2 to 10.2 for classroom-based 
subjects. Serious public concern to improve the management of 
insti tutions of higher education (in terms of cost per student) is a 
comparatively recent phenomenon. True, as far as further education 
is concerned, "e have had the Pilkington and Hunt Co~~ttee sitting 
si.nce 1964 exhorting the system to 'do better' (1) cost-wise, but in 
the main, until about 1967 to 68 expansion rather than cost per 
student was the primary interest. During the 1960s the development 
of criteria for planning and assessing the effecth'eness of resource 
allocation at the macro level in education was emphasized and the 
so-called manpower forecasting and rate of return schools prospered. 
There has long been a need for diagnostic planning and control tools 
at the institutional level. The staffing formulae discussed below 
are indicative of the switch in emphasis from macro to Ir~cro analysis 
in the management of further and higher education. 

'fables 1 and 2 examine the growth rate in full-time equivaient 
students and public expenditure in higher education in England and 

. Wales from 1966-67 to 1970-71. If we allo" for the relative price 
effects of labour intensive industry like education; and also in the 
case of advanced f'~rther education, allow for an improvement factor 
(a necessary element if the resource provision in' advanced further 
education is to approximate to that obtaining in the universities) 
then expenditure has not noticeably outrun the rather crude product
ivity measure of full-time equivalent students. On the other hand, 
there is 11 ttle evidence that higher e'ducation has been able to take 
advantage of economies of scale and the possibility of economies of 
scale is implicit if not explicit in much of the debate surrounding 
the polytechnic policy. 

Table 1 

Percentage grol"lth per annum England and Wales students full-time 
eqiti valent. 

66/67 67/68 68/69 69/70 70/71 Average 

Universities 9.9 8.5 5.9 3.7 3.9 6.4 

Colleges of Education 16.7 18.7 8.2 2.7 1.6 9.6 

Advanced Further Education 16.0 21.0 8.5 8.5 5.9 13.5 
full-time and sandwich 

Total: 12.9 13.7 8.6 4.5 3.7 8.7 

Source: DES statistics of Education, HMSO. 
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Table 2 

Percentage gro>lth per annum England and Wales public expenditure 

66/67 67/6B 6B/69 69/70 70/71 Average 

tmi versi ties 9.6 B.3 1.7 3.4 17.4 B.l 

Colleges of Education 17.6 16.1 10.3 7.3 B.6 12.0 

Advanced Further Education 
20.2 22.5 14.5 13.3 16.0 17.3 full-time and sand>lich 

Total: 12.6 12.0 5.6 6.0 15.3 10.3 

Source: DES Statistics of Education, HMSO. 

It has been argued(2) that the methods of financing higher education 
have in the past precluded any economic advantage from increased size 
The allocation of current expenditure in the universities and 
colleges has been, and is, largely based on the staff student ratio. 
So long as this was maintained constant the best l1e could hope for 
>las a situation of constant costs. As far as advenced further 
education is concerned current resources have been determined by 
class contact hours. If Burnham(3) understandings are maintained 
this again leads, ,at best, to a situation of consta~t costs. 

However, there was some basis for the belief that marginal costs in 
advanced further education would rise, initially at any rate, with 
expansion. Firstly, an increase in the proportion of advanced work 
leads to an upgrading of a college's academic staff establishment, 
and these higher post gradings'in turn lead to fewer contact hours, 
(i.e. on the face of it the same staff could be paid more for 
teaching less). Secondly, the poolillg procedures were suspect. 
Providing authorities SUbmit claims on the advanced pool on the basis 
of the following formula: 

Vol~~e of lecturers' salaries 
on advanced work 

x Net college expenditure 
Total lecturers' salaries 

whilst all authorities contribute to the pool on the basis of their 
population and rateable v:alue. From the providing author! ties' view
point, the formula argues strongly in favour of as Iowa staff 
student ratio as is possible for advanced work. The total of 
poolable expenditure is determined in arrears and until recently no 
generally accepted criteria for assessing the reasonableness of a 
claim e:dsted. In theory at any rate'there were opportunities for 
unscrupulous authorities to milk the pool. As far as we kno>! there 
is no evidence t.o sugge st that this wns indeed happening. HOI·:ever. 
so long as the net contributing authorities believeu that an 
inequi tnble distribution of resources between institutions was 
possible there was mounting pressure for a review and a re for." of the 
pool:' s operations, and an end to its open-ended commitment. 

Referring back to Table 2 we see that over the period 1966-67 to 
1970-71 the avernge annual percentage rnte of gro"th in public 
expendi ture for all higher education in England and ~lales was 10.3 
percent. (4) Over this same per.iod the average growth in the gross 
national product nt factor cost was 6.0 percent. ' In the context of 
successive governments' avowed inter",st in curbing public expenditure 
this state was bound to attract pu.>'licity. The gross national 
product comparisons npart, in the rather mere parochial local 
authority finance field the growth in al;>solute terms in advar.ced 
further education pooled exp-ndi ture from £44 mi1.1ion in 1966-67 to , 
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£81 million l.n 1970-71 inevitably caused concern. 

f 

The Development of Staffing Formulae 

'rhe largest single element in most institutions I budgets is academic 
staff. To be able to calculate the total requirement for academic 
staff and to distribute this rationally between competing departments 
and sections is, therefore, of critical importance. Add to this the 
fact that other costs tend to follOl; academic staff costs and it is 
not surprising to find a considerable research effort in this area. 

The traditional academic staff resource allocation mechanism was, and 
is, the staff to student ratio. Bm-lever, successive stu6ies have 
gone behind this rather crude device to further examine ·the factors 
which determine- the requirement for academic staff. . 

'I'he Robbins Committee (5) identified the parameters as follows: 

T = f(s,t,h,g) 

where T = fte academic staff; 

s = fte students; 

t = average teaching load (formal class-contact) hours per week 
per fte academic staff member; 

g = average group (class) size; and 

h = average tuition load (formal teacher-contact) hours per \'ieek 
of the average group (class) g. 

One simple specification of the relationship would be: 
s h 

~=g t··································(l) 

and, hence, the SSR (staff to student ratio) is defined as: 

SSR = E.
t 

........................... " ........ (2) g. . . 

This relationship is the one postulated by John Dclany(6) and is the 
basis for the Pooling Committee's recommendations ir. the Assessment 
of Curricular Activity and Utilization of Staff Resources. (7) 

There are, of course, possible improvements to Equation (1). For 
c):ample the total number of teaching hours provJ.ded per '"eek (h) 
might be divided into hours given in the form of lectures (k) and 
hours given in smaller group situations called, for the sake of a 
name, seminars (m). i.e. h = k + In 

Assuming that. a lecture can be delivered to an audience of 200 or 
more (i.e. group size is not critical for lectures although 
acconuncdation, saving the deployment of educational technology, may 
be) then the average group size (g) now refers to seminar group size. 
Again, since the parameters (k) (m) and (g) may vary by the level of 
students a di.stinction could be drawn along these lines too. Thus, 
with two level (say undergraduates and postgraduates) Equation (1) 
might be rewritten:-

kl + SI "'1 + k2 + s2 m2 

T = 
gl g2 

•••••••••••••• (3) 

t 

where subscripts land 2 refer to first and higher degree students 
respectively. Equation 3 is similar to the relationship proposed by 
Legg(8). 
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Bottomley et al (9). nave ·put forward a more generalized version 
similar to Equation (4) below. which emphasizes. the import.anceof the 
educational strate-gy deployed reflected in the pattern of different· 
types of·meeting:-

T = L h ij Sj /gij • ................. (4) 

t 

= average number of formal tUition hours per week e received 
by each type of teaching meeting i in the. jth year of 

.. the course i 
-- ."' ' 

= number of students enrolled in year j ·of· the course; and 

= maxi~uui size of each type of meeting/in the jth. year of 
the course and the meeting types are analysed under the 
follc"l'ing. classif1cation:- . 

Lecture <3; Exe-rcise' Classes; Discussion Classes;.· 
., Seminars or Sma).l group discussion; Tutorials; . 
_ and Practice··Classes. or Laboratories. 

The unive~sity of Lancaster CER:l::":OECD research group (10) in determ
ining their teaching load have developed a model which takes account 
of lecture and seminar preparation and.post-mortem time as well as 
the actual formal student-teacher contact time and have derived a 
relationship roughly similar to Equation (5):-

T 
ldl + p) + ~ (1 + q) 
__________ ~g~ ______ =r _______ ......... ~ .. (5) + su 

= 
t 

Where p = average preparation time r~urs per week per lecture; 

q = average preparation time hours per week per seminar; 

r = average nmnber of seminar repeats per week Per member of 
staff; and. 

. u = average post-mo.rtem time per student per lI'eek 

However, they experienced difficulty in collecting data on 
preparation times and concede that a teacher's estimate of these 
might be more a measure of his experience than of his industry. 
Insofar as it. is ·difficu.lt to obtain reliable data on preparation 
and post-mortem times directly, it seems preferable to allow for them 
indirectly as a part of the reciprocal of (t) - the average formal 
class contact of a fte teacher. 

A survey by the OECD Centre for Educational Research and Innovation 
of universities in member countries based on the Legg formula 
(approximately to Equation (3» revealed the informaticn tabulated in 
Table 3 (overleaf). An analysis of variance (11) of the data support
ed the contention t!lat. each subject field has its own peculiar 
pedagogica.l problems Ilnd the teaching and learning environments 
developed (as reflected in (h) (k) and (m) at any rate) 'I'ill be much 
influenced by subject field. 

In the spring ·Term of 1970 a similar survey of all further education 
colleges .1I'i th 50 percent or :noz'e of their !.ark at Al and A2 level. 
was corr~issioned by· the pooling Committee.~ The data was collected 
under ten broad subject classifications and analysed according to 
the equation (1) to reveal for each institution the· factors (g) (h) 
and (t). The response rate was high but, uniortU!lately, an Imder
standin.g given by the Pooling COt:"JUittee to the institutions and 
authorl.ti<w· pr.oviding tIlt: data has rrcvented the Pllblication of 
the results. What is kno'Nll is t..'1i:it there were fairly wide 
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dispersioris around .the means for each of·th", factorsi the patterl\ 
across subjects reflected the CERI, study. except that (h) ancc(t) . ........ c'/I. 

were consistently higher and (g) was co·,s.istcntly.lower. and· the 01<:> 
analysis apparently supported the making of a broad distinction 
between laboratory-based (e.g. science and technology etc.) and 
classroom-based (e.g. humal'lities and social sciences etc.) disciplin-
es. 

The usc~ ,lnd Limitations of Staffing FOrmtllae 

The first and most obvious use. of acadeinic staffing formulae such as 
those defined above is that they provide a basis for resource. 
provl.sl.on. However, . whilst ·individual'insti tutions .. (Loughlx>r·ough 
Universi ty for. example) may apply· such formulae t:o assess internal .. 

. allocations, at a national level the distribution of academic staff. 
resources continues on· the basis of· staff to student ratios; 

A second use of s1;affing formulae;' w.hich' follOl·$ directly fion} the 
previous paragraph, is that they .. form a basis fordat.a collection 

.. which can .be used to support staff student ratio targets.·· The· 
recently·introduced targets for advanced further education were 
(presumably) based on the data analysis of the 1970 survey. If staff 
student ratio norms are based on historical measures of central 
tendency then care is needed to ensure that the data is collected in 
a reasonably stable-state situaUon or that it is continuously 
updated, or, preferably, both. In the Spring Term of 1970 polytech
nics were newly established and, arguably, in a period of rapid 
change and development. Insofar as SSRs are a function of (g) (h) 
and (t) and these, in turn, reflect the educational str<ltegy 
deployep, it might be argued that norms based on yesterday's 
behaviour were a poor guide for totnorrol<' s provision and that, say, 

. national committees charged I<ith identifying fut=e optimum pedagog-:
.. ical practice, were to be preferred. llol<ever, even if it '1as poss
ible to obtain a measure of agreement from academics on optimum 
teaching and learning environments, ·1:.'1e resultant standardization of 
practice would be at odds with the British tradition in education. 
There is nothing particularly golden abeut the mean and if all 
institutions were forced to'1ards it the. result could well be a 
triumph of mediocrity. 

At institutional and sub-institutional level staffing formulae 
provide a means of self-analysis and a guide for future action. 
Faced with specific staff student ratio targets they can be used 
internally to examine some of the cost aspects of alternative 
educational strategies. From such utterances as they have made on 
the topic this I<ou1d appear to be the use that the pooling Co~~ittee 
have in mind for Formula (1). This tactic of allocating resources 
at the centre via an overall staff student ratio and allowing 
institutions to disco~er their ol<n roads to salvation has the merit 
that it allows for flexibility and, hence, creativity in teaching 
and learning methods at course level. Pressure in the form of staff 
student ratio targets may prompt a search for alternative, less 
labour intensive and may be educationally superior '1ays of achievj.ng 
the learning objectives i.e., it may prove to be an effective change
agent; whereas pt·essure in the form specifio targets for (g) (h) and 
(t) might I<e11 atrophy the system in the form of present, or worse, 
past pedagogical practice. On the other hand, Bottom1y eta1 (12) 
have demonstrated that, as far as Bradford university is concerned, 
supporting expansion with a constant staff student ratio could 
result in more staff being allocated than ,·tere necessary to maintain 
existing average class-contact loads. Therefore, they recommended 
that consideration be given to using a teaching commitment rather 
than a staff student ratio in calculating· the extra staff necessary 
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to support the eY.pansion of student nu~~ers. 

The Bradford exercise is particularly interesting in that it 
.::-"'J. illustrates the use of staffing formulae to investigate the potential ... ( 

economies inherent in various educational strategies. They studied 
the effects of varying various parameters on cost per student via a 
staff cost index (SCI):-
SCI = X.Mp.loo 

t.s 
P 

x.M 
q 

t.s q 

M .s 
= .J:..--3. 100 .•.•.•••..••..•....•..•• (6) 

M .s 
q P 

where X = Average salary per member of staffl 

M = The number of meetings = hij·s/gij from equation 
(4) 

s = The number of students enrolled; 

p = The original situation; and 

q = The new si tua tion. 

with regard to the economies arising from the expansion of students 
they held the pattern and types of meetings, the tuition loads, and 
the teaching loads con stant (1. e. t.he qua.li ty of the teaching inputs 
to the educational process >las unimpaired) and discovered that, over 
the eight departments investigated the SCI fell bet>leen 52 percent 
and 82 percent with an approximate doubling of enrolment. This 
resul.t is .due to the potential economies inherent in the open-ended 
(in terms of the numbers of full-time eqtuvalent students) lecture. 
However., the extent to which a class can grow without diminishing the 
educational effectiveness of the teacher is a moot point. The impor
tance of an abundance of small class teaching is nevertheless not yet 
proved. 

'Natura1.ly, it is harder to teach more students than it is to teach 
less, but Vle p.revalent ideas about this sub.iect are scarcely based 
on rational allalysis. Some time ago a colleague and I stud.ied the 
matter briefly alld interviewed a good many teachers and other 
educators. Ife concl udc'd that, according to our informan ts, the 
optimUlTl sizQ of any class is three less thall are in it, alld we came 
away with the impression that each teacher can name the three he 
~lants out.' (13) 

Some Questions Needing Allswers 

If an organi.zi'ltion >lishes to operate effectively and efficiently it 
will seek that combination of activities and allocation of rf!sources 
"hieh ma;<imizes its objGctl.ve function. TO move to>laras this state 
it must, firstly, bl' agreed on its targets; secondly, it must be able 
to specify and measure .l.ts inputs, j.mmediate outputs and ultimate 
impact.s on the ~Iider society; and, thirdly, it must be able to defino 
its processes and establish thn rcla t.tonshi.p between its inputs and 
outputs. As far as educational. in st.t tutions are concernGd they are 
some way off such a complet.e spec.tfiei'ltion of their production func
tion. l1os·t of the Hork done so 'far has been in the area of inputs 
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Table 3 

Student hours per week scheduled, group size and teaching load hours per week by subject field 
~~~~~~~--~~~~~~----------~--------~----~--~------

Subject field Student hours per week scheduled Group size 

Seminar 

First Degree Higher D:gree First Degree Higher 

" I <Jl <Jl ::: c: c 
0 0 0 . .., . .., . .., 

'" Ul .... <Jl Ul .j.J .j.J 
aJ ... nj aJ ... nj aJ ~ nj C) S ... '" :> ... '" :> 0> :> 0> .... £l c ... .... " Q ... '" s ... nj 8 

" . .., aJ 11 .j.J ... aJ ... ..., aJ ... ... .j.J u S Ul U El Ul '" X Ul '" X g S '" tl g S aJ .0 Ji: nj .0 :> ~. en en 0 ~ 0 <C 

Pure sciences 19.5 9.9 9.6 (47) 14.9 6.2' 9.0 (32 ) 16 30 (40) 7 I 13 

Technology 25.5 13.8 11.7 (33) 20.9 11.1 9.8 (21) 17 34 (17) 7 I 12 

!I..edical scien.ces 24.2 12.6 11.6 ( 7) 19.5 11.5 8.0 ( 2) 16 28 ( 5) 5 12 

Humanities 14.9 9.0 5.9 (35) 11.4 7.7 3.7 (23) 14 23 (16) 6 10 

Law 19.3 15.3 4.0 ( 7) 16.3 11.6 4.7 ( 3) 15 38 I ( 4) - -
Social sciences 17.0 12.8 I 4.2 (31) 12.7 9.3 3.4 (23) 17 29' I (18) 10 15 

* Teaching 

Lecture load 

Degree Higher 
Degree 

Ul I III 
C H· 

0 0 . .., 
.~ 

.j.J ¥ .j.J 

'd 0) aJ " :> 0> 0> :0-... nj " ... 
'" ... >< '" Ul aJ aJ . Ul 
.0 :> :> .q 
0 " .0: 0 

(33) 18 8.1 (61) 

(13) 11 Is.9 (48) 

( 2) - 6.2 ( 4) 

(13) 10 8.-1 (45 ) 

( 0) .- 5.9 ( 9) 

(15) 15 9.2 ( 4) 

* Evidence on the group size for first. Degree lectures ~Ias scanty but suggested an average close to the average s<om,inar 
size. 

• 

Source: B Fredriksen Subject Field and Regional Variations in Student to Staff Ratios, Academic Prograw"~es and Recurrent 
~ Expenditures Paris CERI-OECD 1971 



and teaching processes and the miljor attentlon has focussed on the 
deployment of academic staff. 

~le academic staffing formulae discussed above have implicitly 
defined output in terms of (s) the numbers of full-time students. 
Horeover they have taken as the system's objectives either maintain
ing constant the academic staff cost per full-time student, or 
(hopefully). minimizing this cost or maximizing the full-time student 
throughput for a given level of academic staff expenditure. The 
studies have demonstrated sorr~ of the economic consequences of 
particular learning and teaching environments as reflected in the 
pattern and sizes of formal staff student meetings and teaching and 
tuition loads. The economic effects of the implied trade-offs 
between academic staff on the one hand, and technician staff, space 
and equipment on the other, have yet to be explored; as have the 
educational consequences of alternative pedagogical strategies from 
the traditional mix of staff supervised lectures, tutorials and 
laboratories at one end of the spectrum to the student-orientated 
programmed learning and resource-centre based environment at the 
other. We know that an increase in the average class size and a 
reduction in students' tuition loads will lead to savings in 
academic staff but what will be the effects on examination pass-rate& 
students' wastage rates and students' ultimate employability? If the 
quality of the. educational process and its outputs is to be maintain
ed hO>T far would saving~ in academic staff need to be offset by . 
increased investment in technician staff, library facilities and the 
hardware and software of educational technology? Can we identify 
and meaningfully categorise the alternative learning and teaching 
strategies? How much will J:hey cost a:ld >That effects, if any, will 
they have on outputs? Can we agree on the recogni tio!! of the 
system's outputs? Is the output merely the number of full-time 
students; or is it the number of successful graduates; or yet is it 
the purpose of an educational institution to maximize the learning 
gain as measured, say, by the difference between points 'on an 
A-level ·scale at entry and class of degree at exit'? Is a college 
'effective if both its examination pass-rates and its contributions 
to graduate unemployment are high? We have hinted at some of the 
difficulties of constructing performance indicators on the education
al and economic planes, how then do we begin to recognize the 
system's contribut.ion's on the cultural and social fronts? These are 
a few of the many questions which need ultimately to be a.ns\-:ered or. 
at least attempted. 

It is likely that large parts of the system will not be ~usceptible 
to quantification in the normal sense but hopefully 'subjective 
judgements may be ordered and caJiegorised even l'lhen they cannot be 
placed on a calibrated scale.' (1 ) \'1hat is important is that "e 
attempt to sort out those areas I.hich can be quantified to leave 
exposed those parts \-lhich cannot for discussion by all the interested 
parties. Even if we could specify the relationship betwesninputs 
and outputs precisely we would still. have to make judgements on the 
scale of activity and the 12vels of resource allocaticn:-

'How much money should be allocated to a program.'I1e depends all what 
outputs and effectiveness would emerge if various affiounts I.ere to 
be spent - a question of fact, - and on what increments in output and 
effectiveness the decision-makers feel are ,.orth the extra rr,oney - a 
question of taste. How much output or effectiveness ·ahould be sought 
depends on hOl. expenditures would change if various levels of output 
or effectiveness were to be sought - a matter of fact - and on which 
increments in expenditures the decision-maker feels a!'e justified by 

• I1r) the e'~tra output of effcr.tiveness - a matter of taste. I > .J , 
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The etaffing formulae for higher education developed in the UK in 
recent years have been in response I in part, to i.ncreasing pressures 
to cope with more h·i th less more resources. They have examined only 
part of the total system and to that extent they may have come up 
wi.t.'o sub-optimal answers. However, they provide useful conceptual 
frameworks for further research and development. 

The Immediate position 

The foregoing survey has attempted to trace the development of thought 
on performance meaS'lres in higher education. However, at this point 
in time, polytechnics are confronted with a problem of strategic and 
tactical dimensions: how to react to the rooling Committee 
recommendations. 11uch as one may dislike or welcome the document, it 
seems to us that it is impossible to ignore it. At one level, lts 
acceptance by LEAs and Governing Bodies obviously determines the 
global staffing which will aCCrue to the institution, and if one 
faculty is hopelessly over the top in terms of its staff stUdent 
ratio, the potential for growth· of other faculties is likely to be 
seriously curtailed. If the concept of the norm factors is accepted 
and investigated within an institution, the repercussions are likely 
to be even more profound in terms of the questioning of the '<lay in 
which the learning process is set up; the deployment of staff; 
processes of marketin9 courses etc. 'Itlose who claim to be ignoring 
the doc~~ent or dismissing it as being unworthy of attention are, in 
fact, doing nothing of the sort: they are merely accepting the 
global ratios set Otlt. (1:7.5-8.5, and 1:9.2-10.2) and not implement':" 
1ng anyt.hing else. Staff student ratio, of course, is not a new 

. concept or practice, either for plannir,g staff establisl(men ts or for 
control purpose.s. It is subject to the usual changes of creeping 
incromentalism, of course, which may be levelled against any budget 
based on fOr'(/ard projections frcm the status quo. 

Thus, the rooling Committee's recommendations on staff student ratio 
bands based on equations (1) and (2) above have caused the polytech
nics to recalculate. their staff stud"'nt. ratios according to the new 
formulae and to compare their positions with the norms. It is too 
early to assess the precise nat.ure of subsequent decision-making but 

, two distinct groups of reactions are likely - those based on problem
resolution through devices which are primarily cost orientated; and 
those based on producing more.favourable cost effects through a 
thorough-going analysis of educational objectives and alternative 
learning strategies and teaching models. In the short-run it is 
probable that the former reaction will be in the ascendancy 
exhibiting the follo"ing characteristics: 

The substitution of capital (equipment etc.) for labour. 
The substitution of student initiative for staff supervision 
(technicians/clerical), 
The substitution of low cost labour for high cost labour (teaching 
staff) • 
An increase in the intensity of labour utilization. 
The non-filling of academic staff vacancies and the re-education and 
subsequent redeployment of staff in other related disciplines and 
depar tmen ts. 
A closer look at the efficiency of the marketing function with a 
possible change in priorities, e.g. a search for full time equivalent 
student-t'iOrthy courses and increased enrolments in 10~1 cost (in terms 
of academic staff) subjects. 
A curtailment, of the option range in courses. 

In themselves, each of these are perfectly valid activities, since 
they attack an immediate problem by attempting to reduce staffing 
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costs and increase student numbers, and it is arguable that polytech-
nics ought to have been striving after such economies anyway, with (,\ 
or without the stimulus of the Pooling Committee. However, in the 
position of reacting to an immediate problem, i.t would be unfortmlate 
if precipitate action, justifiable in cost terms, neglected other 
significant factors. In particular: 

1. The primary aim must be to main tain and extend the academic 
excellence and social responsiveness of the institution. 

2. Any st~ffing adjustments ,require a humane and supportive 
personnel policy. 

3. staff with managerial responsibilities ought to be induced with 
the incentive to be cost-conscious and economic in their planning 
and deployment of staff (consistent of course, "ith their 
educational gcals). Staff who design and run courses are making 
various types of decisions but it is debatable "hether resource 
consumption is a factor high in their minds. At present, there 
are no such incentives, and it is not the purpose of this paper 
to consider them. However, the notion c~ cost centres ~Iithin 
departments has something to commend it. 

4. To facilitate 2 and 3 there should be an increased investment in 
attempts to establish: a finer definition of output than the 
numbers of full-time equivalent students, and the extent to which 
it is possible to make substitution in input and the relationship 
between inputs and outputs. 

The Future 

It is one thing to tear apart the attempts to Bottomley, Delany, and 
others, to develop an analytical system; we are all conscious of the 
pitfalls. It is rather more difficult to be more constructive, and 
it is the contention of the authors that the problem needs to be 
approached' thus; 
establish the nature of the educational objectives of one's 
activities, in behavioural terms; 
identify a range of alternative instructional'and learning models 
which would enable these objectives to be fulfilled; 
cost these alternatives; 
select that which offered ,the optimulll in terms of educational 
benefits and resource consumption. 

The accompanying Appendix indicates a range of such alternatives, 
principally dra>m from American sources,16 and not at, all complete. 
(It omits reference, to the Keller Plan, for instance, which is 
finding appropriate application in the UK). Clearly, a considerable 
act of judgement has to be made at the conclusion of the analysis; 
in educational decision-making it was ever thus. HO\<lever, the 
judgement is clearly directed prioarily to>lards educationally-ba.sed 
alternatives, not cost-based alternatives. 

One of the fears of the authors in the current situation is that 
analytical experiments will be rejected out of hand. This is 
disturbing for tvlO reasons. First, it is contended that this is a 
process which "" must go through to find out more about ourselves 
and ' . ..,hat \-le are doing. If we can learn from these experiments and 
find a method that satisfies a series of acceptable criteria, a great 
deal will have been achieved, but the criteria needs a great deal of 
thrashing out first. Second, Robbins tlased a number of his assumpt
ions on the management arid government of higher education on the 
notion of the academic self-yoverning community. Thio involved 
freedom, but also responsibili ties, one of which was to manage 
resources careful.l.y and effectively. In the stretching of infant 
wings, polytechniCS would bc we:\.! advised not to be too arrogant or 
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insensi ti ve of 
a whole series 

external perceptions, by LEAs, 
of planning devices, do ~le not 

produce one of our cwn? 
, 

DES etc: If we reject 
hav<l an obligati-on to 
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Figure 1 A SYSTEMS MODEL OF AN EDUCATIONAJ, INSTITUTION AND THE CONTEXT OF ORGANIZATIONAL EFFECTIVENESS 
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Figure 2: Alternative instructional models 

1 Conv.en tional Nod",.]. 

Traditional mix of lectures, tutorials, lab. work. 
Commn COllrse for all students moving at same speed. 
Generally: High priced labour consumption (low use of support 

2 Rwal Model 

staff) • 
Passive students. 
Intensive for staff and students. 
Capital a supplement for labour, not a substitute. 
Poor use of equipment. 
Quality questionable - inefficient use of individual 
time. 
No incentive to learn. 
Incentive to pass. 
Fragmented use of time. 

Emphasis on large lecture groups for ~ course, supplemented by 
intensi ve tutorials. 
Generally: Concentration of academic offerings into major areas 

of excellence. 

Prog:cammed 

Considerable reduction of smaller courses and options. 
Labour productivity high, but also reduced loads. 
Star lecturers, + pastoral academics + assistants 
(C + Burnham!) salary savings. 
Capi tal costs lO.ler - larger rooms 
Higher utilizAtion of teaching and library facHi ties. 
LOwer ,instructional costs. 
Quality unclear: Complaints of large classes + 
impersonali ty. 
No ac'tive encouragement of fringe subjects; 

independ~nt study model 

Broad-frame syllabus .• Ii thin which student pursues tailer-me,de 
.programme. , 
Considerable latitude·for students - lecturer a resource centre/ 
consultant. 
This would replace J, existing curriculum. 
Generally: Savings in staff. 
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Role change for staff. 
Nore courses possible with same staff (1). 
Less capital cost for classrooms - more for individual 
worJ{ space. 
Considerable potential for raising quality of 
instruction. 
Acti ve students. 
But - students unable to ta~e responsibility rejected? 
Or increas~d individual s'.lper'lis;.cn time which would 
negate savings. 



Figure 2: (Continued) 
, 

4 Bakan Model 

Compressed + uristructured curriculum + exterii3ive use of tutorials. 
Arrangement of curriculum so that tutorials used without undue 
cost. 
Student free to select from a list of courses + develop individ
ual plan of study per term. 
Staff free to decide own role + frequency of activities, for 

determining student assignments; 
review progress; 
evaluate results. 

5 Kieffer Model 

Creation of courses based on 
programmed learning and instructors; 
students selection of pace of work; 
sequential phases (with instructions, assignments 
ete.) ; 
learning resource centres. 

Independent study base differing from 3 & 4 in that 
it requires heavy preparation by staff: 1 year in 
advance; 
staff must be experiellced in learning behaviour; 
major investments must be made in softlVare and 
hardwa.re; 
major investments must be made in support staff; 
individual staff are denied much creativity in actual 
operation of programmes. 

Effects of increased labour prod~ctivity; 

summary 

Instructional 
Model 

Conventional 

Ruml 

Programmed 
indep. study 

Balkan 

Kieffer 

increased labour savings (by capital substitution); 
more integrated courses; 
maximizing learning momentum; 
behavioural objectives for courses; 
teaching students hO~1 to learn effectively. 

Labour Capital Labour Relative Rel. cost ReI. 
costs costs intensity labour of quality 

product- outputs of 
ivity outputs 

H M H M MH M 

VB M H Vd ML M 

H M H H M MH 

H N H ML H MH 

H H M H H-VH MH 
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. A c0111parative thnetable 
analysis for undergraduate 

. . 
progran1rnes In a 

polytechnic and a university 

Derek !!irch and John C"lvert 

Teaching (unlike learning) takes place in meetings between students 
and ~cademic staff. The timetable is a written record of these meetings 
which may b~ defined in terms of time, place, discip1ine and group size. 
The systematic collection and analysis of timetable data· is one 
approach to an improved understandL1g of the teaching process. Doubts 
may be cast on tho absolute accuracy of timetables but the L,formation 
they contain is at least as reliable as that obtained by 
student/facllity questionnaires or diaries. Teaching requires academic 
staff commitment not only to formal cbssroom ·time but also to 
preparat!on, the correction and feedback of students' assignments, the 
'preparation and marking of examinations and other assessments, and 
sundry administrative tasks. infonnation on these 
'outside-the-ciaosroom' activities is difficult to obtain and, when 
obtained, probably subjective and therefore suspect. Preparation time is 
likely to be a function of the level of work and of the experience of the 
teacher, whereas marking and feedback is a function of student 
numbers. If we assume that a teacher will have a mix of levels, of 'new 
ceurses', and of group sizes which does r.ot diverge greatly from the 
average for his institution then the timetable provides information on 
faculty teaching loads. More importantly from the point of view of this 
paper the timetable also defines the pattern of deman.i for teaching 
space and specifics aspects of the students' formal learning 
environment. 

The timetable analysis described below is part of an investigation 
into performance indices in higher education sponsored by the OECD 
Institutional ~!anagement in Hip)1er Education Progranune and financed 
by the D~pal'll1lent of Education and Science. The study has involved 
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inter alia an examination of. student thnetables at L.1nchester 
Polytechnic and Loughborough University for the whole of the 
academic year 1972-73 for all undergraduate courses (except art at 
Lanchester). An analysis of who was taught, by whom and for how long 
has revealed some large differences between the two institutions which 
may have educational, cultural and social imolications. Some of the 
economic consequences ar~ explored below 

TABLE 1 

1972 enrolmenls to first degree courses included in the study 

Sandwich 

Ensincering and 
technology 

Science 

Social and llisiness 
studies 

Other 

Full-time 

Engineering and 
te<hnology 

Science 

Social and business 
studies 

Other 

Total 

Source: scc text 

Lam:hcstcr 

716 

181 

398 

87 

361 

458 

101 

2302 

Per cent Loughborough 

31 1119 

8 235 

17 125 

4 31 

342. 

16 332 

20 192 

4 ISO 

100 2526 

Percent 

44 

9 

5 

1 

14 

13 

8 

6 

100 

In 1972-3 the first degree populations at lonchester and 
. Loughborough were very similar, and the split between sandwich and 

full--time students in each institution was virtually identical (see Table 
I). In both institutions over 90 per cent of the undergraduates were 
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reading for degrees in engineering and technology, pure and applied 
science, or social and business .tudics., Within these three bro~d 
discipline areas, however the mix was different - engineering and 
technology (58 per cent was the dominant discipline at Loughborough, 
whereas at unehester there was a more equal balance between 
engineering and technology (31 per cent), social and business studies 
(37 per cent) and pure and applied science (24 per cent). 

Timetable Parameters 

Previous studies have identified average class size, average teaching load, 
average tuition load,! {he mix between lectures (comparatively 
open-ended hI t~rms of potential student accommodation) and small 

, group situations (with critical maximum class sizes), 2 3 and 
'preparation and postmortem time4 as impelr!ant variables to be 
included in academic staffing formulae. However, so far as we 
understand them these formulae have been concerned with analysis at 
the level of the institution and/or have viewed the 'course' as 
self-contained and timetabled independently. In the event, the 
situation particularly at Loughborough, proved to be more complex, 
approximating to the 'modular' structure represented in the matrL"{ in 
Fig.!. In this figure, the columns represent courses and the rows subject 
elements. If a subject element is compulsory then the upper limit of a 
class size is the sum of thc total en[(?lments to the courses taking that 
particular topic - for example, courses I and 3 for subject element A in 
the matrix; If a subject element is optional the enrolments to meetings 
in that topic will be equ?J to or less than the to!al enrolments to the 
COUfses participating. 

Subject 
Elements 

A 

B 

C 

Courses 

I 2 3 

x x 

x x 

x x 

Figure 1: Diagrammatic course structure at Loughborough Unil'Crsity 
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Thus a course consitutes a set of 'meetings' where a meeting is 3 

tlmetabled hour of contact between academic staff and students. This 
set can be broken down into subsets on the basis of the department 
providing the tuition the type of space utilised and the size of the 
student groups assigned to each teacher. For a particular course this 
subset may be compulsory or optional, can be taught to a single course. 
or may involve a number of courses. Consequently, to analyse a set of ' 
))leetings the following information is required: 

Total enrolment to a course (denote by E) 
The enrolment .from a course to a particular subset of meetings (denote 
by s where s <E); 
The total enrolment from all courses attending this particular subset of 

, , . meetings (denote by E* where EO ;;. s); 
The department providing the tuition for this particular subset of 
meetings; 
The number of student groups each assigned to one teacher formed in 
this particular subset of meetings (denote by g); and 
The total uumber of hours attended by a student in this particular 
subset oi'mee\ing(denote by h) of a particular group size (EO/g) . . . " , " .. 

Frod\;uji;;"data it is possible to define for each year of a course, for a 
depah~\~l>fh:ourses, for discipline areas and for each institution the 
following\alues where, in each case, the summations are made over the 
relevant s"bsets. • 
,Student's'iuition load = Hours of timetabled contact with faculty that 
the student on average received = k [(h)(s)]/E 
Meetings (hours)timetabled for a course = };[(h)(g)] 
Summed over a department or discipline area or for the institution, 
the statistic 'meetings' counts joint meetings (ie meetings involving two 
or more courses) several times. Therefore, where several courses attend 
the same subset of meetings the timetabled hours may be allocated pro 
rata to the number of students attending from a course, ie: 

Allocated meetings = k[(h)(g)(s/E*)] 

Students' average group size = 

Institution's average group size = 
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TAIlLE 2 

Sumrr.ary oft/metable parameter. for th,.. year underzraduat. cyc1.1972-73 
'. 

An disciplines Engineering &; 'technology Science 

Lan Lo. Lan Loll Lan Lo. 

Students tuition Load (brs) ,l,930 1,612 2,329 1,685 2,471 1,688 

Meetings (hr,) 146,086 118,468 62,217 50,394 _ 44,067 32,884 

AUocated mcet!ngs (hrs) 141,606 62,418 62,102 31,990 44,067 16,987 

Students average class size 18 43 13 49 12 37 

Institution's average class size 10 21 9 23 10 20 

Source: see text 

w ..... 

Social and busir.e3S 

Lan Lo. 

1,325 1,306 

33,378 25,475 

30,469 7,089-

30 41 

12 20 

. . , 
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The results 

Tables 2, 3 and 4 summari," the timetable parameters over the normal 
three year undergraduato cycle, the relative frequency distribution of 
the average students' group size and the pattern of demand for teaching 
space respectively. 

For all the major comparable disciplines the Lanc,ester student had 
a tuition load greater than his Loughborough counterpart. The 
difference ranged from 783 hours over three years for science and 
applied science to 19 hours for social and business studies. Engineering 
and science and applied science students in both institutions had more 
teacher contact than their social sciences and humanities colleagues: a 
phenomenon identified by Fredericksons for a larger and wider sample 
in Europe. At Lonchester this difference waS more than 1000 hours, 
compared with 400 hours at Loughborough. 

The greatest divergence between the two institutions lay in the 
difference between meetings and allocated meetings. Meetings are the 
formal academic staff/student contact hours per annum that would be 
proVided if each Course was self-contained and timetabled 
independently: . allocated meetings are the meeting hours actually 
prOVided: any difference arises out of joint classes involving more than 
one course. For example, in Social and Business Studies at Lonchester 
joint meetings reduced the one hour classes required from 33,378 to 
30,469, whereas at Loughborough the reduction was from 25,475 to 
7,089. 
Partly as a result of joint meetipgs, the Lo~ghbotough undergraduate 
found ,himself in much larger groups on average than his Lonchester 
counterpart and experienced a wider variation of class sizo; this 
difference is particularly marked for engineering and technology. At 
Lonchester, student$ in social and business studies were on average in 
larger groups than their engineering and science colleagues; at 
Loughborough the opposite was generally the case. 
In both institutions the average student spent over ten per cent of his 
timetable in groups of ten or below (Table 3). However, at Lonchester 
66 per cent of the student's formal teacher contact was in groups of 20 
or less compared with only 36 per cent at Loughborough. At 
Lonchester only seven per cent of the timetabled contact was in groups 
larger than 60; at Loughborough 26 per cent was in groups larger than 
60 and 11 per cent in classes of 1.00 or more. 

It is important to appreciate (he distinction between the students' 
average group size (Table 2). The former identifies the average group 
size in which the overage student finds himself, ie his typicalleaming 
environment. The latter identifies the group size the institution on 
a'{erage is required (0 provide. For example, an enrolment of 20 
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• " . . TABLE 3 

"" .. ReloTive frequmcyidfstribution of average student's class sizes 1972-73 

Lanclicstcr Loughborough 

Class Size Pcr ccnt CumuL,tive Per cent Cumutatiye 
Per cent Per cent 

1-10 34 34 11 11 
~1-20 32' 66 25 36 
21-40 19 85 23 59 
41-60 8 93 IS 74 
61--80 4 97 11 CS 
81-100 2 99 4 89 
100+ I 100 11 100 

.Source: sce tcx t 
students receiving one hour in a group of five, one hour in a group of 
ten and one hour in a group of20 has a students' average group size of 
11.7. The institution, on the other hand, provides four hours of group 
size five, two hours of group size ten and one hour of group size 20, ie 
the institution's average group size is 8.6. It is the institution's average 
group size which forms part of the base for the Pooling Committee's 
student/staff norms. 

Almost 67 per cent of the demand for teaching space at Lanchester 
was for groups of ten or below compared with 41 per cent at 
Loughborough (Table 4). On the other hand, 12 per cent of the 
demand at Loughborough was for groups greater than 40 whereas at 
Lanchcstcr" only two per cent of the demand was for groups of 40+ 
students: 

TABLE 4 

Relative frequency distribution of demand for teaching space 1972-73 

Lanchester Loughborough 

0." Size Per cent Cumulative Per cent Cur.!lulative 

~er cent Per cent 

I - 10 67 67 41 41 
11- 20 23 90 32 73 
21 - 40 8 98 IS 88 
41 - 60 I 99 6 94 
61 - 80 06 99.6 .3. 97 
81 - 100 0.3 99.9 I 98 
100+ 0.1 100 2 100 
Source: See text 
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Some economic Implications 

To summarise - in 1972-73 HIe aveiage Lanchester student was by 
comparison with the Loughborough undergraduate, timetobled for 20 
per cent more hours in c1.sses of approximately half the size invariably 
with students from h;s own course. Higher tuition loads, smaller groups 
and a much lower incidence of joint meetings were consistently 
observed at Lanchester in all disciplines. What arc the economic 
implications of these differencos? A measure of the percentage 'saving3' 
in undergraduate demands for tuition brought about by joint meetings 
is given by: 

100 (1--
Allocated meetings ) 

meetings 

Lanclzester Loughborough 

- Engineering 
Science 
Social and Business Studies 
All disciplines 

0.2 
0.0 
8.7 
3.1 

36.5 
48.3 
72.2 
47.3-

These figures indleate that where a modular structure exists involving 
joint meetings (whether planned or simply 'emerging' as apparently at 
Loughborough) the critical variable in forecasting the economic impact 
of 'new' courses is net necessarily the projected enrolment. If a new 
course can be merged for large parts of its curriculum· with existing 
classes, its marginal demands for tuition may be rrJnimal. During 
1972-73, with very similar total enrolment! to undergraduate 
programmes at both institutions, there were (Lq our survey) 49 courses 
at Loughborough and only 39 at Lanehester. At Loughborough the 
enrolments to anyone year of a eourso ranged from one to 90 whereas. 
at Lanehester they ranged from five to 125. However, the average class 
size of the sole student enrolled on a particular 'new' course at 
Loughborough 1V,1S 57, whereas the students average class size of the 
course at Lanchester with an enrolment of 125 was 51! Thus whenever 
jOint classes are a featuro of a timetable the recommendations of the 
Pilkington Committe 7 on minimum class sizes in further education 
would seem to be inappropriate. Moreover, if a new course is to be 
timetablcd jointly with existing dasses for some part of its curriculum, 
then this factor should be taken into account by the Regional Staff. 

36 

.' 

• ., w 



Inspector and the Regiona!' Advisory Council in deciding to allow 
recruitment to proceed in advanced further education. 

Thus far we have examined the economic possibilities of jOint 
meetings, but there are also clear differences between the L~stitutions in 
class sizes and formal tuition loads. A measure which sununarises the 
cumulative effects of these differences is: 

Allocated Meetings 
.. 

Enrolments 

For 1972-73 tMs ratio of undergraduate tuition demands in hours per 
annum per student enrolled in college was as follows: 

Encineering 
Science 
Social and Business Studi~s 
All disciplines 

Lanchestcr 

90 
81 
36 
63 

Loughborough 

'26 
30 
22 
27 

Thus the tuition demands are Mgher at Lanchester by a factor of nearly 
3.5 in engineering and technology, 2.7 in science and 1.6 in social and 
business studies. Assuming that the preparation, marking and other 
out-of-class activities of the academic staff concerned arc comparable 
across the two institutions (probably a l3fge assumption!) it appears 
that in 1972-73 the average undergraduate at Lanchester made over 
double the'tuition demands of his Loughborough counterpart. There 
arc two possible consequences of this. If the teaching load (timetabled 
hours per annum) of the average full time eqUivalent member of the 
staff and his salary were similar for the two institutions, the acaderric 
staff cost per undergraduate at Loughborough would be less than half 
that at Lanchcster. Alternatively, the average Loughbc~ough lecturer 
could have half the timetable commitment, devote more time to 
research, so that academic staff unit costs are approximately the same 
in both institutions. In the event the first of these possibilities proved 
to be more the case. 

Given an assumption that the teaching efforts of an in,Utution are 
directly related to its timetable, a timetable analysis such as described 
above offers an alternative and, wherever service teaching and joint 
meetings arc a feature, maybe a more accurate method of allocating 
costs to courses and to students than the traditional allocation on the 
basis of departments." A cost is only valid within a particular context -
different contexts will produce different costs and this is particularly so 
where, as in higher education, jOint outputs .exist. In assessing the 
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performance of an institution, factor~ other than those discussec! above 
need to be taken into account: the nature, quantity and quality ofthe 
outcomes of the teaching process - cultural and social as well as 
educational; the quality, aspirations and attitudes of the staff and 
students; the explicit and inlplicit objectives of the institution; the 
organisation structure and managerial climate. We h,ve not collected 
information -on these variables but we have collected data on A level 
and other entrance examination scores and subsequent examination 
performance. A summary of the A level scores and internal examinatio!1 
results for 1972-73 for both institutions has been published 
elsewhere.9 Briefly. the average Loughborough student with. mean A 
level Score of just below C was about three quarters of a grade above his 
Lanchester counterpart - which may be some explanation of the 
difference in timetables. Apart from flrst year failure rates (Lanchester 
22 per cent, Loughborough 9 per cent), pass and wastage rates in 
1972-73 were virtually identical for both institutions, and there was a 
consistent and siqJilar improv,\ment in mean scores accompanied by a 
tighter.ing of the distribution of marks from second to third year 
studies ~"'-.."." :~ 

If differences iri educational outcomes prove to be not statistically 
significant, the emphasis shifts from cost benefit to cost effectiveness in 
assessing institutional performance. In such circumstances the 
deployment of students and staff outlined in the timetable becomes 
more critical. Cross institution comparisons apart; a timetable analysis 
identifies some of the resource implications of alternative educational 
strategies and it is an obvious aid in the internal resource allocation 
process. The economic advantages of lower tuition loads and jOint 
meetings leading to larger groups are easily demonstrated. The questions 
of the educational and cultural 'costs' involved in these teac~Jng 
strategies are more demanding. We are exploring some of the 
educational outcomes - the effects on the ethos and social climate of 
the institution remain a potentially fruitful area for research • 
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6 We have also collected and amlyscd data for both institutions for the 
. academic year 1973-74. There were no significant changes betwccn the 
1972-73 and 1973-74 timetables. 

1 Pilkington Committee on the Mo:-e Effective Use of Technical College 
Resources (1966), Size ofC/asses and Approval of Ft: Courses, HMSO. 
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/Iigher Education. 
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· . .. 



Coombe 
Lodge 

. Report 

• 

Vol 9 No. 5 

ISSN: 0305·8441 •. 

') 

Collection of Papers 

Polytechnics, Finance and the 
Local Authorities 



%0 

COMPARATIVE UNDERGRADUATE UNIT COSTS IN A UNIVERSITY AND A POLYTECHNIC 

D. Birch 
Senior Lecturer, Department of Management Studies, University of TeclmologYJ Loughborough 

""Far from there being any onc single definitive 

concept of costs, there afe a number of concepts, 
all equally valid in their own contexts. A generally 
acceptable definition of historical costs would be 
actual expenditure On non-capital items recorded 
by the accounting system plus that proportion of 

capital outlays past and pres~nt. which it is deemed 
appropriate to set against current outputs and 
which mayor may not be recorded by the account
Ing system plus opportunity costs. 

An example of unrecorded expenditure is deprec .. 
iation. The most widely cited instance of opport
unity cost in higher education is the income forgone 
by the student, or, from society's pOint of view, 

the loss of Cross National Product occasioned by 
the withdrawal fl'om the work force of a student of 
employable age. As soon as we venture outside the 
concept of ca,sh flow into concepts of depreciation 
and opportunity costs we move from questions of 
fact into questions of opinion. These costs are 
what is forgone by devoting resources in a partic
ular way rather than the most profitable way, and 
in the conditions of uncertainty in which we have 
to operate we have no way of identifying the most 
profitable alternative and, therefore, we have no 
way of discovering 'the cost'. 

3. to establish sets of performance 

indicatoi'S and to investigate their 
use as planning and control meth
anisms. 

\Ve have probably achieved the first and second 
objectivesJ but are a long way from achieving the 
third. 

The components of the teaching function which we 
considered are identified in Figure 1, which shows 
the objectives of the institution, some set internally, 
Gome given by the environment, the inputs, proc
esses and outc.omes. Within the constraints of the 
project's budget and two year time scale it was not 
possible to collect and analyse data on all the com

ponents identified. Accordingly the focus was on 
t~ose aspects for which data was most readily avail
able and quantifiable. It was decided not to collect 
data on: 

1. the" students' socio-economic back
grounds or their attitudes and expect
ations at. entry and exit; 

2. the 'quality', expectations and values 
of staffj 

3. the management structure and process; 
and 

4. the long term impacts of higher educ-
However, I intend to speak about costs recorded by ation." 
the accounting system only, and hence am on surer 
ground. Nevertheless, the way in which these costs 
are allocated to the joint outputs of higher educat
ion - teaching, research and public service .. is an 
arbitrary process subject to debate. 

The comparative costing study which I shall des
cribe is not yet completed, and therefore the mat
erial should be trc3,ted as partial. The study is of 
Lanchester PolytechniC and Loughborough Univer
sity, and is based on 1972/73 data. It is part of an 
OEeD/ CERI Institutional Management in Higher 
Education programme called liThe Development 
of Performance Indices for the Teaching Function 
of Higher Education". 

TIle objectives of the study arc: 

1. to identify and define the inputs, out
comes and processes of the teaching 
[unction; 

2. to collect data and measure as far as 
possible the variables ~1lc1 purameters 
identIfied in I ; and 
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While these variables were thought significant, the 
coUection and analysis of information on each would 
not have been possible within the projects' budget 
and ti me constraints. 

Information was collected primarily for the directly 
. comparable parts of the institutions, i. c. the first 
degree programmes. 

Table 1 gives details of the numbers of students en ... 

rplled on study programmes included in the invest
igation. Sandwich students OIl these courses who 

spent the whole of the academic year 1972/73 out 
of college at pracUcal training arc omitted. The 
total numbers involved in each institution are very 
similar aIld the split between sandwich and full time 
in each ir..stitution is virtually identical. In both 
institutions the lar~e majority of students are to be 

found in either technology and engineering, pure and 
applied science, Or social and business studies. How
ever, within these three diSCipline al'eas the mix is 
different: engineerillg and teCIUlology (58%) is 



'6'1 
FIGURE I 

COMPONENTS OF THE TEACHING SYSTI!M 

OBJECTIVES 
Educational 
Economic 
Cultural 
Social 

/ '\ 
i-

(I) 

INPUTS: 

(i) Studeots:knowledge, ,kills, 
aptitudes, attitudes, 
expectations at entry: 
soc,lo! economic 
background. 

(11) Staff: Academic, 
pedagogical, administrative 
teclmical, managerial 
competence and experience; 
Expectations. 

(Ill) Physical Facilities: (11 ) 
space, equipment:-
learning, teaching, 
cultural, recreational. 

(ill ) 

PROCESSES: 

"The Curriculum/Learning 
Environment: 
The pattern of formalised 
"meetings ll , teaching and 
tuition loads; 
pedogoglcal strategies 
and tactics - e. g. from 
traditional mix of staff 
supervised· lectures, 
tutorials and labs at one 
end of the spectrum to student 
orientated programmed 
learning and resource 
centre based environment 
at the other. 

The Assessment/Licensing 
mechanisms/ criteria: 
assignments, tests, 
exams etc. 

The "Organisation"; Manage-
ment structure + process, 
tt;style", + 11 ethos" , etc. 

TABLE I 

f-+ 
(I) 

(ii ) 

(ill ) 

Immediate: 
Provison of l~arning 
opportUnities: "Places" 
on an organised curriculum. 
Response = applications ..... 
Enrclments 

Short Term: Craduates 
Students:. knowledge, skills, 
aptitudes, attitudes, 
expectations at exit. 

Longer Term: Impacts 
on GNP/Life time Earn
ings; Cultural and Soci al 
dimensions. 

1972/73 ENROLMENTS TO SlUDY PROGRAMS INCLUDED IN PROJECT SURVEY 

LANCHESTI!R LOUGHBOROUGH 

DISCIPLINE: Year Year Yeru- Year TOTAL % Year Year . Year TOTAL % 
1 2 3 4 I 2 3 

~!£!: 
Education - - - - - . 22 7 2 31 1.2 
Technology C Engineering 270 234 212 · 716 31.1 

-- ~---
549 313 257 __ 

~~ 

1l19~ 44.3 --
Science C-Applled Science 72 -60 - ---

49 - 181 7.8 87 84 64 235 9.3 
Social C Bwine .. Studie, 133 130 127 8 398 17.3 72 24 29 125 5.0 
Urban C Regional Plalming 24 23 19 21 87 3.8 · . · · . 
UbrarllU1ShI p - - . · . . · - · · -
Ll!l1guages Stud! ... .. . . · . . · . · · . 
TOTAL 499 .44'l 407 29 1382 60.C 730 428 352 1510 59.8 

. 
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TABLE I cont. LANCHEST£R 

Year Year Year Year 
I 2 3 4 

Full Time 
EducatiOn - - - -
TechnOlogy & Engineering - - - -
Science & Applied Science 150 103 108 -
Social & Business Studies 182 147 129 -
Urban & Regional Planning - - - -
Ubrarianship - " - -
Languages Studies 38 33 30 -
TOTAL , 370 283 265 -
OVERALL 869 730 674 29 

clearly the most popular discipline at Loughborough 
whilst at Lanchester there is a more equal balance 
between engineering and technology (31%) social 
and business studies (37%) and pure and applied 
science (24%). The budgets for both institutions 
are roughly comparable, once they have been ad .. 
justed appropriately, for example by taking out the 
debt charges from Lanchester and commissioned 
research income from Loughborough. By far the 
largest expenditure, two thirds of the total budget, 
went on academic staff in both institions. 

There have been a number of previous attempts to 
identify the tuition demands in instimti~nO') of higher 
education. The Robbins Report and subsequently 
Delany(l) suggested that the important paralneters 
were given by the number of full time equivalent 
students the aVE'sage group size, the tuition level 
of the average stUdent, and the average teaching 
load of the average member of staff. Thus: 

T = 

where 

i . h 

t 

S := number of full ti me 
equivalent students 

g = average group size 
b ~ tuition load (hoW'S per 

annum of average 

LOUGHBOROUGH 

TOTAL % Year Year Year TOTAL % 
I 2 3 

- - - - - - -- - 148 100 94 342 13.5 
361 15.7 127 108 97 332 13.1 
458 19.9 103 56 33 192 7.6 

- - - - - - -- - 29 21 15 65 2.6 
101 4.4 39 19 27 85 3.4 
920 40.0 446 304 266 1016 40.2 

2302 100.0 1176 732 618 2526 100.0 

T = number of full-time 
equivalent staff required 

Or Legg improved on this formula. To grossly over
simplify he said that the group size was not an im
portant parameter as far as lecture-type meetings 
·were concerned. Therefore h, the average tuition 
load, could be split into the homs in lectures k 
and the hours in seminars' m where the group siz~ 
did matter. 

Thus h=k+mand: 

k+ t . m 

T = 
t 

where k = hours in lectures 

m = hours in seminars 

A study at Lancaster Ulliversity (2) noted that the 
above formula took no account of prepa:ation and 
post ... mortem time and suggested that: 

k(1+p) +~. m(11l + s l\ 

T= 
t 

where p_ = average preparation time (houni) 
for lectures 

student q = average preparation time (hours) 
t = average teaching load for seminars 

'. 

(hours per annum) of _~ ___ ~~ _~_ f_ = number_of seminar repeats~~---~-~~~' 
-~~~~~ --~~·~~-average member~of 

staff u = average amount of post-mortem 
(i) DElany V .J. (1971). Cost Efficiency Indicators in 
Further Education Association of Colleges in Further 
and Higher Education and (1972) Poollng Committee 
Assessment of Curricular Activity and Util~ation of 
Staff Resoll.l'ces in Polytechnics and College of FE 
Councils and Education Press. 
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time per student (hours) 

Preparation time will be a function of the level of 

(2) Slmpson M.G. et ,I (1971) Planning University 
Development OECD/CERl/IMIT£ Paris. 



work and the "expet'lence" of the lecturer and post ... 
mortem time will he a function of the number of 
students. However reliable data on these val'iables 
is difficult to obtain. If it is assumed that a lect
urer will ha.ve a. mix of levels, of "new courses" 
and of grovp sizes which does not diverse greatly 
from the average for his institution then his total 
teaching commitment will be directly proportional 
to his timetabled class contact. 

A course constitutes a set of meetings where a 
meeting is a timetabled hour of contact between 
academic staff and students. This set can be broken 
down into sub-sets on the basis of the department 
providing the tuition ancf: the size of the student. 
group; each assigned to one teacher formed. For 
a particular course this sub-set may be compulsory 
or optional, can be taught to a single course or may 
InvQlve a number of courses. Consequently to an
alyse a timetable the following information is 
required:-

(I) Total enrolment to a study progTam 
(denote by E); 

(11) Enrolment from a study program to a 
particular sub-set of meeting (denote 
by • where • ~ El; 

(Ill) Total enrolment from all study programs 
attending this particular sub-set of 
meetings (denote by E* where E* ~ s); 

(Iv) Departnient prov:iding tuition for this 
particular sub .. set of meetingsj 

(v) Type of 'space' utilised by this particular 
sub ... set of meetings .. specialist/non 
specialist; 

. (vi) Number of student g.oups each assigned to 
one teacher formed in this particular sub
set of meetings (denote by g); and 

(v:ii) Tot.l hrsl annum attended by a student In 
this particular sub-set of meeting of a 
particular group size E*/g. (denote by h). 

With this information the following values can be 
established: 

(I) Student load: l (h •• ) 

(11) 

(Ill ) 

E 
Total meetings tlmetabled for a particular 
study program: ~ l (h.g) 
Summed over a dep:lI'tment or diSCipline 
area or an institution this statistic counts 
"joint" meetings several ti.mes, hence:
Alloc.ted meetings ~ X(h.g S 

. E*) 
Hence, where several study programs attend 
the Game set of meetings (i. e. E* )s) the 
teaching hours were allocated pro rata to 
the number of students attending from a 

(iv) 

(v) 

study program. 
Student's average group size 

I: Et (h.s 
~g' E) : 

t( ~.s) 
Institution's average group size 

: 

Briefly, on the basis of the 1972/73 timetables over 
the normal three year first degree cycle an under-
g .. aduate at Lanchester received 1931 hours of time
tabled tultion as compared with 1512 at Longhborongh 
(Table 2). Tbe gTeatest divergence between the two 

institutions was the difference between meetings and 
allocated meetings. Meetings are the hours of for
mal timetabled tuition which the ir.stituion would 
have to provide if each course was timetabled ~cp
erately: allocated meetings are the meeting hO".l1's 
actually provided: any difference arises out of 
joint meetings involving more than one course. In 
both i~titution 10% of the average students' tuition 
load was in groups of 10 or belolY J but the average 
class size for a first year undergraduate w~s 31.4 at 
Lanchester and 55.9 at Loughborough. The instit
ution's average group size was 13.6 at Lallchester and 
27.2 at Loughb'>rongh. To summaris~ by comparison 
with Loughborough the situation at Lanchester Poly
technic was characterised by higher tuition loads, 
smaller classes and a much low er incidence of joint 
meetings • 

Civen an assumption that, the teaching efforts of an 
institution are directly related to its timetable, a 
timetable analysis such as described in Table 2 
offers a basis for the allocation of academic staff 
cOs""i.S to courses and to students. On the othe: hand, 
some part of the C06t relates directly to enrolments -
student recruitment for example. Accordingly, we 
have apportioned costs firstly, on the b~.sis of enrol
nlents and, secondly, on the basis of allocated meet
Ings. 

Specifically if we denote: 

enrolment to a study programme by E; 
enrolment to all the courses in a department by ED; 

departmental cost by C; 
allocated meetings from a department to a course 
byM: 
allocated meetings from a department to all 
courses by MTj 
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TABLE 2 

SOME TIMETABLE STATISTICS 1972/73 

LANCHES1ER LOUGHBOROUGH .. 
Year Ye .. 

1 2 

Enrolment 845 730 
Student Load (hours) 655 692 

Meetings 42459 51672 
Allocotable Meeting' 40794 50349 
Students' Average 
Croup Size 31.4 19.6 
(Standard Deviation) (27.3) (22.4) 
Institutions' Average 
Croup Size 13.6 10.0 
(Stan~rd Deviation) (15.5) (9.8) 

the l'l'oportion of cost allocated to a department's 
students on the basis of emolment byt( j 
the p:oportion of cost allocated on the basis of 
allocated meetings by!: 
(Thus I - (0< + I) is the proportion of cost assigned 

to research and other activitiC$ not ,associated with 
the teaching function) 

then for a course the cost is given by 

CX~D' C)!(~T' ~+ (o~(' d 

depts. 

and ifI' is the same for all departments by 

0( (i . c'L,6' ~JI M;. cy 
~ D ) depts Mn 

I 

F~~t~O;)b:~t MI.'~ [1 ] L ~D) depts Mn E 
I 

The direct outlays Ior both institutions In 1972/73 
are set out in Table 3 on page 163. 

The total enrolments and allocated meetings are 
given In Table 4 on page 163. 

The costs have been allocated on the basis of first 
enrolments (0( ; 1;;9 ., 0) and, ,econd, meetings 
(ct; 0;,6' ; 1). In the latter case we have .ssum
cd that,6'!s the same for .11 departments. No app
ortionment to non teaching activities has been made. 
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Ye .. Year Ye .. Year Ye" 
3 4 1 2 3, 

~74 29 963 731 618 
584 378 578 593 441 

51964 1864 46368 41046 31054 
50473 1864 . 20443 22623 19352 

18.2 16.2 66.9 46.2 28.6 
(22.7) (7.7) (61.9) (28.5) (22.3) 

7.8 5.9 27.2 19.1 14.1 
(9.0) (7.8) (32. &) (22.7) (14.3) 

The 1971'£r.9uiry into the use of Academic Staff 
Time" commissioned by the Committee of Vice
Chancellors and Principals produced inter alia the 
following information: . 

Staff paid wholly or partly frcm generalUllivcrsity 
funds: propOrtion of total working tlme:-

Loughborough All Universities 

Undergraduate 
time 36 37 
Graduate cOtU'Se 

work time 8 5 
Graduate 
research time 7 6 
Personal 
research time 19 24 
Un.llocatoble 
internal tl me 18 18 
External profess-
Ional time 12 --11 

100 100 

The information was collected by means of diaries 
maintained by lecturers. It would seem that an 
allocation of 20% to 300-' to non teaching activities 
would appear conservgtive. However it might be 
argued that polytechnics and uniyersities are primar
Ily teaching Institutions and that the teaching act
Ivity should bear the full costs and that non-teaching 
activities arc merely a l1g1oss11 or "bon'JS"~ \.yhat
ever assumption is made the resulting arithmetic 
amount.s simply to an adj~tStment of the full cost 
results by the ogreed proportion. 
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Academic Staff 
Departmental Administrative Staff 
Technician Staff 
Departmental recurrent e.x:penditure 
on teachin~ materials etc. 

l 

TABLE 3 

LANCHES!ER 

['COOs 

1830 
60 

294 

170 

2354 

TABLE 4 

LOUGHBOROUGH 

£'000. 

1284 
120 
323 

154 

1881 

TOTAL ENROLMENTS AND ALI.OCATED MEETINGS 1972/73 
, 

WG PIG OTIlER SHORT TOTAL 

COURSES 
ENROLMENTS 

Lanchester 2599 35 2150 996 5780 

Loughborough 2650 574 - 1238 4472 

ALLOCATED 

MEETINGS 

Lanchester 137,731 1,963 63,581 1,256 21»,531 

Loughborough 65,862 52,697 - 14,611 133,170 

Notes: In calculating the allocated meetings: 

(1) for sanm\'ich undergraduates 10 hours per student has been allowed for 
. industrial training supervision; and 

(2) for postgraduate research students personal supervision on a one to one 
basis has been provided for as follows: 
150 hrs p. a. for full-time students. 
75 hrs p. a. for part-time .tudents. 

Table 5 sets out the Wlit costs for the main undergraduate areas on the basis that polytechnics a.nd universities 
are essentially teaching institutions. 

TABLE 5 

COST r!s PER STIJDENT PER ANNUM 

LANCHESTER LOUGHBOROUGH 

Enrolment Meeting, . Enrolment Meetings 

Basis Basis Basis Basis 
UnderS!aduates 
Engineering 476 930 375 411 

Science . 575 773 489 381 
Social Studies 328 380 489 313 

All U/gs. 457 667 430 399 

. '. 



An allocation soley by enrolments '(where a one day 
short course student is counted equally with a full 
time student) dist ts the cost picture. Since e'lch 
student involves documentation there ma)' be a case 
for allocating a small proportion of the total cost 
(or maybe a larg.,. proportion of the administrative 
staff costs) by this method. However, the allocated 
meetings are indicative of the "weights" the instit
ution is implicitly assigning to its'study programme. 

When compari~g average costs across institutions 
• ome adjustment for the discipline mix should be 
made. Engineering and science were the most ex
pensive disciplines in both institutions and accounted 
for about 75% of the total first degree enrolment at 
Loughborough compared with about 55% at Lan
chester. Therefore, if a discipline mix adjustment 
had been attempted, the apparent undergraduate 
cost advantage of Loughborough would hav2 been 
enhanced. Whichever method of cost allocation 
is used the difference in costs betw~en the major 

. discipline. was smaller at Loughborough: because 
of the high incidence of jOint meetings across dis
cipline •• 

Predictably the average undergraduate unit costs 
increase as the years of a study programme proceed: 
at Lanchester from £572 for first year undergraduates 
to £887 for third year students, and at Loughborough 
from £310 to £451. Hence in both institutions the 
final year tuldergraduate cost about half as much 
again as the IIfresher ll

• This result reflects the fact 
that although in both institutions the finalist had a 
lower tuition load this was outweighed by much re
duced average class sizes and, in the case of Lough-

~.2. 

borough" fewer jOint meetings. 

The components of the undergrauate unit cost are 
given in Table 6. The technician and "recurrent" 
components were roughly eqttivalent. Loughborough 
enjoyed an advantage in the prOvision of adnrinistr

, ative support but this only accounted for a small 
proportion of the total cost. The major difference 
between the two illstitutiom: was in academic staff 
input which was higher at Lanchester irrespective 
of the method of allocation • 

The question of which is the cost of a student does 
not admit of one answer. The boundaries of the 
task have been narrowed by concentrating on teach
ers and their administrative, technician and 'mater
ials f support. The problems of measuring and z.~ign
Ing capital expenditure and identifying opportunity 
ccsts have been thus avoided. Further, it has been 
assumed that polytechnics and universities are solely 
teaching establishments and that the outcome of this 
activity is student.:: rather than graduates. Finally 
average and not marginal costs have been exa.mined. 
]n assessing institutional performance a range of 
criteria other than cost ought to be taken into 
account. In times of economic stringency and in 
the absence of a clear specification of the educat
ion production function the emphasis inevitably 
shifts to cost effectiveness rather than cost benefit. 
In this restricted context I believe a co~"t allocation 
on the basis of a timetable analysis adequately re
flects the direction and intensity of an instit'.ltion's 
teaching efforts.1t 

COMPONENTS OF UNDERGRADUATE UNIT COST 1972/73 

tANCHES TER LOUGlffiOROUGH 
Enrolment Basis £ % £ % 
Academic Staff 362 79. 298 69 
Administrative Staff 11 2 28 7 
Technician Staff 51 11 70 16 
Recurrent Expenditure 33 ..2. 34 8 

457 100 430 100 

Meeting: Basis 
Academic Staff 519 78 273 68 
Admini.trative Staff 16 2 26 7 
Technician. Staff 85 13 67 17 
Recurrent Expenditure ...1Z. ..2. 21 --1! 

667 100 399 100 
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ABSTRACT 

This note explains onc method of caicu);;;.ting unit costs for the teaching function in 
higher education. A formula is developed for allocating expenditures on the basis of a 
timetable analysis ~nd tl'stC'd en data from Lanchestcr Polytechnic and Louzllborough 
University for the academic year 1972/73. 

Introduction 

This note arises out of nn investigation into performance indicators in 
higher education sponsored by the Institutional Management in Higher 
Education Programllle of OECD and partly financed by the Department of 
Education and Science. The data base for the case study is formed from the 
undergraduate courses (except art) at L3nchestcr Polytechnic and Lough
borough University for the academic year 1972/73. 

In 1972/73 the total undergraduate poplllation at Lanchester and 
Loughborough was very similar and the split between sandwich and full-time 
students in each institution was virtually identical. In both institutions ovcr 
90% of the students were reading for degrees in either eilgineering and 
technology, pure and applied science or social and business studies. However 
within these three discipline areas the mix was different: engineering and 
technology (58%) was the dominant discipline at Loughborough reflecting 
the university's origillJl raison d'ctre; at Lanchester there was a more equal 
balance between engineering and technology (31 %) social and business 
studies (37%) and pure and applied science (24%). 

A Timetable Analysis 

The question of concern here is: How should the costs identified as 
belonging to the teaching fUllction be allocated to courses, and ultimately, to 
the students taking these courses? 
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At the moment there is no elegant way of handling the problem - any 
appr03ch is to some extent arbitrary. The largest input is invari:!bly academic 
staff and a case can be made for having the allocations done by the 
academics themselves (NCHEMS at \viche, 1971). Succinctly the objections 
that can be raised to this qucstionnaire/diary solution are concerned with 
time scales, the validity of the da ta and the costs of collection. Question" 
naires rely heavily on the goodwill and co"operation of staff and involve a 
significant investmcnt of their time. Therefore "if it is accurate and current, 
data that is available from other sources should be obtained from these 
sources and should not be sought from faculty members" (NCHEMS at 
Wiche, 1971, p. 45). 

Teaching t"kes place in meetings between faculty and students. The 
large majority of these mcetings are set down in the timetable which thus 
defines what?' when? where? by whom? and for whom? The analysis of 
timetable data is an alternative mcthod of identifying the direction and 
intensity of an institution's teaching efforts and, therefore, an alternative 
basis for cost allocation. (Bottomley et ·al., 1972; Delany, 1971). 

Specifically, a course constitutes a set of meetings where'a meeting is a 
timetabled 110llr of contact between academic staff and students. This set 
can be broken down into subsets on the basis of the department providing 
the tuition and the size of the classes each assigned to one teacher. For 
a particular course this subsect may be compulsory or optional, _'an be 
taught to a single course or may involl'e a number of courses. Consequently 
to analyse a set of meetings the following information is required: 

- total enrolment to a course (denote by E); 
- the enrolment from a course to a particular subset of meetings 

(denote by s, where s.;;E); 
- the total enrolment from all courses attending this particular 

subset of meetings (denote by E*, where E*;;'s); 
- the department providing the tuition for this particular subset of 

nleetings; 
- the number of groups each assigned to one teacher formed in this 

particular subset of meetings (denote by g); and 
- the hours per annum attended by a student in this particular 

subset of meetings (denote by 11). 

Table I gives the overall results of a timetable analysis for each year of 
the normal three year undergraduate cycle at Lanchester and Loughborough 
in 1972/73. 

Briefly, by comparison with the Loughborough undergraduate the 
LlI1chestcr stud_'l1t' was on average timctabled for 20% 1110re hours invariably 

.~. 
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TABLE I 

Some Undergraduate Timetable Statistics 1972173 
------, 

Year of Study 

Student's Tuition 'Load (Hours)! 
Meetings (l-Iours)2 
Allocated Meetings (lIonrs)' 
Student's Average Class Size4 

Instit uticn 's A verage Class SizeS 

Lanchester '. 

654 
42459 
40184 

31 
14 

2 

692 
51 672 
50349 

20 
10 

3 

584 
51964 
50473 

18 
8 

Loughborough 

578 
46368 
20443 

67 
27 

2 

593 
41 046 
22623 

46 
19 

3 

441 
31 051 
19352 

29 
14 

Student's Tuition Load: the hours of timetabled contact with faculty that the student 
on average receiwd = (h 's)1 E 

2 Meetings timetabled for a course = ~ (h . g); 
3 Summed over a department or discipline area or for the institution the statistic 

HMcctings" counts joint meetings (i.e. meetings involving two or more courses) several 
times. Hence where several courses attend the '!;ame subset of meetings the tirnctabled 
hours may be allocated pro rata to the number of students attending from a course;-
thus Allocated Meetings = ~ (h· g. sIE·); . ' 

4 Student's Average GroupSize = '6E'jg [~ ] 

'6 f~':l 
5 Institution's Average Group Size = B E'jg .[ ".g'~J 

E* 

'6[h .g.;,] 
In each case the surnmations arc made' oyer the relevant subsets. 

with students from his own course in classes of approximately half the size. 
Higher tuition loads, smaller clas,es and a lower incidence of joint meetings 
was consisten tly observed at Lanchester in all disciplines. However, the 
greatest divergence between the two institutions lay in the difference be
tween "meetings" and "allocated meetings". The meetings are the staff
student contact hours per annum that would have to be provided if each 
course was timetabkd independently; the allocated meetings are the class 
hours actually provided: any difference arises out of joint meetings involving 
more than one course. 

What are the economic implications of these differences? A measure 
which summarises the c1lll1l1lativc effects of tuition loads, class size and the 
incidence of joint meetings is: 
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Allocated Meetings 

Enrolments 

In 1972/73 this ratio of undcniraduate timetable demands in hours per 
annum per student en rolled in each discipline area was: 

Engineering and Technology 
Pure and Applied Science 
Social and Business Studies 
Allundei·graduates 

Lanchester 

87 
81 
36 
62 

Loughborough 

22 
30 
22 
25 

T1111S the average undergraduate at Lanchester made over double the tuition 
demands of his Loughborough counterpart. If the class contact of the 
average teacher and his salary had been equivalent across the two institutions 
the academic staff cost pcr undergraduate at Loughborough would have been 
less than half that at Lanchestcr. Alternatively, the average Loughborough 
lecturer had half the timetable commitment, hopefully devoted more time to 
research and the teacher unit costs were approximately the. same in both 
institutions. 

Unit Costs 

To recap, an analysis of the timetable such as described above offers an 
alternative and, wherever extensive inter-departmental "servicing" and joint 
meetings are a feature, maybe a more accurate method of allocating costs to 
courses than a questionnaire/diary aplJroach or a multi-regression approach 
such as that of Layard and Verry (1975). Specifically if we denote: 

allocated meetings from a department to a course by M; and 
allocated meetings from a department to all courses by MT; and 
departmental costs by C; 

then for a course the cost is given by: 

1: 
all departments 

i 

and unit cost by K [I /E) 

=K 

where E is the enrolment to the course. 

In the following tables the eosts allocatcd include the salaries, super
annuation and national insurance of academic, technician and administrative 
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staff deployed at the level of the school (or faculty) and department 
together with recurrent expenditllIc on teaching materials, the maintenance 
and hire of teaching equipment, and the cost of short courses and field work. 
The costs for the full-time staff have been established by reference to salary 
scale mid points in 1972/73; the costs (or part-time staff are actual. Full
time research workers financed wholly by research grants and contracts have 
been excluded. In the case of Lanchester the pennanent Deans' salaries have 
been apportioned equally between the departments for which they were 
responsible .. 

Table II sets out the costs per enrolled student in 1972/73 for the 
major undergraduate discipline areas. In Tables Il, III and IV the costs per 
course have been summed over the relevant discipline area and level and 
divided by (he total enrohnents to the courses in this discipline and level. 

TABLE 1I 

Costs in £'s per Undergraduate Enrolled! 972/73 

Year of Study 2 3 'Average 

Engineering and Technology 
Lanehcster S51 1161 1405 930 
Loughborough 330 448 380 411 

Science 
Lanchcster 555 966 1107 773 
Loughborough 291 384 592 381 

Social and Business Studies 
Lanchcster 364 430 372 380 
Loughborough 215. 379 460 313 

A /I Undergraduates 
Laneh.ster 572 797 887 667 
Loughborough 310 438 ·451 399 

When comparing average costs across institutions some adjustment for 
discipline mix should be made. Engineering and science were the most 
expensive discipiines in both institutions ami accounted for about 75% of 
the total first degree enrolmcnts at Loughborough compared with about 55% 
at Lanchcster. Therefore if a discipline mix adjustment had been attempted 
the apparent undergraduate cost advantage of Loughborough would have 
been enhanced. The difference between the disciplines was smaller at 
Loughborough because of the high incidence of joint meetings across dis
ciplines. Predictably the cosls per enrolled student increase as the years of 
study proceed at Lanchester from £572 for !irst year undergraduates to 

'11 
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£887 for third year students, at Loughborough from £310 to £451. Hence in 
both institutions the final year undergraduate costs about half as much again 
3S the "fresher". This reflects the fact that although in both institutions the 
finalist had a lower tuition load this was outweighed by much reduced class 
sizes, and in the case of Loughborough, fewer joint meetings. In both 
institutions there was some evidence that reSOllfces were being chailneled to 
the higher level courses, at Loughborough the average annual cost per 
postgraduate on a meetings basis was £1147 and at Lanchester the cost per 
student enrolled on a sub degree course was £264. 

The components of the average cost per student enrolled in 1972/73 

TABLE III 

Components of Cost per Enrolled Undergraduate in £'s 

Lanchestcr (%) Loughborough (%) 

Academic Staff 519 78 273 68 
Administrative Staff 16 2 26 7 
Technician Staff 85 I3 67 17 
Recurrent Expenditure 47 7 33 8 

Total 667 lOO 399 lOO 

. 
TAilLE IV 

Cost per "Successful"* Undergraduate in £'s 

Year of Study 2 3 

Engineering and Technology 
Lanchcstcr 1246 1372 1432 
Loughborough 374 507 401 

Science 
Lanehestcr 873 1133 1173 
Loughborough 350 431 627 

Social and Business Studies 
l..anchcstcl' 448 458 381 
Loughborough 241 427 468 

A l/ Undergraduates 
Lanchcster 792 896 914 
Loughborough 374 496 472 

* "Successful" = the students who suc~cssflllly sat the examinations in the given year . 

• 
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. are presented in Table Ill. The technician and "recurrent" components were 
roughly equivalent. Loughborough cnjoyed an advantage in the provisiQn of 
administrative support but this only accounted for a small proportion Qf the 
tQtal cost. 

Table IV provides details Qf the cost per "successful" undergraduate in 
each year of the three year cycle by discipline area. Given a somewhat higher 
attrition rate at L1nchcster thc economic advantage of Loughborough is 
widened at this stage of costing. On the Qther hand the Lanchester students 
started frQrp a lowcr pre-entry (A-level) SCQre on average and the learning 
gain there may be higher. 

Summary 

The question of what is the CQst per student does not admit of a single 
answer. Therefore it is prudcnt to. summarise the context in which the unit 
costs above were derived. Firstly, the costs allocated were those fQr the 
faculty and their administrative. technicbn and "materials" slIpport - the 
problcms Qf measuring and assigning capital expenditure and of identifying 
opportunity costs were thus avoided. Secondly it was argued that the. 
timctable reflects the "weights" the institution is implicitly assigning to. its 
CQurscs and that "allQcated mectings" are a fair basis for the assignment of 
inputs to .courses and to. students. Thirdly, it was assumed that polytechnics 
and universities are solely teaching establishments. If it is accepted that 
higher educatiQn institutions have functiQns Qther than teaching, the trade
Qffs between teachiilg and these other rQles need to. be examined. If the mix 
Qf teaching to non-teaching activities is roughly equivalent acrQSS institutions 
then student CQst comparisQns as outlined above provide a reasonable guide 
to. relative effectiveness. On the. other hand, if the invQlvement in non
teaching varies signiJ1cantly from institution to. institution then consider
atiQn has to be given to. unscrambling the joint costs and products. The 
prQbability is that decisions in this area will continue to. require the exercise 
Qf subjective judgement and it is a moot PQint whether the benefits from 
having mQre sophisticated data available would justify the costs of Qbtaining 
this information. 

" '-
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ABSTRACT 

The major purpose of this case study was to explore the potential 
for performance indicators for the teaching function in higher 
educalion. A frame~\'ork for pe1iormance assessment in terms 0/ 
"response" to the learning opportunities prm'ided and "resource 
utilisation " is den:lopcd and tested on data from Lanchester 
Polytechnic and Loughborough Uni~'ers;ry for Ihe academic year 
1972/73. A I a .. discipline It le~'el 0/ aggregation few sil;n(ficant 
dLfjerences in response but quile a'iff~relll pallerns Qr illSlrUcJiOlz 
leading 10 l'rry different unil costs are identified. The sludy COf:
cludes that there is a case for the systematic collection 0/ data on 
instruction and resource utilisation pallerns within and across ill
slitUlions. Ilo~1'e\'er, in the absence 0/ an accurate specification 0/ 
cause and effect such a data base would require care/ul and 
sympathctlc illlcrpretation pendir.g the de~'elopmelll of finer 
measurements 0/ outcome, 

INTHODUCTION 

Universities and Polytechnics pursue a number of objectives other 
than teaching but a consideration of research and scholarship and public 
service was outside the project's remit. l\!oreover, the research was 
constrained to take account of only those aspects \"hich could be "easily 
q'l1antificd~' and for which information was "readily available". 

The data. base for thE:: case was formed from the undergraduate 
courses at Lanchcster Polytechnic and Loughborough University of 
Technology for the academic year 1972/73. In that year the total first 
degree population at Lanchestcr and Loughborough was similar ':md the 
split between sandwich and full-time students in each'institution was 
virtually identical. In both institutions over 90% of the undergraduates 
were reading for degrees in either engineering and technology, pure and 
'appJied science, or social and business studies. \Vithin these three 
broad discipline areas, however, the mix was different - c'ngineering 
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and technology (58 Q/o) was the dominant discipUnc at Loughborough where
as at Lanchcstor there was a morc c,-}ual balance with the highest re
cruitment to social and business studies (370/0) (Birch, Calve!'t, Si.zer, 
1976), 

A FRAMEWOHK FOR PERFOHMANCE ASSESSMENT 

An organisation is effective if it achieves its objectives; it iIn
proves its cffidency if it achieves these objectives with fewer resour
ces. Hence performance assessment involves (inter fl.lja) firstly, com
paring the level and quality of outcomes with objectivcs'and j secondly, 
(!xrtmining input-output relationships. (An institution may be internally 
effective yet externally ineffective if its objectives are not congruent 
with the needs of society. ) 

So apparently, the first critical task is to establish a set of objec
tives, but it has been argued that university objectives are not only am
biguous but are destined to remain so since both faculty and administra
tive staff feel this to be beneficial (Cohcn and March, 1974). One prob
lOIn is the lag between the process and its effects, another is the uncer
tainty about the nature of the connection. \Vhether higher education's 
role is conceived in terms of a capital goods industry (Schultz, 1963) or, 
nl0l'C liberally, to include the social and cultural diInensions, or simply 
as a filtering device Signalling ability differences which existed before 
the process began (Arrow, 1973) its ultimate impact5 are long terrn and 
obscure. Institutional performance assessment requires more proxi
mate objectives. 

All is not lost however if we accept the inevitability of the gener
ality and vagueness of objectives in education. It is possible to move 
directly to the measurelnent of "outputs 1F or (peI'haps more exactly) 
"outcomes" and, hopefully, the evidence collected wi11 lead to an im .. 
proved understanding of, and sensitivity to, the sophistication of the 
educational process. 

Given that institutions of higher educa tion exist in their teaching 
roles to provide sets of learning opportunities and that students may 
choose to enrol or not, the first indication of success is provided by the 
numbers and "quality" of studcnts·actL:ally em~ol1cd. Subsequently in
stitutions hope to progress their students successfully through the sys
tem and ultimately to have their graduates accepted by the econonlY. 
Hence, dropouts, failures, repeaters, successes~ graduates and the 
initial employrnents of graduat0s arc all outcomes of variOUS stages of 
the educational process and a careful monitoring of tl:ese is indicated. 
Inherent in the success rate criteria is the view that the institution may 
rely on academic IIprofessionalism ll for the maintenance of academic 
standards. To an extent this is ensured in the United Kingdom by the 
system of external assessors and examiners but some doubts have been 
cast on the comparability of degree standards even within the same sub-
ject group (Nevin, 1972), . 

A more sophisticated measure of output is the "value added" to the 
students between entry to and exit from the institution. This concept 
presents problems of definition and is less susceptible to qnantification. 
If it is interpreted as being concerned primarily with knoVll€'dge and 
skills acquisition rather than experiential, <\ttitlldinal, cultural and 
social gains plus personal consumption, then it overlaps with the pass 
rate criteria and the latter mal :::erve as a proxy. However, to accurate ... 
ly measure and compare this I learning gain" standardised pre-course 
and post-course tests covering COlnmon syllab; would be required 
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(AtUyeh and Lumsden~ 1971 and 1972). This solution was not llsed in 
this case. ;. 

Enrolments, pass and attrition rates and information on grnduate 
employment by course are all indicators of society's response to the 
institution's provision of learning opportunities, L c. they are outcome 
measures. Now to the que$tion of. efficiency. Usually the input-output 
relationsl.lip is summarised in the form of a unit cost but in the United 
Kingdom the poplllar approximation is the student staff ratio. This 
ratio is a function of a number of variables (De-lany, 1971; Legg, 1[171; 
I3otton't}cy ct aI, 1972; Simpson et <11, 1972) and an examination of re
source utilisation at the institutional level should take account of them. 
Dep~nding on the complexity of the curriculum this may involve a de
tailed timetable analYSis such as is outlinC!d below. ' 

Consider a college with two departments X and Y with two courses 
A and n (Figure 1); course A is administered by Department X and 
COurse B by Department Y. There are 30 enrolments to COU1~se A and 
20 to course B. Courses receive and departments provide tuition, De .. 
pai.~tment X provides tuition in subject elements L, M and N Whilst Dc
partment Y offers subjects 0 and P, F'ollo\':ing a course involves the 
student reading a number of subject elements and attending a set of 
lllcetings with teachers. These m(!eting~ (class hO!lrs) may be compul
sory or optional, involve just one COurse or be joint with other courses. 
For example, students enrolled on course A study subject elements L, 
l\{, Nand 0; subjects Land N are cornpulsory whilst 1\1 and 0 are op
tional. L involves just course A ,\'hercas lVI, Nand 0 are trjoint meet
ings" involving both courses A and B. 

Therefore, to analyse a set of meetings the following inforrnation 
is required: 

- for a year ot a course ("course yeaI'") 
. total enrolment = E 

- for a particular subset of meetings for a subject element 
enrolment from a pa!'ticular IIcourse yeaI'", S 
enrolment from all "course' years" of all courses = E i(. 

number of groups formed each assigned to one teachel" g 
hours per annum attended by the student = h 

and the department ,providing the tuition and the type of space used. 

III 
llil 

Course lliJ 
A 

B 

lli::J 

Figure 1 

Timetable Parameters 

Department 

Subject Elements L 

No, of Groups Formed 2 

Student~1 Contact Hours 20 

X 

M 

1 

15 

Y 

N 0 p 

1 1 2 

30 20 20 

Enrolment [§J = Enrohnents to Subject Elements 
30 30 20 30 5 
20 5 20 20 20 

Enrolment from all 
courses 30 25 50 25 20 
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From this data the meetings provided by each department can he idcm
tified and distributed Jo those courses receiving tuition in the propor
tion: 

Students enrolled from this course year = S 
Students enrolled from all course years Eit' 

The analys~s of 1he meetings provided by Department X and the logic of 
the subsequent cost allocation is set out in F'igure 2. 

As a byproduct a number of !lvnlucs" of significance in the internal 
management of rescurces may be derived (F'igure 3). These provide 
inter nlin details of teaching loads, students' tui.tion loads, class sizes 
- both those typically received by the students and those provided by the 
institution - and data on ihc frequency of demand for ~ea.ching 8pacc of 
various types and capacities. 

TilE CASE IlESUL 1'S 

Figure 4 summarises the course··yenr pnrameters for the response 
dimension. At this level of nggrcgation tbe pattern of pass and attrition 
rates were remarkably similar oV0rall and by discipline area across 
the two institutions. The Significant differences in response in 1972/73 
lay in enrolments per course (hig-hel' at Lanchester except in engineering). 
the percentage without A-level (higher at Lanchester except in social 
science). and average A-level scores (overfill just below 3 = Grade 'C' 
at Loughborough and just abo\"e 2 = Grade 'D' at Lanchester) and the 
coefficient of variation of A-level (higher at Lanchester). Thus it would 
appear that in 1972/73 the normal pr~-entry to institution quality as 
measured by A-level scores was consistently higher and less variable 
at Loughborough. Subsequently, however. mean internal examination 
scores ' .. 'ere lower and more variable at Loughborough although not 
significantly so. 

As suggested above. one indicator of society's response to the 
final outputs of an institution is the initial employment of graduates and 
their starting salaries. In 1972/73 this inforrnation 'vas oniy available 
for 20% of the graduates at Lanchester and 50~'Q of the graduates at 
Loughborough. From this sample it seemed that discipline area rather 
than institution was the more important determinant of initial salary and 
the correlation between starting salary and examination mark although 
positive in "the majority of cases was by no means strong. 

The pattern of resource utilisation (Figure 5) is quite different 
across the two institutions. Lower tuition loads (except social science). 
larger classes. a higher incidence of tuition from "service" departments 
(except science) and much larger "savings" in tuition demands through 
joint meetings were consistently observed at Loughborough. Of these 
differences the most striking was the incidence of classes involving 
more than onc course which was far higher in all disciplines at 
Loughborough. Typically, the Lanchester unaergrJ.duate found himself 
in classes comprised a]most entirely (97%) of students from his own 
courses whereas the Lou.ghborough student expcrienced classes in which 
400/0 of the students wer".! from courses other than his own. The sizes 
of seminars and tutorials are constrained "by what the academics con
sider to be effective learning/teaching situations and joint meetings will 
not alter these constraints. However. lecturing to onc hundred is often 
as effective as lecturing to ten and it is in this - the lecture cOlltent (,f 

the curriculum - that jOint meetings have their economiC impact. As a 
consequence of larger classes and jOint meetings undergraduate unit 
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;. Figure 2 
The Logic of a Department Cost Allocation 011 a I\'lecting,c; Basis 

Departn}ent X 
Subject Elements L 11 N 
Grouvs forIlled [TI 2 1 1 
Students' Contact Hours [B 20 15 30 

Course Enrolment [El Enrolment to Subject Elements [ill 
A 30 30 20 30 
B 20 5 20 

IE'I Enrolment from all Courses 30 25 50 
Meetings provided (g) (h) 40 15 30 __ Tolal = 85 
Meetings received (g) (h) (S/E') 

Course A 40 12 18 ----+ Tolal = 70 
Course B 3 12_ Tolal = 15 

-
Direct Costs ~t~~ Cost PCI' 'Meeting 
Dept. X (say) f---_ Provided b,; I Dept. X = 
£3400 Dept. X = 85 £HOO/85 = £40 

Meetings Received 
From Dept. X 
Course A = 70 
Course B = 15 

Cost per Course: 
C;::ontribution from 
Dept.X only 
Course A = (70) (£40) = £2800 
Course D = (15) (£40) = £600 

Enrolme>nts 
Course A = 30 
Course B = 20 

CO" '" ","0.' EoroB" J Contribution from Dept. X . . only . 
Course A • £2800/30 = £93.3 

. . . Course B = £600/20 = £30.0 

. 

/ 
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Figure 3 
Timet:lble Parameters 

'C-o-n'-S-id-e-r-t-h-e-J-'l-h-Y-C-a-,-' -o-r-a""'c=o·c..:nr se i [sI cou r se .. year" (i" j)] whi ch a ttcn~; 
n set of meetings k in a subject clement as part of its timetable. Then: 

En.roIment to course-year (i, j) is. 

Enrolment i'roln course-ycar (i, j) to this set of meetings 
k is 

Total enrolment frOln nU cours.J-years to this set of 
nlcctinJjs k is 

.= 

If this set of meetings i/-; split up jnto groups, the 
number ·of groups each assigned to ~ teacher is 
and 

'I'he hours per annum attended by a student involved 
in this set of meetings is 

Thus, for~~sc~L~r (1, .1) 

1 STUDENTS' TUITION LOAn = Hours of timctablcd contact with fac
ulty that the student on average received = 1: [(hl.J (S .. ,.)1 lE .. 

k • 1J 'J 1J 

2 CLASS HOURS timetabled for a course = t [(h
k

) (g]:) J = et '/, 

3 Sumnled over a dt:'partment or discipline area or for the institution 
the statistic "l\'1eetings" counts jOint meetings 0. e. meetings in-
volving two or more courses) several times. Therefore, when 
sever'al courses attend the same subset of mC'eUngs the timetablcd 
hours may be allocated pro rata to the number of students attending 
from. a course, i. c. . 

ALLOCATED CLASS HOURS =f [Chk ) (gk) (SijIJE~k)] =(3 

4 Hence CL\SS HOURS "SAVED" = et - (3 
5 STUDENTS' A VEHAGE GROUP SIZE ;, Average Class Size that 

the student typically experienced 

1: [E ']j gk] [(h'J"~ (_Si_ik_) 1 
k ' ,ij:J 

1: [(h~"j-k~;""l "'----
k "ij :J 

INSTITUTION'S AVERAGE GHOUl' SI?,;;;; = Average Class Size pro
vided by the Insiitution . '<"' '<"' Y: [g* I ] [(h ) ( ) (S .. lE' ),1 

L.d.J~ k gk k 1:k 1Jk kJ 
i j k 
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Figure 4 
Summary of Average "Course-Year" Response Parameters 1972/73 (1) 

All Disciplines Engineering' Science Social Science 

Both LANf LOU;' LAN,* LOU;' !LA:,;; LOU;' ~\K.* LOU:* 

Number of "Course Years" 226 83 138 

RESPONSE 

Er..rolment 20 25 17 18 21 19 14 43 12 

A-Level Score (2) 2.51 2.06 2.80 1.91 2.87 1.82 
, 

2.79 2.33 2.64 

Coefficient of Variation of A-Level 0.27 0.33 0.22 0.37 0.23 0.35 0.24 0.28 0.18 

Percentage without A-Level 20 27 15 42 22 25 5 12 16 

Entry Mark 54.6 55.9 53.8 57.2 54.6 55.4 53.0 54.3 53.2 

Coefficient of Variation of Entry Mark 0.13 0.11 0.15 0.11 0.15 .,0.12 0.16 0,10 0.12 

Exit lI1ark 54.8 56.2 54. a 58.4 54.6 55.3 52.9' 53.2 54.2 

Coefficient of Variation of Exit Mark 0.15 0.14 0.16 0.14 0.17 0.16 0.18 0.13 0.12 

Pass Percentage 87 86 88 85 87 85 37 90 89 

Fail Percentage 10 11 9 14 10 12 9 8 6 

Drop Out Percentage 
I 

3 3 3 1 2 3 4 2 5 

Notes: 

1. The normal duration of undergraduate programmes in the United Kingdom is three "course-years". 

2. A-Level is the norn1al qualification for undergraduate programmes. The A-level scores were calculated as 
follows: 'A' = 5; 'B' = 4; 'Cl = 3; ID' = 2; 'E' = 1. 

* LAN.: Lanchester ** LOU,: Loughborough 



Figure 5 
Summary of Average "Course-Year" nesource Utilisation Parameters 1972/73 -

All Disciplines -I Engineering Science Social Science 

Both LA N.' LOU.'<·ILAN~ LOU~-l( LAN.* LOU/"f. LAN .. ' LOU;' 

Number of "Course yearsll 226 88 138 

RESOURCE UTILISATION 

Students' Tuition Load (Hours) 584 668 529 773 561 764 561 425 448 

Students' Class Size 33 18 43 13 49 12 37 30 41 

Standard Deviation of Students' Class Size 24 9 34 6 41 5 29 24 28 

Percentage of Class Hours Provided by "Servicetl 

Departments 31 28 32 24 30 36 21 29 46 

Percentage of Class Hours "Saved" 37 3 59 0 57 0 59 ~ 71 

Cost per student enrolled £. (1) 635 940 441 1126 412 1150 486 445 399 

Note: 

1. The costs allocated include the salaries .. superannuation and national insurance of academic, technician and 
administrative staff deployed at the level of departments together with recurrent expenditure on teaching 
materials, the maintenance and hire of teaching equipment# and the cost of short courses and field work. 
The costs of the full-time staff were established by reference to salary scale mid-points in 19'12/73; the 
costs for part-time staff were "actual tl in 1972/73. 

* LAN.: Lanchestcr .. LOU.: Loughborough 
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costs pcr annum although reasonably close in social science were in 
engineering and science and overall significantly lower at Loughbol'ough. 

CONCLUSIONS 

In the present climate of concern with tll'"] proportion of GNP 
allocated to hiGher education and in the absence of an accurate specifica
tion of cause and effect in education attention inevitably fQCU8CS on cost 
effectiveness. At a discipline level of aggregation the Lanchcstcr
Loughborough case apparently provides the sort of intelligence which 
central budget allocators scek~ i. e, few significant differences in ;I 1'e _ 
spol1se ll but quite different patterns of instruction leading- to very dif
ferent unit costs. There were examples in both institutions of courses 
with response and resource utilisation patterns significantly different 
from the norms for their institution alld discipline. The monitoring of 
these divergencies would have prompted discE.rning questions the an
swerS to which might have helped the decision takers to isolate and to 
slIpport the .genuine cases of development and diversity. It is to be 
hoped that \vhatcver Ifstandardising tendencies tl emerge through the in
crcasing role of central planning authorities and agencies (Trow. 197·1) 
there will remai.n scope for the exercise of subjective judgments at the 
sharp end. JIowevel' the case for internal resource allocation based in 
part on past effectiveness ap-cl efficiency is not without support. 

Further research is required firstly, to replicate the Lanchester
Loughborough study in a variety of scttings selected for their diversity 
and supposed similarity; and secondly to develop accurate and reliable 
measures of outcome initially of learning gain and ultimately of the 
value-added type. This second task is formidable and the probability is 
that it will require efforts on the part of many investigators and will 
proceed only slowly. l\Ieanwhile the system will rely on existing exam
ining arrangements and on the comparability of aCCldemic standards 
within and across institutions. In these circumstances improvements in 
cost effectiveness may prove to be misleading: more students may pass 
.through the system at the same or with a less than proportional increase 
in costs but the value added to the additional students may be outweighed 
by the decline in value added to the existing students. Nevertheless, a 
lnove to\\-'ards the systematic collection and analysis of data on institu
tional outcomes and resource utilisation is overdup.. Regular reports 
at the course level would facilitate internal "management by exception" 
and establish a data base and prompt the research from which a greater 
understanding of the teaching/learning process might J.>e achieved. 
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TRACING THE "EFFICIENT" FRONTIER IN BRITISH UNIVERSITIES 

lA Discussion Paper' 

Abstract 

Using published data on five outputs (or output proxies) and five 

inputs (or input proxies) a linear programming approach is explained 

and used to trace the "efficient" frontier in 49 UK universities/ 

university colleges for the academic years 1972/73 and 1973/74. This 

constitutes a tentative.fir~t step in the development of an overall 

ranking criterion for multi-objective institutions. The paper ends 

with an outline of possible future directions for research in this 

area. 
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Introduction 

Most educational systems have a number of objectives which not 

infrequently are inconsistent. Universal agreement among educators 

is confined to large generalisations which tend to establish the 

boundaries of social policy rather than give content to realisable 

goals - "to preserve and enhance the intellectual stock", "to 

facilitate equal opportunity", and so on. It is difficult to 

disagree with any common understanding of such bromides and equally 

difficult to deploy them usefully in a management context. The 

more detailed the list of goals the more likely it is to be disputed 

in terms of inclusions, omissions, and interpretations. However, 

there seems to be broad agreement on the major output programmes for 

higher education - instruction (or the transmission of knowledge) •••• 

and research (or the acquisition of knowledge). 

The measurement of research output is immensely difficult. Various 

processes have been suggested - a weighted sum of the publications 

produced, the level of research funds attracted or the quality 

weighted hours spent on personal research (Cartter (1965), Layard and 

Verry (1973)). In.this papet expenditures from research grants is 

the chosen proxy. Of course, this is essentially an input measure 

and its use can only be justified as ·an attempt to obtain a more 

realistic mapping of the teaching outcomes. 

There are at least two schools of thought on how to conceptualise 

the outcomes of the teaching function:- firstly, the changes in 
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students' characteristics associated with various institutional 

input and process variables; and secondly, the characteristics of 

the learning opportunities made available. The changes wrought in 

students' skills, knowledge, attitudes and values between entry to, 

and exit from, university reflect their learning functions and are 

only indirectly related to the institution's production function. 

The outcomes attributable to the institution (and the institution 

alone) are the magnitude and quality of the services made available. 

Below it is assumed that stUdent enrolments on undergraduate and 

postgraduate programmes are an adequate proxy for the magnitude of 

teaching services made available. This assumes that the 'quality' 

of the places provided on an organised curriculum both within and 

across institutions is comparable. 

Concepts of Efficiency 

The theory of the firm in neoclassical economics assumes the 

existence of a production function which defines the relationship 

between inputs and outputs. Consider an industry where two factors 

of production are employed to produce a single output under conditions . . 

of constant returns to scale. Firms operating in this industry 

can be plotted on a graph (Figu.roe 1) against their unit-output values. 
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Farrell (1957) has used this diagram to measure and distinguish 

between a firm's teahniaaZ efficiency and its priae efficiency. 

SS' is the envelope of the observations for all firms. No firm is 

able to produce a unit of output with an input ratio to the South-

West of SS', ie: SS' represents the production frontier. Consider 

firm P. Point Q represents a (perhaps hypothetical) firm which 

is more efficient than P although using the same ratio of inputs. 

If the straight line AA' tangential to SS' at Q' is the iso-cost 

line based on the input-price ratio then firm Q' is less costly than 

Q and, therefore, point R represents a less costly situation than Q 

(and hence of p) but with the same input ratio. Therefore: 
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~ represents the technical efficiency of P; 

OR 
OQ 

represents the price efficiency of Q; 

OR represents the overall efficiency of P. 
OP 

and 

(Note 1) 

In the rest of this .paper we are concerned solely with "technical 

efficiency" • Indeed, if we compare two or more firms with the same 

input mix they have the same "price efficiency". 

Estimating the Production Frontier From Observed Data 

We can estimate the production frontier as a series of line segments 

from observed data if we assume that the frontier is 

a) convex (ie: if two points are attainable in practice a point 

representing a weighted average of the two is also obtainable 

in practice), and 

b) nowhere has a positive slope (ie: extra inputs always produce 

extra outputs however small). 

One way to ensure that the production frontier nowhere has a positive 

slope is to add points at infinity (0, ~), (~, 0). 
• 

The establishment 

of a line segment parallel to the axes can also be achieved using 

(maXI min2) (mini maxz) with easier computation. 

11\ 
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Consider points p. and p. which are adjacent frontier points, and point 
. ~ J 

P
k 

the firm under examination (Figure 2). 

P
k 

are P., p. and R, •• 

The co-ordinates of 1'., p. and 
. ~ J 

-J. -J -A 

Let A.. k Il'.
k 

be the solutions of: 
~J, ~J 

Al'. + Ill'· = R, • 
. -J. -J "-

Any point 1', on the line through p~ and P. has A .. , + Il •. , = 1. 
" • J ~J " ~J " 

For any 

point l' for which 01' cuts m m 
1'., p. internally A.. and Il.. are both 
~ J ~Jm ~Jm 

positive. Hence if 1'., p. 
~ J 

lies between Pk and the origin, Aijk + Ilijk ~ 1 

... 
and A .• k and Il .. k are both pos~t~ve. 

~J ~J 
Therefore, the line joining 1'., p. 

~ J 

is p.art of the frontier if, and only if, A.. k + Il· .k ~ 1 for all points 
~J ~J 

in the set. Thus we can establish the production frontier as a set of 

linked points and the technical efficiency of any Pk is equal to the 

maximum of l(A.· k + Il· .k) for all frontier segments 1'., 1' .• 
~J ~J . ~ J 

since the 

frontier is assumed to be convex this maximum will be attained when 

A .• k and Il· .k are both posi ti ve. 
~J ~J 

So we can compare a Pk with that 



7 

point where OPk cuts the frontier which although hypothetical is 

theoretically· obtainable· since it is a weighted average of two 

frontier firms. It will have the same input ratio as Pk but will be 

using fewer inputs to produce unit output. (No1;e 2) 

If we generalise to n inputs and m outputs but retain the assumption 

of constant returns each firm now has an input vector !, and an 

output vector Y, and can be represented as a point in m + n - . 

dimensional space (ie: fi = (!i,~i». The set of points is 

extended to include points at infinity as before. Since there are 

constant returns if P. = (X. Y. ) is efficient then (~X. ~ Y.) must 
--J, -J,,~,. -J., ~ 

be efficient also and hence the origin must be added to the set as a 

frontier point. Instead of lines and line segments we now have 

hyperplanes and faaeta. A facet is the part of the hyperplane whose 

whose points can be represented as·weighted averages with non-negative 

weights (except for the origin) of the m + n defining points. The 

frontier is now a surface in m + n dimensional space made up entirely 

of such facets. 

\13 
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To compare a point Pk with a hypothetical point on the boundary we 

need to compare Pk with a linear combination of (m + n) frontier points 

including the origin. Farrell suggests matching the inputs of Pk and 

exceeding the outputs of Pk by the same ratio for each output. This 

ratio represents the technical efficiency •. 

Thus, we have that if i is the solution of: 

(y. y. y. Q) cS = 0: cS.) ~ 
-J., -J. + "1, ••••• -J.+ m + n - 2, - J . 

1 

(X. X. 
+ 1, 

f •••• X •. 
2, Q)~ =~ -J., -J. -:J.+m+ n -

then the facet defined by P. • ••• P. 2· 0 is part of 
--:t. --:t. + m + n - , .-

the frontier if, and only if, LcS l ~ 1 for all~k in the set. 

The technical efficiency of ~k is (as before) the maximum of 

Therefore an efficient·firm can produce ~ outputs from 

IlL cS
j 
~ inputs (ie: less inputs than~k) and, given constant 

returns to scale, L cS j .~ outputs from.~ inputs (ie: more outputs 

than ~k)' 
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A Linear Programming Approach 

There are several methods available for identifYing frontier 

observations but the most general and least sensitive to prior 

specification of the form of the production function is the linear 

programming techniques. The LP approach was originally suggested 

by Farrell (1957, op.ait.) and later deployed in the measurement of 

educational production by Carlson (1972, 1975) and Levin (1974). 

Briefly, the approach requires the identification of the input and 

output variables of all the institutions in the population where 

all the institutions are judged to have comparable quality outcomes 

(or where one or more measures of quality are explicitly included 

as characteristic variables). LP is then used to maximise one 

output, subject to satisfYing other output and input constraints. 

The result of this is a production efficiency index that will be 

1.0 for all institutions on the frontier and less than 1.0 for all 

other institutions for that output. 

Consider the boundary and a point Pk • If Pk is not on the boundary we 

can move from Pk in the direction of increasing output 1 or output 2 

until we reach a boundary point which will be.a linear combination of 

the frontier points (Figures 3 and 4). 

115" 



Output 
1 

Figure 3 

10 

Output 
1 

Figure 4 

k 

t 

OL-________________ ~ OL-______________ ~ 

Output 2 Output 2 

Thus, if we select a point in the set and one of the outputs we can find 

the boundary in one direction and at the same time· identify some of the 

frontier points. To accomplish this for institution S and output r 

we formulate a linear programming problem as follows: 

If Xit = the quantity of the ith resource used by institution t, 

and Yjt = the quantity of the jth output produced by institution t, 

then the point on the frontier in the direction (starting from 

institution s) of increasing output r is given by Zj •••••• ,Zt , 
where we: 

T 
subject to L Zt Xit ~ Xis i = 1, •••••• N 

t=l 

T 
L Zt Y

J
' t ? Y

J
· s t=l 

j = 1, .•.. r - 1, r + 1, ..•. m 

Zt ~ 0 t = 1, ••••• T 

il~ 
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The optimal solution to this linear program will identifY some of the 
, 

frontier points, ie: the points with non-zero weights. Hence we 

can identifY all the frontier institutions if we solve the linear 

program for every institution S for each of the outputs r. For any 

one output we can measure how near an institution is to the frontier by 

the ratio of its output to the value of the objective function at 

optimal, ie: "efficiency" in one direction (rth output) is given by 

Yrs/I Zt Yrt • This approach assumes a consistent slope of the 

frontier (either positive or negative) but does not insist on constant 

returns to scale (ie: does not include the origin in the set of 

points) • 

Frontier Universities in the UK 1972/73 and 1973/74 

Information on the following variables for the academic years 

1972/73 and 1973/74 was collected from DES published statistics 

for all the UK universities except the London Graduate School of 

Business, the Manchester Business School, the Welsh National School 

of Medicine and St. David's Lampeter: 

outputs 1 Undergraduate enrolment - full-time; 

2 Undergraduate enrolment - full-time plus part-time; 

3 Post graduat e enrolment - full-time; 

4 Postgraduate enrolment - full-time plus part-time; and 

5 Expenditure from research grants (a proxy for research 

involvement) • 

1171' 
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Inputs i Total full-time teaching and research staff paid 

directly from university funds; 

ii Salaries of teaching and research staff; 

iii Other departmental salaries and wages; 

iv Departmental and laboratory expenditure; and 

. v Total expenditure. 

The institutions identified as being on the frontier are listed in 

TabZe 1. The complete results of the analysis (ie: "efficiency" 

index equals 1.0 for frontier institutions and less than 1.0 for 

other institutions) for each of the outputs I to 5 is provided 

in Appendices A and B. By definition, if an institution is on 

the boundary in one direction it is on the boundary. The index 

produced is a measure of "efficiency" on that output programme 

given the need to satisr,y all other output and input constraints. 

Out of the total sample of 49 institutions 24 are identified as 

"efficient" in one or the other or both of the academic years 

examined. Sixteen universities/university colleges appear as 

boundary institutions in both years. The eight institutions 

listed as on the boundary in only one of the two years, achieve 

at least one high index on.the five output programmes examined 

in the year in which they are not on the boundary. Hence, the 

"efficiency" ranking appears to be reasonably stable over time. 

(See TaMe 2). 
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Table 1 

Frontier Universities 1972/73 and 1973/74 

1972/73 1973/74 

Bath 

Birmingham 

Cambridge Cambridge 

Essex Essex 

Exeter Exeter 

Kee1e 

Kent Kent 

Lancaster Lancaster 

Leeds 

Leicester 

London London 

UMIST 

Oxford Oxford 

Sussex Sussex 

Warwick Warwick 

York York 

Bangor Bangor 

Aberystwyth Aberystwyth 

Cardiff Cardiff 

Swansea Swansea 

Heriot Watt Heriot Watt 

St. Andrews St. Andrews 

Stirling 

Queens (Belfast) 

Boundary 
Institutions: 21 19 

Total Sample: 49 
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. Table 2 

Ranking on Maximum Score of Non~Boundary Institutions 

1972/73 1973/74 

Aston 12= 15= 
Bath 1= 
Birmingham 2= 
Bradford 19 20= 
Bristol 21= 24= 
BruneI 7= 4= 
City 27= 30 
Durham 5 10 
East Anglia 2= 6= 
Hull 7= 15= 
Keele 10 
Leeds 4= 
Leicester 1 
Liverpool 20 28= 
Loughborough 6 11 
Manchester 27= 22= 
UMIST 17= 
Newcastle upon Tyne 23= 20= 
Nottingham 4 9 
Reading 9 12= 
Salford 21= 24= 
Sheffield 25 26= 
Southampton 15= 12= 
Surrey 17= 19 

. UWIST 15= 8 
Aberdeen 17= 28= 
Dundee 26 26= 
Edinburgh 12= 1= 
Glasgow 23= 22= 
Stirling 6= 
Strathclyde 12= 12= 
Queens (Belfast) 1= 
Ulster 11 17= 



15 

An examination of the equality constraints in the optimum solutions 

revealed "staff numbers" and "recurrent departmental' and laboratory 

expenditure" as the critical constraining variables. It is on these 

variables that the majority of non-boundary institutions would have 

to operate if they wished to move towards the frontier • (Note .3) 

• 

What Next? 

So far we have tested out one "machine". Using five inputs and five 

outputs for 49 institutions the boundary institutions have been 

identified. Next ratios of actual output to boundary point output 

have been calculated and used to rank the non-frontier institutions 

on each of the five output programmes. (It would also be possible 

to rank the non-frontier institutions on their use of inputs.) 

The next stage would be to formulate the problem according to 

Farrell (1957. op.ait.) as a linear programming problem by not 

assuming constant returns to scale and thereby 

rank the non-frontier institutions according to his concept of 

overatt technical efficiency. (Note 4) 

A further stage would be to estimate a production fUnction by 

multi-regression analysis using the boundary institutions only 

following Truehart and Weathersby (1977). This would describe 

the resource use characteristics of relatively efficient institutions 
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and might lead to answers ona number of important questions such 

as: 

How much could an average institution save (or have 

available for alternative use) by altering its resource 

use patterns to match those of relatively efficient 

institutions? 

Are there economics of scale? 

Among relatively efficient institutions, what mix of 

imputs is technically optimal? 

Alongside these developments we could improve the data base by 

collecting more recent data and polytechnic data and by including 

quality dimensions (such as wastage rates) and by improving the 

measurement of research outcomes. We might also partition the 

sample to test for the effects of discipline mix or stage of 

development (redbrick, new, ex-CATS, for example). 

The same models might also be deployed on within-institution data. 

(The Lanchester/Loughborough data although now outdated would provide 

a useful test base). This particular line of development would be 

in line with the broad ovjectives of the Institutional Management of 

Higher Education Programme of OECD. 

In sum, there are a number of avenues for "search". Whichever line 

of development is followed, it will be relatively expensive in 

computer time and, in the case of within-institution analysis, we 
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suspect it might also be expensive in data collection. Nevertheless, 

we believe that this area of research is potentially rich in 

increasing our understanding of resource use patterns in higher 

education and in improving our planning and control at both the macro 

and micro level. 

J. R. CALVERT 

D. W. BIRCH 

LOUGHBOROUGH, JANUARY 1978 



NOTES 

Note 1 

There is one other concept of efficiency from the neoclassical 

theory of the firm - "preference efficiency" - which describes the 

utility maximising mix of multiple outputs. Leibenstein (1976) 

suggests a fourth type of efficiency - "X-efficiency" - which 

describes managerial ability and willingness to enable organisations 

to accomplish their objectives. 

Note 2 

We can adapt the same approach to two outputs and one input. The 

assumptions now are that the production frontier is concave to 

the origin and nowhere has a positi"le slope. So to close the 

boundary we need to extend the set to include (maxi,O)(O, max2) 

or simply (maxi min2)(mini max2) as before. 

Output 1 per 

unit input 

o 
Output 2 per 

Unit input 
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Let A*ijk, ~*ijk be the solutions or ~*ijk ~ + ~*ijk tj = Pk • 

Any point on the line through Pi and Pj has. A\jk + ~*ijk = 1. 

Hence ir P
k 

lies between the origin and the segment P. P. 
l. J, 

A*"k + \I*"k ~ 1 and ir OPk cuts P. P. internally A*"k \I*"k are 
l.J l.J l. J l.J, l.J 

both ~ O. Thererore the line joining Pi and Pj is part or the 

rrontier ir, and only ir, A*ijk + ~*ijk ~ 1 ror all Pk in the set 

and the technical erriciency or Pk is the maximum or A*"k + ~*"k l.J l.J 

ror all segments or the boundsry. The concavity or the boundsry 

ensures that at the maximum A*ijk and \I*ijk are both positive. 

Note 3 

In brier the procedure involves: 

1. For each university, trying to identifY a hypothetical 

institution which produces e~ual or more outputs with less 

than or e~ual inputs. 

2. This hypothetical institution will be a linear combination 

or several frontier institutions (or a proportion of one 

frontier institution). 

3. In the optimum solution to the LP some constraints will be 

e~ualities. 

4. It is on these e~uality constraints that the university 

under examination would have to operate if it wished to 

move towards the hypothetical boundsry institution since 

if. the ine~uality constraints are altered the basic solution 

is unaltered and the index of "efriciency" is unaltered. 

12..5" 
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Note 4 

If we do not assume constant returns to scale we can choose any 

m + n vectors for a facet and allow only positive weights. If we 

extend i to ~ and extend the set of vectors to include aZZthe 

efficient ones then we have one equation rather than several - one 

for each facet. Hence: 

(y. ...... , Lr) Z = L z. 4-"1. , J 

(X. ...... , ~) Z =~ "1. , 

T 
and if we max L Zj by LP then answer as a basic solution will 

1 

have at most m + n variables mentioned, and each z. will be non-negative. 
J 

Therefore, let Q = L z. 
J 

and max Q where 

Zl !1 + z2 !2 + · ....... + zT Lr - Q4- = 0 

Zl 1£1 + Z2 !2 + · ....... + zT~ = ~ 

'11 + z2 + • •••••••. + 'IT - Q = 0 
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Appendix A 

Efficiency Ratings 1972/73 

Output 1 Output 2 Output 3 Output 4 Output 5 

Aston 0.86 0.86 0.81 0.85 0.24 

Bath 1.00 1.00 1.00 1.00 1.00 
Binningham 0.80 0.80 0.93 0.97 0.89 
Bradford 0.79 0.79 0.60 0.74 0.33 
Bristol 0.76 0.75 0.56 0.57 0.53 

Brune1 0.91 0.91 0.54 0.94 0.37 
Cambridge 1.00 1.00 1.00 1.00 1.00 

City 0.66 0.65 0.41 0.65 0.26 

Durham 0.94 0.94 0.82 0.89 0.39 
East. Anglia 0.97 0.97 0.69 0.72 0.55 

Essex 1.00 1.00 1.00 1.00 1.00 
Exeter 1.00 1.00 1.00 1.00 1.00 

Hull 0.91 0.91 0.75 0.78 0.39 
Kee1e 0.89 0.89 0.71 0.88 0.51 
Kent 1.00 1.00 1.00 1.00 1.00 

Lancaster 1.00 1.00 1.00 1.00 1.00 
Leeds 1.00 1.00 1.00 1.00 1.00 
Leicester 0.99 0.99 0.95 0.98 0.56 
Liverpool 0.78 0.78 0.64 0.69 0.55 
London 1.00 1.00 1.00 1.00 1.00 

Loughborough 0.92 0.90 0.57 0.72 0.66 
Manchester 0.67 0.67 0.68 0.75 0.40 
UMIST 1.00 1.00 1.00 1.00 1.00 
Newcastle upon Tyne 0.75 . 0.75 0.58 0.58 0.63 
Nottingham 0.93 0.93 0.74 0.95 0.67 

Oxford 1.00 1.00 1.00 1.00 1.00 
Reading 0.83 0.83 0.86 0.90 0.45 
Sal ford 0.75 0.75 0.52 0.76 0.26 
Sheffield 0.74 0.74 0.68 0.70 0.36 
Southampton 0.85 0.85 0.83 0.83 0.85 

Surrey 0.80 0.79 0.56 0.71 0.38 
Sussex 1.00 1.00 1.00 1.00 1.00 
Warwick 1.00 1.00 1.00 1.00 1.00 
York 1.00 1.00 1.00 1.00 1.00 
Aberystwyth 1.00 1.00 1.00 1.00 1.00 
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Appendix A continued 

Output 1 Output 2 Output 3 Output 4 Output 5 

Bangor 1.00 1.00 1.00 1.00 1.00 

Cardiff 1.00 1.00 1.00 1.00 1.00 

Swansea 1.00 1.00 1.00 1.00 1.00 

UWIST 0.83 0.85 0.63 0.63 0.31 

Aberdeen 0.80 0.79 0.36 0.37 0.27 

Dundee 0.73 0.72 0.48 0.52 0.46 

Edinburgh 0.86 0.86 0.59 0.74 0.82 

Glasgow 0.74 0.75 0.34 0.47 0.48 

Heriot Watt 1.00 1.00 1.00 1.00 1.00 
St. Andrews 1.00 1.00 1.00 1.00 1.00 

Stirling 1.00 1.00 1.00 1.00 1.00 
Strathclyde 0.86 0.86 0.65 0.78 0.56 
Queens (Belfast) 1.00 1.00 1.00 1.00 1.00 

Ulster 0.85 0.87 0.38 0.37 0.13 
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13-0 

Appendix B 

Efficiency Ratings 1973/74 

Output 1 Output 2 Output 3 Output 4 Output 5 

Aston 0.86 0.86 0.77 0.82 0.23 
Bath 0.96 0.95 0.83 0.91 0.44 
Birmingham 1.00 1.00 1.00 1.00 1.00 
Bradford 0.78 0.78 0.61 0.74 0.38 
Bristol 0.76 0.76 0.55 0.54 0.59 

BruneI 0.90 0.90· 0.59 0.95 0.40 
Cambridge 1.00 1.00 1.00 1.00 1.00 
City· 0.66 0.66 0.40 0.60 0.28 
Durham 0.91 0.91 0.86 0.86 0.42 
East Anglia 0~94 0.94 0.74 0.72 0.45 

Essex 1.00 1.00 1.00 1.00 1.00 
Exeter 1.00 1.00 1.00 1.00 1.00 
Hull 0.86 0.86 0.65 0.65 0.25 
Keele 1.00 1.00 1.00 1.00 1.00 
Kent 1.00 1.00 1.00 1.00 1.00 

Lancaster 1.00 1.00 1.00 1.00 1.00 
Leeds 0.91 0.91 0.93 ·0.95 0.43 
Leicester 1.00 1.00 1.00 1.00 1.00 
Liverpool 0.73 0.73 0.64 0.67 0.49 
London 1.00 1.00 1.00 1.00 1.00 

Loughborough 0.89 0.89 0.72 0.78 0.61 
Manchester 0.74 0.73 0.75 0.77 0.46 
UMIST 0.56 0.56 0.83 0.81 0.40 
Newcastle upon Tyne 0.76 0.78 0.64 0.62 0.61 
Nottingham 0.92 0.92 0.79 0.90 0.64 

Oxford 1.00 1.00 1.00 1.00 1.00 
Reading 0.85 0.85 0.87 0.88 0.50 
Salford 0.76 0.76 0.48 0.66 0.31 
Sheffield 0.74 0.74 0.64 0.65 0.42 
Southampton 0.87 0.87 0.77 0.76 0.88 

Surrey 0.80 0.81 0.60 0.73 0.47 
Sussex 1.00 1.00 1.00 1.00 1.00 
Warwick 1.00 1.00 1.00 1.00 1.00 
York 1.00. 1.00 1.00 1.00 1.00 
AberystwYth 1.00 1.00 1.00 1.00 1.00 
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Appendix B continued 

Output 1 Output 2 Output 3 Output 4 Output 5 

Bangor 1.00 .1.00 1.00 1.00 1.00 

Cardiff 1.00 1.00 1.00 1.00 1.00 

Swansea 1.00 1.00 1.00 1.00 1.00 

UWIST 0.79 0.81 0.50 0.93 0.35 

Aberdeen 0.73 0.73 0.35 0.33 0.24 

Dundee 0.74 0.73 0.47 0.49 0.49 

Edinburgh 0.96 0.96 0.60 0.78 0.96 

Glasgow 0.75 0.77 0.31 0.43 0.57 

Heriot Watt 1'.00 1.00 1.00 1.00 1.00 

St. Andrews 1.00 1.00 1.00 1.00 1.00 

Stirling 0.93 0.94 0.45 0.50 0.45 

Strathclyde 0.88 0.88 0.72 0.85 0.57 
Queens (Belfast) 0.94 0.96 0.68 0.82 0.54 

Ulster 0.82 0.83 0.43 0.52 0.16 




